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Preface 

The annual Wuhan International Conference on E-Business (WHICEB) is an AIS affiliated conference. 

WHICEB2022 is held virtually from May 28 to 29, 2022. WHICEB promotes intellectual research and 

facilitates academic and corporate networking in e-business and related fields. The intent is to 

encourage academic research and business development through exchanging ideas about the e-

business, global and corporate financial issues, and necessity for continuous innovation. The conference 

aims at presenting innovative research findings, solutions and approaches to make the Internet a 

productive and efficient vehicle for global commerce. Whether running an e-business or transforming a 

business into e-business, we constantly encounter challenges ranging from technological to behavioral 

issues, from marketing to data analysis issues, and from effectiveness to security issues. The past years 

all over the world initiatives have been started for the next step of development, i.e., Industry 4.0 or 

fourth industrial revolution. After consumer-oriented mass production we focus nowadays on 

personalized products and services, which demands cyber physical systems, cloud computing and big 

data. There are integration issues for management of technology, management of supply chains, 

management of human resources and management of knowledge and intelligence that are being 

resolved in an e-business environment. Organizations, regardless of its locations and sizes, should 

consider having a strategic decentralized planning effort that includes e-business as a pillar for 

sustainable competitive advantage. 

Proceedings of the 21st WHICEB document the breadth and depth of research from different aspects of 

business and from different disciplines that have major implications for e-business. There are fifteen 

tracks in the proceedings and the proceedings will be listed in the appropriate indexes. The selected 

best papers from the proceedings will be recommended to international academic journals including 

but not limited to the following: Electronic Commerce Research and Applications (SSCI), Electronic 

Commerce Research (SSCI), International Journal of Networking and Virtual Organizations (Compendex 

[formerly Ei]), and International Journal of Services Technology and Management.  

The research papers in the proceedings went through a double-blind peer review process. Papers are 

accepted based upon a clear research methodology and contributions to the knowledge of e-business 

including but not limited to case study, experiment, simulation or survey. The efforts made by our track 

chairs in reviewing submissions are really appreciated, which ensures the quality of the proceedings. 

On behalf of conference organization, I thank them for their professional diligence. They are: Chunmei 

Gan and Yong Liu, User Behavior in Information Systems; Zhao Du, Fang Wang, Shan Wang and Ruoxin 

Zhou, Information Technology in Education; Hefu Liu , Cai Zhao and Meng Chen, Information Systems 

and Operations Management; Haichao Zheng, Yuxiang Zhao, Bin Zhu and Bo Xu, Human-machine/robot 

interaction; Zhaohua Deng, Tailai Wu, Dongxiao Gu and Jia Li, Healthcare service and IT management; 

Yi Wang, Yuan Sun, Si Shi and Jindi Fu, Enterprise social media; Nannan Xi, Juho Hamari, Hongxiu Li 

and Panu Kalmi, Engaging Technologies; Xiayu Chen, Shaobo Wei, Jinmei Yin and Yuanchun Jiang, 

Emerging Technologies and Social Commerce; Xiaoling Li and Lu Wang, E-business Strategy & Digital 

Marketing; Jonny Holmström, Erika Valderrama, Fabio Neves da Rocha and Hengqi Tian, Digital Platform 

and Digital Innovation; Zhongyun (Phil) Zhou, Xiao-Liang Shen, Yongqiang Sun and Xiao-Ling Jin, Digital 

Enablement and Digital Governance; Xiaobo (Bob) Xu, Weiyong Zhang and Fei Ma, Digital 

Empowerment and Social Impact; Cong Cao, Jun Yan, Mengxiang Li and Xiuyan Shao, Digital Economy 

and Sustainable Development; Dongxiao Gu, Ying Yang, Yiming Zhao and Shuping Zhao, Data 

analytics/intelligence for behavioral studies and service innovation; Yaobin Lu, Ling Zhao and Jiang Wu, 

Artificial intelligence & IoT (AIoT) enabled Business Innovation. 

  

 

 

Yiliu (Paul) Tu 

Editor, Proceedings of 21st Wuhan International Conference on E-Business 

University of Calgary, Canada 
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Welcome Message from the President of China University of Geosciences 

 

The world today is in the wave of economic globalization and informatization. The novel digital 

technologies (such as big data and artificial intelligence) have provided new opportunities to the world 

economy with tremendous achievements. In this globalizing information era, digital technologies are 

silently changing the way people work, live and learn. In recent years, many scholars have conducted 

research on e-business from many different disciplines such as computer science, telecommunications, 

economics, management, human resources, law and sociology. As a result of these efforts, e-business 

has created a bright perspective for further development in the world and is expected to continue to 

contribute to global growth and stability. 

The Wuhan International Conference on E-business is jointly organized by the International Cooperation 

Center for E-business and the College of Economy and Management of China University of Geosciences 

(Wuhan, China), the College of Business of Alfred University (USA) Baden-Wuerttemberg Cooperative 

State University Heidenheim (Germany). 

This conference has become an AIS Affiliated Conference In 2011, and the Proceedings of the 21st   

Wuhan International Conference on E-Business (WHICEB 2022) will be included into AIS library. The 

focus of this conference is related to realizing the full potential of technology in the globalization era. 

The conference will demonstrate the latest achievement in the fields of Internet economy and 

organizations. Conference tracks include User Behavior in Information Systems, Information Technology 

in Education, Information Systems and Operations Management, Human-machine/robot interaction, 

Healthcare service and IT management, Enterprise social media, Engaging Technologies, Emerging 

Technologies and Social Commerce, E-business Strategy & Digital Marketing, Digital Platform and Digital 

Innovation, Digital Enablement and Digital Governance, Digital Empowerment and Social Impact, Digital 

Economy and Sustainable Development, Data analytics/intelligence for behavioral studies and service 

innovation, Artificial intelligence & Internet of Things（AIoT）enabled Business Innovation. It will 

providing scholars from home and abroad an academic exchange platform for the promotion of 

technological innovation and international cooperation, and hence the healthy development of e-

business in the world. 

CUG, a state key university in China with geosciences as its world-famous academic program, always 

attaches great importance to the studies of the interaction among population, economy, society, resources 

and the environment, in an attempt to promote the harmonious development of both human and nature, 

and pays a great attention to the development of international academic exchange platforms for 

promoting the international collaboration, and facilitating the process of internationalization of the 

university. 

In recent years, great progress has been made on e-business and the development of management 

science, which not only promotes the development of management science in CUG, but also provides an 

important support for the construction of a complete disciplinary system based on geosciences for CUG.  

The prodigious economic growth in China will provide essentials and supports for the studies of e-

business and related fields. E-business will have a major impact on our future prosperity in all facets of 

life, business and government. Let us work together to strive for a more dynamic e-environment and a 

more enjoyable life for mankind in this magic e-era! 

 

 

Yanxin Wang 

PhD, Professor 

President 

China University of Geosciences, Wuhan, China 
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Welcome Message from the AIS President  
 

I am delighted to welcome you to the 21st Wuhan International Conference on E-Business (WHICEB) 

conference. The conference provides an excellent forum for scholars – both faculty and students 

-- to exchange ideas and also build and strengthen relationships in the research community. Local 

conferences, such as WHICEB, are an important part of our AIS community because they provide 

opportunities for faculty and students to come together, form friendships, and exchange ideas. By 

fostering such relationships and ideas, WHICEB cultivates high-quality scholarship in China, in Asia, 

and around the globe.  

 

On behalf of the Association for Information Systems (AIS), I would like to thank the conference 

organizers, Professor Jing Zhao, from the China University of Geosciences, Professor Juergen Seitz 

from Baden-Wuerttemberg Cooperative State University in Heidenheim, Germany, and Professor 

Doug Vogel from Harbin Institute of Technology for their service to the conference and to the 

Information Systems community. I would also like to extend a special thanks to Professor Wilfred 

V. Huang, honorary conference chair, for his many years of service. The conference organizers 

have assembled a world-class conference committee, made arrangements with a strong set of 

globally recognized journal outlets, and attracted significant global sponsorship to ensure that the 

conference is a success.  

 

The AIS is honored to count WHICEB as an affiliated conference. With excellent keynote speakers, 

tracks covering a broad range of topics, and a series of seminars, the conference presents an 

excellent platform for scholars to come together, network, and leave a lasting impact on the quality 

of research that is necessary to advance the Information Systems discipline.  

 

As the AIS President-Elect, I also want to personally invite you to join the Association and 

participate in AIS activities. In addition to WHICEB, AIS offers many high-quality conferences, 

including the International Conference on Information Systems (ICIS), the Pacific Asia Conference 

on Information Systems (PACIS), the Americas Conference on Information Systems (AMCIS), and 

the European Conference on Information Systems (ECIS).  
 

I personally invite each of you to familiarize yourself with the Association.  We offer a growing set 

of digital services, such as the eLibrary, where the WHICEB conference proceedings will be 

available to download, webinars on research methods and career management, and access to 

workshops that can help develop your skills for research and teaching. In particular, I would like 

to bring your attention to our Research Exchange initiative which we introduced as a series of 

virtual events that are of interest to the AIS community. Previous events have been recorded and 

are available at the Research Exchange web link. 
 

For AIS members and non-members alike, I urge you to visit www.aisnet.org to learn more about 

the benefits of membership.  
 

Best wishes for your conference.   

Sincerely, 

 

Suprateek Sarker, Ph.D., Dr hc, Fellow of the AIS 

Rolls-Royce Commonwealth Commerce Professor (IT) 

McIntire School of Commerce 

University of Virginia 

President-Elect, Association for Information Systems (AIS) 

https://aisnet.org/page/researchexchange
http://www.aisnet.org/
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Keynotes Speakers 

Sunil Mithas is a World Class Scholar and Professor at the Muma College of Business at the 

University of South Florida. Mithas has taught at the Robert H. Smith 

School of Business at the University of Maryland, and has held visiting 

positions in Australia, Germany and Hong Kong. He earned his PhD 

from the Ross School of Business at the University of Michigan and an 

engineering degree from IIT, Roorkee. Identified as an MSI Young 

Scholar by the Marketing Science Institute, Mithas is among top 

information systems scholars in the world. He has consulted and 

conducted research with a range of organizations including A. T. 

Kearney, Ernst & Young, Johnson & Johnson, the Social Security 

Administration, and the Tata Group. He is the author of two books, 

and his research has won best-paper awards, and featured in practice-

oriented publications such as MIT Sloan Management Review, Bloomberg, and CIO.com. 

 

 Ping Wang is in the faculty at the University of Maryland, College Park. 

Presently, he is also serving as an associate for the Information Systems 

Research Program at UCLA and an associate editor for the MIS Quarterly. 

His research draws on institutional theory to understand the popularity 

of new information technologies. In recent years he has taken an 

ecological perspective to study digital innovations in organizations, 

communities, and ecosystems. He received the Best Paper Award at the 

37th International Conference on Information Systems and the Best 

Published Paper Award from the Organizational Communication and 

Information Systems Division of the Academy of Management in 2010. 

Dr. Wang holds a Ph.D. in Information Systems from UCLA Anderson 

School and an M.B.A. in Finance from the University of Maryland. 

 

 Sean Xu is a Professor and an Associate Dean of School of Economics 

and Management (SEM), Tsinghua University. He is the director of 

Tsinghua SEM’s Research Center for AI-enabled Management (AIM). 

At his admin post, he supervises the school’s MBA and master’s 

programs. His current research interest focuses on digital enablement 

(particularly business transformation enabled by analytics in education 

and financial industries) and IT governance. His research has been 

published in Management Science, MIS Quarterly, Information 

Systems Research, Journal of MIS, Strategic Management Journal, 

Contemporary Accounting Research, and Journal of Management 

Studies, among others. He won the MIS Quarterly Best Paper Award 

for 2013. His editorial services include Senior Editor for MIS Quarterly 

(2016-present) and Associate Editor for Information Systems Research (2012-2015). Information 

Systems Research named him "Best Associate Editor" in 2013. He serves the president of CNAIS. 

In Memory of Prof. Wilfred V. Huang 
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Dear WHICEB Chairs and colleagues, 

We feel very sad to let you know that the co-founder and Honorary Chair of WHICEB, Professor 

Wilfred V. Huang at Alfred University passed away on 14th March 2022. 

Since 1999, Professor Huang has devoted himself to promoting the academic exchanges in e-

business between China and USA. With his efforts, in May 2000, we held an Advanced Forum on 

China-US Enterprise E-commerce in China University of Geosciences (Wuhan) and the 2nd Wuhan 

International Conference on E-commerce (WHICEB) in 2002. So far, we have successfully held 

WHICEB for 20 years, during which he had served as the co-chair for 15 years and was responsible 

for organizing paper reviews. In addition, he collaborated with many Chinese universities to 

conduct research and develop e-commerce courses. In 2007, he served as the guest editor of 

Electronic Markets — The International Journal in which the special issue on Electronic Business 

in China was published for the first time. His continuous efforts significantly contribute to 

introducing the research and development of e-commerce in China to international academia. 

We still vividly recall all the scenarios when working with him – he is kind, modest, humorous, and 

always ready to help. He is respected by all of us. The global IS discipline lost a great contributor. 

We and WHICEB lost a very good long-term friend. We will have him always in our memories! 

  

May Professor Huang Rest in Peace! 

  

WHICEB Committee 
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Extended Abstract 

How to Promote Learning Behavior? Exploring the Role of Gamification in 

Mobile Learning Apps from the Perspective of Affordance 

Ziyue Zhou, Jun Yin 

School of Economics and Management, Jiangsu university of science and technology, Zhenjiang, 212000, China 

 

Abstract: With the rapid popularization of mobile network, various gamification elements have been widely used in many 

mobile learning apps. However, there is no complete model to explain the actual effect of these gamification elements on 

promoting user learning behavior. This paper analyzes the effects of two types of gamification affordance elements on user 

learning behavior in mobile learning apps based on affordance theory and combines with an elaboration likelihood model. 

The datas are collected and analyzed from 23641 Shanbay Word users. The result shows that achievement visualization 

affordance and competition affordance affect users learning behavior negatively, user learning intention plays a mediating 

role between achievement visualization affordance, competition affordance and user learning behavior, team learning climate 

plays a moderating role between user learning intention, achievement visualization affordance and competition affordance. 

 

Keywords:gamification, affordance theory, mobile learning 

 

1. INTRODUCTION 

In the field of educatiozn, the combination of games and learning are always a hot research topic. Many 

studies have shown that incorporating gamification elements into the learning process can help learners cultivate 

their interest, improving their participation and learning efficiency[1]. Gamification element combines with 

information technology are widely used in the design of mobile learning platforms (such as points, badges, 

leaderboards, PBL for short). But existing gamification research mostly focused on single gamification element. 

Few research considered categorizing gamification in terms of user interaction with the system. In recent years, 

gamification research has begun to explore the influence of gamification elements on user behavior from the 

perspective of affordance. Gamification promotes a series of psychological outcomes in users through their 

voluntary interaction with the system and its affordance, such as enhanced motivation and engagement, with the 

ultimate goal of shaping the users’ participation behavior[2]. Existing studies still lack detailed analysis on how 

the relationship between users and gamification technical features in mobile learning apps affect users' 

participation behaviors. Affordance provides a good theoretical explanation to explain whether and how 

information technology functions affect users behavior. Our research question asks: How does gamification 

affordance affect user engagement behavior? 

 

2. THEORETICAL FOUNDATIONS AND HYPOTHESIS  

Gamification is the use of game design elements in non-gaming environments to improve user experience 

and user engagement[3]. Affordance can be understood as the behavioral possibility of a technical object to 

satisfy the relevant needs of the user in a specific situation[4]. Gamification affordance refers to users’ perception 

of the possibility of completing a behavior or function by using a gamified information system. In mobile 

learning platform, achievement visualization affordance and competition affordance can be regarded as typical 

user-user interaction and user-system interaction under gamification affordance. We evaluate the effects of 

achievement visualization affordance and competition affordance impact on user learning behavior and the 
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mediating effect of user learning intention and the moderating effect of team learning climate. 

 

3. RESEARCH METHODOLOGY AND RESULTS 

This paper crawls datas set through houyi collector, covering 23641 users behavior in within 9 weeks, and 

integrates it into panel data according to the level of each user week. The results show that the achievement 

visualization affordance is negatively correlated with user learning intention (β=-0.288, P<0.001), and 

competitive affordance is negatively correlated with user learning intention (β=-0.307, P<0.001), assuming that 

H1 and H2 are true. The user learning intention will positively affect the user learning behavior in mobile 

learning apps (β= 0.284, P<0.001) proposed by H3 are also verified. It is found that the effect of user learning 

intention on user learning behavior is β=0.145(p<0.001) and the positive effect of user learning intention on user 

learning behavior is β=0.286 (p<0.001), thus H4 and H5 holds. The results show that there is significant positive 

relationship between the interaction term of achievement visualization affordance and team learning climate 

(β=0.061, p<0.001). Therefore, the team learning climate enhances the negative impact of achievement 

visualization affordance on user learning intention, that is, H6 is established. The results showe that the 

interaction terms between team learning climate and competitive affordance are significant and positive 

(β=0.191, P<0.001). It can be preliminarily confirm that the moderating variable team learning climate has a 

moderating effect on competitive affordance and user learning intention, that is, H7 is established. 

 

4. CONCLUSION AND DISCUSSION 

All of these findings are of great significance both in theory and in practice. These findings have important 

theoretical and practical implications. Theoretically, we examine the impact of gamification affordance on users 

learning behaviour in order to better understand what motivates users to engage. From a managerial perspective, 

this study provides recommendations for mobile learning apps designers on the selection of gamification 

elements, corresponding to badges and leaderboards that should be used more selectively and in a more selective 

manner. Furthermore, this paper only researches two types of gamification affordance. Therefore, in the 

subsequent research, the theoretical paper of gamification affordance can be expanded to discover more 

gamification elements that have an impact on the continuous use of mobile learning apps users. 
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Full Research Paper 

Exploring Doctor-Patient Information Interaction Patterns in Online 

Health Community: Evidence from Chunyu Doctor via Content Analysis 

Ming Yi1, Weiying Wei1, Yang Zhou11, Ping Wang1 

(1.College of Information Management, Central China Normal University, Wuhan, 430079, China) 

 

Abstract: As a new type of doctor-patient information exchange platform in the Internet medical era, online health community 

integrates abundant health information resources and provides online communication and interaction channels for patients and 

doctors. This study aims to understand the information interaction patterns in online health community by integrating the dyadic 

interaction between doctors and patients. Based on 1260 valid interaction information from Chunyu Doctor, a popular OHC in 

China, this study identified three information interaction patterns, including P-OHC-P (Pattern1), P-OHC-P-H(Pattern2) and H-

P-OHC-P-H (Pattern3) via content analysis. Combining the dimensions of information source, information flow, user online and 

offline diagnosis, medical treatment status, interactive content topic and other dimensions, we summarize the different 

characteristics of each pattern. The findings of this study have several theoretical implications to the information interaction in 

online communities, as well as practical implications to managers of OHC. The limitations of this study is also given. 

 

Keywords: information interaction pattern, online health community, doctor-patient, content analysis 

 

1. INTRODUCTION  

With the penetration of social media, online health community (OHC) is increasingly popular by 

communicating health related topics on social media platform. As a new type of information interaction platform 

and channel in the online medical era, the OHC has integrated rich health information resources and attracted lots 

attention[1]. Doctors and patients are the two most important user groups in the OHC. Due to the lack of some core 

information required by the face-to-face clinic, doctors have certain difficulties in grasping the diagnosis in OHC 

interaction. Therefore, a good online doctor-patient interaction can promote the formation of intimate feelings and 

relationships between doctors and patients, and bring better results for online diagnosis and treatment, such as 

higher patient satisfaction, doctor's compliance rate and better disease treatment effects. Thus, understanding the 

characteristics and patterns of information interaction between doctors and patients has attracted lots attention 

from academia and practitioners.  

 The extant research on information interaction in OHC mainly focuses on the process of information 

interaction, mining of influencing factors. For instance, identifying influence factors of doctor-patient interaction 

with survey data of patient satisfaction, or quantitative data of patient visits, number of posts, speed of reply, etc[2]. 

However, there is relatively a lack of in-depth exploration of doctor-patient information interaction patterns in 

OHC from the level of interactive content. Additionally, taking the methodology of current research into 

consideration, most extent research on OHC information interaction mainly adopts machine learning technology, 

structural equation model, semi-structured interview etc., which limits the comprehensive understanding of the 

interaction content and the interaction pattern recognition.  

Some research investigated the user interaction pattern in online communities, but the proposed information 

interaction mode mainly categorized based on the information type, user type, user relationship. Concentrating on 

health-related knowledge, OHC has different user information interaction patterns with the conventional online 
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communities. The main knowledge contributors for OHC are doctors and patients, and the content of their 

interaction usually concentrated on the health knowledge based on the patients' needs. Therefore, the currently 

construction dimension of the information interaction model is difficult to apply to the doctor-patient interaction 

relationship in the OHC. In addition, in the limited studies on doctor-patient information interaction, the doctor-

patient interaction is usually regarded as a whole and the research is carried out from a single perspective or single 

issue, rather than as a new health communication practice involving both doctors and patients with systematically 

analyzing the complete interaction process[3]. 

Based on the discussion mentioned above, this study aimed to explore the doctor-patient interaction patterns 

from the interaction information in Chunyu Doctor, a popular OHC in China. Content analysis approach was 

employed to explore the whole process. Based on the real doctor-patient interaction cases and interaction content 

on Chunyu Doctor, the main research questions for this study are twofold: 

RQ1: What are the patterns of doctor-patient information interaction in the OHC? 

RQ2: What are the characteristics and differences of these information interaction patterns? 

 

2. RELATED WORK  

2.1 Online information interaction 

Information interaction is originated from human-computer interaction, which transfer information to users 

by integrating user, information content and information systems. Its essence is the process of optimizing and 

integrating users, systems and contents, and evaluating information exchange through information feedback under 

the premise of fully considering the rational factors of technology and the perceptual factors of human nature [4]. 

In the process of information interaction in the online environment, users can not only browse, search, retrieve, 

and obtain the latest information or services, but also create more knowledge and stimulate more information 

needs. The interaction of these network users is more three-dimensional and nonlinear, realizing the multiplier 

effect of "information content, information receiver and publisher" [5]. 

Users' information interaction behaviors various in different scenarios and situations in the network 

environment, and many new communication patterns have been generated on different platforms. Scholars have 

explored the internal mechanism of information interaction from different perspectives and constructed diversified 

information interaction modes under the network environment. In the early stage of research, the method of pattern 

division by scholars was relatively simple. According to the different interaction subjects, some scholars 

summarize the information interaction between librarians into four modes: individual, individual and department, 

department and venues. Some scholars had proposed collaborative interaction mode and Hostile interaction model 

based on the different representation forms of the interactive information in the online community[6]. With the 

development of network platforms, the transmission mechanism of information has been revealed more 

completely. By summarizing and analyzing the mechanism of information sharing and diffusion in microblog, 

Yuan and Zhao divided its information interaction model into fission mode and aggregation mode from the 

perspective of information content, and chain mode, circular mode and tree mode from the perspective of topics. 

In addition to starting from the information itself, users’ interactive relationship plays a decisive role in the 

formation of the information interaction pattern since users are the main body of information interaction. Ding 

comprehensively applied comparative analysis, inductive deduction and other research methods to analyze the 

user types and interaction relationships of academic virtual communities, and proposes three interaction models 

based on links, conversations, and citation relationships.  

2.2 Doctor-patient interactions in OHC 

The OHC has transformed the face-to-face communication between doctors and patients in offline medical 

services into online, resulting in a new type of doctor-patient information interaction by using the Internet as a 

medium. Doctors and patients are content producer and receivers during the online information interaction[7]. This 
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kind of online doctor-patient interaction specifically refers to medical services mediated by computers or mobile 

devices with the purpose of health consultation and communication. Doctors provide medical and health 

knowledge and share disease treatment methods on the network platform. Patients obtain doctors’ information and 

health knowledge through search and browsing. At the same time, they choose appropriate doctors to conduct 

online consultations and ask questions based on their own conditions, so as to establish a new type of doctor-

patient relationship. Existing studies on online doctor-patient interaction mainly concentrated on the interaction 

process and the factors influencing the dyadic interaction. Some studies divide the online doctor-patient interaction 

process into multiple dynamic stages to achieve an overall grasp of the doctor-patient interaction in online medical 

services. On the other hand, many scholars have interpreted the multi-dimensional influencing factors of doctor-

patient interaction from the aspects of doctors, patients and online community platforms.  

The doctor-patient interaction pattern is to use concise nodes to describe the phenomenon of information 

flow between doctors and patients to reveal the internal logic of their communication, there are some limited 

studies have explored it. Wu et al. combined the two dimensions of information needs and health information 

sources to analyzed 1601 cases on the website of HaoDF, and the results showed that there were altogether 15 

modes of consumer health information consultation in the OHC[8]. Cao conducted in-depth interviews, concluded 

the four interaction modes[9]. Li et al. obtained doctor-patient interaction sessions on the website of "Chunyu 

Doctor" by crawler technology[10]. These research results provide certain reference significance and function for 

the following analysis of this paper. 

 

3. METHODOLOGY 

3.1 Data collection 

Chunyu Doctor was founded in 2011. The platform is committed to using scientific and technological means 

to help users master health information, so that patients can obtain professional, high-quality and convenient 

medical services and suggestions in the process of seeking medical treatment. Chunyu Doctor has a large number 

of users and mature business, attracted more than 500,000 practicing physicians in public hospitals, and serving 

more than 200 million patients[11]. Therefore, this article selects the Chunyu Doctor platform as the research object, 

takes the information content of the interaction between doctors and patients in its online consultation service as 

the data source, and applies content analysis to analyze the content level. In this paper, the Octopus web scraping 

tool was used to collect the consultation dialogue data in the "Classic Questions and Answers" section. Patients' 

personal information, doctors' basic information, the title of consultation questions and the content of consultation 

conversations between patients and doctors were collected. A total of 1400 consultation conversations were 

obtained. After eliminating the repeated and incomplete invalid data, a total of 1260 valid conversations were 

maintained for each department. 

3.2 Data analysis 

Content analysis was employed in this study to explore the information interaction patterns. Content analysis 

is defined as a systematic and replicable technique a widely used method to extract the key concept from text. It 

has been widely used in various disciplines, such as journalism, communication, information science and 

organizational management[12]. In the OHC, the consultation dialogue is fragmented, varying in the structure, and 

lack of meta-data such as tag. Thus, it is difficult to obtain potential logical rules from the commonly used text 

mining methods of network information. Content analysis is a qualitative analysis method based on a quantitative 

basis. It can not only construct and encode qualitative categories of objective text data, but also conduct 

quantitative data statistics and in-depth analysis of the encoding results[13]. Therefore, it is an appropriate method 

to effectively extract the behavior patterns and characteristics of doctor-patient information interaction in OHC. 

3.2.1 Open coding 
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Open coding is the process of extract concepts or categories from original data following the recommended 

principles[14]. In order to fully understand and conceptualize the content of the original case’s content, the coders 

choose to encode each piece of raw data sentence by sentence. They need to read the original post repeatedly to 

familiarize themselves with the content, choosing the words from the original case as criteria whenever possible. 

The authors coded the collected doctor-patient consultation dialogue word by word, and manually insert 

conceptual labels for doctor-patient conversations. At the same time, the sequence of appearance of each concept 

category in the process of consultation has been obtained by the interactive content coding sequence expressed in 

the initial category. Considering the complexity of initial concepts and related expressions, related similar and 

cross concepts are categorized. After many times of analysis, sorting, and modification, 20 initial categories were 

finally obtained. For example, "The child has a runny nose for three days, and the cough was lighter at first, but 

now the cough is heavier than before and has a low fever" is coded as "Symptom Statement"; "Do you usually 

smoke and drink? Do you often stay up late? Do you have exercise habits?" is coded as "Daily Life Habits"; "It is 

recommended that the child go to the hospital for abdominal ultrasound or abdominal CT to exclude some organic 

diseases" is coded as "Recommend offline medical treatment". 

3.2.2 Axial coding 

As the second step, the main task of axial coding is to discover and establish various deep connections 

between conceptual categories from the abovementioned open coding process. Through the cluster analysis of the 

open coding of the previous stage, the potential logical relations between various categories are explored to form 

a more conceptual, general and comprehensive abstract coding. On the basis of the initial category, the author 

analyzed and summarized the relationship between each category. For example, "symptom statement, symptom 

confirmation, symptom supplement" was classified as "symptom presentation"; "Personal characteristics and 

daily habits" were classified as "basic information of patients", etc. Finally, the following six main categories 

were obtained: symptoms, basic patient information, diagnosis and treatment history, discussion of the condition, 

online solution discussion and offline medical treatment plan discussion. 

In addition, according to the interaction content coding sequence obtained in the previous stage, the authors 

analyzed the relationship between the initial categories in the sequence, replaced each sub-category with the 

corresponding main category. We obtained 21 interaction content sequences expressed in the main category, which 

described the doctor-patient information interaction process more abstractly from the content perspective. For 

example, "symptom statement - symptom supplement - disease diagnosis - etiology - drug treatment plan" is 

further abstracted into "symptom - illness discussion - online solution discussion". 

3.2.3 Selective coding 

In the selective coding stage, it is necessary to further select the global and dominant core category from the 

interrelated categories, and cluster the main category from the system level, so as to abstract the attributes and 

dimensions that can summarize the main category. Further analyze the connection between the core category and 

other categories, connect the same concept in series to form a system of theoretical framework. Through the above 

process, the core category of “doctor-patient information interaction in online health community” was finally 

determined. Combining the doctor-patient information interaction process in the online health community and the 

content coding sequence, logical sorting was carried out on the six main categories of symptom presentation, basic 

information of patients, diagnosis and treatment history, discussion of illness, discussion of online solution and 

discussion of offline medical treatment plan, and the internal relationship and causal relationship among them 

were analyzed. 

3.2.4 Trustworthiness 

After encoding the initial 1,150 data, a theoretical saturation test was carried out using 110 cases, which were 

shelved in the initial stage. The results show that all the conceptual categories obtained have appeared in the 

previous analysis, no new code was found and no new logical relations or causal relations are generated between 
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related categories, indicating that the proposed logical framework is reliable and comprehensive. 

 

4. RESULTS 
4.1 Identification of the process of doctor-patient information interaction in OHC 

Combining the results of three rounds of coding and the coding sequence of interactive content obtained in 

the coding process, the author further analyzed the potential contextual relationship between them according to 

the order of appearance of each category, explored the logical and causal connection, and revealed the entire 

process of doctor-patient information interaction. Finally, the framework diagram of the doctor-patient 

information interaction process in the OHC is obtained, as shown in Figure 1. 

 

Figure 1.  Framework diagram of doctor-patient information interaction process in OHC 

4.2 Analysis of doctor-patient information interaction patterns from different perspectives 

Combining the online health community doctor-patient information interaction process framework and the 

interactive content coding sequence, this article has an in-depth understanding of the OHC doctor-patient 

information interaction patterns from the perspectives of online and offline transfer, interactive content theme, 

and the medical status, so as to lay the foundation for the comprehensive and systematic refinement of the final 

doctor-patient information interaction pattern. 

(1) The perspective of online and offline transfer 

Combining the interaction sequence of doctor-patient information interaction and content coding, the doctor-

patient information interaction in OHC includes two perspectives: online and offline. Online, that is, patients with 

relevant health directly conduct online consultation through the OHC, the whole process is completed in the online 

health community. Offline refers to the patients unable to be diagnosed through the online consultation in the 

OHC, doctors recommends them to go to offline hospitals for further examination and treatment.  

(2) The perspective of interactive content theme 

From the perspective of the interactive content between doctors and patients, combined with the content 

encoding sequence obtained in the encoding process, an online health community doctor-patient information 

interaction pattern including 6 main categories is obtained. The specific pattern is as follows: Symptom 

understanding-disease discussion-online solution discussion; Symptom Understanding - Online Solution 

Discussion - Disease Discussion; Symptom Understanding - Disease Discussion - Discussion on Offline Medical 

Treatment Plan; Treatment History Understanding - Symptom Understanding - Disease Discussion - Discussion 

on Online Solution; Treatment History Understanding - Symptom Understanding-Discussion on Offline Medical 

Treatment Plan. 

（3）The perspective of visit status (initial visit/return visit) 
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In this article, the initial consultation is defined as the patient's first visit to the hospital or OHC for related 

consultation and treatment due to the suffering from a certain disease. The follow-up consultation is defined as 

the patient seeking disease treatment or health management information for the same disease after the initial 

consultation. After analyzing the connotation of each model, there is a certain difference in the choice of 

interaction mode between patients in the initial and follow-up consultation state. 

4.3 Extraction of doctor-patient information interaction patterns in OHC 

After three rounds of encoding and further analysis, combining with the online and offline transfer, interactive 

content theme, and medical treatment status of the three analysis perspectives to describe the online health 

community doctor-patient information interaction model, this section will integrate the information sources and 

information flow in the process of doctor-patient information interaction. The following three modes of doctor-

patient information interaction were finally extracted. 

4.3.1 Pattern1: P-OHC-P 

The information circulating in this model only involves two sources of information, the patient itself and the 

online health community. It describes the patients in the state of initial diagnosis, through the online consultation 

service in the OHC for health information search. The patients actively describe their symptoms and discuss with 

the doctors, so that the doctors can understand the patient’s situation in detail. The manifestation of this pattern is 

shown in the Figure 2, which includes the following two processes: 

(1) Initial diagnosis-online-understanding of symptoms → Discussion of the disease → Discussion of the 

solution.  

   Doctors diagnose the causes and symptoms of the disease according to the patient's condition, or consults the 

patient on issues related to his or her own condition. After this interaction, the doctor provides an online solution. 

In addition, some patients will have a deeper discussion based on the implementation details of the solution 

provided by the doctor. 

(2) Initial diagnosis-online-Understanding of symptoms → Discussion of the solution → Discussion of the 

disease 

For some low-risk diseases that are common and easy to solve in daily life, doctors will directly provide 

solutions online based on the patient's description. After receiving the diagnosis and treatment information, 

patients will choose to discuss with the doctor whether the plan is in line with their own actual situation, and 

conduct targeted information exchanges on the cause, severity of the disease, and related pathological knowledge. 

               

Figure 2.  Doctor-patient information interaction pattern 1 

 

4.3.2 Pattern 2: P-OHC-P-H 

The specific form of this pattern is "Initial diagnosis-online-understanding of symptom→ Discussion of the 

disease → re-diagnosis-offline-discussion of medical treatment plan". Patients in the state of initial diagnosis 

will first conduct self-screening through the OHC online consultation service, and take the initiative to search for 

information related to their own health problems. At the same time, conducted online question-and-answer 

consultation with doctors in the corresponding departments to describe their symptoms in detail so that doctors 

could make reasonable judgments and provide corresponding diagnosis and treatment plans. For patients whose 

disease conditions are more complicated and cannot be diagnosed through online channels, doctors will suggest 

them to offline hospitals for follow-up examination, and provide a meaningful offline medical treatment plan，

Patients OHC 

1 

2 
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some of which will make more inquiries according to specific hospitals, examination contents and other medical-

related issues. 

              

Figure 3.  Doctor-patient information interaction pattern 2 

4.3.3 Pattern 3: H-P-OHC-P-H 

The specific form of the pattern is “Initial diagnosis-offline-understanding of treatment history → re-

diagnosis-online-understanding of symptom → Discussion of the disease →re-diagnosis-offline-discussion of 

medical treatment plan”. The patients have been diagnosed and treated in offline hospitals, and have already 

mastered some disease information related to themselves. Then, through the online consultation service of the 

OHC, the patient actively informs the previous diagnosis and treatment situation, and interacts with the doctor for 

more information about this and the subsequent progress of the health condition. Through normal communication 

links, doctors enable patients to grasp the actual physical condition of the current clearly, and provide patients 

with more practical diagnosis and treatment suggestions. After the online consultation, due to a conservative 

attitude or the complexity of the disease, the patient will still go to the offline hospital to seek follow-up treatment. 

               

Figure 4.  Doctor-patient information interaction pattern 3 

5. DISCUSSION 

5.1 Characteristic analysis of different doctor-patient interaction patterns 

The patient's need for information is dynamic and will change with the current actual health status. When 

patients have symptoms of disease or doubt about their own health, they are willing to actively search for relevant 

health information or seek a doctor's diagnosis, so as to determine whether their health is good. Based on the two 

dimensions of information source and information flow in the process of doctor-patient information interaction, 

this study identified three modes of doctor-patient information interaction in OHC, and analyzed the distribution 

and characteristics of each mode by combining different analysis indicators. 

Quantity distribution. Pattern 1 is the most common type of doctor-patient information interaction, 

accounting for more than half of the 573, indicating that most patients can obtain useful information when using 

the OHC, so as to reduce the uncertainty at the medical level and solve their own health problems. Pattern 3 was 

second in number with 382, which shows that due to the complexity of disease, the OHC cannot meet the needs 

of all patients. The information they obtained online can only be used as a reference for final treatment plan. 

Influenced by traditional concepts, these patients will eventually go to offline medical institutions for follow-up 

treatment.  

Type of consultation. By analyzing patients' description of problems before online consultation, the patient's 

consultation type is divided into cause consultation, solution consultation and related problems consultation. As 

Patients OHC 

Hospital 

1 

2 

3 

Patients OHC 

Hospital 

1 

2 

3 

4 
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shown in Table 1, pattern 1 involves all three types of consultations, which means that when patients choose online 

consultations, they often seek information from doctors with a high frequency of questions about their own 

confusion on the disease itself and the treatment of the disease. At the same time, actively express their own 

disease experience and feelings to resolve physical problems and psychological distress. However, there are only 

two types of cause consultation and solution consultation in Pattern 2 and Pattern 3, indicating that when patients 

are actually troubled by diseases, they still combine offline medical institutions with the OHC, and compare 

multiple information channels to increase their control over diseases.  

 Table 1.  Statistics of consulting types 

Consultation Type P-OHC-P P-OHC-P-H H-P-OHC-P-H Total 

Reason consultation 276 104 85 465 

Solution consultation 190 111 247 548 

Related questions consultation 107 0 0 107 

Treatment options. By analyzing the treatment suggestions provided by doctors in the doctor-patient 

consultation dialogue, the treatment plan can be divided into online solutions and offline medical treatment plans. 

The online solution refers to that doctors can directly provide treatment methods and drug treatment plan through 

online diagnosis; while the offline medical treatment plan refers to that doctors will provide the patient with offline 

medical advice, and the follow-up should go to the hospital for further examination. The statistical data of treatment 

plans of each pattern are shown in Table 2. It can be seen that most patients can directly obtain solutions online 

through the consultation of OHC, indicating that the OHC has played an important role in the current practice.  

Table 2.  Statistics of treatment options 

Treatment options P-OHC-P P-OHC-P-H H-P-OHC-P-H Total 

Online solutions 573 0 260 833 

Offline medical treatment  0 215 72 287 

Disease types. The distribution of the consulting departments can reflect the disease types of patients, as shown 

in Table 3. The most distributed departments in pattern 1 are Andrology, Nutrition, and Dermatology. These three 

types of diseases are mainly chronic diseases and long-term maintenance. The symptoms are mild, so users usually 

choose online consultations to conduct self-diagnosis and adjustment after understanding the situation, which is 

convenient for long-term tracking of their own disease development and avoid frequent trips between medical 

institutions. The most distributed in pattern 3 is oncology and prevention department, the proportion far exceeds 

other disease types, which is caused by the particularity of tumor diseases. Tumor diseases are usually incurable 

and have serious symptoms, which will cause serious harm to patients. Even after consulting through the OHC, 

they still need to go to medical institutions for physical examination, laboratory examination, imaging examination 

and other necessary procedures，so as to ensure more effective treatment results. 

Table 3.  Distribution of disease types in different patterns 
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6. CONCLUSIONS 

Online consultation in OHC has increasingly become one of the important ways for people to get medical 

help. Online health communities extend doctor-patient information interaction to the Internet environment, 

breaking the limitations of time and space, making the interaction between doctors and patients convenient and 

smooth. Online doctor-patient interaction is not only a supplementary mode, it also has some unique advantages. 

Therefore, this study is based on the doctor-patient interaction text in the online consultation section of Chunyu 

Doctor, and uses content analysis to extract the patterns from the dimensions of the information source, 

information flow, user online and offline diagnosis, the status of the initial visit and the interactive content theme. 

In the end, three information interaction modes in the process of doctor-patient interaction are drawn. 

The results of this study have several important theoretical implications for researchers aiming at analyzing 

information interaction behavior in social network environments. First, this research interprets the doctor-patient 

interaction from the perspective of process, enriching the research on information interaction in the Internet 

medical context. Secondly, this study can provide some guidance for refining the influencing factors of users' 

behaviors in OHC. The three patterns constructed in this study indicate that patients with different diagnosis and 

treatment history, disease types, consultation goals and other background information will present different 

characteristics of their participation behaviors. On the basis of distinguishing different behavioral patterns of 

patients, future studies can explore the influencing factors behind their behaviors, enrich the types of regulatory 

variables and present the mechanism of doctor-patient behaviors in a more systematic way [15]. Finally, with the 

increasingly close integration of enterprises and network technology, various product communities, brand 

communities and other online virtual communities have been widely used in enterprises, the information 

interaction patterns proposed in this study can also be applied to other communities.  

This study also provides practical implications for operators of the OHC. The OHC can provide patients with 

dedicated doctors to facilitate long-term tracking and management of patients' physical conditions, reducing the 

waste of medical resources caused by repeated inquiries from different doctors. Then, according to the 

characteristics of different departments, the managers can adjust the existing service mode, which with high 

proportion of final offline solutions, ensured that corresponding doctors can be recommended for offline diagnosis 

and treatment. At the same time, innovate service forms and expand medical service channels, so that the seamless 

connection between offline professional medical institutions and online platforms can be increased.  

There are some limitations in this study. First of all, due to the limitation of data acquisition workload, we 

only selected Chunyu Doctor as the representative of the OHC, and collected 1260 conversation data under the 

online consultation section. Future research will broaden the types of the OHC and expand the data sources of the 

sample. Secondly, this study only uses qualitative analysis to reveal the information interaction patterns and 

characteristics behind the data, which fails to answer some implicit questions, such as how the duration and the 

language style of doctors affect the follow-up consultation behavior of patients. In the future, the research design 

will be further improved, and multiple research methods will be used to answer these questions to further verify 

the results of this study, so as to obtain more effective and reliable conclusions. 
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Abstract: The issue of social networking sites (SNS) discontinuance has attracted the attention from academia and industry. 

However, related studies are limited. Drawing on social cognitive theory, this study puts forward a theoretical model of SNS 

discontinuance intention. 551 valid data were collected via an online survey and further analyzed using SmartPLS3.0. The 

result shows that, perceived irreplaceable significantly affects SNS excessive use, which further has a significant effect on 

fatigue and guilt. Also, fatigue and guilt significantly impact discontinuance intention to use SNS. The findings enrich our 

understanding on social media discontinuance and provide insights on how to prevent user churn in SNS context. 

 

Keywords: social networking sites, discontinuance intention, social cognitive theory, negative emotion, excessive use 

 

1. INTRODUCTION 

Social networking services (SNS) have permeated into individuals’ everyday lives and satisfied their 

different gratifications [1]. However, SNS discontinuance has become increasingly prominent in recent years [2]. 

As discontinuance is detrimental to information system sustainability, it is vital to explore factors affecting SNS 

discontinuance. 

Extant studies have noticed the phenomenon of SNS discontinuance, and make efforts to investigate why 

SNS users discontinue their use. Theories such as stimulus-organism-response model and social cognitive theory 

are employed, and factors such as information overload, social overload, fatigue, exhaustion and technostress 

are found to have significant effects on SNS discontinuance [2]-[4]. Although prior studies have explored the roles 

of different factors, it is still lack of understanding on the mechanism of user behavioral change, for example, 

from excessive use to discontinuance. Also, studies on negative emotions (e.g., guilt) and SNS discontinuance 

are not enough.  

Therefore, this study puts forward the following research questions: What factors affect individuals’ 

discontinuance intention to use SNS? Specially, what roles do excessive use and negative emotions (i.e., fatigue 

and guilt) play in generating SNS discontinuance intention? To answer the questions, this study conducts an 

empirical study to better understand SNS discontinuance. 

 

2. THEORETICAL FOUNDATION AND HYPOTHESES 

Social cognitive theory posits that the relationships among environmental factors, personal factors and 

individual behaviors are dynamic and mutual [5]. In the SNS use context, individuals will assess their current use 

condition, make judgment and develop emotions, which will further influence their decisions on how to adjust 

their behaviors.  

In particular, this study examines the effects of perceived irreplaceability, excessive use, fatigue and guilt 

on SNS discontinuance intention. When users perceive irreplaceability of the service, they will be more likely to 

excessively use it [6], which may further generate negative emotions, such as fatigue and guilt [7]. And extant 

studies have proven the important role of negative emotion in driving SNS discontinuance [2][4]. 
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3. RESEARCH METHODOLOGY AND RESULTS 

An online survey was conducted among WeChat users in China. All the measurement items of constructs 

were adapted from prior research and modified to the current research context. 551 valid data were collected and 

used for further analysis. To examine the research model, validity and reliability of the measurement model were 

first tested, followed by hypotheses test using SmartPLS 3.0. 

Results show that, the explained variance of discontinuance intention, guilt, fatigue and excessive use are 

47.8%, 25.3%, 21.4% and 30.1%, respectively. Fatigue (β= 0.488, p<0.001) and guilt (β= 0.280, p<0.001) are 

significantly related to discontinuance intention, thus hypotheses H4 and H5 are supported. Excessive use is 

revealed to significantly influence fatigue (β= 0.463, p<0.001) and guilt (β= 0.530, p<0.001), therefore 

hypotheses H2 and H3 are confirmed. And the path from perceived irreplaceability to excessive use is 

statistically significant (β= 0.549, p<0.001), hence hypothesis H1 is supported. 

 

4. CONCLUSION AND DISCUSSION 

This study focuses on the emerging social media discontinuance phenomenon, and attempts to investigate 

factors influencing discontinuance intention to use SNS via an empirical study. The findings reveal the 

significant effects of perceived irreplaceability, excessive use, fatigue and guilt on SNS discontinuance. All the 

findings have important contributions both in theory and in practice. From a theoretical viewpoint, this study 

explains the role of excessive use to enrich our understanding on behavioral change in SNS context. In addition, 

this study highlights the influences of fatigue and guilt to deepen studies related to negative emotions on IS use 

behavior. From a practical perspective, this study helps individuals to properly adjust their SNS usage behavior 

and use the service in a reasonable way. Moreover, this study provides suggestions for service providers on how 

to avoid individuals’ excessive use and negative emotions to prevent user churn. Future research could consider 

other social media to reveal the differences. And other negative emotions (e.g., anxiety and dissatisfaction) 

could be explored due to individuals’ complex psychological responses [8]. 
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Abstract: This paper applied the Protective Action Decision Model (PADM) and the Heuristic System Model (HSM) to 

explore the cognitive factors of the web users’ corrective health information adoption intention. The path analyses showed 

that both systematic processing and heuristic processing can positively affect perceived information overload and false 

information perception, and these two variables had mediating effects between heuristic processing and corrective health 

information adoption intention; Systematic processing, protection action perception, stakeholder perception and e-health 

literacy positively affected the corrective health information adoption intention. The fsQCA found that there were two types 

of configurations leading to corrective health information adoption intention. Systematic processing, stakeholder perception, 

perceived information overload and hazard-related attributes were important antecedents. The results of this study can be 

helpful to take up measures to enhance the corrective health information adoption and reduce the risks brought by infodemic. 

 

Keyword: Corrective health information adoption; Infodemic; SEM; fsQCA 

 

1.  INTRODUCTION 

“We’re not just fighting an epidemic, we’re fighting an infodemic”[1]. Infodemics are an excessive amount of 

information about a problem, which makes it difficult to identify a solution. There exist misinformation, disinformation and 

rumors during a health emergency. Infodemics can also hamper an effective public health response and create confusion and 

distrust among people[2]. The production and disinformation of corrective health information can be helpful to eliminate the 

negative influences of infodemic. The corrective health information is to correct the public’s wrong beliefs, which are 

supported by clear evidence and expert opinion[3]. By combing through the literature, we found that previous studies mainly 

concentrated on the dissemination process of corrective health information, what cognitive factors affect corrective health 

information adoption intention were rarely examined. In light of these gaps, we focus on how self-perceptions and 

information processing types exert influences on corrective health information adoption intention. 

 

2.  THEORETICAL FOUNDATION AND HYPOTHESES 

The Protective Action Decision Model (PADM) is a comprehensive framework that explains how people's information 

processing behaviors and self-perceptions affect their responses to external risk events and hazards, and three dimensions of 

perceptions—protective action perception, stakeholder perception and risk perception—should be accounted for in the 

decisions whether to perform hazard adjustment actions[4]. The protective action perception includes hazard-related attributes 

and resource-related attributes [4]. In this paper, the risk perception concerning infodemic is demonstrated by perceived 

information overload and false information perception. And the stakeholder perception reflects the degree of cognitive 

evaluation by authorities and professionals. HSM defines two types of information processing: systematic processing and 

heuristic processing. Systematic processing means that individuals make judgments by carefully examining information and 

correlating it with existing information. In heuristic processing, individuals often use simple peripheral cues without extra 

effort to help them make judgments about specific information [5].  

Based on PADM, HSM and related researches, this study developed the theoretical model and raised seven groups of 
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hypotheses: (1) Risk perception positively affects corrective health information adoption intention; (2) Information 

processing type positively affects risk perception; (3) Information processing type positively affects corrective health 

information adoption intention; (4) Risk perception mediates the relationship between information processing type and 

corrective health information adoption intention; (5) Hazard-related attributes positively affect corrective health information 

adoption intention; while resource-related attributes negatively affect corrective health information adoption intention; (6) 

Stakeholder perception positively affects corrective health information adoption intention; (7) e-Health literacy positively 

affects corrective health information adoption intention. 

 

3.  RESEARCH METHODOLOGY AND RESULTS 

SEM was applied in this study for testing the net effects of causal paths in the structural model. Based on the survey of 

365 web users, the results of the proposed research model showed a good fit: CMIN/df =2.213, GFI = 0.844, CFI = 0.916, 

NFI=0.858 and RMSEA = 0.058. The factors loading of all items in the model were high (≧0.62 ) and significant (p<0.001). 

SEM results indicated that both systematic processing and heuristic processing positively affected risk perception; systematic 

processing (β=0.171, p<0.01), heuristic processing (β=0.099, p>0.05), hazard-related attributes (β=0.267, p<0.001), 

stakeholder perception (β=0.375, p<0.001) and e-Health literacy (β=0.150, p<0.01) had positive effects on corrective health 

information adoption intention respectively. Resource-related attributes (β=0.197, p<0.01) positively influenced corrective 

health information adoption intention. The perceived information overload and false information perception both had 

mediating effects in the relationship between heuristic processing and corrective health information adoption intention. 

While the mediating effect of systematic processing was not significant.  

The sufficient configurations leading to high level of corrective health information adoption intention were achieved by 

fsQCA (performed using fsQCA 3.0). fsQCA found two configurations. The first one indicated that the core conditions 

leading to corrective health information adoption intention were high-level systematic processing, high-level perceived 

information overload, high-level hazard-related attributes and high-level stakeholder perception. The auxiliary conditions 

were high-level heuristic processing and high-level resource-related attributes. The second one included four sub-modes. The 

core conditions that led to the corrective health information adoption intention were high-level systematic processing and 

high-level stakeholder perception. The common auxiliary condition of the four sub-models was high-level e-Health literacy.  

 

4.  CONCLUSION AND DISCUSSIONS  

 Theoretically, this research applies PADM model which provides a new perspective for information adoption research; 

the functions of systematic processing and heuristic processing on the corrective health information adoption intention are 

examined to address on the importance of different information processing types on protection action decision in infodemic. 

Managerially, the SEM findings suggest that government, public media as stakeholders have the responsibilities to 

disseminate corrective health information; the fsQCA results also confirmed the importance of stakeholder perception and 

systematic processing in corrective health information adoption intention when facing information overload. Interestingly, 

people would allocate more resources such as taking time and effort, learning professional knowledge and collaborating with 

others to obtain corrective health information. Thus, the e-Health intervention strategies should be designed and 

implemented to improve health literacy skills among web users in a variety of settings. However, this study had limitations. 

The survey was carried out online and 33.3% of the respondents were younger than 25, so sampling bias and non-response 

bias may exist; since a configuration for predicting high outcome is not simply the mirror opposite of the recipe achieving 

outcome negation, future work should examine the low level of the corrective health information adoption intention by 

fsQCA. 
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Abstract: Clarifying the influencing factors of patient users' medical choice behavior is the key to improving patient users' 

online medical experience. Taking Haodafu psychiatric patients as the research object, based on the perspective of 

ELM-SOR theory,a model of influencing factors of patient users' online medical choice behavior is constructed, and a 

combination of structural equation model and fuzzy set qualitative comparative analysis is used method for analysis. The 

results show that: ①The medical choice behavior of patients in online health community is affected by the information 

quality of the central route, the reputation and credibility of the peripheral route and other factors, this process will also be 

regulated by the patient's user involvement and consultation price.②Qualitative comparative analysis of fuzzy sets found 

four antecedent configurations that trigger the transformation of online medical choice behavior. The findings provide 

recommendations for optimizing the online consultation experience. 

 

Keywords: online health community, selection of a physician by users, binary pathways, ELM-SOR, User involvement 

 

1. INTRODUCTION 

Online Health Community (OHC) is a new type of Internet medical model, the models constructed by current 

research on the influencing factors of patients' health information behavior are often based on only a single 

dimension, however, according to the ELM theory[1], the different motivations and abilities of patients in the 

process of choosing a doctor will cause their information processing to be affected by two different paths, the 

edge and the center. On the other hand, the previous empirical research on the conditional combination of 

influencing factors is less. In light of these gaps and concerns, this paper studies the influence of different path 

factors on medical choice behavior from the perspective of information processing.Our research questions are: 

what are the influencing factors that significantly affect online medical choice behavior, what are the differences 

between different paths, whether there is a moderating effect, and what combination of factors can drive the 

online medical choice behavior transformation on this basis. 

 

2. THEORETICAL FOUNDATION AND HYPOTHESES  

ELM theory (Elaboration Likelihood Model, ELM) believes that changes in user attitudes can be processed 

through two information processing modes: one is central processing, which requires users to analyze the logic 

and relevance of information with critical thinking, such as information quality[2];the other is edge processing, 

which mainly achieves trust through peripheral information related to the task, such as source credibility[3];at the 

same time, the mode of information processing selected by different users is regulated by the degree of user 

involvement. SOR theory (Stimulus-Organism-Response, SOR) indicates that product attribute characteristics or 

service quality as a stimulus (S) factor will affect the user's perceived identity and emotional change as an 

organism (O), thereby promoting the occurrence of a certain behavior (R)of the user[4]. 
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Therefore, based on the ELM-SOR theory, the quality of trust source information is selected as the central 

path factor, the doctor's credibility is selected as the marginal path factor, the perceived value is used as the 

mediating factor, and the user involvement and consultation price are used as adjustment factors, in order to 

construct a dual-path model of influencing factors of patients' online medical choice behavior.  

 

3. RESEARCH METHODOLOGY AND RESULTS  

This paper obtains doctor-patient data from the psychiatry department of the “Good Doctor” website, the 

largest online health community in China. In terms of research methods, a combination of quantitative and 

qualitative analysis was used to analyze the research questions in stages: ①The factors that significantly affect 

the online medical choice behavior were examined by structural equation modeling (SEM). ②On the basis of 

the SEM test results, the fuzzy set qualitative comparative analysis (fsQCA) is used to reveal how the 

combination of significant influencing factors further drives the transformation of online medical choice 

behavior from the perspective of configuration. 

From the results, the SEM model test found that the assumptions about the interaction quality, content 

quality, reputation credibility, perceived value, and consultation price of the central path passed the test, and the 

user involvement degree (0.206) had a significant impact on the relationship between central path factors and 

perceived value.Secondly, the fsQCA configuration analysis found four equivalent configurations that 

contributed to the transformation of online medical choice behavior. 

 

4. CONCLUSION AND DISCUSSIONS  

All of these findings are of great significance both in theory and in practice. Theoretically, first, based on the 

ELM-SOR theory, this paper examines the individual effects of factors and the combination effect in the overall 

relationship, the moderating effect of the patient's user involvement on the dual path was also discussed, so the 

influence mechanism of the whole process of online medical choice behavior was deeply analyzed. From the 

perspective of management practice, this study provides optimization suggestions for the development of online 

health consultation before, during and after consultation. In the future, a variety of online health community 

psychiatry data will be expanded to further validate and clarify the conclusions of this study. 
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Abstract: With the rapid development of information technology, intelligent university course selection system is 

indispensable. Based on the user and the mixed model of collaborative filtering recommendation system to explore a set of 

suitable for the intelligent course selection recommendation system in universities. This system is conducive to further 

improve the quality of college education services. 
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1.   INTRODUCTION 

With the advent of information overload, the application of information tools has become very common 

among colleges and universities courses selection, adopted by so many colleges and universities to provide 

services for students[1]. The course selection system means that college students are allowed to have certain 

freedom to choose the courses offered by the school, including the choice of courses, teachers and class time, 

and the amount and process of learning that suits them.However, in the face of massive data , some students, in 

the deviod of clear ideas, blindly choose courses and only vaguely understand their major. At this time, the 

educational administration system of colleges and universities needs to quickly recommend elective courses that 

meet the requirements of students, so as to solve the "fear of choice" of some students. Although at present the 

use of information university course selection system is very common, with almost all colleges and universities 

opted for the corresponding information system, these systems are not smart enough as they can only deliver the 

basic course selection service.The traditional course selection system will have the following disadvantages and 

adverse effects.First of all, the current elective system is not conducive to the development of students' 

personality. Secondly, although some schools allow cross-grade and cross-major course selection, students still 

cannot choose freely due to the influence of traditional course arrangement methods, teacher resources and 

classroom resources. It is common for students to fail to select courses due to the conflict of class time. 

Moreover, the work of guiding course selection has not been well implemented, so that students, especially 

freshmen, are at a loss to the textbooks, teaching instructions, course introduction and course selection guide, 

and there is a phenomenon of blind course selection,many students choose courses blindly. Most of them follow 

the trend and choose courses without their goals and ideas. Such behaviors may eventually lead to students 

choosing courses that they are not interested in and do not study, resulting in low grades or a good waste of 

learning time. Therefore, if colleges and universities can provide intelligent recommended course selection 

module, the occurrence of this event will be greatly reduced. 

At present, we mainly see demographic-based recommendation algorithms,content-based recommen-dation 

algorithms, and collaborative filtering based recommendation algorithms, which are the core of the intelligent 

recommendation system for selecting courses. The main idea of these algorithms in the application of the course 

selection system is that demographics-based recommendation is a simpler way to discover the degree of 

relevance of student users based on the basic information of the system, and then recommend courses favored 

by similar students to the current students. Content-based recommendation is mainly based on the original data 
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of recommended content or courses to find the correlation between courses, and then recommend similar 

courses for students based on their previous course selection preferences. The recommendation based on 

collaborative filtering can be divided into user-based collaborative filtering, item-based collaborative filtering 

and model based collaborative filtering. Among them, user-based collaborative filtering mainly considers the 

similarity between students and students. As long as the courses favored by similar students are found and the 

scores (evaluations) of corresponding courses are predicted by target users, several courses with the highest 

scores can be found and recommended to users[2]. However, item-based collaborative filtering is similar to user-

based collaborative filtering, except that the similarity between courses and courses is found. When the scores of 

certain courses are found by target users, the similar courses with high similarity can be predicted and several 

similar courses with the highest scores can be recommended to students. 

In short, with the prominence of students in the teaching process, their course selection has become an 

important way for personal academic success. However, most universities still have some deficiencies in the 

course selection mechanism. Towards that end this paper introduces data mining technology and collaborative 

filtering algorithm in the course selection process. This paper studies the personalized recommendation system 

for elective courses in colleges and universities. By analyzing the current situation of elective courses in 

colleges and universities and applying relevant technologies such as collaborative filtering algorithm, data 

mining technology and personalized recommendation technology to the system, it promotes the optimization of 

personalized recommendation system for elective courses. The combination of the current intelligent 

recommendation algorithm and the course selection system can use the characteristic information of students 

and courses to recommend those courses with characteristics that students like. It also possible to use the 

courses the student has chosen to recommend courses similar to those he likes or has chosen or other students 

who are similar to students to recommend items that other students who have similar interests and hobbies like 

to students[3]. As a result, the current existing problems, and in the networked education management 

environment, how to make use of the existing algorithms and theory, from a large number of historical course 

data found in the hidden and useful knowledge to guide, improve and improve the mechanism of the current 

university course of study, become the important research subject, it is imperative to today at the same time 

reform of the teaching management in colleges and universities has important practical significance.In this 

paper, the recommendation algorithm based on the hybrid collaborative filtering model based on user and 

project weighting is mainly intended to provide students with more efficient course selection services, 

recommend more suitable courses, and help navigate to the courses trully attracting students from a large 

amount of information, which is of great significance and practicability. 

 

2.   COMPOSITION OF COURSE SELECTION AND RECOMMENDATION SYSTEM BASED ON 

COLLABORATIVE FILTERING 

Personalized recommendation algorithm is the main part of recommendation system, and the research on 

recommendation system is actually the research on personalized recommendation algorithm, because the 

performance of personalized recommendation algorithm determines the performance of recommendation 

system. At present, there are many main recommendation algorithms used in the recommendation system, and 

all kinds of recommendation algorithms have their own advantages and disadvantages and adapt to the 

environment, among which collaborative filtering recommendation algorithm is the most studied and most 

widely used personalized recommendation algorithm.Collaborative filtering recommendation makes use of 

features that may be similar in similar users' purchasing behaviors to make recommendations, regardless of the 

product's own attributes. It mainly relies on the opinions of the nearest neighbor users to make 

recommendations, which tends to be personalized.Collaborative filtering algorithm can be divided into user-
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based collaborative filtering algorithm and project-based collaborative filtering algorithm.Among them, the 

former calculates the similarity between users by analyzing the historical data of users, and then relies on nearby 

users to provide recommendation services. The latter calculates the similarity between projects by analyzing the 

behavioral data of users acting on projects, and then makes recommendations for users according to the 

calculated similarity of projects and users' historical interests. Although these two types of collaborative filtering 

recommendation algorithms have been widely used in recommendation systems.  

However, both user-based and project-based collaborative filtering recommendation algorithms have the 

following two major problems in practical application:1) Data sparsity.On most websites, the user history is a 

tiny fraction of the total product set. For example, on Amazon, after users purchase goods, their comments on 

goods account for less than 1% of the total amount of goods, which causes the problem of data sparsity. The 

sparsity of data leads to the situation that there is no intersection between projects, so it is impossible to judge 

whether users' preferences are similar or not. Without similar user sets, the recommendation effect will decline 

sharply.2) Scalability issues.Scalability is always the focus of collaborative filtering recommendation algorithm 

research. As we know, both user-based collaborative filtering recommendation algorithm and project-based 

collaborative filtering algorithm have a linear increase in computation with the increase of users and projects, 

thus causing scalability problems. In addition, even if the improved project-based collaborative filtering 

recommendation algorithm is adopted, the computational complexity will still become a performance bottleneck 

when the data volume is huge.In order to solve the above two problems, combining the advantages of user-based 

collaborative filtering and project-based collaborative filtering,this paper proposes a personalized 

recommendation algorithm combining user-based and project-based collaborative filtering. 

In order to realize the function of intelligent course selection recommendation system, the collaborative 

filtering model and the function of course selection module system can be combined together better. The course 

selection and recommendation system can be roughly divided into four entities, including student information 

entity, course information entity, course evaluation entity and administrator information entity. Among them, the 

student information entity can record students' personal professional information, courses taken in the past, 

grades and other data; the course information entity can be used to record the course time, course teachers and 

other relevant information; the course evaluation entity mainly records the number of courses selected, the 

distribution of students who choose courses, and student evaluation. The administrator information entity mainly 

stores the information related to login and management permissions of the system background administrators. 

The flow chart of the recommendation system is shown in Figure 1.The recommendation system collects 

students' information and puts it into the student information entity, and then puts students' course selection 

records, course selection preferences and students' evaluation to calculate the scoring matrix into the course 

evaluation entity.At the same time, student relevance is calculated based on user recommendation, and course 

relevance is calculated based on project recommendation. Finally, weighting is carried out based on user  
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recommendation algorithm and project recommendation algorithm, so as to predict students' score on courses 

and provide personalized recommendation. 

 

3.   RECOMMENDATION ALGORITHM MODEL DESIGN   

Collaborative filtering recommendation algorithm is one of the most popular recommendation algorithms. 

The algorithm based on user recommendation takes all the preferences of a user as the similarity between users, 

finds the adjacent users, and uses the similar behavior history as the item to predict the possible behavior of the 

current user. However, relative to the rapidly increasing number of users, the calculation of the relevance of 

users becomes complicated, and the growth rate of the number of items is still slower than that of users. 

Therefore, project-based collaborative filtering algorithm gradually replaces the traditional user-based 

recommendation algorithm[4].  

This project-based algorithm believes that if users score high on similar projects of the current project, then 

users are more likely to choose the current project. This algorithm is based on the calculation of the correlation 

between projects, but when new users or new projects appear, this algorithm will be greatly discounted. It can be 

seen that the scalability of the traditional algorithm is weak and the problem of cold start is serious[5]. In order to 

achieve further personalized recommendation for students and courses, this paper aims to design a weighted 

hybrid college course selection recommendation system based on user collaborative filtering algorithm model 

and project-based collaborative filtering model to achieve personalized service for course recommendation. 

According to the above basic principles, we can split the user-based collaborative filtering recommendation 

algorithm into two steps:First,Find a set of users with similar interests to the target users. Second,Find items in 

this collection that users like and that target users have never heard of and recommend to target users. 

3.1  Based on user recommendation algorithm  

Based on the assumption that "you're more likely to like what people like you like." Therefore, the main 

task of user-based collaborative filtering is to find out the nearest neighbor of the user, so as to make the score 

prediction of unknown items according to the preferences of the nearest neighbor. This algorithm is mainly 

divided into three steps:1)User ratings:It can be divided into two types: explicit score and implicit score. Explicit 

rating is the direct rating of the project (such as users' rating of movies), while implicit rating is the rating of the 

project through evaluation or purchase behavior (such as purchasing things on Taobao or commenting).2)Find 

the nearest neighbour:This step is to find the user closest to you, and the following three algorithms are 

generally used to calculate the distance: cosine similarity measure, Euclidean distance similarity measure and 

Jekard similarity measure. The Euclidean distance similarity measure will be illustrated in a later 

demo.3)recommended:After the nearest neighbor set is generated, the unknown item is scored and predicted 

according to this set. Recommend the N items with the highest ratings to users. 

The collaborative filtering algorithm based on users is mainly divided into three processes, the first is to 

build a user model, the second is to find the nearest neighbor users, and the last is to generate a list of 

recommended items. The recommendation system in this paper is built on the basis of user collaborative 

filtering recommendation algorithm, looking for similar users, and similar users are defined by choosing the 

same courses. This system adopts theuse the cosine similarity of user similarity calculation [6], specific to the 

student to the course grade is set to n dimensional space vector, and those who do not choose a course grade 

students of the course is set to 0 select course grade students in the course of 1, so user, user j I n d grade on the 

project space, Can be expressed by the following formula 1: 
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Formula 1.  Calculate user similarity 

 

Similarity by users, can build students - curriculum evaluation matrix, the general model of collaborative 

filtering of the input data is usually said m * n users, the evaluation matrix of R<m, n>, which m represents the 

number of students for m, n is said the number of courses, including Rij says is the first I a student for the first j 

a course ratings, The score value in Table 1 represents whether the student has chosen the course. If so, it is 

marked as 1, and if not, it is marked as 0, as shown in Table 1: 

 

Table 1.  Student-course evaluation matrix R<m,n> 

 Course 1  Course j  Course n 

students1 R11 …… R1j …… R1n 

…… …… …… …… …… …… 

Students i Ri1 …… Rij …… Rin 

…… …… …… …… …… …… 

Students m Rm1 …… Rmj …… Rmn 

 

Therefore, the most important thing is to search the "nearest neighbor" set of the target user, that is, for user 

U, to find its "neighbor" set U={U1,U2,…Uk}, and user U does not belong to the set U, and then sort from U1 to 

Uk in order of similarity. The more the same courses are selected, the greater the similarity between U and a user 

in the user set. Then, the unselected courses in the list of courses of users with high similarity with the user can 

be recommended. However, as the amount of user data becomes larger and larger, the calculation becomes more 

and more complex, and the performance of the system becomes worse and worse, so collaborative filtering 

based on items comes into being [7]. 

Other,we can extract the user's course selection theme and interest theme; On the basis of these themes, the 

elective community and interest community of users are formed respectively. Will communities into matrix form 

respectively, using matrix decomposition method of matrix decomposition to calculate each user communities in 

each community will focus on the score matrix, take individual users to concentrate on in all the will of the 

community the maximum score for the final will focus on scores, to target users sort it with other users intend to 

focus on the score finally, finally choose the highest score TOPN users are recommended users. It has the 

advantages of obtaining more accurate recommendation results of network users for selecting courses. 

3.2  Based on item recommendation algorithm 

The biggest difference between the project-based recommendation algorithm and the user-based 

recommendation algorithm is that the user-based recommendation algorithm compares the similarity between 

users and then finds the nearest neighbor set, while the project-based recommendation algorithm compares the 

similarity between projects. This algorithm first finds the projects that have been evaluated by target users. In 

this system, it is to find the courses that the target students have evaluated, calculate the similarity between them 

and the target course I, and then select K projects that are most similar according to the similarity, that is, the 

"nearest neighbor set" of the projects I={I1,I2,…IK}, and then arrange them from small to large according to the 
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similarity[8]. 

In other words,unlike the user-based collaborative filtering recommendation algorithm, which compares the 

similarity between users, the project-based collaborative filtering recommendation algorithm compares the 

similarity between items.the project-based recommendation algorithm mainly consists of two steps: calculating 

the similarity and predicting the score value of the recommended item, and then making the recommendation. 

To calculate project similarity, it is necessary to find all users who evaluate project I and project J at the same 

time, and then use Pearson correlation coefficient to calculate the degree of acquaintance between projects  

Sim<i,j>as shown in Formula 2, where Formula Vij is the score of user I on project J.  V
___

a and V
___

b is the average 

score of all users whose project A and project B are overrated [9]. 
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Formula 2.  Calculate course similarity 

 

The most important step for the project-based collaborative recommendation algorithm to output project 

results is the prediction stage. After the similarity of all items is calculated, K items with the largest value are 

found out and then the sum of project scores is calculated by weight calculation method, which is the required 

predicted value. The details are shown in Formula 3: 












n

i

ij

n

i

ajij

i

Sim

VSim

P

1

1
a

)(

)(

 

Formula 3.  Calculates the sum of item scores 

 

Then,specific users are recommended according to the predicted value. Compared with user-based 

collaborative filtering, project-based collaborative filtering obviously requires much less computation, so the 

performance is greatly improved, but the accuracy is also sacrificed. Both of them have their own advantages 

and disadvantages. In order to further optimize, this paper intends to use the hybrid collaborative filtering 

algorithm based on user and item for course selection recommendation. 

3.3  Hybrid collaborative filtering recommendation algorithm based on item and user  

For project-based and user-based hybrid collaborative filtering algorithm, the similarity of project-based 

collaborative filtering algorithm and user-based collaborative filtering algorithm needs to be calculated from two 

aspects, which is different from the calculation of user similarity or project similarity. On the one hand, the 

similarity of results based on students' interests needs to be calculated. On the other hand, we need to calculate 

the similarity of scoring for elective courses[10], and use the weighted value method to calculate the mean score 

of the nearest neighbor data set, as shown in Formula 4 and Formula 5,and Pcourse(s,i) is the predicted score of a 

certain course s for a certain user i, Pstu(s,i) is the predicted value based on students' interests,Sim(u,v) is the 

correlation coefficient to calculate the degree of acquaintance between items, T
___

s is the average score of all the 
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items that a student overrated,T
___

c is the average project score of all overrated users for a given course, T
___

vi is user 

v's rating of item i,similarly, T
___

ci represent course c is rated by user i.last but not least, the purpose of the formula 

is to calculate the weighted average score: 
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Formula 4.   Calculate the similarity based on the user 
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Formula 5.   Calculate the similarity based on the course 

 

And based on the project and the mixed collaborative filtering recommendation algorithm based on user is 

the most important step is also in the forecast period, but for the hybrid collaborative filtering recommendation 

algorithm, not a single to forecast, combination forecast need to score, mainly considering from the aspect of 

impact factor to courses according to students interested in forecast and score prediction of collaborative 

filtering, The value range of the influence factor λ is set at [0,1], mainly to control whether the recommendation 

system selects elective courses based on students' interest or filters them based on the scores of nearby 

students[11]. When the value λ is set to 0, it means that the recommendation system will recommend freshmen, 

which can solve the problem that the user-recommendation algorithm does not take into account the increase of 

new users. At this time, the recommendation system mainly recommends elective courses according to the 

collaborative filtering of students' registration information, that is, it prefers project-based recommendation 

algorithm to make recommendations. Otherwise, collaborative filtering recommendation is made according to 

the score of the nearby students who take this course, as shown in Formula 4, where is the predicted score of a 

certain course s for a certain user i, and Pstu(s,i) is the predicted value based on students' interest, which is also 

the weighted average of the predicted value based on user recommendation: 

),(*)1(),(si isPisPP coursestu       

Formula 6.  A weighted average of user-recommended predicted values 

 

The final stage of generating the recommended sequence table is mainly to calculate the similarity selection 

among students. After assigning different weights to different features, the similarity between student I and other 

students of the same major is calculated on the mixed model, and the N students with the most similar students 

are selected as the set of nearest neighbors. After obtaining the similarity of the elective courses between the 

target student and the neighbor students, the scores of the students on all the unelective courses can be predicted, 

and the top-N elective courses with the highest scores can be recommended to the elective students. In this way, 

some shortcomings between user-based recommendation algorithm and project-based recommendation 

algorithm are greatly solved, and the two methods are more perfectly combined to recommend courses with 

higher matching degree for students more accurately.In the case of extremely sparse user rating data, the 

traditional similarity measurement method has disadvantages, leading to a sharp decline in the recommendation 

quality of the recommendation system. To solve the above problems, a collaborative filtering recommendation 

algorithm based on item category and interest degree is proposed. In this algorithm, the item category similarity 
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matrix is constructed by calculating the category distance between items. Then the degree of interest is used to 

analyze the correlation between different projects. Finally, the improved conditional probability method is used 

to measure the similarity between projects based on the information of project category and the degree of 

interest between projects. Experimental results show that the proposed algorithm can effectively alleviate the 

adverse effects caused by sparse user rating data, and improve the prediction accuracy and recommendation 

quality. 

And through some tests and the practice of movie recommendation system, the experiment shows that the 

hybrid collaborative filtering recommendation algorithm based on user and item double clustering exceeds the 

other four collaborative filtering recommendation algorithms in terms of recommendation quality, accuracy and 

recall rate.Later, we can prove through experiments whether the college course selection recommendation 

system uses the hybrid user-based and project-based recommendation algorithm to improve the similarity of 

course selection among students to a certain extent and help the majority of students to choose their favorite 

courses. 

 

4.   CONCLUSIONS AND FUTURE PROSPECTS 

After years of development, the educational administration management informationization has basically 

been accessible to all domestic colleges and universities , and the educational administration system has become 

one of the most important and popular information systems in schools. However, until now, the educational 

administration information management is by no means a mature technology. Even though some schools' 

educational administration systems have been updated or replaced several times, there are certain occasions they 

still fall  short of expectations. We need the system to run smoothly through the integration of school 

educational administration management work of each link, in line with the school personality needs and 

development needs, stable and reliable, safe and efficient, high utilization rate, good user experience, making to 

more friendly to teachers and students.although university informatization has been widely used, it is still not 

completely intelligent. Currently recommended technology application in the domestic application of mainly 

exist the following problems, first recommended intelligent degree is low, most depends on the users' search 

keywords and product category to search, then recommend the timeliness is low, cannot perceive stay in real 

time according to user's choice of content, the lack of recommendation, a lot of curriculum content in 

personalized recommendation to the users.This paper mainly aims to recommend courses for students more 

accurately during course selection, in replace of a single selection module, and proposes the application of 

hybrid collaborative filtering model based on user recommendation and project recommendation in the course 

selection system of universities. In addition, current academic researches mainly focus on the algorithm and 

model of the recommendation system, which has not been fully implemented yet. It is of great significance to 

introduce the recommendation algorithm into the idea and application of the college course selection system[12]. 

In this paper, the research work is to use the collaborative filtering algorithm based on user, set up classes 

at the high school students personalized recommendation system, make the students as much as possible 

according to their interests, hobbies, talents, learning, choose suitable for their own courses, teachers and 

learning, for a variety of personality characteristics of students with the best development opportunities; In order 

to improve the current college course selection mechanism, the user-based collaborative filtering algorithm has 

the following assumptions: there are similarities in preferences and interests among people; People's preferences 

for things are stable, so future choices can be predicted based on past preferences.The personalized course 

selection and recommendation system established in this paper assumes that students with the same interest, 

learning level and major choose similar courses.Based on the theoretical construction of hybrid collaborative 

filtering algorithm, this paper proves that the recommendation algorithm can recommend elective courses 
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suitable for students' own development among limited elective courses, and the system query efficiency and 

recommendation accuracy can meet students' needs.In addition, the system extracts the course selection records 

of excellent students in all aspects and uses the algorithm to recommend courses to those students who want to 

be as excellent as the elite. 

First establish evaluation matrix, the description of the main factors of students' course selection process 

(professional, hobbies, course records, teacher evaluation, degree of learning, etc.), the algorithm according to 

the target student behavior, corresponding to the items in the item target students and evaluation matrix was 

established, find out the most similar recently, and according to the course record of similar to the neighbors, 

The recommendation system will recommend courses to them. Therefore, the whole model consists of three 

parts: building evaluation matrix, searching the nearest neighbor and generating recommendations. 

Compared with the user-based collaborative filtering recommendation algorithm, the system using the 

project-based collaborative filtering recommendation algorithm has much less computation, so it can obtain 

better performance. Of course, improving performance comes at the expense of recommendation accuracy. Both 

user-based collaborative filtering recommendation algorithm and project-based collaborative filtering 

recommendation algorithm have their own advantages and disadvantages. In order to preserve the advantages of 

both instead of disadvantages, a hybrid user-based and project-based collaborative filtering recommendation 

algorithm is proposed in this paper. 

In order to solve the sparse user data and scalability problems in the traditional collaborative filtering 

algorithm, this paper comprehensively considers the factors of both users and projects, and combines the 

advantages of user-based collaborative filtering algorithm and project-based collaborative filtering algorithm, 

proposes a collaborative filtering recommendation algorithm of mixed users and projects. This algorithm can 

solve the problem of data sparsity and scalability. It combines user-based collaborative filtering and project-

based collaborative filtering to perform double clustering and group users with similar interests into the same 

class. The clustering process can be carried out offline, which can greatly reduce the search scope of the nearest 

neighbor, reduce the amount of real-time calculation, speed up the prediction and recommendation, and improve 

the system performance. The implementation idea of the algorithm is as follows: firstly, the items with high 

similarity are grouped into one cluster, and the other items are grouped into other clusters; Each project is then 

clustered for the first time, and again for users, and users with similar interests are grouped together[13]. 

Based on the two kinds of collaborative filtering algorithms discussed, from the recommendation algorithm 

based on user and recommendation algorithm based on the project in the elective system in-depth analysis, this 

paper summarized based on the user and the main idea of the hybrid collaborative filtering model based on 

project, calculate similarity of users based on the user level and project based on project level similarity, The 

nearest neighbor set is calculated by weighting, and the recommendation list of a user is found from the nearest 

neighbor set, so as to recommend top-N courses. It is of great practical significance to study the application 

process and mechanism of recommendation system in college course selection system. At the same time, the 

theoretical framework proposed in this paper lacks empirical research, and this step needs to be optimized and 

tested in the future. The user-based and project-based system filtering algorithm is the advanced version of user-

based recommendation algorithm and project-based recommendation algorithm. At present, the research in 

China is based on the expansion of foreign theoretical research, so it is necessary to further develop and detect 

whether it is in line with the reality. In addition, the future still need to compare these collaborative filtering 

algorithm after a single use and mixed use of contrast, explore the recommendation results really has differences 

and whether improved significantly, on this basis to develop a set of practical application significance based on 

the user and the mixed collaborative filtering algorithm based on project application system. 
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Abstract: The number of online learning users grows drastically and analyzing their learning behaviour has become a hot spot 

in recent years. However, there have been limited comparative studies on different learning processes, i.e. silent learning and 

active learning behaviour, and their influence on learning performance and learning experience. This study distinguishes 

between two types of learning behaviour, that is, silent learning which corresponds to content consumption, and active 

participation which corresponds to content contribution. By collecting and analyzing user log data from a Massive Online 

Open Course using OLS regression and sentiment analysis, we find that students’ reply, video watching, and test taking 

activities simultaneously enhance their learning performance and course learning experience. By contrast, comment behaviour 

does not indicate better student performance and learning experience. These findings provide novel insights in student silent 

and active participation, and point to future investigation of predictive studies based on real-time learning behaviour.  

  

Keywords: Silent learning, active learning, learning performance, learning experience  

 

1. INTRODUCTION  

In recent years, with the continuous progress of science and technology, online education has been 

developing rapidly. However, due to the lack of direct supervision, it is difficult for teachers to know students’ 

mastery of course knowledge and to provide corresponding help and intervention in time [1]. Since the number of 

online learning users has increased drastically, a large number of user learning behaviour data has been 

accumulated on the online learning platforms, which is very important to understand learners’ learning progress 

and it can help to predict learning outcomes [2].  

Online learning behaviour can be considered as the way learners participant in online learning, which is 

shaped by the influence of learners’ subjective thinking as well as learning environment [1]. This paper 

distinguishes between two types of online learning behaviour, namely, silent learning and active learning 

behaviour according to the level of user participation (i.e. content consumption and content contribution). Content 

consumption behaviour such as watching learning videos and taking online tests is considered as silent learning 

behaviour. By contrast, content contribution such as posting, replying, as well as commenting is recognized to as 

active learning behaviour [3][4].  Both of these two types of behaviour are vital to learning outcomes [5]. 

Learning performance is considered as the most vital cognitive variable to reflect course learning outcomes, 

while learning experience is seen as the most important emotional variable [6]. Previous studies mainly used self-

reported questionnaires to investigate the relationship between students’ learning behaviour and learning 

outcomes [6][7]. However, recently, there is an emerge of studies that use user behavioural data, such as system log 

data and user discourse, to investigate the learning process and learning outcomes, which is more objective [8][9]. 

For example, several studies utilizing LMS (learning management system) data have shown that participation 

indicators and patterns are strongly correlated with academic achievement [9]. Accordingly, in this study, we use 
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the log data from backstage to test the effects of silent and active students’ online learning behaviour on learning 

performance and experience.  

This research makes several contributions. First, it classifies online learning behaviour into two categories 

(silent learning and active learning behaviour) from the perspective of user participation, which helps to 

understand the conception of online learning behaviour. Second, it integrated sentiment analysis into empirical 

study, which provides evidence for effectively utilizing learner discourse data. This research also provides 

important practical implications for both teachers, learners and teaching platforms. 

 

2. THEORETICAL FOUNDATIONS  

Online learning behaviour is a train of activities that learners take in the online learning process, such as 

watching learning videos, browsing forums, viewing courseware, communicating and discussing with others and 

so on [1]. Different scholars have different classifications of online learning behaviour. For example, Wang put 

forward that online learning behaviour are a serial of chronological behaviour, such as, problem-solving, online 

study, social interaction, self-assessment and self-reflection [9]; Ning & Oliver proposed that online learning 

behaviour can be divided into four categories: trajectory behaviour, social behaviour, resource learning behaviour, 

evaluation and reflection behaviour [1]. 

Since learning behaviour prediction is a vital part in online education field [1], many researchers have done 

some explorations. For example, Dietzuhler & Hurn proposed that analyzing learners’ learning behaviour can 

predict their learning performance, which can help teachers improve the teaching quality and course design [10]; 

Qiu et al., developed a unified predictive model to predict learners’ certificate acquisition and academic 

performance by analyzing learners’ learning behaviour [11]; Sorour & Mine used random forests and predictive 

trees in machine learning to predict learner performance based on learning behaviour [12].  

Online learning behaviour can be considered as the way users participate in online learning, which is shaped 

by the influence of learners’ subjective thinking as well as learning environment [1]. For example, when it comes 

to learners’ subjective thinking, online learners can choose whether or not to watch all the learning videos to 

acquire knowledge. And they can also choose whether or not to discuss with others about his or her learning 

process. When it comes to learning environment, curriculum design, layout of online learning platform may also 

guide the formation of learners’ learning behaviour.  

This paper identifies two types of learning behaviour including silent learning and active learning behaviour 

from the perspective of user participation. To be more specific, silent learning behaviour corresponds to content 

consumption, whereas active learning behaviour corresponds to content contribution [3][4]. Content consumption 

through watching learning videos and taking tests is invisible by others. However, previous research indicates that 

although silent learning behaviour contributes to online learners’ performance, students need to spend a large 

amount of time on these activities to be successful silent learners, such as reading learning resources [5]. Content 

contribution is publicly visible and it mainly occurs in the forum via posting, replying, and commenting, which 

adds to substantive discussions and have positive effects on user participation [3][4]. Previous studies have implied 

that silent learning behaviour helps learners become more focused, while active learning behaviour helps them to 

absorb knowledge effectively [13]. Therefore, these two types of learning behaviour are very important for learners 

to get good learning outcomes.  

 

3. THE RESEARCH MODEL AND HYPOTHESES  

3.1 Research model 

In this paper, we divide online learning behaviour into silent learning behaviour and active learning 

behaviour from the perspective of user participation, and further investigate their impacts on learning outcomes 
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using system log data. Learning outcomes not only refer to learning performance, but also include learners’ 

attitude toward the learning experience, which is reflected by their comments. Figure 1 presents our overall 

conceptual model. The deduction of each hypothesis is as follows. 

 

Figure 1.  The research model 

 

3.2 Impacts of silent learning behaviour on learning outcomes  

In the online learning context, learners’ self-regulated learning is more important than that on the face-to-

face offline courses. Because they should arrange their study processes on their own, and without the direct 

supervision of teachers [7]. As we mentioned above, silent learning behaviour corresponds to content consumption 

such as watching learning videos and taking tests [3][14], which can indicate their learning engagement, and further 

predict their learning outcomes [2].  

Learning performance and learning experience are the most vital variables to reflect course outcomes, 

respectively representing the cognitive and emotional dimensions. Course score is intuitively used to indicate 

students’ learning performance [7], while course satisfaction is widely used to reflect one’s learning experience [15]. 

Besides, silent learning behavior can be regarded as the interaction between users and contents [16], which can 

largely explain to what extent students are satisfied with the course. Based on the discussion above, we propose 

that: 

H1: Silent learning behaviour may be positively associated with learning performance. 

H1a: Test_count may be positively associated with learning performance. 

H1b: Video_time may be positively associated with learning performance. 

H1c: Video_count may be positively associated with learning performance. 

H2: Silent learning behaviour may be positively associated with learning experience.  

H2a: Test_count may be positively associated with learning experience. 

H2b: Video_time may be positively associated with learning experience. 

H2c: Video_count may be positively associated with learning experience. 

3.3 Impacts on active learning behaviour on learning outcomes  

Forum participation is a very important part during learning processes [6]. In the context of online learning, 

active learning behaviour corresponds to content contribution [3][4], which mainly happens in the discussion forum. 

Active learning behaviour can be seen as communicating with teachers and peers to learn from each other or 

exchange ideas via posting, replying, and commenting [14]. For example, learners could post their questions in the 
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forum and waiting for others’ reply, by which they can solve problems met in the silent learning processes which 

cannot be solved by themselves [9].  It can help learners complete their course learning and improve their learning 

efficiency, which contributes to the learning outcomes. As it mentioned above, learning performance and learning 

experience are the most vital factors to reflect learning outcomes. That is to say, the more frequent interaction 

with teachers or other learners, the better learning performance and experience they will get [6]. Therefore, we 

propose the following: 

H3: Active learning behaviour may be positively associated with learning performance. 

H3a: Post_count may be positively associated with learning performance. 

H3b: Comment_count may be positively associated with learning performance. 

H3c: Reply_count may be positively associated with learning performance. 

H4: Active learning behaviour may be positively associated with learning experience. 

H4a: Post_count may be positively associated with learning experience. 

H4b: Comment_count may be positively associated with learning experience. 

H4c: Reply_count may be positively associated with learning experience. 

 

4. METHOD  

4.1 Data collection 

To investigate the proposed hypotheses, student behavioural data was collected from one of the largest online 

course providers in China. Student learning records were extracted from a course “Nutriology”, which is a stable 

course opened for 11 semesters continuously with more than 10 thousand play count. In order to ensure users’ 

learning contexts are similar, we only selected users’ log data for the semester from January 29, 2020 to May 27, 

2020 for our research. Because during this stage (COVID-19 period), almost all students need to attend classes 

online. After cleaning the data set by removing missing and abnormal samples, and matching the process records 

with student learning performance records, 345 data samples were obtained for further analysis. The data set was 

collected only for academic research, and the personal information of none of the learners was identified and 

stored. 

4.2 Variable measurement  

On the basis of student learning record data, we divided the behavioural features into silent learning 

behaviour and active learning behaviour. The features for measuring silent learning behaviour include the number 

of tests taken, the time of video watching, and the number of videos watching [14]. And the features for measuring 

active learning behaviour include the number of posts, number of replies, and comments on others’ posts at the 

course discussion forum [6]. The student course score was used to represent his/her learning performance [7].  

Student learning experience was evaluated through students’ course reviews which reflect their perceptions 

and opinions [17]. Thus, we employed an open-source sentiment classification system established by Baidu based 

on the Bi-LSTM model to obtain the sentiment polarity of reviews [18]. The Bi-LSTM is a type of recurrent neural 

network model that accepts the input of the review sentence and outputs three results: sentiment polarity (0 

represents negative, 1 represents positive), probabilities for positive sentiment (range from 0 to 1) and probabilities 

for negative sentiment (range from 0 to 1) [8].  

Learners’ gender and member type were treated as control variables and coded as dummy variables. Details 

about the variables are reported in Table 1. Table 2 presents the descriptive statistics about variables. Table 3 

reported the pair-wise correlations of the main variables in the research model, which preliminarily proves the 

relevance of learning behaviour and learning outcomes.  
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Table 1.  Details of study variables  

Variable Measurement items Explanation 

 
Silent learning behaviour 

Test_count the number of tests performed 

Video_time the time spent on watching learning videos 

Video_count the number of learning videos watched 

Active learning behaviour 

Post_count the number of posts 

Comment_count the number of comments  

Reply_count the number of replies 

Learning performance Course_score the final score of this course 

Learning experience Review_sentiment the positive emotion score of the review 

Gender Gender dummy coded as male = 1; female = 2. 

Member_type Member_type dummy coded as student = 1; on the job = 2; others = 3. 

 

Table 2.  Descriptive statistics 

Variable Mean Sd Min Max 

Course_score 55.06 30.67 1 99.18 

Review_sentiment 0.786 0.307 0.00830 0.998 

Post_count 0.377 1.030 0 9 

Test_count 24.33 11.81 1 66 

Comment_count 0.365 1.325 0 13 

Video_time 4,678 5,106 2 49,651 

Video_count 16.36 12.40 1 40 

Reply_count 9.304 8.522 1 56 

Gender 1.646 0.479 / / 

Member_type 1.493 0.615 / / 

 

Table 3.  Pair-wise correlations 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

(1) Coures_score  1          

(2) Gender  0.058 1         

(3) Member_type -0.105* 
-0.107 

** 
1        

(4) Post_count 
0.122 

** 
0.018 

0.151 
*** 

1       

(5) Test_count 
0.768 

*** 
0.023 -0.027 

0.261 

*** 
1      

(6) Reply_count 
0.614 

*** 
0.064 

-0.131 

** 

0.231 

*** 

0.429 

*** 
1     

(7) Comment_count 
0.134 

** 
0.007 0.064 

0.395 

*** 

0.195 

*** 

0.185 

*** 
1    

(8) Video_time 
0.162 

*** 
-0.023 -0.043 0.008 

0.190 

*** 
0.033 0.008 1   

(9) Video_count 
0.264 
*** 

-0.006 0.039 -0.026 
0.248 
*** 

0.065 -0.015 
0.690 
*** 

1  

(10) Review_sentiment 
0.366 

*** 

0.173 

*** 
-0.073 0.057 

0.332 

*** 

0.278 

*** 
0.087 

0.114 

** 

0.202 

*** 
1 

Note. * P < 0.1; ** P< 0.05; *** P< 0.01; n.s. = not significant 

OLS regression analysis was performed for investigation of direct impacts of silent learning and active 

learning behaviour. We presumed that the measurement variables of learning performance and learning experience 

are normally distributed. In the OLS regression analysis, the main effects include the direct impacts of silent 
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learning and active learning behaviour on students’ learning performance and learning experience. The users’ 

gender and member type are set as control variables. The OLS regression models are as follows: 

Equation (1): learning performance i =α0 +β1 test_count i +β2 video_count i +β3 video_time i +β4 post_count 

i +β5 comment_count i +β6 reply_count i +βj control_variables ij +εi  

Equation (2): learning experience i =α0 +β1 test_count i +β2 video_count i +β3 video_time i +β4 post_count i 

+β5 comment_count i +β6 reply_count i +βj control_variables ij +εi  

Where β1, β2, …, β6 are parameter estimates for the hypothesized effects, α0 is the intercept, εi is a normally 

distributed error term, and βj is the parameter estimate for the jth control variable. The parameter estimates have 

a straightforward interpretation: a one-unit change in measures of the predictor variables will be associated with 

β1, β2, …, βj unit change in outcome variables, respectively. 

 

4.3 Results 

Results of the model estimation are reported in Table 4. For equation (1), control variables, silent learning 

behaviour and active learning behaviour explain 71.3% of the variance in learning performance, 2%, 36%, 33.3%, 

respectively. For equation (2), control variables, silent learning behaviour and active learning behaviour explain 

18.1% of the variance in learning experience, 3.3%, 7.1%, 7.7%, respectively. Multi-collinearity was not an issue 

in the models, because the variance inflation factor (VIF) for the independent variables ranged between 1.02 and 

2.03, which are below the threshold of 10.  

Table 4.  Summary of OLS regression estimation 

 Note. * P < 0.1; ** P< 0.05; *** P< 0.01; n.s. = not significant 

Variables 

Learning performance Learning experience 

Model (1) Model (2) Model (3) Model (1) Model (2) Model (3) 

Coefficient 
(S.E.) 

Coefficient 
(S.E.) 

Coefficient 
(S.E.) 

Coefficient 
(S.E.) 

Coefficient 
(S.E.) 

Coefficient 
(S.E.) 

Gender 2 

(female) 

3.250 1.149 1.136 0.108*** 0.098*** 0.098*** 

(0.94) (0.42) (0.60) (3.12) (2.95) (3.06) 

Member_type 2 
(on the job) 

-8.400** -2.340 -0.717 -0.031 -0.003 -0.002 

(-2.41) (-0.82) (-0.36) (-0.89) (-0.10) (-0.07) 

Member_type 3 
(others) 

-3.349 0.337 -3.989 -0.049 -0.037 -0.061 

(-0.49) (0.06) (-1.04) (-0.72) (-0.55) (-0.93) 

Post_count 
 -0.802 -3.448***  -0.007 -0.015 

 (-0.56) (-3.47)  (-0.39) (-0.88) 

Reply_count 
 2.190*** 1.313***  0.009*** 0.006*** 

 (13.49) (10.96)  (4.84) (2.85) 

Comment_count 
 0.689 -0.091  0.011 0.009 

 (0.63) (-0.12)  (0.87) (0.70) 

Test_count 
  1.618***   0.006*** 

  (18.15)   (4.06) 

Video_count 
  0.283***   0.004** 

  (2.75)   (2.34) 

Video_time 
  -0.000   -0.000 

  (-1.10)   (-0.64) 

Constant 
56.239*** 34.825*** 1.211 0.730*** 0.636*** 0.471*** 

(17.56) (11.68) (0.45) (22.92) (17.70) (10.28) 

Observations 345 345 345 345 345 345 

R-squared 0.020 0.380 0.713 0.033 0.104 0.181 

F 2.323 34.54 92.63 3.888 6.547 8.199 
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Main effects: In equation (1), test_count (β1 = 1.618, p < 0.01), video_count (β2 = 0.283, p < 0.01) and 

reply_count (β6 = 2.190, p < 0.01) are positively associated with learning performance, indicating that H1a, H1c 

and H3c are supported. However, comment_count (β5 = 0.689, p > 0.1) is not significantly associated with 

learning performance, that is to say, H3b is not supported. Besides, video_time (β3 = 0.000, p > 0.1) and 

post_count (β4 = -0.802, p > 0.1) have no statistically significant association with learning performance, implying 

that H1b, H3a are not supported. In equation (2), test_count (β1 = 0.006, p < 0.01), video_count (β2 = 0.004, p < 

0.05) and reply_count (β6 = 0.009, p < 0.01) are positively associated with learning experience, indicating that 

H2a, H2c and H4c are supported. Conversely, video_time (β3 = -0.000, p > 0.1), post_count (β4 = -0.007, p > 0.1) 

and comment_count (β5 = 0.011, p > 0.1) are found have no statistically significant association with learning 

experience. Therefore, H2b, H4a and H4b are not supported.  

Control effects: For the control variable of gender, we used male (gender1) gender as baseline variable and 

coded it as 1, and the female (gender2) was coded as 2. Therefore, the results represent the significance of effect 

of female gender in compared with male gender. we only found a positive association between female users and 

learning experience (β = 0.098, p < 0.01), which suggests that female users have better online learning experience 

than male users. Similarly, regarding member type, we used student (member_type1) member type as baseline 

variable and coded it as 1, and those on the job (member_type2) and other (member_type3) member types were 

separately coded as 2 and 3. we found that  all dummies are not statistically significant, indicating that users’ 

learning performance and learning experience don’t vary too much between different member types. Table 5 

summarized the results of the hypotheses-testing in study 1. 

 

Table 5.  Summary of Hypotheses Testing 

Hypotheses  Results  

H1a: Test_count may be positively associated with learning performance. Supported  

H1b: Video_time may be positively associated with learning performance. Not supported  

H1c: Video_count may be positively associated with learning performance. Supported  

H2a: Test_count may be positively associated with learning experience. Supported  

H2b: Video_time may be positively associated with learning experience. Not supported  

H2c: Video_count may be positively associated with learning experience. Supported  

H3a: Post_count may be positively associated with learning performance. Not supported  

H3b: Comment_count may be positively associated with learning performance. Not supported  

H3c: Reply_count may be positively associated with learning performance. Supported  

H4a: Post_count may be positively associated with learning experience. Not supported  

H4b: Comment_count may be positively associated with learning experience. Not supported  

H4c: Reply_count may be positively associated with learning experience. Supported  

 

4.4 Robustness check 

We examined the robustness of our results using an alternative measure of learning experience. To be more 

specific, we employed TextMind, a Chinese language psychological analysis system based on SC-LIWC 

dictionary to identity the words related to positive emotion process (e.g., good, nice) to indicate users learning 

experience based on their course comments [19]. Our results did not change in any significant way after we reran 

our models, which indicates our results are robust.  

4.5 Supplementary experiment 

We conducted a supplementary experiment to convince our results using a questionnaire data collected from 

students with Small Private Online Course (SPOC) learning experience during the COVID-19 stage to ensure the 

taking-class context is similar. We totally received 157 valid responses and most of them are from universities in 

Guangdong province of China (females = 94, males = 63). The data was analyzed by SmartPLS software, and 
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table 6 shows the results, from which we find that both silent learning and active learning behaviour have 

significant impacts on learning outcomes, suggesting that our results are stable.  

Table 6.  The direct path effects 

Path Path coefficient T statistics 

Silent learning behaviour -> learning performance 0.206* 1.984 

Silent earning behaviour -> learning experience 0.278*** 3.375 

Active learning behaviour -> learning performance 0.265** 2.996 

Active learning behaviour -> learning experience  0.352*** 3.871 

Note. * P < 0.05; ** P< 0.01; *** P< 0.001；n.s. = not significant  

 

5. DISCUSSION 

5.1 Impacts of silent learning behaviour on learning outcomes 

Our results confirmed that most of silent learning behaviour will influence learning outcomes. Learners who 

take more tests before final exam can examine their mastery of learning, so as to find out omissions as well as 

make up for deficiencies and further obtain better learning outcomes. Previous researches show that learning 

videos are key components to master knowledge [20]. Therefore, the more learning videos learners watch, the more 

comprehensive knowledge they will obtain and they will get better learning outcomes. However, the time of 

watching videos has no significant impact on the learning performance and learning experience. This can be 

interpreted as those learners have been playing some certain videos, which means that they only grasp a part of 

knowledge. Besides, those learners with good learning outcomes may playing learning videos at double speed [20], 

leading to shorter watching video time. This highlights the importance of efficiency of silent learning. 

5.2 Active learning behaviour impact learning outcomes 

Compared with silent learning behaviour, active learning behaviour is relatively less important. It shows that 

in order to obtain good learning outcomes, the most important thing is personal efforts such as viewing more 

learning resources [5]. Active learning behaviour via communicating with teachers and peers only plays an 

auxiliary role. In this study, active learning behaviour includes the number of posts, replies and comments. Among 

them, the number of replies has a significant impact on learning outcomes, indicating that learners’ attention to 

other people’s problems and active participation in discussion can promote their own understanding and digestion 

of knowledge points [14], which helps promote learning outcomes. However, the number of comments has no 

significant impact on learning outcomes. In fact, we discover that the number of comments is quite few for both 

silent and active learners, which may be due the features of learning platform or users’  unwillingness to comment. 

According to our results, less comments does not  means less learning motivation and will not lead to worse 

learning outcomes. To our surprise, post_count is negatively related to learning performance, while it has no 

significant effect on learning experience. This may be because that when users encounter problems, they will post 

for help without their independent thinking and thus accumulated a lot of posts, which is not conducive to the 

mastery of knowledge. 

5.3 Contributions 

The theoretical contribution of this study is as follows. First, it classifies online learning behaviour into silent 

learning behaviour and active learning behaviour from the perspective of learner participation, which helps to 

understand the conception of online learning behaviour [6]. Second, we integrated the sentiment analysis into the 

empirical study, which provides evidence for effectively utilizing learner discourse data.  

This research has some practical implications for both teachers, learners and teaching platforms. First, the 

results show that test_count, video_count, and reply_count significantly impact both learning performance and 

learning experience. From the perspective of teachers, they can design tests with small number of questions and 
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higher frequency, and release tests in time after class, so as to help students review in time, check omissions and 

fill vacancies. From the perspective of students, if they want to obtain good learning outcomes, they are supposed 

to do more tests and watch more learning videos so as to master knowledge. Besides, they can also take part in 

the online learning discussion to exchange ideas and knowledge. Finally, for learning platforms, they should 

continuously optimize the structure of learning platforms, so as to make it easier for students to obtain learning 

resources, and make the communication between students and teachers more flexible. 

5.4 Limitations and future research 

There are several limitations in this study. First, due the limitation of our data collection, we cannot 

supplement student historical learning performance to control the intrinsic learning motivation of the sample 

learners. Therefore, future study can try to include more variables and student historical performance in the 

analysis. Second, due to the availability of data, we only used log data from one course to test our hypothesis, 

more subjects can be included in the future.  

 

6. CONCLUSION  

This paper first distinguishes between two types of online learning behaviour, namely silent learning and 

active learning behaviour and explores their impacts on learning performance and learning experience. Sentiment 

analysis method is used for extracting student learning behaviour features, and OLS regression analysis is applied 

for model construction. Results imply that most of silent learning behaviour (test_count, video_count) and 

relatively few active learning behaviour (reply_count) have positive impacts on student learning outcomes. These 

findings suggest that contrast to active learning behaviour, silent learning behaviour plays more important role for 

students to get better learning outcomes. Therefore, both teachers, learning platforms and learners themselves 

should focus more on silent learning behaviour, so as to obtain better learning outcomes. There are several 

limitations in this study that will guide our future research. In this paper, we used review sentiment for 

measurement of student learning experience. Alternative indicators can be also considered when more user 

features are available.  
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Abstract: The relationship between students' learning effectiveness, satisfaction and willingness to continue learning and the 

influencing factors were investigated using the recent A virtual semester online course "Interesting Financial Statements" as 

an example. The empirical analysis based on 249 questionnaires shows that (1) four variables, including extrinsic motivation, 

intrinsic motivation, learning experience and knowledge fragmentation, have a positive impact on the learning effectiveness 

of the course, with knowledge fragmentation having the greatest impact. (2) Course learning effectiveness significantly and 

positively influenced learning satisfaction, and learning satisfaction further positively influenced willingness to continue 

learning. (3) The most significant effect of fragmentation was seen in terms of influencing factors; the tendency of "choice" 

in the intrinsic motivation of learners was noted in terms of learning motivation; and the learning experience emphasized the 

purpose of the learner and the role of the teacher as a non-learner subject. While confirming the positive effects of the reform 

of general education based on flexible teaching time and space and student-initiated learning, the study proposes 

recommendations in three aspects: giving full play to the advantages of fragmented learning, optimizing teaching design and 

evaluation system, and giving full play to learners' subjective initiative. 

 

Keywords: virtual third semester, online learning effectiveness, empirical analysis  

 

1. INTRODUCTION 

The "New Engineering" has become one of the largest and most determined reforms in the field of higher 

education in China in recent years. The cross-fertilization of science, humanities and engineering, the cultivation 

goal of composite and comprehensive engineering talents and the cultivation requirements of multi-dimensional 

ability and global vision are its basic characteristics [1]. Therefore, the concept of talent cultivation and 

curriculum system construction of universities are facing new opportunities and challenges. 

The mini-terms system is one of the effective methods for Chinese universities to integrate with 

international standards, improve the talent training system, and deepen teaching reform [2]. Many universities 

have creatively combined the primary term with the promotion of "New Engineering" by relying on technical 

means, and created the innovative mode of "virtual term" in which the students are not in school and the classes 

are not suspended. "This is an innovative mode of online teaching to explore a new talent cultivation path. Since 

the meaning and value of teaching activities are quality and efficiency, the issue of "effectiveness" of teaching 

must be taken into consideration [3]. How effective are students' online learning? How satisfied are the students 

with the course learning? Is there a strong willingness to continue learning? These are still the issues that need to 

be focused on in the reform. This paper is based on the teaching reform practice of University A's "Interesting 

Financial Statements", a "virtual semester" school-level general education course for the 2019-2020 academic 

year, discusses the learning effectiveness, satisfaction and willingness to continue learning of students and the 
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factors influencing them. The study will provide an in-depth discussion on the learning effectiveness, 

satisfaction and willingness to continue learning of the learners and the factors influencing them, and explore the 

direction for the continuous improvement of the teaching mode of the course. 

 

2. TEACHING OBJECTIVES AND DESIGN OF THE COURSE 

With the basic concept of cultivating three creative (innovation, creativity, entrepreneurship) engineering 

talents, University A has innovatively designed a general education course study mode of circular courses, 

independent study and unified assessment through a deeply integrated curriculum system of general studies + 

major + double creation and virtual semester in winter and summer. 

Based on this model, the course Interesting Financial Statements is a general education course for the 

whole school with different professional backgrounds and different grades. The course adapts the presentation of 

the material to the characteristics of the students and adapts the text and the language used in the classroom, and 

sets the following three levels of objectives.  

 Build a financial mindset. Giving professional knowledge an interesting learning process, making 

academic views supported by common sense, and helping students build up a basic financial thinking;  

 Open up diverse perspectives. Guiding students to view the basic activities of business operation, 

investment and financing from a financial perspective, and forming a financial vision;  

 Lay the foundation for practice. Through the reading and analysis of financial statements, students 

can deepen their understanding of enterprise operations and form objective judgments on investment decisions, 

and help science and engineering students understand "what are financial statements", "what are financial 

statements for" and "how to use financial statements to help enterprise decisions". The course will help students 

understand the basic questions of "what is financial statement", "what is the use of financial statement" and 

"how to use financial statement to help enterprise decision", which will help students' future innovation, 

entrepreneurship and employment.  

In terms of teaching arrangement, the course length is 6 weeks, the basic hours are 32 hours, and the credit 

requirement is 2 credits; in terms of teaching mode, the course adopts the SPOC teaching mode with mixed 

classroom teaching and online teaching as the basic features. The reorganization of teaching resources and the 

innovation of teaching mode are the main means of SPOC, and student-centeredness is the core essence of 

SPOC. 

 

3. RESEARCH PROCESS 

Learning outcomes are the process of learning inputs and outputs, and refer to the competencies that 

learners should have in terms of knowledge, skills and values after completing certain courses or training. 

According to the preliminary survey of the course, students are more willing to study in a virtual semester in a 

more autonomous way than in a formal semester with a formal schedule, fixed time and classroom. According to 

the theory of basic psychological needs, the higher the degree of satisfaction of basic psychological needs, such 

as autonomy, competence and belonging, the higher the motivation and adaptability of students; therefore, the 

virtual semester is more likely to strengthen students' motivation and adaptability. 

In the evaluation of learning effectiveness, the study of Li Fan was used to measure learning effectiveness 

in terms of both quantitative indicator factor knowledge level and qualitative indicator factor overall quality [4]. 

At the same time, extrinsic motivations such as time investment and intrinsic motivations such as autonomy 

needs and competence needs are introduced into the model to analyze the influence of personal factors on 

learning behaviors and effects, and satisfaction is introduced into the model as an intermediate variable between 

learning effects and willingness to continue learning to analyze the influence of course learning effects on 
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learning satisfaction, and then explore the influence of willingness to continue using. 

3.1 Research hypothesis 

3.1.1 Personal factors and learning outcomes 

Personal factors include extrinsic and intrinsic motivation. Extrinsic motivation includes learners' time 

commitment and energy allocation, while intrinsic motivation includes learners' autonomy, self-perception of 

competence, and personal expectations of the course. In terms of extrinsic motivation, Linlin Li summarized 

relevant foreign studies that pointed out a positive correlation between time allocation and academic 

performance of college students [5]. In terms of intrinsic motivation, a study by Nix et al. showed that intrinsic 

motivation increases when people feel competent and autonomous [6]. Therefore, hypotheses 1 and 2 are 

proposed. 

H1A : Extrinsic motivation has a significant positive effect on the overall quality of learners. 

H1B : Extrinsic motivation has a significant positive effect on the improvement of learners' knowledge. 

H2A : Intrinsic motivation has a significant positive effect on the overall quality of learners. 

H2B : Intrinsic motivation has a significant positive effect on the improvement of learners' knowledge. 

3.1.2 Learning experiences and learning outcomes 

In addition to personal factors, factors such as the degree of outside influence, learning goal completion 

and the pressure of the atmosphere perceived in learning can also affect students' learning status and thus their 

learning outcomes [4], which are all related to students' learning experiences. Lu Genshu found that students' 

perceived goals, assessments and burdens in their course learning experiences have an impact on their learning 

behaviors and outcomes [7]. As a result, hypothesis 3 was formulated. 

H3A : Learning experience has a significant positive effect on comprehensive quality of learners. 

H3B : Learning experience has a significant positive effect on knowledge level of learners. 

3.1.3 Objective factors and learning outcomes 

Since the course is offered during the winter and summer virtual semesters, fragmentation becomes a 

learning behavior that cannot be ignored in virtual semester course learning. For the purpose of this paper, time 

fragmentation is defined as users using less than 30 minutes of continuous time for learning in their daily lives. 

Jiang Qiang et al. argue that using fragmented time can improve learners' learning efficiency, which is 

conducive to their self-development and their better adaptation to society [8]. Therefore, hypotheses 4 and 5 were 

proposed. 

H4A : Time fragmentation has a significant positive impact on the overall quality of learners.  

H4B : Time fragmentation has a significant positive effect on the improvement of learners' knowledge. 

H5A : Knowledge fragmentation has a significant positive impact on the overall quality of learners.  

H5B : Knowledge fragmentation has a significant positive effect on the improvement of learners' 

knowledge. 

3.1.4 Learning outcomes, course satisfaction and willingness to continue learning 

Learning satisfaction can be seen as the overall feeling or sensation of learners in the process of 

participating in learning activities, a feeling of satisfaction or dissatisfaction with the degree of accomplishment 

of learning objectives, and investigating learning satisfaction can provide better evaluation and feedback on 

students' learning effectiveness. At the same time, expectation confirmation theory considers satisfaction as an 

important factor affecting willingness to continue using, and is an important indicator to predict learners' 

willingness to continue using in the process of online learning. The empirical study conducted by Genfu Yang 

based on the continued use behavior of MOOC and mobile learning users showed that there is a positive 

influence relationship between satisfaction and willingness to continue learning [9]. Therefore, Hypothesis 6 and 

Hypothesis 7 were proposed. 
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H6A : Comprehensive quality has a positive effect of on learning satisfaction of learners. 

H6B : Knowledge level has a positive effect of on learning satisfaction of learners. 

H7 : Learning satisfaction has a significant positive effect on learners' willingness to continue learning. 

Based on the above hypotheses, a model of the factors influencing students' learning effectiveness, 

satisfaction and willingness to continue learning in online courses in the virtual third semester was constructed 

as follows. 
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Figure 1: Model of factors influencing learning effectiveness, satisfaction and willingness to continue learning 

 

3.2 Questionnaire design and measurement 

The questionnaire of this study was divided into three parts: the first part included respondents' gender, 

grade level, usual study time, online study time, SPOC study experience, and type of major, with the aim of 

collecting basic information about the respondents. The second part includes the nine variables in the theoretical 

model mentioned above, and the definitions and measurement scales of each variable draw on the more 

established questions from Li Fan (2019) [4] and Lu Genshu (2013) [7]. The questionnaire was administered on a 

7-point Likert scale ranging from 1-strongly disagree to 7-strongly agree. The third section, consisting of 

open-ended questions, investigated students' suggestions for further course optimization to determine other 

factors that influence students' satisfaction with the course and their willingness to continue studying. 

For this study, 320 students who took the course at University A were selected for the study and the 

questionnaire was distributed online in the course's QQ group after they completed the course. The 

questionnaire was distributed for one week and 274 students voluntarily filled out the questionnaire, with a 

completion rate of 85.6%. Based on the time and completeness of the questions, 249 valid questionnaires were 

screened, and the questionnaire efficiency rate was 90.9%. 

3.3 Descriptive statistical analysis 

The survey sample showed that 67.88% of male students and 32.12% of female students chose the course, 

which is basically consistent with the proportion of male and female students in science and technology majors 

in School A. In terms of the distribution of the course selection year, students who are about to enter their 

sophomore year dominate, accounting for 61.68%. In terms of study periods, 63.86% of the students chose to 

use fragmented time periods to study the course, in line with the expectations of pre-course research on 

fragmented learning behavior. In terms of learning duration, 66.79% of students spent less than 40 minutes in a 

single online learning session, and only 9.12% of students spent more than one hour in a single session, further 

indicating that the course was mainly conducted in the form of fragmented learning. The online learning 

experience survey shows that 46.72% of the students are taking SPOC mode for the first time. In terms of the 
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distribution of majors, 87.23% of the students were majoring in science and technology, which is in line with the 

university's New Engineering F Plan to strengthen humanities and general education in cultivating new 

engineering talents. 

3.4 Empirical analysis 

3.4.1 Reliability and validity tests 

SPSS 22.0 software was used to process the relevant data in this study. Cronbach 's alpha coefficient was 

chosen to test the internal consistency reliability of the questionnaire. The structural validity of the questionnaire 

was analyzed using factor analysis to test the KMO, the overall degree of explanation and Bartlett's value of 

each variable. The statistical results showed that the Cronbach's alpha coefficient of each variable was above 0.7, 

and the overall alpha coefficient of the scale reached 0.979, which had good internal consistency reliability. The 

KMO value of each variable was greater than 0.6, and the Bartlett's test sig value was less than 0.001, and the 

degree of explanation of each variable was at a high level, indicating the good structural validity of the scale. 

3.4.2 Relevance analysis 

Before regression analysis of the variables, the correlation between the variables needs to be tested. In this 

study, Pearson's simple correlation coefficient method was used to test the correlations of the variables. The 

results of the correlation analysis (Table 1) showed that there were significant correlations between the two 

learning effect variables, general quality and knowledge level, and the five variables, extrinsic motivation, 

intrinsic motivation, learning experience, time fragmentation and knowledge fragmentation, and the correlation 

coefficients were all at 0. 65, indicating strong correlations between the variables; general quality and 

knowledge level were significantly correlated with learning satisfaction, with correlation coefficients of 0.791 

and 0.837, which have strong correlation; learning satisfaction is significantly correlated with willingness to 

continue learning, with a correlation coefficient of 0.868, which has a strong correlation. 

 

Table 1.  Correlation of variables 

 

Extrinsic 

Motivati
on 

Intrinsic 

Motivation 

Learning 

Experience 

Time 

Fragmentati
on 

Knowledge 

Fragmentati
on 

Comprehens

ive Quality 

Knowledge 

Level 

Learning 

Satisfaction 

Willingness 

to Continue 
Learning 

Extrinsic 

Motivation 
1 .746 ** .667 ** .701 ** .735 ** .683 ** .657 ** .712 ** .720 ** 

Intrinsic Motivation .746 ** 1 .710 ** .764 ** .802 ** .723 ** .731 ** .751 ** .740 ** 

Learning 
Experience 

.667 ** .710 ** 1 .783 ** .753 ** .682 ** .656 ** .639 ** .643 ** 

Time Fragmentation .701 ** .764 ** .783 ** 1 .867 ** .739 ** .737 ** .747 ** .733 ** 

Knowledge 

Fragmentation 
.735 ** .802 ** .753 ** .867 ** 1 .780 ** .789 ** .794 ** .776 ** 

Comprehensive 
Quality 

.683 ** .723 ** .682 ** .739 ** .780 ** 1 .834 ** .791 ** .778 ** 

Knowledge Level .657 ** .731 ** .656 ** .737 ** .789 ** .834 ** 1 .837 ** .811 ** 

Learning 

Satisfaction 
.712 ** .751 ** .639 ** .747 ** .794 ** .791 ** .837 ** 1 .868 ** 

Willingness to 

Continue Learning 
.720 ** .740 ** .643 ** .733 ** .776 ** .778 ** .811 ** .868 ** 1 

Note: **Significantly correlated at the 0.01 level (two-sided) 

3.4.3 Regression analysis 

To verify whether the hypothesis is valid, regression analyses were conducted on the five antecedent 

variables of extrinsic motivation, intrinsic motivation, learning experience, time fragmentation, and knowledge 

fragmentation, the two intermediate variables of comprehensive quality and knowledge level, and the two 

dependent variables of learning satisfaction and willingness to continue learning, respectively, and the adjusted 

R of each regression model2was greater than 0.6 Significance was less than 0.01, indicating that this regression 

model was statistically significant and The overall goodness of fit of the model is good. 

As shown in Table 2 below, knowledge fragmentation has the greatest effect on overall quality (β=0.432) 
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and learning experience has the least effect on overall quality (β=0.138). This leads to the hypotheses H1A, H2A, 

H3A, and H5 being Avalid and hypothesis H4 is Anot valid. 

Further multiple linear regression analysis of knowledge level and its antecedent variables showed that 

both antecedent variables, intrinsic motivation and knowledge fragmentation, were significantly and positively 

correlated with knowledge level at the 99% significance level. The effect of knowledge fragmentation on 

knowledge level was greater (β=0.568) and the effect of intrinsic motivation on knowledge level was less 

(β=0.276). This leads to the hypothesis that H1B, H5Bholds and hypothesis H2B, H3B, H4 does Bnot hold. 

Finally, multiple linear regression analysis of learning satisfaction and learning effectiveness variables 

showed that both variables, general quality and knowledge level, were significantly positively correlated with 

learning satisfaction at a 99% significant level, with a higher effect of knowledge level on learning satisfaction 

(β=0.581) and a lower effect of general quality on learning satisfaction (β=0.307). Learning satisfaction is 

significantly and positively correlated with willingness to continue learning at a significant level of 99%, and 

learning satisfaction has a higher effect on willingness to continue learning (β=0.868). It follows that hypothesis 

H6A, H6B and hypothesis H7 are valid. 

 

Table 2.  Model regression coefficients 

Models 

Non-standardized 

Coefficient 

Standardization 

Factor 
T Saliency 

Covariance Diagnosis 

B 
Standard 
Error 

Beta Tolerances VIF 

Comprehensive 
Quality 

A constant 
(math.) 

-1.181 .864  -1.367 .173   

Knowledge 
Fragmentation 

.396 .063 .432 6.251 .000 .271 3.695 

Intrinsic 

Motivation 
.155 .061 .169 2.548 .011 .293 3.413 

Extrinsic 

Motivation 
.093 .037 .147 2.530 .012 .380 2.630 

Learning 

Experience 
.143 .060 .138 2.403 .017 .390 2.567 

Knowledge 
Level 

A constant 

(math.) 
1.324 .477  2.776 .006   

Knowledge 
Fragmentation 

.302 .032 .568 9.444 .000 .357 2.797 

Intrinsic 

Motivation 
.146 .032 .276 4.586 .000 .357 2.797 

Learning 

Satisfaction 

A constant 
(math.) 

6.358 .903  7.039 .000   

Comprehensive 

Quality 
.423 .079 .307 5.354 .000 .305 3.280 

Knowledge 

Level 
1.382 .136 .581 10.129 .000 .305 3.280 

Willingness to  

Continue 
Learning 

A Constant 
(math.) 

3.450 1.147  3.009 .003   

Satisfaction 1.087 .038 .868 28.778 .000 1.000 1.000 

 

4. CONCLUSIONS AND DISCUSSIONS 

4.1 Research findings and discussion 

The relationship between students' online learning effectiveness, satisfaction and willingness to continue 

learning and the factors influencing them were investigated in the A university-level general education course 

Interesting Financial Statements. Specifically, extrinsic motivation, intrinsic motivation, learning experience and 

knowledge fragmentation positively affect the general quality dimension of learning effectiveness, while 
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intrinsic motivation and knowledge fragmentation positively affect the knowledge level dimension of learning 

effectiveness. The most influential antecedent variable on learning effectiveness was knowledge fragmentation. 

Learning effectiveness further significantly and positively influences learner satisfaction; learning satisfaction 

further positively influences learners' willingness to continue learning. 

4.1.1 Fragmentation: a key influencer of learning effectiveness 

Fragmented knowledge means that learners acquire knowledge that is fragmented, disordered, and 

irrelevant, giving the impression that "it seems that they have learned everything, but they have learned nothing. 

If learners want to integrate the fragmented knowledge to form a new, personalized system knowledge system, 

the learning strategy requires learners to get rid of the stereotypical thinking and learn to turn the whole into 

zero; at the same time, fragmented knowledge also raises the requirement of managing the knowledge fragments. 

At the same time, fragmented knowledge also raises the requirement of managing knowledge fragments, and 

learners should not only dig and filter meaningful and valuable knowledge from the knowledge warehouse, but 

also delete and forget the worthless knowledge on the basis of identification [10]. 

Since fragmented knowledge may cause problems such as perceptual, attention, memory and thinking 

barriers, in order to break these barriers, learners are required to improve their ability to discern fragmented 

knowledge, enhance the purpose of the learning process and judge the value and usefulness of the learning 

content. The higher the degree of knowledge fragmentation, the more learners are required to "reprocess" and 

build a new knowledge system, and how to realize the flow of knowledge on different media carriers and resist 

the danger of information overload requires learners to carry out a systematic knowledge acquisition process [11], 

so the learners' knowledge level will also be improved in the process of integrating fragmented knowledge. 

The two hypotheses H4a and H4b about time fragmentation in this study did not hold true. In further 

analysis of the study results, it was found that 36.13% of the students chose to study at regular intervals and 

another 33.21% studied for more than 40 minutes in a single session. This is mainly because, although the "Fun 

Reading Financial Statement" provides learners with the opportunity to study in fragmented time, some learners 

were unable to schedule large blocks of continuous time for study as in formal study, or to study in short, 

fragmented time as in the traditional sense, resulting in the variable of time fragmentation not having a 

significant effect on the learning outcomes. 

4.1.2 Intrinsic motivation: the tendency to "choose" learning strategies 

The hypothesis H2b about intrinsic motivation versus knowledge level in this study failed to pass the test. 

In further investigation, it was learned that students do not attach enough importance to general education 

courses, devote less time to the courses, and are not highly motivated to learn. At the same time, because 

intrinsic motivation presupposes the psychological characteristics of learner initiative, persistence, and ease of 

coping, which are an investment behavior of learners based on flexible learning options, multiple learning 

aspirations, and rich learning styles [12], with more emphasis on "choice ", which has little to do with the level of 

knowledge focused on "outcomes". In this course, due to the online learning mode and the summer time, 

learners can hardly feel the pressure of course learning as in the formal semester, and will not put too much 

effort into it, and have less motivation to improve their knowledge level. 

4.1.3 Learning experiences: focus on learner purpose and the role of non-learner subjects 

Hypothesis H3b about the effect of learning experiences on knowledge level in this study was also not 

significant. One possible explanation for the small effect of learning experiences on overall quality is that, in 

terms of the meaning of learning, learning experiences that can influence and change the learner and lead to a 

lifelong social integration value can be called meaningful learning experiences [13]. As a general elective course, 

Interesting Financial Statements emphasizes the development of financial thinking, theoretical and practical 

skills, and has some shortcomings in focusing on value and meaning. In terms of learning assessment 
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mechanisms, good teaching and appropriate evaluation in the learning experience reflect the importance of 

scientifically sound assessment mechanisms to inhibit superficial learning and improve the quality of students' 

learning, but this focuses on the teacher's teaching methods and does not directly affect the overall quality of 

students. 

4.2 Discussion 

The above findings suggest that the innovative development of the virtual semester demonstrates the new 

normal characteristics of future education - the mutually beneficial symbiosis of flexible teaching and active 

learning [14], that is, encouraging students to engage in flexible learning through flexible scheduling, flexible 

learning locations, multidimensional learning assessments, and convenient learning spaces, fully mobilizing and 

utilizing learners' independent learning abilities to achieve the purpose of taking some practical, entrepreneurial, 

and general education courses. 

Firstly, effective time-fragmentation strategies in online learning have not been implemented by learners, 

resulting in a failure to fully exploit the positive effects of time-fragmentation in enhancing learning outcomes; 

secondly, there is a tendency for learners to be selective in their motivation for learning. Third, teachers play a 

key role in the learning experience of learners, and how to set up a scientific and reasonable evaluation 

mechanism to stimulate learners' enthusiasm for learning in order to achieve continuous learning is a topic that 

needs to be further explored. This study examines these issues from three perspectives. This study discusses 

these issues in three possible ways. 

Taking advantage of the situation, based on the reality of fragmented learning in the virtual semester, the 

advantages of systematic learning and fragmented learning are organically combined according to the 

characteristics of the course. It is possible to break the thematic arrangement of the course according to the logic 

of knowledge, and link up the contents of the same logical thread in different chapters, so as to achieve the 

effect of triggering learners' active reorganization and memory; it is also possible to build a "teacher-learner" 

interactive platform with the help of online live streaming platforms such as Tencent Classroom and Tencent 

Conference, and adopt the "teacher-learner" interactive platform. The live lectures are conducted in a way that 

highlights the key points and practical cases, divides the complete time block into different sub-modules and 

sub-contents, and presents the logical thinking and content framework of the course to help students understand 

systematically. At the same time, the structured ability of students is strengthened through the corresponding 

course design, and the leading role of teachers is brought into play to inspire students to creatively reorganize 

the knowledge fragments through specific forms such as live plus meals, post-class discussion questions, and 

group assignments with the help of the online platform, to guide students to establish logical relationships 

between modules and knowledge nodes in their minds, so as to form a self-consistent knowledge system, and to 

guide students to use their fragmented time to move towards meaningful meaningful learning, associative 

learning, and constructive learning. 

Secondly, the teaching design of SPOC online courses should be constantly optimized, with emphasis on 

the subjectivity and initiative of learners, changing the idea of learners only for credits and allowing learners to 

fully feel the fun and connotation of the general elective courses. For example, before the start of the course, 

students can be introduced to the content through QQ course group, combined with Tencent class, Tencent 

meeting and other forms, to explain to learners the teacher's teaching objectives, the overall teaching 

arrangements and the basic requirements, so that students can follow up flexible and independent arrangements 

for learning according to their own situation. At the same time, the study habit of self-monitoring is cultivated 

throughout the course, and the awareness and ability of individual learners in self-feedback and self-evaluation 

are enhanced. At the same time, we collect and selectively absorb learners' demands for course design and 

course assessment, and purposefully focus on designing and optimizing some practical application and 
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examination links through the model of teacher-student co-construction, so as to help students achieve 

internalization of knowledge. 

Third, teachers should play a major role in the course evaluation process, establish a regular evaluation and 

feedback mechanism for the course, explore innovative course content, course media carriers, assessment 

content and forms, and regularly obtain feedback from learners on various aspects of the learning content 

experience, form experience and assessment experience, so as to achieve teaching for fun and growing together. 

Tao Xingchi, a famous educationalist in China, once said that "teaching is to not teach". For general 

education, its teaching goal is not only to broaden and extend students' knowledge, but also to focus on the 

cultivation of students' mindset and independent learning ability. It is worthwhile to study and explore how to 

combine the internalization and absorption of students' knowledge outside the classroom with MOOC, SPOC 

and other internet classroom forms and promote the complementarity of the two, and how to highlight the 

cultivation of innovative thinking and critical thinking in the design of teaching contents. 
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Abstract: With the rapid growth of artificial intelligence technology and the deepening integration of education and 

information technology, the scenario of education has been driven to broaden, which has also prompted the emergence of 

teaching robot. However, the current research on this pair is mainly focused on the early childhood education and 

demonstration experimental stage, not applicable to university classrooms, lacking discipline-specific. In order to solve this 

problem, we designed an artificial intelligence teaching robot system with lecture and Q&A functions, using voice as the 

overall form of interaction, to teach students the knowledge points while also being able to respond to students' questions, 

reducing the time cost required to search and filter answers on traditional search engines. For the design of the Q&A function, 

we use the FAQ Q&A model, build domain-specific knowledge base, and use a combination of inverted indexing and word2vec 

model to achieve fast question matching and answer extraction. All Q&A situations are recorded by log files to ensure timely 

checking and updating of the knowledge base. This paper contributes to the educational application of teaching robot in specific 

subject fields. 

 

Keywords: Teaching robot, Q&A system, word2dev, FAQ model  

 

1. INTRODUCTION 

With the rapid progress and development of modern industrial network communication technology in China 

and the widespread application of network-related technology, we are gradually entering a new technological era 

of network informationization. The application of information technology in various fields such as industry, 

agriculture, education and economy has increased in scope, and at the same time, the daily life of people living in 

these fields has changed dramatically. In the field of education, the deepening degree of integration of education 

and information technology has led to the widening of the educational scenario, the speed of upgrading the 

transition from educational informatization to intelligent education has accelerated, and the hardware and software 

used in the teaching process has been updated, which has also promoted the creation and application of teaching 

robots [1]-[3]. 

Teaching robots refer to robots used in classroom scenarios with functions including lecturing, question and 

answer, presentation, correcting assignments, etc. At present, intelligent robots can be used to support the artificial 

intelligence learning process in educational settings, and some intelligent teaching assistants will be useful to help 

teachers to complete some monotonous, repetitive and regular teaching tasks in their daily work. In addition, 

robots in teaching can provide our students with more detailed and systematic knowledge because of its huge 

database and world-leading algorithms, making it easier to absorb and understand what we learn in the classroom, 

thus enhancing teaching effectiveness.  

In traditional teaching scenarios, students generally listen to the teacher in class and digest and assimilate 

after class. Therefore, voice lecture is the basic function that a teaching robot should include. The teaching robot 

narrates a certain knowledge point to the students based on the preset content and uses voice synthesis technology 

to complete the voice lecture. On the other hand, nowadays, students can acquire knowledge by co-existing online 

and offline, however, in this way, search engines return a huge amount of information, but many of these 

information are invalid or do not really solve the problems raised by students. This process makes the cost of 
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searching less, but the benefit gained is also less. This is where the importance of designing intelligent question 

and answer functions for teaching robots becomes apparent [4]-[5]. Intelligent quizzing is a process where a question 

is posed from the student side, the robot searches, matches the best answer, and outputs the answer, which is 

essentially the use of question-and-answer retrieval technology. 

The question-and-answer retrieval technology allows the user to reduce the use time of finding the required 

information from many similar information, retrieving and returning more accurate answers to the questions asked 

by the user, while using traditional search engine technology although it can return a large amount of information, 

much of this information is similar. The widespread use of this technology is also intended to allow our teachers 

to grasp a student's understanding and learning status of a certain part of knowledge from the actual situation of 

question and answer participants, to explore their possible problems in teaching, to adjust teaching methods and 

content. In this way, we can effectively promote the emergence of a new generation of collaborative teaching 

mode between teachers and students, from the traditional teaching mode in which teachers teach students and 

students learn independently to the new mode in which teachers guide students and both learn cooperatively and 

promote each other [6]. 

In this paper, we hope to design an artificial intelligence teaching robot with voice lecture and intelligent 

Q&A functions, which can teach students knowledge points while matching the best answers to the questions they 

ask and outputting the answers by voice, reducing the time cost required to search and filter answers on traditional 

search engines and providing students with a convenient answer channel. The main contributions of this study are 

summarized as follows:  

(1) Based on the application scenario of university classroom, the design is targeted and easy to use 

Starting from the characteristics of the university classroom, we determines the characteristics of the teaching 

robot system to be built, and extends from there to determine the two main functions of lecture and Q&A, and 

uses voice as a way of interaction to increase the ease of use of the system. 

(2) Independent construction of Q&A model and FAQ library based on FAQ model 

Most of the existing question and answer model databases use off-the-shelf libraries, such as calling the 

Turing Robot API, which are entertaining and lifelike conversation contents and lack discipline-specific content. 

In this paper, the FAQ database is constructed by collecting and organizing data independently. Secondly, the 

Q&A model adopts word2dev algorithm and uses the method of inverted indexing in the retrieval stage to reduce 

the time complexity of the algorithm and accelerate the model response speed. 

(3) Application of speech recognition and synthesis technology 

The interactions in the Q&A section are all in speech mode, which is convenient for users. 

The rest of this paper is organized as follows. In Sect. 2, related work is presented. Sect. 3 introduces a 

method to design a domain-specific chatbot focusing on how to build a FAQ chatbot. Then, in Sect. 4 we assess 

the effectiveness and usability of the proposed teaching robot and discuss the evaluation results. Finally, some 

conclusions, limitations, and future aspirations are outlined.  

 

2. RELATED WORK 

With the advancement and development of modern artificial intelligence technology, computer information 

technology and other related fields of discipline technology, teaching robots are products that connect robots to 

these technologies and can be applied to classroom teaching scenarios. Such robots act as intelligent teaching 

assistants and student partners in classroom education scenarios. They can assist teachers in the classroom process, 

relieve teachers' teaching pressure, and provide better resources to students to help them. In 2016, an intelligent 

robot created by a professor from the Georgia Institute of Technology became a professional teaching assistant 

for the school's curriculum with the help of IBM's Watson artificial intelligence system, and the accuracy of its 
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answers has reached 97%. The accuracy rate of the answers has reached 97% [9]. The first educational robots in 

China have successfully entered the early childhood education industry as an educational device, acting as 

"intelligent robot teachers". Xi'an Jiaotong University introduced the robot "Xian Doctor Xiaofat" to answer 

questions for students who have questions after the Civics class. Baidu launched Aladdin AI educational robot 

system with key AI technologies such as natural language processing and large-scale autonomous deep learning [10]. 

At present, the functions of teaching robots mainly include homework correction, classroom behavior 

supervision, voice quiz, and experiment demonstration. However, due to the current level of technology, the use 

of teaching robots is somewhat limited, and the most frequently used functions are mainly to help teachers correct 

homework assignments, and in terms of assisting teaching, the technology is also mainly focused on classroom 

intelligent devices, and teaching robots are not really integrated into every section of classroom teaching and 

students' learning routine. Second, at present, teaching robots are mainly applied in middle and high school 

classrooms, responsible for simple functions such as experimental demonstration and daily conversation, which 

mainly play the role of improving students' learning interest and daily entertainment, and these functions are not 

very practical in in university classrooms, so the popularity is low [11]-[12]. 

As one of the important functions of teaching robots, the core of the Q&A function lies in the design of the 

Q&A system. In 1966, the first QA system "Eliza" appeared [13], and in the 1970s, a reading comprehension system 

appeared, but the system had to be equipped with sufficient scripts to describe the answers to the questions before 

it could work properly. system inquiry and development hotspots gradually shifted to Q&A based on large-scale 

document sets, and the research area was expanded from the initial limited scope of localization to an open domain, 

and the objects were extended from the original fixed corpus to the Internet. Start [14], the world's first Web-based 

Q&A system, has been in operation since December 1993 until today. Compared with China, foreign research on 

Q&A systems is earlier, such as Google Now by Google and Siri by Apple. However, in recent years, domestic 

research on question and answer systems has also developed, such as the HIT-related natural language processing 

tool developed independently by Harbin Institute of Technology, which is able to perform operations such as word 

separation and analysis of common grammar for relevant data information in different sentence types. A series of 

related speech recognition tools, such as Sogou Voice Assistant and Xunfei Language Point, have also been 

developed by Xunfei to promote the rapid development of voice interaction chatbots in China [15]-[16]. 

However, in terms of content, the design of the Q&A module is similar to that of Q&A systems applied to 

commercial scenarios, which are conversations with questions of little significance like daily chats, and are rarely 

subject-specific. A Q&A system that is truly suitable for a university classroom should be able to provide students 

with answers to specific knowledge points, rather than simple daily conversational Q&A. Therefore, we hope to 

design an online teaching chatbot that collects all the contents of a certain knowledge point, categorizes and 

integrates them, and allows users to easily access the knowledge in the form of dialogues, greatly reducing the 

time cost of retrieval, thus making the teaching bot truly suitable for the university classroom.  

 

3. DESIGN OF THE PROPOSED TEACHING ROBOT 

3.1 Conceptual design  

To enhance the robot applied in university courses learning, we propose an intelligent chatbot for the specific 

field. This chatbot features a question-and-answer service in a specific domain. The conceptual architecture of the 

teaching robot is hierarchical as shown in Figure 1.  

The teaching robot has two modules: Q&A Module(QAM) and Lecture Module(LM). In the LM, speech 

synthesis technology is used, and users can tap the knowledge points they want to listen to. In the QAM, it mainly 

includes domain-specific knowledge base, Q&A agent and speech recognition technology. In order to make our 

robot more convenient to use and save the trouble of manual input, voice input will be adopted, in which the user 
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Figure 1.  Conceptual architecture of our proposed domain-specific chat- bot 

can directly talk to the robot, and after the Q&A agent in the system processes the input dialogue, the robot will 

also return the required answer in the form of voice. 

The domain-specific knowledge base is designed to make the Q&A function of the teaching robot more 

discipline-specific, so we design it and build the frequent question-answer pairs(FAQ) base by ourselves by 

collecting and classifying data. In the Q&A agent, we used a Q&A model based on FAQ and trained the model to 

improve the accuracy of the model. 

For the design of the system interface, we selected the Tkinter module of python as the window interface 

design tool, which can be used flexibly. Since the system design is not the focus in this paper, this easier way to 

get started is taken. The LM can selectively play knowledge points, the QAM can control the start and end of the 

recording, and there are also corresponding prompt words to tell the user that the recording is on, and the interface 

will also display the questions asked by the system and the answers returned by the system, which is more 

experiential than directly playing the answers to the questions, and also allows the user to intuitively see whether 

the questions and answers match.Figure 2 shows some screenshots of some functions of the teaching robot.  

 

Figure 2.  Screenshots of teaching robot 

In the following sections, we present more detailed information on how to implement an intelligent teaching 

robot for university courses learning based on our architecture.  

3.2 Q&A module design 

3.2.1 Domain-specific knowledge base design  

It is really hard to build a FAQ system for one or more fields of knowledge, but when the scope of knowledge 

in a closed field is relatively limited, a FAQ system can give users a high degree of freedom, high retrieval accuracy, 

and time savings. For the FAQ system, the effectiveness of the question and answer is very much related to the 

quality of the FAQ base, and the requirement of the data is high. Beautiful Soup is a common web crawler tool in 

Python language, which provides many useful functions. This study will use this tool to crawl the data of Baidu 

Know and CSDN. This paper takes the "KNN" algorithm in the data mining course as an example, and the 

keywords are "KNN" and "K nearest neighbor algorithm". 

After the initial crawling, 400 pieces of data were obtained, and 206 pairs of question-answer pairs were 

obtained after cleaning and removing questions that were not related to the KNN algorithm. The preliminary 
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format of the data is shown in Table 1. 

Table 1.  Example of FAQ knowledge base 

Question Answer 

请简述为什么 KNN 算法是懒惰的？ 

(Please briefly explain why the KNN algorithm is lazy?) 

KNN 算法，对于分类的不同属性定义距离。对于一个新的待

分类样本点，只取 K 个与该样本距离最近的点，然后… 

(KNN algorithm that defines distances for different attributes of 

the classification. For a new sample point to be classified, only the 

K closest points to that sample are taken and...) 

什么是 KNN 算法? 

(What is the KNN algorithm?) 

K 最近邻分类算法机器学习的算法之一，该方法的思路是… 

(K nearest neighbor classification algorithm one of the algorithms 

of machine learning, the idea of the method is...) 

KNN 算法的 K 值如何确定? 

(How to determine the K value of KNN algorithm?) 

K 一般低于训练样本数的平方根，通常采用交叉检验来确

定。 

(K is generally lower than the square root of the number of 

training samples, and is usually determined using a cross-check.) 

… … 

 

3.2.2 Q&A agent design  

We developed the QA agent by adopting a FAQ model. It includes four major parts: FAQ knowledge base, 

question analysis, information retrieval, and answer extraction. Its overall architecture is shown in Figure 3. The 

FAQ knowledge base is the data set of common question and answer pairs which is mentioned in above. The 

overall process is that after the user enters a question, the model searches a number of standard questions similar 

to the user's question from the FAQ knowledge base, and then selects the standard question closest to the user's 

question from a number of candidate similar questions. If the sentence similarity between the question and the 

user input question is higher than the set threshold, it is decided that the question is the synonym of the user input 

question, and the answer corresponding to the question is output to the user. 

 

Figure 3.  FAQ model architecture 

In the information retrieval step, the principle is generally to quickly retrieve a smaller subset from the FAQ 

knowledge base and ensure that this subset contains a high probability of similar question sentences for the 
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question asked, and then use a similarity model from the previously obtained subset to obtain the final similar 

question sentences. In the similar question selection module, a text similarity model is used to find the most similar 

question to the one asked by the user from the candidate similar questions obtained in the retrieval module of the 

previous process. The text similarity model used in this step has to consider the accuracy issue, and the calculation 

effect is better than the similarity model in the retrieval module. The processing pipeline of the agent construction 

is illustrated in Figure 4, and it currently proceeds in three steps as described in the following. 

 

Figure 4.  Processing pipeline of the agent construction 

First, question analysis. Before this step, we need record the user’s question and convert it with voice format 

to text format, which will use the speech recognition technology. In the input session, the main task is to capture 

and store the sound. The user clicks on the "Start Recording" button in the Q&A module to start capturing sound. 

At the same time, the word "Start Recording" in the interface changes to "I am listening", which means the start-

up is normal and the recording starts, as shown in Figure 5. This function will automatically generate a wav. format 

file on the computer to store the content, and then automatically control whether to stop the voice input in this 

step according to the volume level of the user's speech. Each input will read the sample data, then convert it into 

an array of values, the size of which is 2000, and compare the maximum value of the read array with the threshold 

(5000), if 15 consecutive samples are less than 5000, the cycle will be stopped, that is, after 1.875 consecutive 

seconds of no sound or too small sound is not detected, the user is considered to have stopped asking and the 

recording will be stopped. In addition, since this session also calls Baidu's speech recognition API for speech-to-

text operation, there is a limit on the length of input speech. Because when this API is called, the maximum length 

of speech can only be 60 seconds. After the recording is finished, the file is stored in wav. format. 

 

Figure 5.  Screenshot of recording interface 
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We use Baidu's speech recognition API because its algorithm is a streaming end-to-end speech-language 

integration modeling algorithm, which allows users to easily and quickly recognize speech as text. After receiving 

the user's speech file, it is uploaded to the remote server, the speech recognition SDK is called, the speech is 

recognized and processed using Baidu's speech recognition, and the results are returned to continue to the next 

step. The principle and recognition process of Baidu's speech recognition is shown in Figure 6. After that, we get 

the question with text format, and can begin step 1: question analysis. We started with the data pre-processing 

process. Preprocessing refers to the initial processing of the input problem, which includes two steps: word 

separation and removal of stop words. For Chinese natural language processing, word separation is one of the 

most basic aspects, because the analysis of sentences is carried out in a word-based manner. Here, jieba, which is 

the most frequently used in Chinese word separation, is used to separate the input sentences. On the other hand, 

there are some words that appear more frequently in the sentences, but they are not useful for the actual meaning 

of the sentences, such as some intonation words as well as punctuation, etc. These words need to be removed after 

processing. In this study, the input was processed by using the HIT stop word list.  

 

Figure 6.  Principle and process of Baidu's speech recognition 

In addition, we set up a synonym list shown in Table 2, because for the input question, it is a very short text, 

and the features that can characterize this sentence are very coefficient and easily affected by noise. For example, 

when a user asks "what is KNN algorithm", if the question in the standard library is "what is K nearest neighbor 

algorithm", although we all know that KNN and K nearest neighbor algorithm mean the same thing, but in the 

retrieval module, it is very likely that it cannot matched the question.  

Table 2.  Synonym list 

Standard word Synonym 

KNN 算法 K 最近邻算法,K-means 

好处 优势，优点 

… … 

Second, information retrieval. In the process of sentence similarity calculation, this study chose to use 

word2vec to calculate sentence similarity. There are two model representations, if a simple word itself is used as 

input to predict the context around it, the model is called "Skip-gram model", while if the context of a word is 

taken as input to predict the word itself, it is called "CBOW model".In the Skip-gram model, the network is 

structured as shown in Figure 7, assuming that there are v words in the input layer, and they are entered in a form 

called "one-hot encoder", which means that the word is uniquely represented by a vector containing only 1 and 0. 

For example, if we input the sentence "I am happy today" into the network, after the word splitting, we get four 
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words "I, today, am, happy", all of them have their own order, so the first word "I" can be represented as a 4-

dimensional all-zero vector, and the 0 in the first position can be turned into 1, that is, [1, 0, 0, 0], and the word 

"today" can be represented as [0, 1, 0, 0], and so on. In other words, each word can find its own unique expression. 

Y is the probability of the output on these v words, and the purpose of training the model is to have the same one-

hot encoder as the realy. 

 

Figure 7.  Skip-gram model 

In the CBOW model, the form is exactly opposite to the principle of the Skip-gram model, where the 

previously described model predicts the context of a word, while the CBOW model uses the context to make 

predictions about the word itself, and the network structure is shown in Figure 8. In this model, the input is turned 

into multiple words and the input needs to be processed, generally summed and then averaged. In this paper, this 

is the model that is used. When using word2vec to calculate the similarity between two sentences, it is necessary 

to divide the sentences into words, and then obtain the corresponding word vector for each word divided, and then 

add all the word vectors together to get the average value, so that the vector of the sentence is obtained, and then 

calculate its angle cosine value according to the equation (1). After calculation, the similarity value of each 

sentence in the FAQ knowledge base and the input sentence is obtained, and the sentence with the greatest 

similarity is selected to get the candidate similar interrogative sentence, which is input to the next step. 

                                      （1） 

 

Figure 8.  CBOW model 

Last, answer extraction. The sentence obtained in the previous step is only the standard question with the 

highest similarity to the one asked by the user, but it is not necessarily the one the user really wants to ask, because 

the search module will calculate the sentence with the "best" similarity anyway. For example, suppose the user 

asks "What are the benefits of waking up early", but the question returned is "What are the benefits of KNN". 

These two sentences have distinctly different meanings, and if we were to return the answer "Benefits of KNN" 

at this point, it would significantly affect the user experience and trust in the teaching robot. Therefore, in the 

answer extraction step, the thing to do is to avoid this. We set a threshold value of 0.8 for the final similarity, 
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which means that only when the similarity value between the input question and the standard question exceeds 

the set threshold, the two statements are judged to be synonymous and the answer corresponding to the standard 

question is output. And for questions below the threshold, a notice information is automatically returned, which 

is "Sorry I didn't understand your meaning, please ask about "KNN". We also set up a log file to record the content 

of each question and answer, and the sentence similarity, so that it is easy to check the user's questions. When a 

question related to KNN algorithm is frequently asked but there is no corresponding question and answer in the 

FAQ knowledge, or when there is a false question , the FAQ knowledge base should be updated and improved. 

3.3 Lecture module design 

Compared with the Q&A module, the lecture module is relatively easy to implement, the core of which is 

the organization of knowledge points and the call of speech synthesis API. We organize the content related to the 

KNN algorithm and divide it into two parts: "KNN basic idea" and "KNN algorithm implementation", and store 

the content in a text file. When implementing this module, it is only necessary to pass the stored text file through 

the speech synthesis interface, and the returned file will be in speech format. When using the module, users can 

click on the corresponding knowledge block to enter into the learning of the content. If this system is applied to 

other knowledge points, as a universal method, in the lecture module, it is also necessary to use the method of text 

classification to take some knowledge points marked in advance as the training set, train the text classification 

model so that it can automatically summarize and classify the knowledge points to form multiple knowledge 

modules, and then output the broken defense through the speech synthesis module. 

 

4. EVALUATION OF THE PROPOSED TEACHING ROBOT  

We randomly searched for 26 junior students of Beijing University of Posts and Telecommunications to ask 

about the knowledge points they did not understand about the KNN algorithm and asked them to randomly ask 1-

5 completely unrelated questions, and finally compiled a list of test questions, as shown in Table 3, with a total of 

10 KNN-related questions and 10 completely unrelated questions, to test the teaching robot. The results are shown 

in Table 4. The results were poor, so we retrained the model. In the previous experiment, the word2dev model 

was trained with Baidu Encyclopedia and a large corpus of news, which may not be applicable to the prediction 

results of utterances on the topic of KNN. Therefore, in order to make the model work better, the model was 

retrained, this time adding nearly 200 blog posts related to KNN downloading from Baidu. After the training, the 

results are shown in Table 5. The accuracy rate of the relevant questions increased to 100%, and the sentence 

similarity values with the irrelevant questions were all below the threshold, indicating that the model improvement 

was effective. 

Table 3.  Test question 

Related question Unrelated question 

什么是 KNN 算法？ 今天天气怎么样？ 

啥叫 KNN 算法？ 今天吃饭了吗？ 

使用 KNN 算法有哪些好处？ 中国的首都在哪里？ 

KNN 算法的特点在哪里？ 北京的明日气温是多少度？ 

K 最近邻算法是怎样实现的 北京邮电大学下学期课表从哪查询？ 

为什么称 K 最近邻算法“懒惰”？ 查询话费余额应该拨打哪一个电话？ 

KNN 算法的不足之处有哪些？ 明天会下雨吗？ 

在 K 最近邻算法中的 K 值怎么确定？ 这件衬衫的价格是多少？ 

KNN 算法用 python 怎么做？ 五一节的放假安排是怎样的？ 

KNN 算法有哪些缺陷呢？ 无糖可乐里面真的没有糖吗？ 

KNN 算法使用时候需要训练集吗？ 毕业生的落户补贴情况从哪里查看？ 



The Twenty one Wuhan International Conference on E-Business－Information Technology in Education           59 

Table 4.  Test result 

 Match the answer Can’t match the answer 

Related question 8 2 

Unrelated question 1 9 

F1 score = 84.2%        Accuracy = 85% 

 

Table 5.  Test result after retraining 

 Match the answer Can’t match the answer 

Related question 10 0 

Unrelated question 0 10 

F1 score = 100%        Accuracy = 100% 

In order to speed up the Q&A agent, we use the inverted indexing method to select 5 candidate similar 

question sentences, and then use the modified word2dev model in the previous paper to compare these 5 candidate 

similar question sentences and with the input question to calculate the sentence similarity, which reduces the 

complexity of the algorithm compared with the previous calculation of all standard questions with the input 

question sentences. 

Take the five standard questions in the FAQ knowledge base as an example, as shown in Table 6. First, the 

original document data is numbered to form a list, that is, the document list. After that, the above questions are 

divided into words, and the words are numbered, which are used as indexes to get the inverted index table, as 

shown in Table 7. In the traditional index, if we search for the problem "how to implement KNN algorithm in 

Python", we need to sort the questions in Table 6 and then determine the number of keywords in each document. 

When the number of documents is large, this approach can be very complicated and time consuming. But when 

we have created a good inverted index table, search the same problem again, we only need to look at the documents 

that will contain keywords, you can find the documents containing the most keywords are 2 and 3, so get the 

search results, the time complexity of the search has been significantly reduced. 

Table 6.  Document list 

No. Question 

0 KNN 算法的不足有哪些？ 

1 什么是 KNN 算法？ 

2 KNN 算法的是如何实现的？ 

3 KNN 算法如何用 Python 实现？ 

4 KNN 算法有哪些优点？ 

Table 7.  Inverted index 

No. Word Inverted index list 

1 KNN 0，1，2，3，4 

2 算法 0，1，2，3，4 

3 不足 0 

4 有 0，4 

5 哪些 0，4 

6 什么 1 

7 是 1，2 

8 如何 2，3 
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No. Word Inverted index list 

9 实现 2，3 

10 优点 4 

11 Python 3 

 

5. CONCLUSIONS AND FUTURE WORK  

In summary, we design an intelligent teaching robot system with lecture and question-and-answer functions, 

using voice interaction to teach students knowledge points and match answers to students' questions, providing 

students with a convenient answer channel and reducing the time cost of searching and screening answers on 

traditional search engines. In order to better implement the Q&A function, we chose to design and implement the 

Q&A agent based on the Q&A system of common question-answer pairs, using the word2dev statement similarity 

calculation model, and optimize and improve it to improve the accuracy. We use inverted index to reduce the 

complexity of the algorithm and shorten the retrieval matching time, and finally use Tkinter to complete the 

interface design. 

However, we still have some shortcomings and will make further improvements in the following aspects in 

the future.  

First, the update of the FAQ database in this paper relies on the log file, which requires manual checking and 

adding and deleting of questions, and is not suitable for the maintenance of a large volume database. In the future, 

when building a FAQ database with more knowledge points, we can use automatic addition and combine text 

classification technology to classify the "question-answer" pairs in the FAQ database, which can speed up the 

process in the retrieval stage.  

Second, Optimization of the lecture module. The current lecture module is relatively rudimentary, and the 

future construction of the lecture module knowledge points can be sorted and organized in the form of pictures, 

text and voice. 

Last, the interface design of the system is relatively simple. In the future, we can consider adding more 

interactive functions, such as adding pictures to assist the answers, and we can also consider adding emotional 

analysis to the content of the user's questions, analyzing the current emotional state of the user at the time of the 

question, so that the tone of the answer is more humane.  

Artificial intelligence teaching robot system is a field with rich academic research value and worth digging 

deeper. Through the research of this paper, we hope to provide some reference to the theory related to teaching 

robot and its application in specific scenarios, and also make some contribution to the development of this field. 
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Abstract: How to effectively apply MOOCs to the teaching of ideological and political theory courses in colleges and 

universities, improve the teaching quality of ideological and political theory courses and promote the realization of their 

teaching value, has undoubtedly become an important topic for scholars to study and discuss. In this paper, clustering 

algorithm is used to classify the learning behaviors of learners in ideological and political MOOCs, which are divided into 

four categories: "interactive learners", "active learners", "ordinary learners" and "marginal learners". It also analyzes the 

learning effects of these four types of learners and finds that: The "active learners" who perform better in all learning 

behaviors have the best learning effect, but there is little gap with "ordinary learners". "Interactive learners" do not achieve 

ideal results except for their outstanding performance in interaction. "Marginal learners" have the worst performance because 

of their insufficient investment in various learning behaviors. 

 

Keywords: MOOCs, Ideological and political theory courses, Learning behavior, Learning effect 

 

1. INTRODUCTION 

As the product of " Internet Plus Education", MOOCs has changed the traditional higher education concept. 

The teaching consciousness has changed from conservative and closed to open and free; The means of education 

has changed from face-to-face and teacher-centered approach to network communication and student-centered 

autonomous learning; The role of teachers has been transformed from classroom leader and knowledge imparter 

to course facilitator and mentor. The geographical boundaries of universities are also constantly becoming 

virtual, shifting from a purely physical campus to a community combining virtual and reality. 

As a new teaching model, MOOCs has been widely applied in the teaching of higher education in China. In 

particular, the COVID-19 has accelerated the popularity of MOOCs in colleges and universities. In the tide of 

information technology, the ideological and political theory courses, as a course system to help student youth 

establish correct outlook on life, world views and values, have also conformed to the development of the times, 

and widely applied MOOCs to their teaching. 

How to effectively apply MOOCs to the teaching of ideological and political theory courses in colleges and 

universities, improve the teaching quality of ideological and political theory courses and promote the realization 

of their teaching value, has undoubtedly become an important topic for scholars to study and discuss. With the 

expansion of MOOCs education scale and the continuous growth of the number of participants, researchers have 

gradually paid attention to analyzing learning logs to help improve teaching strategies, so as to improve 

students' learning effectiveness. Therefore, by analyzing students' learning behaviors in ideological and political 

MOOCs, this research helps teachers of ideological and political theory courses to better organize the 

curriculum and improve curriculum design, at the same time, it also formulates reasonable learning strategies for 

students to achieve the purpose of improving learning effect.  
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2. ELEMENTS OF MOOCS LEARNING BEHAVIOR  

Behavioral science defines human behavior as positive or antagonistic behavior generated by motivation 

and stimulated by demand goals [1]. There are two kinds of behaviors, one is the explicit behavior that can be 

directly observed, and the other is the implicit behavior that cannot be observed. Behavioral science research 

focuses more on explicit behavior activities, i.e., behaviors that can be observed with the naked eyes and can be 

counted as the frequency or duration of occurrence within a certain period of time [2]. 

Learning behavior refers to all learning-related activities of learners driven by learning motivation that 

occur before specific learning goals are achieved under a certain learning scenario. Learning behavior is an 

important part of the learning process [3]. Theoretical studies on behavioral analysis and evidence-based studies 

have fully demonstrated that behavioral intervention in the learning process can significantly improve the 

efficiency and outcomes of learning [4]. 

At present, many scholars have put forward different views on the classification of learning behaviors. 

McKinney divided learners' learning behaviors into six types: task interaction, attendance, difficulty in depth, 

self-examination, gamification, and autonomous behavior [5]. Kerr observed learning behaviors from three 

aspects: preparation for class, appropriate interaction with teachers, and demonstrating interest in academic 

performance. Miserandino believed that behavioral engagement includes seven behaviors such as participation, 

persistence, and discussion [6]. In addition, Angelino and Natvig summed up learning behaviors as learners' 

active participation, online interactive learning, collaborative learning and other dimensions [7]. Dixson proposed 

such dimensions as autonomous learning, teacher-student interaction frequency, collaboration between students, 

and learning task duration, etc. [8]. Schaufeli proposed that the learning behavior engagement scale should also 

include two dimensions of vitality and concentration [9]. 

 

Table 1.  Analysis of learning behavior elements 

Behavior Element 

Engagement 

Total number of platform logins 

Duration of access to course resources 

Number of visits to course resources 

Interaction 

Total number of threads posted 

Total number of replies to posts by teachers and peers 

Number of review discussion posts 

Persistence 

Number of repeated viewing of course resources 

Number of times the same assignment was submitted multiple times 

Number of repeated submission tests 

 

To sum up, based on the comparative analysis of different learning analysis models and relevant research 

results at home and abroad, this paper classifies the learning behaviors of ideological and political MOOCs into 

three categories: engagement, interaction and persistence, as shown in Table 1. Engagement behavior refers to 

the time and energy learners spend in the course; Interactive behavior refers to discussing problems encountered 

between learners, cooperative learning, and answering questions between learners and teachers; Persistence 

behavior refers to students' reactions and performances when they encounter difficulties and setbacks, the 

tendency to overcome difficulties and fear, and continue tasks when they encounter difficult tasks. 
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3. ACQUISITION OF LEARNING BEHAVIOR DATA OF IDEOLOGICAL AND POLITICAL 

MOOCS 

3.1 Research data sources 

This study takes the learners of "XuetangX" MOOCs course "Ideological and Moral Cultivation and Legal 

Foundation" in a university as a sample. The goal of this course is to cultivate noble ideological and moral 

sentiment, strengthen socialist legal concept and legal consciousness, and train students to become qualified 

builders and successors of socialist cause by taking the socialist core value system and socialist core value 

education as the main line. 

3.2 Collation of learning behavior variables 

 By accessing the platform logs, data tables saved in the background database and discussion posts 

contributed by learners in the forum module, we obtained the data of operation behavior, activity behavior, and 

various grade data achieved in the course. In addition, the relevant behavior indicators were summarized and 

counted through the Excel. Finally, they were uniformly imported into SPSS for further statistical work. 

3.3 Data processing 

The research selected 358 learners who took the above course as a sample. In order to make the research 

data more convincing and the research results more scientific, a comparative analysis was conducted on the data 

in the log according to the behavioral indicators determined by the learning behavior analysis framework shown 

in Table 1. In addition, learners with incomplete behavioral data were eliminated, some of them have behavior 

log data without grade data, while others have 0 score in various assessments, but there is a behavioral log in the 

course platform. The final valid sample obtained is 297 learners. 

 

4. CLASSIFICATION OF LEARNING BEHAVIOR PATTERNS OF IDEOLOGICAL AND 

POLITICAL MOOCS 

In order to further explore the learning behavior patterns of learners, this research used cluster analysis to 

classify the learning patterns of learners. Clustering is an unsupervised learning method [10] and a statistical data 

analysis technique commonly used in many fields. The principle of clustering is to classify data into different 

classes, objects in the same class have great similarity, and objects between different classes have great 

dissimilarity [11].  

In order to make the data more scientific and reliable, the data should be standardized before clustering. 

Data standardization mainly solves the problems of different dimensions and different orders of magnitude 

among various behavioral data. When the level of behavioral data varies greatly, if the original data is directly 

used for analysis, the role of the data with higher numerical value in cluster analysis will be highlighted, and the 

role of indicators with lower numerical value will be weakened. To this end, this study used zero-mean 

normalization to map the data uniformly to the [0,1] interval. 

Cluster analysis was performed on the standardized data by SPSS. Cluster analysis methods mainly include 

Hierarchical Clustering and K-means Clustering. This research used hierarchical clustering to determine the 

number of clusters, and then used K-means clustering to classify the learners of ideological and political 

MOOCs. 

Step 1: Hierarchical clustering 

Hierarchical clustering can build a clustering binary dendrogram based on the distance matrix between 

different objects, by continuously merging the objects with the smallest distance into the same cluster. In this 

paper, the maximum distance connection algorithm was used to identify special trends as much as possible. The 

classification results are shown in Figure 1. In the figure, we draw a broken line graph with "Number of 

Categories" as the abscissa and "Aggregation Coefficient" as the ordinate. When the number of categories is 4, 
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the downward trend of the broken line slows down, so the number of categories is set to 4. 

 

 

Figure 1.  Hierarchical clustering results 

 

Step 2: Use K-means clustering to classify learners 

K-means clustering first randomly selects data from the data objects as the initial cluster center, repeatedly 

calculates the distance between each data object and these center objects, re-divides the corresponding object 

according to the minimum distance, then recalculates the mean value of each cluster, and finally calculates the 

standard measure function. When certain conditions are met, such as the function converges, the algorithm 

terminates. Finally, the study obtains type 1 (N=28), type 2 (N=76), type 3 (N=106) and type 4 (N=87), and each 

learner is marked as the corresponding type to calculate the mean values of the three behaviors of engagement, 

interaction, and persistence, as shown in Table 2. 

 

Table 2.  Cluster analysis of learners' learning behaviors 

Behavior Element type 1 type 2 type 3 type 4 

Engagement 

Total number of platform logins 37.4 78.7 42.1 14.6 

Duration of access to course resources 1408.7 2165.8 1465.2 219.2 

Number of visits to course resources 487.2 1187.1 684.9 34.3 

Interaction 

Total number of threads posted 42.8 10.6 7.2 2.27 

Total number of replies to posts by teachers and peers 127.2 35.9 37.4 12.7 

Number of review discussion posts 199.5 49.2 48.4 27.9 

Persistence 

Number of repeated viewing of course resources 39.1 107.6 68.3 8.4 

Number of times the same assignment was submitted multiple times 4.1 16.2 5.6 2.6 

Number of repeated submission tests 2.4 21.7 8.6 3.1 

 

Step 3: Explain the classification of learning behaviors 

Through the cluster analysis of learning behaviors, it is found that there are significant differences in the mean 

values of learning behavior elements among different learners. 

First of all, from the perspective of the three learning behaviors of engagement, interaction and persistence, 

the learning behaviors of type 4 are significantly less than those of the other three types of learners. Therefore, 

learners of type 4 are marked as "marginal learners", who do not spend energy on learning. 
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However, type 2's engagement and persistence behavior are dominant, so type 2 is marked as "active learners", 

and this type of learners devotes more energy to learning. 

In terms of interaction behavior, type 1 is significantly more than other types, but the engagement behavior 

and persistence behavior are not as good as type 2 and type 3, so type 1 learners are marked as "interactive 

learners". 

Type 3 is neither the best nor the worst in terms of various behaviors, so it is marked as "ordinary learners". 

"Ordinary learners" account for the highest proportion of 35.7%, "marginal learners" account for 29.3%, 

accounting for nearly 30%, while the proportion of "interactive learners" is the lowest at 9.4%. 

 

5. THE INFLUENCE OF LEARNING BEHAVIOR PATTERN ON LEARNING EFFECT 

The scores of the ideological and political MOOCs selected in this study are composed of four parts: 

assignment (20%), discussion (20%), unit test (20%) and final exam (40%). The scores of all types of learners are 

shown in Table 3. 

 

Table 3.  Learner’s scores 

 Interactive Active Ordinary Marginal 

Assignment 10.4 16.7 15.1 10.2 

Discussion 18.4 14.5 13.3 11.4 

Unit test 11.2 18.7 16.8 11.8 

Final exam 30.2 35.2 33.5 29.3 

 

In terms of various learning effects, "interactive learners" perform barely satisfactory except for better 

performance in discussion, and there is a huge difference between the learning effects of "interactive learners" and 

"ordinary learners”, which also reflects some typical problems of learners of ideological and political MOOCs. 

When they encounter learning problems, the first thing they want to do is not to study repeatedly in the course, but 

to seek help in the discussion forum, hoping to solve the problems through discussion. However, they often fail to 

get good answers in the discussion forum, they lack initiative and exploration in learning. 

"Active learners" are excellent in all kinds of learning effects, their participation in various behaviors is 

relatively high, and they have a firm grasp of curriculum knowledge. In terms of persistence, when such learners 

encounter learning difficulties, they will not give up easily, but try various methods to overcome the difficulties. 

"Ordinary learners" account for the largest proportion of all kinds of learners, and such learners are not the 

most outstanding in all aspects in the learning process, but they are not far behind "active learners".  

"Marginal learners" do not perform well in each kind of behavior, resulting in poor learning outcomes. They 

may lack learning belief and motivation, which is mainly manifested in the low frequency of learning course 

resources, seldom participating in discussions and communication in the discussion forum, and always giving up 

quickly when encountering difficulties. 

 

6. CONCLUSIONS 

Using a clustering algorithm, this paper classifies the learning behaviors of learners of ideological and 

political MOOCs and divides them into four categories: "interactive learners", "active learners", "ordinary 

learners" and "marginal learners". We also analyze the learning effects of these four types of learners and find 

that the "active learners" who performed better in all learning behaviors achieve the best learning effects, but the 

gap with "ordinary learners" is not large. "Interactive learners" are not ideal except for their outstanding 

interactive performance. "Marginal learners" have the worst performance because of their lack of investment in 
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various learning behaviors. 

According to the analysis and discussion in this article, it also reveals the problems faced by learners of 

ideological and political MOOCs in the learning process to a certain extent. The successful solution of the 

problems requires the joint participation of different stakeholders such as MOOCs learners, teachers, 

instructional designers and instructional administrators. Therefore, this study puts forward suggestions on 

optimizing ideological and political MOOCs from the perspective of different stakeholders. 

6.1 Learners need to develop good study habits 

MOOCs learners should establish a correct learning concept, clarify learning objectives, improve 

self-supervision and self-management ability, strengthen communication and discussion awareness, and be able 

to encourage themselves and persevere through difficulties when encountering difficulties, and realize the 

importance of learning. 

6.2 Teachers need to improve their comprehensive quality and professional ability 

Teachers should improve their comprehensive quality requirements and professional capabilities, provide 

more effective personalized services for learners' autonomous learning, improve learners' learning effectiveness, 

and stimulate learners' interest in learning. In addition, teachers should have good teaching guidance ability, not 

only to show learners the basic ability of teaching, but also pay attention to the learning progress of learners at 

all times. 

6.3 Instructional designers and administrators need to provide personalized learning support services 

The instructional designers and administrators of ideological and political MOOCs can take some measures 

to optimize the presentation of learning activities, provide learners with more personalized learning support and 

services, and then improve the learning effectiveness of learners. For different types of learners, it is necessary 

to guide them to carry out course learning activities smoothly, enhance the behavioral input of each type, and 

fully mobilize the enthusiasm of MOOCs learners. 
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Abstract: Identifying competent reviewers who can contribute helpful reviews for online courses is an imperative task for 

online learning platforms and course instructors. Online learners value reviews of recent course experience, as such a proactive 

approach to soliciting and incentivizing reviews from competent reviewers is needed. This research proposes two performance-

based reviewer competence indicators, i.e., reviewers’ prior helpfulness and specialization, and tests their predictive power on 

reviewers’ contributing helpful online course reviews. A sample of 36,825 reviews and their reviewers on a leading MOOC 

platform in China was analyzed. Results show that both reviewers’ prior helpfulness and specialization predict the helpfulness 

of their review contribution. The predictive power of reviewers’ prior helpfulness is susceptible to situational conditions, 

including learners/reviewers’ working status and course learning performance, whereas that of reviewer specialization is 

relatively consistent. This research enhances the understanding of performance-based reviewer competence assessment, 

particularly in the online learning context. Its results can be directly applied to identify potential reviewers and solicit helpful 

online course reviews. 

 

Keywords: review helpfulness, reviewer competence, prior performance, online learning, performance-based measures 

 

1. INTRODUCTION 

The proliferation of online learning in the past decade and the surge of Massive Open Online Courses 

(MOOCs) since 2012 worldwide have significantly expanded the accessibility of education to the general 

population [1, 10, 17]. Until October 2020, more than 30 MOOC platforms have been launched in China. These 

platforms host over 34,000 MOOCs with 540 million learners [2]. Over 150 million university students have 

received credits from MOOCs [2]. With a large number of online courses available, prospective learners often face 

significant difficulties in choosing high-quality and suitable courses. Therefore, they rely heavily on online course 

reviews for informed decision-making.  

Online course reviews are a common feature of online learning platforms. Online course reviews are different 

from traditional course evaluations/feedbacks in educational institutions, which are solicited confidentially at the 

end of each semester for the use of the program and course instructors. Online course reviews on online learning 

platforms are similar to online product reviews on commercial platforms in both format and purpose. In general, 

they consist of a numeric rating and comments by learners who have taken the course or anyone who wants to 

share information. They are listed on a course webpage for any interested parties to access.  

As prospective learners rely on course reviews to make informed course decisions, they highly value the 

recency and timeliness of reviews that project the latest course experience. Consequently, identifying potential 

reviewers and soliciting high-quality and helpful course reviews proactively and promptly is of great importance 

for online course providers and online learning platforms to support and satisfy the information needs of 

prospective learners.  

Identifying potential reviewers who can contribute helpful course reviews entails an understanding of 
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reviewer competence indicators and their relations to reviewers’ review contributions. That is, what reviewer 

attributes can predict useful review contributions? However, little research has addressed this question. Extant 

literature on online reviews has examined reviewer information as peripheral cues in reader’s review elaboration 

[3, 4, 18]. That is, when reviewer information, such as gender [3], identity [4], profile image [5], and expertise [6, 7], are 

presented along with reviews, they affect review readers’ judgment on the review helpfulness. These peripheral 

cues are not reviewer competence indicators in that the later points to reviewers’ intrinsic ability to contribute 

helpful reviews. In the limited research on the subject, Du et al. [8] suggest that past review helpfulness is a strong 

indicator of reviewer competence in contributing helpful reviews.  

To gain further understanding on reviewer competence in the online course contexts, this research posits 

reviewers’ prior review helpfulness [7] as well as their specialization as two competence indicators and tests their 

predictive powers on the helpfulness of review contribution. In addition, we examine the boundary conditions of 

the relationship based on learners/reviewers’ working status and course performance.  

Empirical analysis on 36,825 reviews from 24,491 reviewers on a leading MOOC platform in China indicates 

that both reviewer prior review helpfulness and their review specialization are useful reviewer competence 

indicators, predicting their review performance. Interestingly, the predicting results of reviewer prior helpfulness 

are more susceptible to the varying conditions of contextual factors including reviewers’ working status and course 

performance. Its predicting power is stronger for learners/reviewers who have a full-time job and perform well in 

the course. Specialization, on the other hand, stays more consistent in indicating reviewer competence. Its 

association with reviewer competence does not vary by reviewers/learners’ working status and course performance. 

 

2. BACKGROUND 

Based on audience’ helpfulness votes, a large body of research has studied factors that affect the perceived 

helpfulness of online customer reviews [11-13, 18, 19]. The research has largely taken a perspective of readers’ 

information processing to understand how readers evaluate perceived review helpfulness through various 

available information. Dual-process theories, such as the elaboration likelihood model, are commonly applied to 

explain the effects of identified information factors [11]. Factors affecting the argument quality of a review such as 

review depth, content sentiment, and linguistic style [11-13, 19] are central factors involved in message elaboration. 

Reviewer information that is provided to the audience along with reviews, such as reviewer gender [3], identity [4], 

profile image [5], experience [14, 15], and expertise [6, 7], are source cues or peripheral factors for simplified inferences 

on the value of the message. 

The crowd-based review quality assessment mechanism employs a result-oriented approach by relying on 

readers to vote for the helpfulness of reviews. The approach is effective but can be redundant and time-consuming. 

That is, a large number of reviews of a wide variety of quality and helpfulness are provided to readers; the voting 

process takes time and effort; the helpfulness results are prone to biases [16]. A proactive approach is to identify 

reviewers who can contribute helpful reviews and solicit and recommend reviews from them. However, little 

research has examined reviewer competence and indicators. Among a few exceptions, Mathwick and Mosteller [9] 

identified three types of reviewers with different egoistic motives of contributing reviews, including indifferent 

independents, challenge seekers, and community collaborators. They suggest that reviewers of different types can 

benefit from tailored review environments for review contribution [9]. Du et al. [8] examined reviewers’ 

performance-based measures and found that past review helpfulness is a strong indicator of reviewer competence 

in contributing helpful reviews. 

 

3. RESEARCH FRAMEWORK 

This research explores two performance-based reviewer competence indicators, namely reviewer prior 
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helpfulness and reviewer specialization. Reviewer competence concerns their ability in generating helpful reviews. 

Reviewer prior helpfulness refers to the general level of helpfulness of a reviewer as reflected in prior review 

postings. Reviewer specialization refers to the extent of course categories a reviewer’s opinions are valued for. It 

relates to the breath of the reviewer’s competence. Reviewers of high specialization receive a high share of 

helpfulness votes from their reviews on courses of a similar type. Reviewers of low specialization are valued for 

their reviews in multiple course categories.  

We posit the two performance-based reviewer competence indicators can predict the quality of their future 

review contributions. We propose the following hypotheses: 

H1a: Reviewer prior helpfulness predicts the helpfulness of their incoming reviews on online courses. 

H1b: Reviewer specialization predicts the helpfulness of their incoming reviews on online courses. 

Additionally, we posit that contextual factors such as learners/reviewers’ working status and learning 

performance may alter the predicting power of reviewer prior helpfulness and specialization on review helpfulness. 

We propose the following hypotheses:  

H2: The prediction powers of reviewer prior helpfulness and specialization on online course review 

helpfulness vary across learners/reviewers with different working status. 

H3: The prediction power of reviewer prior helpfulness and specialization on online course review 

helpfulness varies with the learning performance of a reviewer in a course. 

 

4. METHODOLOGY 

4.1 Data 

We obtain a propriety dataset from a leading MOOC platform in China. The MOOCs on the platform can 

open as separate sessions repeatedly. The dataset contains all 1,355,280 course reviews for 5,821 MOOCs on the 

platform from May 2014 to Feb. 2021. Course reviews on the focal MOOC platform are presented on the course 

webpages, on which the number of registered learners of each course session, the number of all course reviews, 

and the average numeric rating of all course reviews are presented. Each course review consists of a numeric 

rating and a short textual comment posted by learners who have registered for the course. Meanwhile, the 

reviewer’s nickname and avatar, the date of review posting, and the registered course session of the reviewer are 

also publicized. Moreover, the learner/reviewer will receive a course certificate if he/she earns a score that is 

higher than the required one. 

To test our hypotheses, we construct the dataset for analysis in the following way. First, following prior 

studies [23], we keep course reviews that have received at least one vote. This results in a dataset of 179,205 reviews 

(i.e., 13.22% of the total reviews posted). Second, to test the impacts of reviewers’ prior helpfulness, we eliminate 

the first course review of each reviewer. Then, we remove the course reviews produced by reviewers who do not 

report whether they are “Professional” or “Student”. Finally, because it takes time for course reviews to accrue 

helpfulness votes, we remove relatively new course reviews that were posted within 60 days of data retrieval to 

ensure that each course review has sufficient time to accumulate helpfulness votes [24]. The final dataset for 

analysis contains 36,825 course reviews from 24,491 reviewers. 

4.2 Variables 

Table 1 presents the definitions and operationalizations of the dependent variable, independent variables, 

moderator, and control variables. 
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Table 1.  Definition and operationalization of variables 

Variable Definition and operationalization 

Dependent variable 

ReviewHelpfulness The helpfulness of a course review; measured by the number of helpfulness votes a review receives. 

Independent variables 

ReviewerPriorHelpful 
Reviewers’ prior helpfulness; measured by the average number of helpfulness votes per review a reviewer 

received before posting a focal review. 

ReviewerSpecialization 
Reviewer specialization; measured by the Herfindahl-Hirschman Index (HHI) of the helpfulness votes 

received by a reviewer across course disciplines. 

Moderators 

Professional 
A dummy variable with the value of 1 denoting working learners and the value of 0 denoting learners 

without ongoing work. 

LearningPerformance 
A learner/reviewer course performance; measured by a dummy variable with the value of 1 for learners 

who finish a course and receive the course certificate, and 0 otherwise. 

Control variables 

ReviewExtremity 
The extremity of a course review is measured by a dummy variable with the value of 1 for reviews with 

rating 1 or 5, and 0 otherwise. 

ReviewValence 
Review positivity is measured by a dummy variable with the value of 1 for reviews with rating 4 or 5, and 

0 otherwise. 

ReviewLength The length of a course review; measured by the number of Chinese characters in a review. 

ReviewInconsistency 

The extent to which a review rating differs from the average rating of a course; measured by the absolute 

difference between the numeric rating of a course review and the average rating of all reviews for the 

course. 

ReviewAge Review age; measured by the number of days between the review posting date and the data retrieval date. 

CourseLoad 
Course load; measured by the average number of lecture videos required to learn by the course in each 

week within the class duration. 

CoursePopularity The popularity of a course; measured by the number of reviews it receives. 

CourseSatisfaction 
Learners’ course satisfaction toward a course; measured by the average numeric rating of all reviews it 

receives. 

 

4.3 Empirical model 

The regression equation used in our study is specified in equation (1). Because the dependent variable, 

ReviewHelpfulnessi is a count variable of an over-dispersion nature, the negative binomial model is used in the 

analysis [20, 21]. Natural logarithm transformation is taken when a variable is highly skewed. 

𝑅𝑒𝑣𝑖𝑒𝑤𝐻𝑒𝑙𝑝𝑓𝑢𝑙𝑛𝑒𝑠𝑠𝑖  = 𝛽0 + 𝛽1𝐿𝑜𝑔𝑅𝑒𝑣𝑖𝑒𝑤𝑒𝑟𝑃𝑟𝑖𝑜𝑟𝐻𝑒𝑙𝑝𝑓𝑢𝑙𝑖 + 𝛽2𝑅𝑒𝑣𝑖𝑒𝑤𝑒𝑟𝑆𝑝𝑒𝑐𝑖𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝑖 +

𝛽3𝐿𝑜𝑔𝑅𝑒𝑣𝑖𝑒𝑤𝑒𝑟𝑃𝑟𝑖𝑜𝑟𝐻𝑒𝑙𝑝𝑓𝑢𝑙𝑖 × 𝑃𝑟𝑜𝑓𝑒𝑠𝑠𝑖𝑜𝑛𝑎𝑙𝑖 + 𝛽4𝑅𝑒𝑣𝑖𝑒𝑤𝑒𝑟𝑆𝑝𝑒𝑐𝑖𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝑖 ×

𝑃𝑟𝑜𝑓𝑒𝑠𝑠𝑖𝑜𝑛𝑎𝑙𝑖 + 𝛽5𝐿𝑜𝑔𝑅𝑒𝑣𝑖𝑒𝑤𝑒𝑟𝑃𝑟𝑖𝑜𝑟𝐻𝑒𝑙𝑝𝑓𝑢𝑙𝑖 × 𝐿𝑒𝑎𝑟𝑛𝑖𝑛𝑔𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒𝑖 +

𝛽6𝑅𝑒𝑣𝑖𝑒𝑤𝑒𝑟𝑆𝑝𝑒𝑐𝑖𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛𝑖 × 𝐿𝑒𝑎𝑟𝑛𝑖𝑛𝑔𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒𝑖 + 𝛽7𝑃𝑟𝑜𝑓𝑒𝑠𝑠𝑖𝑜𝑛𝑎𝑙𝑖 +

𝛽8𝐿𝑒𝑎𝑟𝑛𝑖𝑛𝑔𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒𝑖 + 𝛽9𝑅𝑒𝑣𝑖𝑒𝑤𝐸𝑥𝑡𝑟𝑒𝑚𝑖𝑡𝑦𝑖 + 𝛽10𝑅𝑒𝑣𝑖𝑒𝑤𝑉𝑎𝑙𝑒𝑛𝑐𝑒𝑖 +

𝛽11𝐿𝑜𝑔𝑅𝑒𝑣𝑖𝑒𝑤𝐿𝑒𝑛𝑔𝑡ℎ𝑖+𝛽12𝑅𝑒𝑣𝑖𝑒𝑤𝐼𝑛𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦𝑖 + 𝛽13𝐿𝑜𝑔𝑅𝑒𝑣𝑖𝑒𝑤𝐴𝑔𝑒𝑖 +

𝛽14𝐶𝑜𝑢𝑟𝑠𝑒𝐿𝑜𝑎𝑑𝑖 + 𝛽15𝐿𝑜𝑔𝐶𝑜𝑢𝑟𝑠𝑒𝑃𝑜𝑝𝑢𝑙𝑎𝑟𝑖𝑡𝑦𝑖 + 𝛽16𝐶𝑜𝑢𝑟𝑠𝑒𝑆𝑎𝑡𝑖𝑠𝑓𝑎𝑐𝑡𝑖𝑜𝑛𝑖 +

𝛽17−18𝑅𝑒𝑣𝑖𝑒𝑤𝑌𝑒𝑎𝑟𝑖 + 𝛽19−29𝑅𝑒𝑣𝑖𝑒𝑤𝑀𝑜𝑛𝑡ℎ𝑖 + 𝛽30−35𝑅𝑒𝑣𝑖𝑒𝑤𝐷𝑜𝑊𝑖 +

𝛽36−58𝑅𝐶𝑙𝑎𝑠𝑠𝑁𝑜𝑖+𝛽59−69𝐶𝑜𝑢𝑟𝑠𝑒𝐷𝑖𝑠𝑐𝑖𝑝𝑙𝑖𝑛𝑒𝑖 + 𝜀𝑖    (1) 
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5. RESULTS AND ANYLYSES 

5.1 Descriptive analysis 

Table 2.  Descriptive statistics 

Variable Obs. Mean Std. Dev. Min. Median Max. 

ReviewHelpfulness 36,826 2.919 13.410 1 1 1,445 

ReviewerPriorHelpful 36,826 1.171 10.726 0 0 1,195 

ReviewerSpecialization 36,826 0.823 0.267 0.115 1 1 

Professional 36,826 0.309 0.462 0 0 1 

LearningPerformance 36,826 0.275 0.447 0 0 1 

ReviewExtremity 36,826 0.901 0.298 0 1 1 

ReviewValence 36,826 0.946 0.226 0 1 1 

ReviewLength 36,826 29.203 43.239 5 15 500 

ReviewInconsistency 36,826 0.390 0.605 0 0.231 3.950 

ReviewAge 36,826 521.586 254.652 60 500 1.106 

CourseLoad 36,826 4.868 3.380 0 3.927 32.500 

CoursePopularity 36,826 789.539 1,941.914 1 296 28,063 

CourseSatisfaction 36,826 4.760 0.169 2.538 4.785 5 

 

Table 2 presents the descriptive statistics of the variables in the study. The mean of the dependent variable, 

ReviewHelpfulness, is 2.919. That is, a course review in the dataset for analysis receives about 3 helpfulness votes. 

The mean of ReviewerPriorHelpful is 1.171, indicating that the reviewers in the MOOC platform received an 

average of about one helpfulness vote per review. The mean of ReviewerSpecialization is 0.823, which reveals 

that the reviewers in general are of low specialization. They post reviews and receive helpfulness votes across a 

wide range of course disciplines. The mean of LearningPerformance is 0.275. In other words, 27.5% of the course 

reviews in our dataset were posted by reviewers who have earned the certificate for the course they reviewed for. 

Because a learner may receive a course certificate only when he/she has passed the course, the ratio shows that 

the pass rate among course reviewers is significantly higher than the reported low pass rate in all learners [28]. The 

mean of Professional is 0.309, indicating that 30.9% of the reviewers are working professionals. It shows that 

MOOCs are not only popular among students but are well accepted among working professionals. The mean of 

CourseLoad is 4.868, i.e., on average, learners are required to watch nearly 5 course videos per week in a course. 

 

5.2 Empirical analysis 

Table 3.  Estimation results 

DV: ReviewHelpfulness (1) (2) (3) (4) 

Log#ReviewerPriorHelpful 0.166*** 

(0.008) 

0.157*** 

(0.010) 

0.156*** 

(0.010) 

0.030 

(0.030) 

ReviewerSpecialization 

 

0.056** 

(0.022) 

0.035 

(0.027) 

0.051* 

(0.028) 

0.211** 

(0.086) 

Log#ReviewerPriorHelpful 

×Professional 

 0.029* 

(0.018) 

 0.019 

(0.018) 

ReviewerSpecialization 

×Professional  

 0.061 

(0.045) 

 0.059 

(0.045) 

Log#ReviewerPriorHelpful   0.039** 0.040** 
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DV: ReviewHelpfulness (1) (2) (3) (4) 

×LearningPerformance  (0.018) (0.018) 

ReviewerSpecialization 

×LearningPerformance 

  0.015 

(0.045) 

0.017 

(0.045) 

Professional -0.052*** 

(0.013) 

-0.052*** 

(0.013) 

-0.079* 

(0.040) 

-0.079* 

(0.040) 

LearningPerformance -0.213*** 

(0.014) 

-0.273*** 

(0.040) 

-0.213*** 

(0.014) 

-0.266*** 

(0.041) 

ReviewExtremity 0.152*** 

(0.019) 

0.152*** 

(0.019) 

0.152*** 

(0.019) 

0.152*** 

(0.019) 

ReviewValence -0.460*** 

(0.050) 

-0.459*** 

(0.050) 

-0.462*** 

(0.050) 

-0.457*** 

(0.050) 

Log#ReviewLength 0.363*** 

(0.006) 

0.363*** 

(0.006) 

0.362*** 

(0.006) 

0.362*** 

(0.006) 

ReviewInconsistency 0.076*** 

(0.019) 

0.076*** 

(0.019) 

0.076*** 

(0.019) 

0.078*** 

(0.019) 

Log#ReviewAge -0.235*** 

(0.038) 

-0.234*** 

(0.038) 

-0.234*** 

(0.038) 

-0.231*** 

(0.038) 

CourseLoad 0.025* 

(0.013) 

0.025* 

(0.013) 

0.025* 

(0.013) 

0.092** 

(0.046) 

CoursePopularity 0.120*** 

(0.005) 

0.120*** 

(0.005) 

0.120*** 

(0.005) 

0.121*** 

(0.005) 

CourseSatisfaction -0.131*** 

(0.038) 

-0.130*** 

(0.038) 

-0.133*** 

(0.038) 

-0.135*** 

(0.038) 

Year FE Y Y Y Y 

Month FE Y Y Y Y 

Day of week FE Y Y Y Y 

Class no FE Y Y Y Y 

Course discipline FE Y Y Y Y 

lnalpha -0.502*** 

(0.010) 

-0.503*** 

(0.010) 

-0.503*** 

(0.010) 

-0.504*** 

(0.010) 

#observations 36,825 36,825 36,825 36,825 

Log likelihood -73,713.12 -73,711.33 -73,710.64 -73,692.33 

Note: * p<0.1; * p<0.05; *** p<0.0 

 

Table 3 presents the results of regression analyses. Model 1 shows that the parameter estimation of reviewers’ 

prior helpfulness and specialization are both significantly positive. Thus, H1a and H1b are strongly supported. 

Models 2 to 4 include interaction terms of situational factors and reviewer competence indicators to test H2 and 

H3. As shown in Models 2 and 4, the parameter estimations of the interaction term between learners’ working status 

(i.e., professional) and reviewer prior helpfulness re significantly positive, but those of the interaction term between 

professional and reviewer specialization are insignificant. This indicates that reviewer prior helpfulness is a stronger 

predictor of review performance for working learners than for non-working learners, but the prediction power of 

reviewer specialization remains consistent across learner types about their working status. H2 is partially supported.  
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As shown in Models 3 and 4, the parameter estimations of the interaction term of learning performance and 

reviewer prior helpfulness are significantly positive, but those of the interaction term between learning performance 

and reviewer specialization are insignificant. This indicates that reviewer prior helpfulness is a stronger predictor of 

review performance for learners with course certificates than for those without, but the prediction power of reviewer 

specialization remains consistent across learner types with and without course certificates. H3 is partially supported.  

 

6. DISCUSSIONS AND CONTRIBUTION 

This research proposes and explores reviewers’ prior review helpfulness and review specialization as key 

reviewer competence indicators and provides evidence on their predictive power on the quality of review 

contribution. Moreover, we examine the boundary conditions of the relationships based on learners/reviewers’ 

working status and course performance. Our findings indicate that both reviewers’ prior helpfulness and 

specialization are useful reviewer competence indicators. The predicting results of reviewer prior helpfulness are 

susceptible to the varying conditions of situation factors. It is a more effective predictor for learners/reviewers 

who have a full-time job and perform well in the reviewed course. Meanwhile, specialization stays more consistent 

in indicating reviewer competence. Its predicting power does not vary by reviewers/learners’ working status and 

learning performance in the reviewed course. 

This research makes several contributions. It advances the understanding of reviewer competence by 

delineating and validating two performance-based indicators and providing evidence of their predicting power on 

reviewer performance in review contribution. It also probes the conditions that affect the predicting power of 

reviewer competence indicators on review helpfulness. Furthermore, it is one of the first to study online course 

reviews, which is an important topic in the surging e-learning trend but has been neglected in prior IS research. 

The knowledge from this research can be directly applied by online learning platforms in identifying competent 

reviewers and soliciting and recommending reviews for online courses. 
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Abstract: The flexibility and cost-effectiveness of online learning provide the public with the opportunities to learn 

anywhere and at any time. Its popularity has surged since the emergence of MOOCs in 2011 and after the global outbreak of 

the Covid-19 pandemic in 2019. As the central element in current online learning platforms, video lecture plays important 

role in affecting learners’ engagement, performance, and satisfaction. To shed light on the key components of video lecture 

design and their effects on learner-level outcomes in online learning, this research identifies the literature on video lecture 

design and conducts a systematic review with bibliometric analysis. Specifically, the bibliometric analysis illustrates the 

literature on video lecture design in terms of publication year, journal source, citations, and keyword co-occurrence. The 

thematic analysis identifies three themes that are widely investigated in video lecture design literature such as instructor 

presence, instructor characteristics, and content presentation. This research contributes to online learning literature by 

illustrating the current landscape of research on video lecture design in online learning for the first time. 

 

Keywords: online learning, video lecture design, learner engagement, learner performance, learner satisfaction 

 

1. INTRODUCTION 

Online learning has experienced explosive growth in the past two decades because of its flexibility and 

cost-effectiveness. After the global outbreak of the Covid-19 pandemic in 2019, online learning even become 

the dominant course delivery mode all over the world [1]. Video lecture design refers to the components and their 

features included in video lectures. It is one of the key antecedents of learners’ engagement, performance, and 

satisfaction [2]. Good design not only makes video lectures more attractive but stimulates learners to be more 

engaged, achieve better performance, and be more satisfied. Extant studies have investigated various video 

lecture design features in online learning. However, research on the impacts of video lecture design on learners 

is still at the infant stage and fragile. To fill in the gap, this research shed light on the effects of video lecture 

design on learners in online learning by conducting a systematic review with bibliometric analysis. Specifically, 

it identifies the literature on video lecture design and gains insight into the key components in it and their 

impacts. The research questions of this paper are (1) what is the status of the papers in the field of video lecture 

design in online learning? (2) what are the main points that researchers studied in the domain of video lecture 

design in online learning? (3) what can we do in the future study about video lecture design in online learning? 

 

2. METHODOLOGY 

To avoid the well-recognized limitations of literature selection in narrative reviews and expert reviews, this 

research adopted the systematic literature review approach. The systematic review is capable of obtaining a 

comprehensive understanding of the research using regulated, clear, and repeatable procedures at each step in 

the process [3, 4]. Following the guidelines for the systematic review approach, we conducted a review of video 

lecture design in online learning to identify the relevant themes for this field. The guidelines suggest five steps 
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including formulating the questions, locating the studies, selecting and evaluating the studies, analyzing and 

synthesis, as well as reporting the results. 

 

3. RESULT 

3.1 Bibliometric Analysis 

From the publication year, we can know that with the increased popularity of online learning, the number of 

publications shows steady growth since 2015. Computers & Education leads all journals by publishing 15 

papers on this topic. It’s also the leader in terms of both the total number and the average number of citations. 

These journals are mainly focused on education and human-computer interaction. The most cited papers gain 

insight into the effects of a variety of factors on learners. The factors include instructor presence; instructor’s 

face, gaze, and gestures; as well as the format and usage pattern of video lectures. Furthermore, some of the 

papers investigated the heterogeneity of the effects across learners with different characteristics such as 

cognitive style, technological efficacy, age, etc. After keywords co-occurrence, we identify three clusters in the 

network and label them with three ellipses. The first cluster consists of keywords about video lectures. The 

second cluster consists of keywords about instructors. The third cluster consists of keywords about learners. 

3.2  THEMATIC ANALYSIS 

We conduct the thematic analysis to gain a comprehensive understanding of the literature on video lecture 

design in online learning. Particularly, we identify three themes include instructor presence, instructor 

characteristics, and content presentation in the literature. For each theme, we discuss the major findings of the 

literature. Instructor presence refers to the visibility of instructors in video lectures. Instructor characteristics 

include instructors’ behavioral characteristics such as gaze and gesture, as well as their voice and emotion in 

video lectures. All of these characteristics have effects on learners’ learning performance. Content presentation 

refers to the ways that the teaching contents are presented in video lectures. The most common content 

presentation ways are single-lecturer talking and two lecturer conversations. 

 

4. DISCUSSIONS AND CONCLUSION 

This research not only has significant theoretical implications for research of online learning but provides 

impactful practical implications for online learning practice. It contributes to online learning literature by 

illustrating the current landscape of research on video lecture design in online learning. It is among the first in 

this aspect. Meanwhile, it offers practitioners the synthesized knowledge of the intriguing findings in video 

lecture design research. Either instructors of online courses or designers and operators of online learning 

platforms can obtain useful enlightenment to make online learning more engaging, effective, and satisfying for 

learners. 
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Abstract: To study the impact of response time on extended warranty services (EWS), the pricing strategy of EWS is 

discussed with different response time in a competitive environment. Considering of a two-level supply chain composed of 

one manufacturer, one self-owned retailer (SR) and one franchise retailer (FR), there exists the differentiated response time 

in EWS provided by SR and FR. Based on the consumer demand function in two cases, the optimal pricing strategy of EWS 

for supply chain members is analyzed. Research shows that: (1) The EWS price of SR increases with the increasing of the 

differential response time, but which of FR decreases and changing faster. (2) The manufacturer is more profitable when the 

differential response time is smaller, and two retailers’ profits continue to increase as the differential response time 

increasing. (3) The retailers' profits are always higher than the manufacturer’s, and both supply chain members will choose 

the market that consumers are more sensitive to differentiated response time to realize their respective benefits. The 

conclusion provides enlightenment and reference for enterprises to make decision of EWS. 

 

Keywords: extended warranty service, supply chain, response time, pricing strategy 

 

1. INTRODUCTION 

Consumers will reduce the perceived risk of products by purchasing extended warranty services (EWS)[1], 

which is regarded as an important part of after sales service guarantee system, especially in durable products 

such as automobiles and household appliances[2]. According to market research data, the profit from sales of 

EWS is as high as 18 times compared to the profit from sales of products, and the average profit margin is 

usually 50-60% [3]. EWS price directly affects the market share and the market competition [4], and EWS 

responsiveness is also one of the market competition points under the leadership of the time-sensitive consumers 

[5]. Moreover, the responsiveness of EWS is often closely related to the price, for example, in Boeing, they set 

service pricing and response time standards according to the level of service, i.e. significant requests, emergent 

requests and routine requests. But what exactly is the relationship between EWS pricing and EWS response time? 

How do we make optimal pricing strategy based on response time? 

The current research mainly focuses on the pricing decisions of EWS with profit maximization of supply 

chain, such as Peng et al.[6]studied the online shopping supply chain coordination strategy of extended warranty 

services by building a two-stage dynamic game model. Zhang[7] analyzed whether manufacturers offering 

extended warranty services engage in channel intrusions and the impact of channel intrusions on other members 

of the supply chain. Chen et al.[8]constructed two competing retailer supply chains to study different pricing 

strategies of manufacturers in the context of a separate negotiation strategy, average cost, and actual cost 

negotiation strategy. Mart et al.[9]researched the pricing decision of extended warranty services under different 
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pricing contracts. According to whether the products are homogeneous, Tang et al.[10]study the supply chain 

coordination between products and extended warranty services. Zhao et al.[11built a supply chain network equilibrium 

model to study the optimal parameters for retailers to provide extended warranty services. Zhang [12]found that 

retailers chose to provide extended warranty services by themselves as the most favorable decision. Chakraborty et 

al.[13]analyzed the performance analysis and selection of contracts for the pricing of extended warranty services in 

competitive markets. Chen et al.[14] discussed the pricing of extended warranty services, product price pricing and joint 

pricing in the environment of centralized decision and decentralized decision in supply chain.  

The current research about service pricing under response time is mainly from the performance 

maximization of supply chain, such as Shen et al.[15] studied the response time and product price act on the 

market at the same time, and established a profit model based on the deterministic demand function to find the 

optimal decision in the two level supply chain market. Lin et al.[16] discussed a two-stage supply chain 

decision-making problem under the influence of product price sensitivity and response time changes. Xu et 

al.[17]analyzed the relationship between retailers' order volume and delivery time differences considering of 

consumers' expectations for different delivery times. Liu et al.[18] established the demand function to discuss the 

large or small impact on the performance of the entire supply chain under centralized and decentralized 

conditions. Lu et al.[19]found that considering the same-day response and the next-day response, as the delivery 

time increases, the retailer's online sales price decreases. Mo et al.[20] constructed price discrimination decisions 

to support spare parts services under mass customization of manufacturing companies. Tan et al.[21] researched 

the impact of equity concerns on the lead time of network direct sales. Wu et al.[22]studied the relationship 

between the price and response time to achieve the greatest benefit.  

In summary, the research of service response time and EWS pricing is in two parallel directions. 

Considering the characteristics of the EWS, this paper adopts the response time as the EWS pricing model of 

basic performance to provide consumers with a certain warranty service quality, discusses the pricing of EWS 

with differential response times among competing retailers, and provides a reference basis for enterprise to 

make EWS pricing decisions. 

 

2. MODELING  

2.1 Problem description  

There is a supply chain consisting of one manufacturer and two retailers, and the retailers include one 

self-owned retailer (SR) and one franchise retailer (FR) offers a differential response time in EWS. 

Manufacturers providing EWS to SR and FR. The smaller the difference between the response time provided by  

FR and SR, the higher the utility to the consumer. Consumers often consider the utility of EWS to choose FR or 

SR. The model is shown in Figure 1. 

 

Figure 1. EWS with differential response time 
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The notations in the text and their meanings are described in Table 1 below. 

 Table 1. The notations and meanings 

Notation Meaning Notation Meaning 

m  Manufacturer   Consumer price sensitivity to retailers' EWS 

ir
 

Retailer i(i= 1,2)   Consumer sensitivity to differentiated 

response times 

w  Wholesale price of parts and components 

required for EWS. 
t  Poor response time for EWS 

*w  Optimal EWS pricing.   EWS cost factor 

ip
 

Pricing of EWS for retailer units. iU
 The utility function for consumers to purchase 

EWS 

*ip  
Pricing for retailers' optimal EWS. 1D  

Demand from SR 

k  Referral fee paid by the FR ( 2 2k p D ). 2D
 

Demand from FR 

v  The basic valuation of consumers for EWS. 

Evenly distributed on [0,1]. 
*m  Manufacturer's profit under differential 

response time 

  The substitution rate between the two EWS 

( 10   ). 
*r  Retailer's profit under differential response 

time 

 

2.2 Demand function 

The response time of FR is different from SR, which is expressed in ∆t. Then the utility obtained by 

consumers from SR and FR are: 

1 1U v p                                                 (1) 

2 2

1
lnU v p

t
    


                                         (2) 

Consumers will choose the party with the greater utility to purchase the EWS, i.e. choose max ( 1 2, ,0u u ). 

Using the same idea as above, it can be obtained that consumers face three critical situations when choosing a 

buyer, namely 1 2 1 20, 0,u u u u   . For the convenience of discussion, the critical valuations are defined 

as 1 2 3, ,v v v respectively, i.e. 1 1v p , 2 2

1
ln /v p

t
   


, 3 1 2

1
[ ( ) ln ] /1v p p

t
     


. 1 2 3, ,v v v will get different 

extended service price ranges when different conditions are met, and the demand function under each range will 

be obtained. The specific discussion is as follows. 

(1)When 1 2v v and 3 1v  , both retailers will have demand for EWS, and the unit EWS price meets the 

following conditions: 

1 2 1

1 1
(1 ln ) / ln /p p p

t t
          

 
                           (3) 

(2)When
1 2v v and

3 1v  ,
1 2u u , consumers only choose to purchase EWS from FR, and the unit EWS 

price meets the following conditions:  

2 1

1
(1 ln ) /p p

t
     


                                   (4) 

(3)When
1 2v v ,

1 2u u , consumer only chooses to purchase EWS from SR, and the unit EWS price meets 

the conditions as:  

2 1

1
( ln ) /p p

t
   


                                     (5) 

(4) When 1 20, 0u u  , consumer will not purchase the EWS.  

It can be obtained that the specific purchasing behavior of consumers when providing EWS with 

differential response times is shown in Figure 2.  
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Figure 2. Consumer’s choice of EWS 

In generally, it is discussed for situations where consumers will have a purchase demand for both retailers, 

and the demand functions D1 and D2 as follows: 
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3. DECISION ANALYSIS 

The manufacturer first determines the wholesale price of EWS, and the two retailers set the price of EWS 

according to the wholesale price. FR also need to pay a certain introduction fee k in proportion to the income to 

the manufacturer,
2 2k p D  (  is a fixed value). Draw on the conclusion of Andy (2000) [23], the benefit 

functions of supply members under decentralized decision are as follow: 

1 2 1 2 2
*

2m
*

1 1 1
( ) ln ( ) ln ln

Max (1 ) ( )( )
1 1w

p p p p p
t t tw w p

     


  

    
      

 
           (7) 

1 2

2
* 1 2 1 2

1 2 2r
*, *

1
ln

( ) ( )
Max ( )(1 ) ((1 ) )( )

1 12p p

p
p p p p tp w p w

t

 
 


  


         
 

            (8) 

Proposition 1: When two retailers provide EWS with a differential response time, the manufacturer's 

wholesale price and the two retailers' price optimal solutions are functions (9), (10), and (11).  
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Firstly, it is proved whether the optimal solution of EWS price exists when the SR and FR provide EWS 

with different response time under the decentralized decision. For function (2), the second-order Hessian matrix 

of the income function for prices 1p and 2p is: 

2 2

2 2

2

1 21

1 2

2

2 1 2

* * 2 (2 )

* ** 1 1
( *, *)

(2 ) 2 ( 1)* *

1 1* * *

r r
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p pp
H p p

p p p
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, only the conditions

24(1 ) (2 )     need to be met, availability 2 0H  , 

proves that there is an equilibrium solution that makes the retailer's earnings optimal.  

Secondly, 1p and 2p  are obtained by derivative of 1p  and 2p in function (8), and solve the system of 
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, and w  is brought into 1 2,p p , then the 

complete equilibrium solution (9), (10), (11) can be obtained, QED. 

Proposition 2: When two retailers provide EWS with different response time, the optimal price 1*p  and 

2*p  are all decreasing functions of price sensitivity and increasing functions of response time sensitivity  . 

Through the first derivative of 1*p and 2*p with  and  , the follow result is obtained: 
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Because the denominator in 1*p






, 2*p






and 

2*p






 are all greater than 0，and the denominator of 

1*p






 

is less than 0, it is only necessary to analyze the molecular size of each first derivative. 
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. Similarly, as 

2 4 (2 ( 4)) 0         , then 
1*p






<0 and 
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>0. QED.  

Proposition 3: When two retailers provide EWS with different response time, 1*p is the increasing 

function of differential response time t , and 2*p is the decreasing function. 

Through the first derivative of 1*p and 2*p with t , the follow result is obtained:  
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Since the denominator in 1*p

t




 is less than 0, the denominator in 2*p

t




 is greater than 0, and only the 

size of the molecule needs to be analyzed, in the same way as proposition 2, it can be obtained that 1* 0
p

t





 

and 2*
0

p

t





. QED.   

From proposition 2 and proposition 3, it shows that when FR and ER provide differentiated response time 

EWS and consumers are more sensitive to the price, they should appropriately reduce the EWS price, and the 

optimal price increases with the sensitivity of differentiated response time, which also prompts FR to choose 

markets where consumers are more sensitive to differentiated response times. However, for the differentiated 

response time, the change of the two optimal prices is the opposite, and retailers can cooperate to control the 

differentiated response time within a certain range to reduce the gap between prices. 

 

4. EXAMPLE ANALYSIS 

To analysis EWS prices and profits affected by response times, there are the following basic data: 

0.1  , 0.2  , 0.4  .  

(1)When 0.2  and 0.3  . Figure 3 and 4 describe that when the FR provides differential response time, 

the optimal price 1 *p of SR decreases with the differential response time t , while the optimal price 2*p of FR 

increases with t ; The manufacturer's optimal wholesale price *w increases first and then decreases with t . 

The manufacturer's profit increases with t , and the retailer's total profit decreases with t . This shows that the 

increase of differentiated response time t is unfavorable to manufacturers and beneficial to the total profit of 

retailers. With the increase of t , retailers' profits are mainly brought by SR. Therefore, in order to provide 

EWS for retailers and stabilize the market, FR will strengthen service responsiveness, that is, narrow the gap 

between response time and avoid large price gap with SR. 

 

 

Figure 3. The effect of Δt on
1 2

p *,p *,w * under different response time 
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Figure 4. The effect of Δt on
m r

Π *,Π * under different response time 

(2)When 0.6t  . Figure 5 and Figure 6 respectively describe that the optimal price of the two retailers 

decreases with the price sensitivity and increases with the response time sensitivity  . the optimal price of the 

retailers changes more violently with the response time sensitivity, and the greater the increase when the price 

sensitivity is lower. This shows that SR and FR are more willing to choose a market with low price sensitivity 

and high response time, so as to formulate a higher premium price. 

   

Figure 5. The effect of α β on
1

p * under different response time   

 

Figure 6. The effect of α β on
2

p * under different response time 

(3)When 0.6t  . Figure 7 and 8 respectively describe that the manufacturer's profit and the retailer's total 

profit decrease with the price sensitivity , while the manufacturer's profit increases with the response time 

sensitivity  , and the retailer's total profit first decreases and then increases. Moreover, the impact of  on the 

total profits of manufacturers and retailers in the supply chain is affected by  . When t is low, the profits of 
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both sides of the supply chain change more strongly with  . This shows that it is beneficial for retailers to 

choose markets with low price sensitivity and low or high response time. For manufacturers, they can only 

choose the market with low price sensitivity and high responsiveness of extended warranty service. Therefore, 

when FR provide EWS with different response time, manufacturers will encourage FR to shorten the difference 

in response time and enter the market with high response time, so as to achieve a win-win situation for 

manufacturers and retailers and obtain greater profits. 

     

Figure 7. The effect of α β on
m

Π * under different response time 

  

Figure 8. The effect of α β on
r

Π * under different response time 

 

5. CONCLUSION 

By introducing the response time into the pricing decision of EWS, the pricing strategy of EWS provided 

by competing retailers with differential response time is studied, and the following conclusions are mainly 

formed: 

(1)The optimal EWS price of SR increases with the differentiated response time, while the optimal EWS 

price of the FR decreases with the differentiated response time.  

(2)With the increase of differentiated response time of EWS, it is unfavorable to benefit the manufacturer's 

profit and the retailer's total profit.  

(3)For retailers and manufacturers, the choice of market pricing strategies where consumers are less price 

sensitive to EWS and have higher response time of EWS can get greater benefits.  

The study also found that the change in the differential response time of FR will lead to changes in the 

price of SR, the greater the differential response time, the higher the price of SR, while the FR should 

appropriately reduce the EWS price of to attract consumers because the response time is not dominant. Retailers 

are always more profitable than manufacturers, and both supply chain members will opt for differentiated 

response time-sensitive markets to maximize their interests. 
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1. INTRODUCTION AND RESEARCH FRAMEWORK 

Big data is being produced from all industries at an unprecedented rate[1], However, very few companies in 

practice have obtained benefits from big data, though with surge of investments in it[2]. Meanwhile, empirical 

research on the value of big data is still at a rudimentary stage. There is limited understanding about how the 

investments in big data may lead to measurable business value, and what is the impact of big data capability 

(BDC) of a company on its the other capabilities. This article aims to partly address these issues. 

BDC is the big data awareness presented by companies in the process of big data development, 

management and utilization[3]. The BDC of a company keeps changing over time with the improvement of 

analysis technology and market changes. Thus, BDC is an important dynamic capability of companies. In order 

to realize the potential value of big data, companies need to develop BDC to extract relevant information and 

take use of it to make decisions[4]. 

In order to address the critical gaps in the literature and the practice, and to explore the potential value of 

BDC, this article focuses on the potential impact of big data capability on companies. Specifically, what is the 

impact of big data capability of a firm on its supply chain dynamic capability (SCDC) and dynamic innovation 

capability (DIC)? Grounded on resource-based view, supply chain theory, innovation theory, and expert 

interview, the hypotheses and research framework are proposed as below (Figure 1): 

 

Figure 1.  The conceptual framework 

Considering only large organizations can afford surge investments on big data at present[5], we used a 

dataset derived from a data mining survey of 303 listed hi-tech companies in China to assess the level of BDC, 

SCDC, and IDC, and further, to test their relationships. Partial least squares (PLS) modeling is applied to test the 

proposed model and hypotheses. 
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2. MAJOR FINDINGS AND CONCLUSIONS 

Grounded on dynamic capabilities view and empirical study, this article found 

 A sub-capability of BDC, resource integration capability, has positive and significant impact on all of the 

three sub-capabilities of SCDC. 

 However, the other two sub-capabilities of BDC, namely, in-depth analysis capability, and real-time 

forecasting capability, do not show significant impact on any of the three sub-capabilities of SCDC. 

 Meanwhile, all of the three sub-capabilities of SCDC have shown positive and significant impact on all of 

the two sub-capabilities of DIC. 

 Further, according to total effect, resource integration capability has positive and significant impact on all 

of the two sub-capabilities of DIC. 

 However, the other two sub-capabilities of BDC have not shown significant impact on any sub-capabilities 

of DIC. 

 

3. CONTRIBUTION AND FUTURE STUDY 

This study makes several contributions to the literature. BDC is a new type of competitive capability. This 

paper is one of the first with attempt to explore the impact of BDC of a firm on its other important competitive 

capabilities. Further, this paper is the first trying to explore further the impact of sub-capabilities of BDC on the 

sub-capability of SCDC and of DIC. 

First, we believe that BDC is a kind of rare and intangible knowledge capability of a company. Then we 

proposed three dimensions of BDC based on existing research, including: resource integration capability, 

in-depth analysis capability, and real-time prediction capability. Further, we designed the measurement items of 

these three dimensions, and with which to measure and assess the levels of BDC and its sub-capabilities.  

In addition, we proposed a big data-supply chain-innovation Model, which include three main parts: BDC, 

SCDC, and DIC. The model can be used to understand and assess how each sub-capability of BDC helps to 

improve each sub-capability of SCDC, and further contribute to a higher level of each sub-capability of DIC 

with the mediating effects of the increased SCDC. 

Considering that BDC is at initial stage currently and will continue to develop quickly in the foreseeable 

future, we believe the influence of (sub-capabilities of) BDC on companies’ other capabilities is dynamic and 

changing with its own development. Thus, it would be meaningful to check the influence of (sub-capabilities of) 

BDC further at different development stage of big data technology in future study. 
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Abstract: One of the difficulties and hotspots in the current information system (IS) research is determining how to combine 

the different dimensions of information technology (IT) alignment to better achieve agility under the condition of limited 

resources. To address this challenge, this study decomposes IT alignment into intellectual and social dimensions and examines 

the effects of balance and imbalance between them on agility in dynamic environments. Based on survey data from 245 dyads 

of business and IT executives, we apply polynomial regression and response surface analysis to assess these effects. Results 

indicate that a firm achieves more agility when intellectual alignment and social alignment are balanced and at high levels, 

and social alignment is higher than intellectual alignment. Furthermore, the relationship between agility and the balance of 

intellectual alignment and social alignment will be negatively moderated by environmental dynamism, and the relationship 

between agility and the combination of low intellectual alignment and high social alignment will be positively moderated by 

environmental dynamism. 
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1. INTRODUCTION 

Organizational agility, defined as the ability of firms to sense and respond effectively to market opportunities 

and threats in competitive environments, is critical for the survival and success of firms [1]. A large number of 

researches have identified business–IS alignment (hereafter, IT alignment) as the fit between business and 

information system (IS) operations that is essential to achieving agility [2]. Information technology (IT) alignment 

and organizational agility are thus considered two parallel organizational goals, where the effect of IT alignment 

on agility has generated considerable interest. To study the relation between IT alignment and agility, IS scholars 

have decomposed IT alignment into two distinct but interactive dimensions: intellectual alignment and social 

alignment. Although some scholars have noted that intellectual alignment and social alignment affect agility in 

different ways [3], they have not explained the effects of different combinations of intellectual alignment and social 

alignment on firm agility. These effects can be vary considerably, however, as firms attempting to increase agility 

have different challenges in deploying appropriate or limited resources in dynamic or uncertain business 

environments. 

The main purpose of this study is to explore how firms can better combine intellectual alignment and social 

alignment to achieve agility. Researchers have suggested the importance of pursuing these alignments 

simultaneously. For example, if firms pursue a singular dimension of IT alignment, either favoring social or 

intellectual associations, imbalance between the two can eventually impede agility [4]. Yet it is often difficult for 

firms to pursue both intellectual alignment and social alignment over an extended period, as the two goals often 

compete for limited resources, thus creating a dilemma in resource allocation. Also, as organizational culture and 

circumstances shift over time, one form of alignment and associated relationships might be more relevant or 

important to a firm at any given point. The question nevertheless remains as to whether achieving a higher level 

of balance between the two will lead to greater agility. To help organizations achieve this goal, it is therefore 
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necessary to understand the advantages, disadvantages, and challenges of pursuing intellectual alignment and 

social alignment at equally low or high levels, separately, or to varying degrees, as well as their interactive or 

interdependent components. As their effects on agility are different in a stable or dynamic environment, this 

research investigates how environmental dynamism moderates the combination of these alignments in firm 

operations and their relationship with agility. The effect of the same combination of operations on agility in 

different settings differs [5], where the best combination in a stable environment may be the worst combination in 

a dynamic environment. In this context, a better understanding of the moderating effect of environmental 

dynamism is important, as it can show how firms can combine intellectual alignment and social alignment more 

effectively in different environments, and improve agility by investing in IT alignment. 

This study contributes to the literature in two aspects. First, we empirically confirm the distinguished impact 

of different combinations of intellectual alignment and social alignment on agility. Second, we demonstrate that 

the combination of intellectual alignment and social alignment’s relationship with agility is moderated by 

environmental dynamism. 

 

2. THEORETICAL BACKGROUND 

2.1 Relationship between IT alignment and agility 

The relationship between IT alignment and agility has become a hot topic in IS research, scholars have carried 

out fruitful research on IT alignment. However, there are conflicting opinions regarding how IT alignment 

influences agility. In general, the previous literature has confirmed a positive effect of IT alignment on 

organizational outcomes (e.g., performance and agility). For instance, Tallon and Pinsonneault find that IT 

alignment is the key for enterprises to gain competitive advantage by promoting the agility of enterprises[6]. 

Bradley et al. demonstrate that IT alignment can promote the ability of enterprises to respond to external changes 

efficiently and flexibly[7]. Nevertheless, the opposing view is that IT alignment impedes agility. For instance, 

Gerow et al. shows that when the enterprise's architecture and process are set, the ability of IT system to flexibly 

integrate new business requirements will be reduced, which hinders enterprise agility[8]. Liang et al. found that 

the tight alignment between enterprise IT system and current strategy will hinder enterprise agility unless there is 

appropriate social interaction[3]. 

2.2 Dimensional view of IT alignment 

Due to the multiple conceptualizations and definitions of IT alignment, it is difficult to accurately describe 

how IT alignment influences agility [9]. Some scholars suggest that if related researches take the dimensional view 

of IT alignment, a better understanding of the IT alignment–agility relationship might be achieved . Two major 

ways have been proposed by IS scholars to dimensionalize IT alignment. The first was a strategic alignment model 

suggested by Henderson, which included six dimensions: business strategy, IT strategy, organizational 

infrastructure and process, and IS infrastructure and process. The second was proposed by Reich, consisting of 

two dimensions: intellectual and social alignment. In this study, we follow Reich’s classification because it is 

theoretically concise, has been widely applied , and encompasses both strategy artifacts and human actors. These 

two dimensions are proposed to work simultaneously to influence organizational agility through different 

mechanisms. Table 1 summarizes the specific differences between the two dimensions of IT alignment. 

Table 1.  Dimensions of IT Alignment 

 Intellectual alignment Social alignment 

Definition 
The state in which a set of interrelated business and IT 

strategies exists [7]. 

The state in which business and IT executives mutually understand and 

are jointly committed to each other’s mission, objectives, and plans [4]. 

Focus The content of plans and planning methodologies. The people involved in the formation of alignment . 

Effect 

The effect of intellectual alignment is explicit, 

manifested in artifacts such as strategic plans that are 
onto logically objective. 

The effect of social alignment is tacit, manifested in mutual 

understanding that is ontologically subjective. 
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3. HYPOTHESES DEVELOPMENT 

Based on the dimensional view of IT alignment, Fig.1 shows the research model. 

Control variables:

Size

Strategy

AgilityH2

Dimensions of 

IT Alignment

Intellectual

Alignment

Social

Alignment

Environmental 

Dynamism

Difference of 

combinations

   Existence of  balance

(IA=SA vs. IA SA) 

Level of balance

(High IA=SA vs. Low IA=SA)

Direction of imbalance

(IA<SA vs. IA>SA) 

H4

 

Notes: IA: Intellectual alignment; SA: Social alignment 

Figure 1.  Research Model 

3.1 Difference of balance and imbalance between intellectual alignment and social alignment 

A balanced IT alignment indicates that intellectual alignment and social alignment are maintained at equal 

levels. When intellectual alignment and social alignment are balanced, firms can not only quickly mobilize 

integrated IT resources to enhance efficiency to cope with external threats and opportunities, but also facilitate 

collaboration between business and IT to explore new IT and market opportunities [10]. Imbalance between 

intellectual alignment and social alignment can be manifested in two directions: intellectual alignment is larger 

than social alignment or social alignment is larger than intellectual alignment. When intellectual alignment is 

higher than social alignment, it gives rise to inertia without enough coordination which restricts agility. When 

social alignment is higher than intellectual alignment, it leads to disorder and inefficiency which impedes the 

ability of a firm to respond quickly to change [11]. The positive effect of the two IT alignment dimensions on agility 

is not guaranteed unless they are pursued simultaneously, the following hypotheses can be put forward:  

H1: Agility is higher when intellectual alignment and social alignment are balanced compared to when 

intellectual alignment and social alignment are imbalanced. 

3.2 Difference of levels of balance between intellectual alignment and social alignment 

When intellectual alignment and social alignment are balanced but low, meaning present in equal amounts 

but at low levels. The absence of enough information repositories and planned architectural designs increasing 

efficiency, combined with the absence of timely communication to propose innovative responses, suggests that it 

is unlikely to have a significant positive impact on agility. Yet when both intellectual alignment and social 

alignment are present at high levels, firms have more IT resources to cope with external threats and opportunities 

more effectively [12], and high social alignment can help firms respond to external changes by coordinating 

business and IT functions. Thus, high level of balance greatly improves ability of firms to sense and respond 

effectively to market opportunities and threats in a competitive environment. Thus, we propose the following 

hypothesis: 

H2: Agility is higher when the level of balance between intellectual alignment and social alignment is high 

compared to when the level of balance is low. 

3.3 Difference of direction of imbalance between intellectual alignment and social alignment 

When intellectual alignment is higher than social alignment, it impedes agility. High intellectual alignment 

means such a large amount of IT investment that induces firms to continue following the previous established IT 

processes rather than make such adjustments timely and effectively in the face of unpredictable changes. Because 

of low social alignment, business and IT executives lack communication, cooperation and perspective integration 

to generate innovative IT solutions to eliminate the rigidity induced by intellectual alignment because of the low 
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social alignment. In this case, firms either tolerate the existing complex IT system, or abandon the old system to 

look for a new system that can support business processes. However, both methods will waste time, increase the 

cost of the enterprise, and finally lead firms to miss the opportunity [13]. Conversely, when social alignment is 

higher than intellectual alignment, it improves agility. Appropriate intellectual alignment can not only improve 

the response efficiency of predictable problems, but also avoid the problem that it is difficult to adjust in time 

when facing unpredictable problems. At the same time, high social alignment enhance communication and 

collaboration between business and IT executives, who can work together to explore possible new uses for existing 

systems and new market opportunities rather than endure or abandon them. Thus, we propose the following 

hypothesis: 

H3: Agility is higher when social alignment is higher than intellectual alignment rather than when intellectual 

alignment is higher than social alignment. 

3.4 Moderating effect of environmental dynamism 

Low environmental dynamism represents a stable environment, changes in the external environment are 

predictable, intellectual alignment can provide an integrated IT system to facilitate business operations. 

Meanwhile, the negative effect of intellectual alignment is so low that social alignment can solve the negative 

effect of intellectual alignment. Therefore, agility is higher as the level of balance between intellectual alignment 

and social alignment increases in low environmental dynamism. On the contrary, high environmental dynamism 

represents a dynamic environment. It means that firms will face many unpredictable changes. A dynamic 

environment enhances potential pitfalls of intellectual alignment, social alignment cannot fully offset the negative 

impact of intellectual alignment, high intellectual alignment still has a negative impact on agility. Thus, we 

propose the following hypothesis: 

H4: The relationship between agility and the balance of intellectual alignment and social alignment will be 

negatively moderated by environmental dynamism. 

In a stable environment, firms do not need to face frequent changes and pursue significant new initiatives. 

Firms accelerate their business operations by relying on previous knowledge and routines, rather than newly 

created knowledge. It is unnecessary for firms to maintain the efficiency advantage brought by intellectual 

alignment through high level social alignment. Also, low level intellectual alignment represents business and IT 

strategies of firms unable to deal with external opportunities and threats. Therefore, the combination of low 

intellectual alignment – high social alignment does not lead to high agility in low environmental dynamism. In a 

dynamic environment, unpredictability increases the likelihood of divergence between IT and business strategies 

[14]. For firms in a dynamic environment, high level intellectual alignment will lead to inertia impeded agility. 

Instead, low level intellectual alignment will not lead to high negative effect. High social alignment is critical for 

enabling innovative responses in a dynamic environment [15]. Thus, we propose the following hypothesis: 

H5: The relationship between agility and the combination of low intellectual alignment – high social 

alignment will be positively moderated by environmental dynamism. 

 

4. RESEARCH METHODOLOGY 

4.1 Variables measurement 

Four latent variables including agility, intellectual alignment, social alignment, environmental dynamism 

need to be measured in this study. All items used the 7-point Likert scale format (1 = strongly disagree; 7 = 

strongly agree). All the measures of constructs in this study were adapted from the prior literature. In order to keep 

these measures consistent with our research context, we invited several IS professors, CIOs and senior business 

managers to evaluate the questionnaire. Following their suggestions, we made some modifications to the 

questionnaire. In addition, we control for the effects of firm size and firm strategy on all dependent variables.  
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4.2 Sample and data collection 

We used survey data collected from 245 matched pairs of business and IT executive in the Chinese 

shipbuilding industry. After the financial crisis, the market is in an increasingly uncertain dynamic environment. 

In this dynamic environment, the different degrees of agility and IT usage of Chinese shipbuilding industry 

provide a suitable context for testing our research model. We developed two sets of questionnaires: the one for IT 

executives, the other for business executive. Intellectual alignment and social alignment were evaluated by both 

IT and business executives, but only business executives evaluated the agility and environmental dynamism, 

because business executives have a better understanding of the operation and external environment of firms. Table 

2 presented information of the sample firms and survey respondents. 

Table 2.  Sample Characteristics (N=245) 

 N Percentage  N Percentage 

Sub-industry Group Number of employees 

Shipyards 59 24% < 1000 8 3% 

ship outfitting 44 18% 1000 - 2499 79 32% 

Ship coating 37 15% 2500 - 4999 99 41% 

Power Equipment 20 8% 5000 - 9999 52 21% 

Electric / Electronic Equipment 29 12% > 10000 7 3% 

Raw Material  28 11% Business Executive Survey 

Other 28 11% Chief Executive Officer 96 39% 

Revenues (RMB) SVP/VP, Business (Financial, Strategy, Operations) 127 52% 

< 100 million (m) 3 1% Other 22 9% 

100 m - 500 m 84 34% IT Executive Survey 

500 m - 1 billion (b) 108 44% Chief Information Officer 70 28% 

1 b - 10b 41 17% SVP/VP, IT Director / IT Manager 165 68% 

> 10 b 9 4% Other 10 4% 

 

5. DATA ANALYSIS AND RESULTS 

5.1 Descriptive statistics and correlations of the variables 

Table 4 presents descriptive statistics for the independent and dependent variables, including means and 

standard deviations. There is a positive correlation between intellectual alignment and agility, and a positive 

correlation between social alignment and agility. In addition, Table 4 shows that a positive correlation between 

intellectual alignment and social alignment. This result shows that intellectual alignment and social alignment are 

complementary  

Table 4  Descriptive statistics and correlations of the variables 

 Mean (SD) Cronbach's α CR AVE 1 2 3 4 5 6 

1.Size 0.498 (0.302)    1      

2.Strategy 1.894 (0.847)    0.007 1     

3.Envir 3.676(1.870) 0.932 0.932 0.881 0.108 0.007 0.881    

4.IA 3.939 (1.162) 0.962 0.962 0.904 0.048 0.013 0.027 0.904   

5.SA 4.247 (1.029) 0.968 0.969 0.968 0.035 0.109 -0.122 0.354*** 0.916  

6.Agility 3.287 (0.892) 0.944 0.945 0.797 0.026 0.054 0.199** 0.158* 0.245*** 0.797 

Notes: 1. N = 245, *p < 0.05, **p < 0.01, ***p < 0.001; 2. Envir: Environmental dynamism, IA: Intellectual alignment, and SA: Social 

alignment; 3. Diagonal bold numbers are the square roots of AVE 
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5.2 Reliability and validity 

We used SPSS 26.0 to assess the reliability and validity of the measurement. Table 4 shows that Cronbach’s 

α and composite reliability (CR) of all variables are greater than the benchmark of 0.70, indicating good reliability. 

To assess the convergent validity of the measurement, we examined the average variance extracted (AVE) and the 

loading of all items. Table 4 shows that the AVEs of all variables are greater than the benchmark of 0.50, and the 

factor loadings of items are greater than the benchmark of 0.5. This result confirms a good convergent validity. 

The square roots of AVEs of all variables are greater than the inter-constructs correlations. This result indicates 

adequate discriminant validity. As shown in Table 4, two inter-construct correlations are lower than 0.60. Thus, 

multicollinearity is not a serious problem in our study. 

5.3 Common method bias 

Although we collected the data for intellectual alignment and social alignment from different respondents, 

paper-based survey could lead to common method variance (CMV) problems. We conducted two tests to evaluate 

CMV. First, in a Harman’s one factor test, we identified four factors with eigenvalues greater than 1.0, which 

explain 79.107% of the total variance, and the first factor of the unrotated solution explains only 33.969% of the 

total variance, showing no indication of CMV. Second, a latent variable (common factor) was included in the 

measurement model. All items were made to load on both their theoretical constructs and on the common factor. 

However, this one with the common factor did not significantly improve the fit of the previous CFA model 

(ΔRMSEA = -0.009, ΔSRMR = -0.002, ΔCFI = 0.034, ΔTLI = 0.023 ). Taken together, there is evidence that 

CMV does not substantially affect our results. 

5.4 Hypothesis testing 

To test the hypotheses, a polynomial regression analysis was performed. Table 5 presented the parameter 

estimates from the polynomial regression analysis and four surface test values calculated from estimated 

regression coefficients. Model 1 was a baseline model, in which we only entered control variables in the 

regression equation. Model 2 was entered two main effect terms. In model 3, we added the quadratic terms 

and interaction terms. To test the moderating effect of environmental dynamism on the combination of 

intellectual alignment and social alignment’s relationship with agility. In model 4, we added ED 

(environmental dynamism) as a moderator and products of the moderator with each of the original terms of 

model 3. The increase of R2 from model 1 to model 2 was significant (ΔR2 = 0.064, p < 0.001), and a 

significant increase of R2 from model 2 to model 3 (ΔR2 = 0.034, p < 0.05) indicate a quadratic relationship 

between two predictors and agility. In addition, Table 5 shows that R2 increased by adding the interaction terms 

between the moderator and each of the five terms in the original polynomial regression equation (ΔR2 = 0.035,p 

＜ 0.001), it indicates that environmental dynamism moderates the relation between the combination of and 

agility. To further analyze the moderating mechanism of environmental dynamism, this study divides the 

sample into two subsamples based on the median of the moderating variable and then carry out a polynomial 

regression and a response surface analysis on the two subsamples. 

Table 5.  Results of polynomial regression analysis 

Dependent Variables Agility 

Model Mode 1 Model 2 Model 3 Model 4 

Constant (b0) 3.432*** 3.351*** 3.427*** 3.428*** 

Control Variables 
Size -0.076 -0.087 -0.137 -0.176 

Strategy -0.057 -0.033 -0.012 -0.006 

Independent Variable 

IA (b1)  0.062 0.006 -0.073 

SA (b2)  0.185** 0.201*** 0.201** 

IA2 (b3)   -0.049 -0.075 
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IA × SA (b4)   0.159** 0.155** 

SA2 (b5)   -0.087** -0.104** 

Moderator variable 

ED    -0.069 

ED × IA    -0.091* 

ED × SA    -0.061 

ED × IA2    -0.024 

ED × IA × SA    -0.016 

ED × SA2    0.040 

 
R2 0.004 0.068 0.102 0.211 

ΔR2  0.064*** 0.034* 0.109*** 

The lateral shift quantity (b2−b1) / [2*(b3 − b4 + b5)]  -0.332*   

Balance line (SA=IA) 
Slope (a1)   0.21**  

Curvature (a2)   0.02  

Imbalance line (SA=-IA) 
Slope (a3)   -0.20**  

Curvature (a4)   -0.30**  

ED Low ED High ED 

Constant 3.893*** 3.107*** 

Control Variables 
Size -0.563** 0.191 

Strategy -0.059 0.002 

Independent Variable 

IA 0.086 -0.237** IA 

SA 0.386** 0.091 SA 

IA2 -0.045 -0.095 IA2 

IA × SA 0.256* 0.092 IA × SA 

SA2 -0.245** -0.028 SA2 

Balance line (SA=IA) 
Slope (b1+b2) 0.47** -0.15 

Curvature (b3+b4+b5) -0.03 -0.03 

Imbalance line (SA=-IA) 
Slope (b1-b2) -0.30 -0.33** 

Curvature (b3-b4+b5) -0.55** -0.22 

Notes: 1. *p < 0.05 **p < 0.01 ***p < 0.001. 2. All estimates are unstandardized. 3. Dependent variables are listed at the top of each 

column. 4. IA = Intellectual Alignment; SA = Social Alignment; ED = Environmental dynamism. 

Hypothesis 1 suggests that agility is higher when intellectual alignment and social alignment are balanced 

compared to when intellectual alignment 

and social alignment are imbalanced. As 

shown in Table 5, the surface along the 

imbalance line curved downward 

(curvature = -0.30, p < 0.01). The surface 

in Fig. 2C indicates that it is an inverted U-

shaped surface along the imbalance line. 

The results indicates that agility is higher 

when intellectual alignment and social 

alignment are balanced, and any deviation 

(i.e., moving to its right or left) decreases 

agility, thus supporting Hypothesis 1. 
Figure 2.  Response surface for agility 
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Hypothesis 2 suggests that agility is 

higher when the level of balance between 

intellectual alignment and social alignment 

is high compared to when the level of 

balance is low. As shown in Table 5, the 

slope along the balance line is significant 

and positive (slope=0.21, p<0.01), 

indicating that agility is higher when 

intellectual alignment and social alignment 

are both high as opposed to when both are 

low. Fig.2B also indicates that agility 

increases as the level of balance increases, 

thus supporting Hypothesis 2. 

Hypothesis 3 suggests that agility is 

higher when social alignment is higher 

than intellectual alignment. As shown in 

Table 5, the lateral shift quantity= -0.332, 

95% CI [-0.825, -0.023], excluding 0, and 

thus H3 is supported. Fig.2 also indicates 

that agility is higher at the front corner (IA 

< SA) than at the back corner (IA > SA). 

Hypothesis 4 suggests that 

compared to low environmental 

dynamism, the positive relationship 

between level of balance and agility would 

become negative in high environmental dynamism. As shown in Table 5, the slope along the balance line in low 

environmental dynamism is significant and positive (slope=-0.47, p<0.01), the slope along the balance line in high 

environmental dynamism is non-significant and negative (slope=-0.15, p>0.05). Fig.3B and Fig.4B demonstrate 

that the balance line in low environmental dynamism is upward and the balance line in high environmental 

dynamism is downward. The results indicate there is a positive relationship between level of balance and agility 

in low environmental dynamism, but a negative relationship in high environmental dynamism. Thus, Hypothesis 

4 was supported. 

Hypothesis 5 suggests that the relationship between agility and the combination of low intellectual 

alignment – high social alignment will be positively moderated by environmental dynamism. As shown in Table 

5, the slope along the imbalance line in high environmental dynamism (slope =-0.30 p<0.01) is significant and 

larger than the curvature along the imbalance line in low environmental dynamism (curvature =-0.33 p>0.05); the 

curvature along the imbalance line in low environmental dynamism (curvature =-0.55 p<0.01) is significant and 

larger than the curvature along the imbalance line in high environmental dynamism (curvature =-0.22 p>0.05). 

Fig.3C and Fig.4C demonstrate that the left side of imbalance line (the combination of low intellectual alignment 

– high social alignment) in low environmental dynamism is lower than that in high environmental dynamism. The 

results indicate that the combination of low intellectual alignment – high social alignment leads to higher agility 

in high environmental dynamism rather than in low environmental dynamism. Thus, Hypothesis 5 was supported. 

 

Figure 3.  Response surfaces in low environmental dynamism 

Figure 4.  Response surfaces in high environmental dynamism 
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6. DISCUSSION 

6.1 Theoretical implications 

First, we find that the effect of different combinations of intellectual alignment and social alignment on 

agility is different. Specifically, the effect of the balance between intellectual alignment and social alignment is 

higher than the imbalance combination on agility. When intellectual alignment and social alignment are balanced, 

agility is higher as the level of balance improves. If intellectual alignment and social alignment are imbalanced, 

agility is higher when social alignment is higher than intellectual alignment rather than when intellectual alignment 

is higher than social alignment. We have a full understanding of the complex joint effects of intellectual alignment 

and social alignment. 

Second, we find that the relationship between agility and the combination of intellectual alignment and 

social alignment will be moderated by environmental dynamism. Specifically, the relationship between agility and 

the balance of intellectual alignment and social alignment will be negatively moderated by environmental 

dynamism, and the relationship between agility and the combination of low intellectual alignment and high social 

alignment will be positively moderated by environmental dynamism. Our findings advance our understanding of 

the conditional effect of intellectual alignment by explicitly specifying environmental dynamism as an important 

boundary condition to assess how intellectual alignment influences agility. 

6.2 Practical implications 

First, our findings provide guidance for the allocation of limited firm resource between intellectual 

alignment and social alignment to achieve the desired levels of firm agility. At first, firms should strive for the 

balance between intellectual alignment and social alignment rather than imbalance. When intellectual alignment 

and social alignment are balanced, managers require to invest sustainably to achieve a significant boost from the 

original positing of balance between intellectual alignment and social alignment at high levels. If firms failed to 

achieve the balance, more resources should be devoted to intellectual alignment rather than social alignment.  

Second, this study is of great practical significance to guide firms in the context of globalization how to deal 

with the dynamic and changing competitive environment. Specifically, in stable environments, firms should 

commit more resources to improving the level of balance between intellectual alignment and social alignment. In 

dynamic environments, firms should avoid the costs of maintaining intellectual alignment and commit more 

resources to building social alignment. 

6.3 Limitations and future research 

The sample of this paper is still cross-sectional data, it can not explain the dynamic causal relationship 

between IT alignment and agility. In the future, panel data can be used to study the causal relationships between 

them. A longitudinal study can enrich our understanding by offering information on the causal relationships 

between independent and dependent variables. 
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Abstract: Service robots as emerging service providers, in combination with novel technologies like artificial intelligence, 

have the potential to enhance service outcomes and customer experience and may already be transforming the service 

delivery process. At present, the study focused on service robots has matured sufficiently to warrant an overview of the 

research on the ways in which service robots have been employed. This study conducts a systematic literature review of the 

academic corpus focused on service robots (N = 28). We report the research methods, application contexts and robot types of 

service robot research to understand how service robots participate in service delivery, what technological characteristics of 

service robots are commonly analyzed, and the potential service outcomes of service robot use. This review shows that 

overall, service robots have a high potential to delivery services in service contexts, and will be widely used and bring more 

rich service experience to people. 

 

Keywords: service robot, service delivery, literature review 

 

1. INTRODUCTION 

Wirtz et al. [1] defines service robots as system-based autonomous and adaptable interfaces that interact, 

communicate with and deliver service to an organization’s customers. As emerging service providers integrating 

advanced and new technologies, service robots are increasingly transforming the customer experience (e.g., 

empowerment) [2] and service outcomes (e.g., customization and personalization) [1]. Studies have shown that 

robots afford service delivery with some characteristics such as convenience, availability, and empathy [2-3]. With 

the potential for service innovation, development of service robots has been highlighted in many countries, 

espeicially in the post-era of COVID-19 pandemic [3]. According to estimates from the International Federation 

of Robotics (2020), sales of service robots will reach annual growth rates of over 30% by 2023. 

Currently, service robots have been widely used in service practice [4-7]. Many studies have examined 

consumers’ and employees’ attitudes toward, reactions to, and acceptance of service robots [8-9]. In addition, for 

service enterprises, the introduction of service robots reduces service costs, improves service efficiency and 

innovates the way of service provision. However, service robots also brings new challenges to the management 

of service enterprises [10-12]. Business practitioners do not seem to have full confidence in the future of the 

service robot due to its unknown effects as well as its applicable contexts, and hence, there has been a growing 

interst in these matters lately. Considering that there are a bunch of research studying service robots, what is still 

remain unclear that what are the inferior or superior customer experience under service robots. Therefore, it is 

necessary to provide a holistic view of research into the effects of service robots in the extant academic corpus. 

Therefore, the purpose of this paper is to summarize and explain the current literature on service robots’ 

participation in service delivery to investigate where and how service robots have been employed in service 

contexts, what is known about the effects of their implementation, and which potential future research directions 

could be most beneficial. 

 

                                                           
*
 Corresponding author. Email: bggong@ahpu.edu.cn 



The Twenty one Wuhan International Conference on E-Business－Information Systems and Operations Management      101 

2. METHOD 

This paper is guided by the methodology of Kitchenham [13] and Brereton et al. [14]. In this section, we 

begin our analysis with a literature review structured in three sections: search strategy, study selection, and data 

extraction from the collected literature. 

2.1 Search strategy 

The search was performed in March 2021. Considering that the research on service robots is still in its 

initial stage, there are many related phrases, such as “service assistant.” We executed the search query “service 

robot,” “robot service,” “robot server,” “electronic staff,” “humanoid/humanlike robot,” “social robot” and 

“service assistant” within the title and abstract as well as keywords. For an exhaustive literature search, Brereton 

et al. [14] suggested targeting different bibliographic sources; thus, we searched Web of Science, Science Direct, 

Emerald, and Springer Link. These databases cover the majority of representative research related to service 

robots and are thus adequate for collecting literature pertaining to the participation of service robots in service 

delivery. 

2.2 Study selection 

Our main inclusion criterion was the analysis of the robotic service in service contexts, with a primary 

focus on service outcomes rather than on design methods, infrastructure, or the functionality-related aspects of 

robots. We used “service* robot*” to search in Web of Science and found that the number of documents 

published exceeded 100 in 2010. We predicted that the service robots’ research, application practice and 

technology maturity have made great progress after 2010. Therefore, it can be expected that the recent 

experience of using service robots is considerably different than it was ten years ago. So we searched for studies 

published between 2010 and 2020. Regarding the type of literature, we only considered published journal 

articles. 

The study selection procedure is shown in Figure 1. First, 3,431 publications were obtained by the search 

query. Second, we removed duplicates and screened the titles, abstracts, and conclusions to exclude the ones 

further that either were inaccessible or did not fit into our research scope. Then, the corpus is reduced to 384. 

Third, we analyzed the full text of the remaining articles and excluded another 359 studies (based on our 

inclusion/exclusion criteria stated above). Finally, we searched references of the included papers (backward 

search) and papers that referenced our identified pool of studies (forward search), and three additional records 

were identified, and 28 papers were ultimately considered in this review (see Table 1). 

Table 1.  Final pool of reviewed literature 

Reviewed literature 

[1], [2], [3], [4], [5], [6], [7], [8], [9], [10], [11], [12], [15], [16], [17], [18], [19], [20], [21], [22], [23], [24], [25], [26], [28], [29], [32], [33] 

Studies identified 

through Web of Science

 (N = 857)

Studies identified 

through Science Direct 

(N = 2085)

Studies identified 

through Emerald 

(N = 426)

Studies identified 

through Springer Link

(N = 63)

 Studies after duplicates were removed; titles, abstracts, and conclusions of 

remaining studies screened; and unavailable studies or those not fitting our research 

scope excluded (N = 384)

Inclusion / exclusion criteria applied to full text (-359) 

= Remaining studies (25) 

Forward / backward search (+3) 

= Final set of primary studies (28) 

 

Figure 1.  Study selection procedure                   Figure 2.  Word cloud of the literature 
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2.3 Data extraction 

We used text mining software Nvivo for data extraction, as shown in the word cloud in Figure 2, from 

which we can see that current studies pay more attention to the service contexts, service outcomes and 

technological characteristics of service robots. We randomly selected five publications from the academic 

corpus and tested whether our results were broadly consistent with our data extraction by extracting relevant 

information. The results show that our extraction is reasonable and the research methodology is scientific. 

 

3. RESULTS 

It is because of a specific characteristic of service robots that affects their application in specific context 

and cause a specific service outcome [2, 7]. Therefore, this paper will be carried out from three aspects: where and 

how have service robots been employed in service delivery? What are the technological characteristics of 

service robots? and what are the effects of using service robots in service delivery? 

3.1 Where and how have service robots been employed in service delivery? 

Table 2 briefly presents the employed research methods, application contexts and robot types, respectively. 

In the reviewed body of literature (N = 28), service robots were predominantly researched based on qualitative 

methods such as conceptual research and user focus group interviews (see Table 2), which were used for 

exploratively understanding the service outcomes and customer experience associated with service robots [5, 7, 15]. 

Compared to qualitative methods, quantitative methods like experiment are used less often in service robot 

research. In addition, there are some studies used mixed methods. For example, Qiu et al. [7] used literature 

review and in-depth interviews to develop a conceptual framework of the relationship between service robot 

attributes and customer experience, and then used experiment and survey methods to test the model. We 

encourage the use of hybrid methods in service robot research. 

Table 2.  Overview of service robots in service delivery 

Research methods Percentage Application contexts Percentage Robot types Percentage 

User focus group interview 0.18 Tourism and hospitality 0.33 No specific 0.43 

Design & prototyping 0.15 Elderly care 0.24 Care robot 0.04 

Expert interview 0.04 No specific 0.22 Hospitality robot 0.22 

Conceptual/research 0.25 Education 0.02 Social robot 0.12 

Case study 0.02 Home care 0.06 Household robot 0.09 

Review 0.09 Health care 0.04 Robotic agent 0.02 

Evaluation 0.09 Retail 0.04 Frontline robot 0.02 

Survey 0.20 Entertainment 0.02 Shopping assistant 0.02 

Experiment 0.12 FinTech 0.02 Robo-advisor 0.02 

    Teaching assistant  0.02 

With regard to application contexts, Table 2 shows that the use of service robots in public environments 

(e.g., tourism and hospitality) is growing rapidly. Service robots are expected to play as tools and partners. Tools 

imply that service robots are expected to provide physical assistance to humans, while partners are expected to 

engage in service interactions and provide emotional support to humans [10]. Service robots have great potential 

in the context of daily care for the elderly. Service robots are believed to have the potential to support elderly 

individuals’ lives physically, cognitively, and socially, and are also thought to offer a way to fulfil older adults’ 

desire to remain in their own homes and to dispel loneliness [11]. Moreover, service robots show great potential in 

special contexts, such as education [22] and FinTech [26]. 

There are different types of service robots and perform different functions in various service contexts. For 

example, in the hotel context, hospitality robots provide customers with reception and entertainment services. 
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When the term “social robot” has been used to describe a service robot, it is more emphasis on service robots 

participating in social interactions [27]. Social robots have been wide to provide companionship and 

psychological support for customers [6, 28]. For example, Khaksar et al. [28] focused on the PaPeRo robot, which 

was designed to provide emotional interaction. In addition, service robots also have special designations based 

on their duties in some specific service contexts, such as robo-advisors in the FinTech context and teaching 

assistant robots in the education context. 

3.2 What are the technological characteristics of service robots? 

Existing studies focus on the effects of service robots’ participation in service delivery and examine the 

impact of the technological characteristics of service robots on service outcomes and the customer experience in 

service delivery (see Table 3). In the extant literature, service robots can be summarized as having three key 

design characteristics: physical embodiment, social interaction, and data-driven design. The physical 

embodiment emphasizes the dynamic coupling between the brain, body and environment of service robots, with 

particular attention to the physical morphology of service robots [29]. Morphologically, robots can be 

characterized into several groups: anthropomorphic (human-like), zoomorphic (animal-like), caricatured 

(cartoonish) and functional (an appearance that indicates the robot’s core functionality) [30]. Among these 

morphologies, anthropomorphism has attracted the most scholarly attention. Robots with more human-like 

features are more likely to inspire trust, be perceived as more sociable and intelligent, and induce customers to 

rate their usefulness and capabilities higher than mechanical robots [18]. 

Table 3.  Technological characteristics of service robots 

Element Component Construct Percentage 

Physical embodiment Morphology 

Anthropomorphic 0.27 

Zoomorphic 0.04 

Caricatured 0.00 

Functional 0.18 

Social interaction Presence 

Self-presence 0.00 

Physical presence 0.16 

Social presence 0.37 

Data-driven Data acquisition and processing 

Data acquisition 0.35 

Data processing 0.35 

Decision-making 0.27 

The second key technological characteristic of service robots is social interaction. Jorling et al. [16] showed 

that encounters with service robots are perceived as social interactions. Another study [29] uses “presence” to 

refer to how a robotic agent presents to humans. The three types of presence are self, social and physical [31]. In 

existing studies, self-presence is rarely involved, while physical presence has been found to positively impact a 

lot of attitudinal measures [29]. In terms of social presence, the extent to which technology enables customers to 

perceive the existence of another social entity, namely, automated social presence, is a good explanation [18]. 

Service robots have a higher level of social presence than other service technologies because of the combination 

of technology autonomy and physical embodiment [16]. 

Third, data-driven design is considered a significant aspect of service robots and is most salient in three 

capabilities exhibited by these robots: data acquisition, data processing and decision making. Robots are widely 

considered capable of performing complex tasks because they can make decisions autonomously based on the 

data they receive [1]. For example, Portugal et al. [12] described, service robots benefit from a network of sensors 

and monitors, so during activities in the home environment, they collect user and environmental data and store it 

in a database; then they retrieve, parse and process data from the intelligently managed database; and finally, 
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they use cognitive reasoning and intelligent algorithms to make decisions. 

3.3 What are the effects of using service robots in service delivery? 

All of the reviewed articles generally reported positive outcomes and support the effectiveness of service 

robots in service delivery (see Table 4) [1-2, 9, 19], as well as how service robot characteristics influence service 

performance [3, 7, 17-18]. As presented in Table 4, most studies investigated the effects of service robots on the 

cognitional, motivational, social and emotional dimensions of service outcomes. Obviously, cognitional and 

emotional outcomes received more attention from the collected literature (see Table 4). From a cognitional 

viewpoint, we found that the most established variables in service robots are the fundamental elements in the 

technology acceptance model (TAM): perceived usefulness and perceived ease of use [10, 12, 22]. TAM’s 

explanatory power and wide applicability in service robot research were confirmed to determine the adoption of 

service robots [1, 8-9]. However, it is also evident that the adoption of service robots seems to be not fully 

explained by the TAM. For example, based on the TAM, Wirtz et al. [1] proposed the service robot acceptance 

model after considering the social-emotional aspects, humans’ needs, and the congruency of robots with their 

assigned roles. At the same time, cognitive theories such as social cognition theory have been employed to help 

explain the adoption and effects of service robots [6-7, 18]. Moreover, studies have noted the potential risks that 

service robots may pose during service delivery, such as privacy and safety [2, 15, 16, 22]. 

Table 4.  Service outcomes of service robots in service delivery 

Cognitional dimension Percentage Acceptance/intention to use 0.14 

Perceived usefulness/utilitarian 0.51 Engagement 0.24 

Perceived ease of use 0.31 Acceptance/intention to use 0.14 

Perceived credible/effective 0.27 Social dimension Percentage 

Perceived risks (safety, privacy, bias, ethics) 0.22 Connectivity 0.18 

Perceived low cost/service enhancement 0.12 Lack of human touch 0.04 

Perceived response is slow/not very reliable 0.06 Emotional dimension Percentage 

Perceived affinity 0.06 Enjoyment/comfort 0.24 

Perceived controllability 0.06 Companion 0.24 

Perceived dull/inflexible 0.08 Curiosity 0.06 

Perceived ownership 0.04 Skeptical 0.04 

Perceived fear/the uncanny valley 0.04 Trust 0.02 

Perceived aesthetics 0.02 Fresh and surprising 0.02 

Motivational dimension Percentage Horror 0.02 

Motivation 0.27 Satisfaction 0.02 

Engagement 0.24   

The emotional dimension of service robot implementation, especially their hedonic value, has been the 

most prevalent dimension discussed in the collected literature. Studies have found that service robots can 

enhance the hedonic experience (e.g., enjoyment) [2, 10, 32]. The reviewed literature provides significant support 

for the conclusion that the hedonic experiences afforded by service robots can enhance users’ positive attitudes [2, 

20], satisfaction [9, 18], and acceptance [8-9]. These results emphasize that in addition to cognitive determinants, 

emotional factors can also be the driving forces of the adoption of service robots. 

Regarding the social aspect of service robots, studies have found that they can promote the connection 

between customers and the outside world [6, 10, 12, 28], encourage customers to participate in social interaction and 

value co-creation [6, 10, 23], and have motivational value and social value for customers. 



The Twenty one Wuhan International Conference on E-Business－Information Systems and Operations Management      105 

4. DISCUSSION 

4.1 Key findings and future opportunities 

Firstly, this paper combs the relevant literature on the research methods of service robot. It can be seen that 

most studies reviewed adopt qualitative methods. In contrast, quantitative methods are relatively less widely 

adopted. For example, as in van Pinxteren et al. [19] shows, the studies of service robots are scarce and mostly 

descriptive, illustrating the need for experimental research. This suggests that diversified research methods may 

help to bring more enlightenment on service robots. 

Secondly, this paper points out that the service robot has three technological characteristics: physical 

embodiment, social interaction, and data-driven design. The inconsistent understanding of the relationship 

between anthropomorphic robots and customer attitude [24, 25] and the limitations of service robots’ intelligence 

and autonomy [23] need to be addressed in future research. We hope that more research will focus on the links 

and effects between the technological characteristics of service robots and provide conclusive findings. This 

would bring new context-specific insights and provide important guidelines for harnessing the power of service 

robots. 

Thirdly, there are still gaps between consumers’ expectations and actual service outcomes. Service 

providers need to know more about customers’ practical needs to innovate effectively. Customers’ reviews 

would be an interesting way to improve service robots’ design and functionality. At the same time, current 

research focuses more on the positive outcomes of service robot use, emphasizing the potential for value 

co-creation, while less attention has been paid to the possible negative impacts and the possibilities of value 

co-destruction, which should be improved in the future. 

4.2 Implications 

This work makes four contributions: first, as far as we know, this is the first systematic review to explore 

the participation of service robots in service delivery. Second, this paper analyzes the technological 

characteristics of service robots, on which there is currently no consensus among existing studies. Third, we sort 

out the positive and negative outcomes of service robot use from cognitional, emotional, motivational and social 

dimensions. Finally, the research consolidated in this paper provides some insights that enterprises can use in 

deploying service robots. The research results of this paper will enable scholars in related fields to have a deeper 

understanding of service robots and their characteristics, enable managers to clearly understand more 

application scenarios of service robots and the possible positive or negative service outcomes of their 

participation in the service delivery process. To harness the power of these robots, it is important to understand 

their technological characteristics and effects, and this need is especially critical and timely for practitioners 

considering robotic deployment in their operations [17]. 

4.3 Limitation 

An important limitation of this study is the limited scope of the literature we collected, which only met our 

selection criteria. For instance, we only consider studies of service robots participating in service delivery in 

service contexts. By enlarging the pool of articles, future literature review studies may elicit more insights about 

service robots. 

 

5. CONCLUSIONS 

This study provides an overview of the literature on the role and effects of service robots in service 

delivery. Based on a review of 28 papers, we report on how and where service robots have been employed, what 

technological characteristics of service robots have been commonly analyzed, and what potential service 

outcomes service robots may have. The findings of this review indicate that due to their high-tech capabilities, 

service robots are characterized by three technological aspects: physical embodiment, social interaction, and 
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data-driven design. The cognitional, motivational, social and emotional aspects of these robots, and their service 

delivery can have positive or negative outcomes on the customer experience. The research conclusions of this 

paper will have some enlightenment to the academic and practical circles. 
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Abstract: With the prosperity of digital technologies such as cloud computing and intelligent devices, the construction and 

optimization of digital-driven operation management system has become the key to the success of "personalized 

customization+mass production" mode. Taking ShangPinZhaiPei as the research case, this paper deeply analyzes its digital 

operation management system from the perspective of value co-creation. It is concluded that product design and pricing, 

digital processing and production and supply chain management are the core modules and key links of its digital operation 

management system. Among them, the product design and pricing system achieves the front-end value co-creation between 

designers and customers, and between customers and customers by attracting customers to participate in the product design. 

Digital processing and production system realizes the co-creation of sales design and back-end value of production and 

processing through intelligent transformation of production equipment and information transferring; The supply chain 

management system organically combines all links of production and operation by using the integrated information 

integration capability, so as to realize the overall value co-creation. 

 

Keywords: Value co-creation; Digitization; Operations management 

 

1. INTRODUCTION 

With the rapid development of China's socialist market economy and the improvement of people's living 

standards, the contradiction between "structural overcapacity" and "supply-side imbalance" in China's 

manufacturing industry has become increasingly serious. On the one hand, there is a serious surplus of 

standardized low-end products produced on a large scale, resulting in vicious competition among enterprises; 

On the other hand, there is a serious shortage of high-end products that can meet the individual needs of 

consumers. There are two main reasons for this phenomenon: First, the personalized needs of consumers vary 

widely, and most enterprises lack effective ways to accurately locate the personalized needs of customers, or the 

positioning cost is too high; Second, the mass production of personalized customized products needs flexible 

production lines as the support, and it is difficult to overcome the problems of high production cost and long 

waiting time, which greatly reduces the user experience brought by personalized customization to customers. 

All kinds of digital and information technologies are used to optimize and improve the production and 

operation management of enterprises as a whole. The digital operation management system provides a new 

perspective and way to solve this problem. Based on the perspective of value co-creation, this paper takes 

ShangPinZhaiPei as the research case, and makes an in-depth analysis of its development process, evolution 

process of digital operation management system and core modules by case analysis method, with a view to 

expanding the theoretical boundary of value co-creation, and providing reference for personalized customization 

and mass production mode construction of enterprises. 

 

2. LITERATURE REVIEW 

2.1 Value co-creation 

Numerous studies have shown that it is an important characteristic of a successful enterprise to be able to 
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turn value creation alone into value co-creation[1]. Prahalad and Ramaswamy put forward that the interaction 

between enterprises and consumers can improve consumers' personalized experience, thus realizing value 

co-creation[2]. Vargo and Lusch put forward that consumers' input of their own knowledge, skills and experience 

is an important prerequisite for value co-creation[3]. Niu Zhenbang, Bai Changhong and Zhang Hui believe that 

the "point" interaction between customers and employees, the "intersection" interaction between customers and 

customers, and the "face" interaction between customers and enterprises as a whole are three main forms of 

value co-creation[4]. Zhou Wenhui, Wang Pengcheng and Chen Xiaohong insisted that external pressure and 

internal motivation jointly promoted value co-creation, and value co-creation based on interaction and 

experience promoted the realization of mass customization[5]. It can be seen that the internal mechanism of value 

co-creation is still lacking in-depth discussion, but it has become the academic consensus that interaction with 

customers can bring value creation. 

2.2 Digital and operations management system 

With the rapid development of new technologies such as Internet of things, cloud computing and intelligent 

devices, the integration of various digital technologies and business has become a general trend, and has 

important potential value in tapping customer needs, market segmentation, auxiliary decision support, business 

model innovation and so on[6]. Henke et al. proposed that the potential value of data can be better utilized by 

combining data analysis capability with business mechanism and transforming it into specific business 

processes[7]. Porte and heppelmann pointed out that digitization and related technologies have completely 

changed the equipment maintenance mode in the manufacturing process, and effectively improved the reliability 

of the equipment while reducing the cost[8]. Chen Jian, Huang Shuo and Liu Yunhui concluded that the operation 

and management of digital enabled enterprises can better serve the needs of consumers from the aspects of 

demand creation, business design, value co creation, supply chain reconstruction and ecosystem construction, so 

as to create higher business value[9]. The above research shows that the application of digital technology can 

effectively improve the level of enterprise operation and management, but its operation mechanism is still lack 

of systematic and in-depth discussion. 

It can be seen that the existing literature mainly focuses on the discussion of value co creation theory and 

the application of digital technology in operation management system, and lacks the research results of 

systematic analysis of digital production and operation management based on value co creation theory. Taking 

Shangpin home distribution as the research case, this paper deeply analyzes its digital production and operation 

management system from the perspective of value co creation, in order to enrich the value co creation theory 

and provide reference for the improvement of enterprise production and operation management level. 

 

3. CASE STUDY DESIGN 

3.1 Research methods 

The reasons for choosing the case study method in this paper are as follows: firstly, the construction of 

digital operation management system with value co-creation as the core is a process of continuous evolution, 

and case studies based on typical samples can go deep into details, reflect the dynamic evolution process and dig 

deep into the reasons behind the phenomenon; Secondly, the theoretical research on promoting the change of 

digital operation management with value co-creation as the core lags behind the enterprise practice seriously, 

and the case study method helps to refine the theoretical analysis framework, eliminate the interference of 

non-key factors and build a new theoretical system from complex phenomena. In order to ensure the validity 

and consistency of the case study, this case study is carried out according to the steps of "classifying scientific 

problems, collecting and verifying data through multiple channels, sorting out data, analyzing scientific 

problems and writing case study reports". 
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3.2 Case selections 

There are three main reasons for choosing ShangPinZhaiPei (hereinafter referred to as”ShangPin”) as the 

case study object in this paper: First, with the continuous improvement of people's requirements for home 

environment and personalized quality of furniture, the whole house customization of furniture has gradually 

been accepted by consumers and become the development trend of the industry. Since its establishment in 2004, 

ShangPin has been a leader in personalized custom furniture industry in China. It has good industry 

representativeness; Secondly, ShangPin's predecessor was Guangzhou Yfang Software Company (established in 

1994). It has been established for a long time, and has experienced different stages of development, each with its 

own characteristics. The problems and solutions it faces can dynamically reflect the process of advancing and 

perfecting the digital operation management system under the thought of value co-creation and development. 

Thirdly, the digital operation management system lays a solid foundation for the business model of 

"personalized customization and large-scale production" of ShangPin panel furniture, and is closely related to 

the rapid development of ShangPin, which can provide a paradigm for the research of digital operation 

management system. 

3.3 Data sources 

There are three main sources of data in this paper: First, through the field investigation of Homekoo's 

direct-selling headquarters and franchise stores in Beijing, it conducted field interviews with Homekoo's top 

managers , middle managers, grass-roots employees and customers to obtain first-hand information; Second, 

collect second-hand information from ShangPin official website, WeChat Official Account, announcements, 

internal information, external publicity, high-level speeches, media and other channels. 

Table 1  Survey and interview of ShangPin 

Access object Duties 
Interview 

duration 
Interview content 

ShangPin 

employees 

one general manager of 

direct-selling headquarter 
1 hour 

development orientation, production process, quality control, 

after-sales service and differentiated competition with 

competitors 

one store managers 1 hour 
furniture customization procedure, waiting time of each link and 

quality control 

manager of customer department 1 hour the standard of customer service quality 

two sales consultants 2 hours 
operation process of online and offline sales channels and 

benefit distribution mechanism between sales and design links 

three designers 3 hours demonstration of home design software and split order system 

one supervisor 1 hour after sales service process and quality monitoring 

one after sales service 1 hour the response and quality of after sales service 

two customers 1 hour 
satisfaction with customized furniture design, pricing, waiting 

time, installation and after-sales service 

 

4. CASE ANALYSIS 

4.1 Analysis of the Development Process of ShangPin 

Established in 2004, ShangPin was a company that mainly produces and sold whole house customized 

panel furniture, and provided design software and overall information solutions. The predecessor of the 

company was Guangzhou YuanFang Software Company, which was established in 1994. After 27 years of 

development, the company now has five core capabilities, such as "whole house furniture, personalized 
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customization, digital cloud design, mass production and integration of stores and networks". In 2009, the 

company became the top ten most influential home brands. In 2012, it was rated as "the Chinese sample of C2B 

model" by the Chinese edition of Harvard Business Review. In 2013, it won the "Best Business Model of the 

Year Award"; In 2020, it was rated as the "Customization Capital" model enterprise in Guangzhou, and was 

newly listed as "Innovative Brand of the Year". According to the results of investigation and interview, data 

collection and analysis, the development of ShangPin can be divided into three stages. 

 

Figure 1.  Analysis of the development process of ShangPin 

 

Phase 1: Product personalized design + Cabinet customized store (1994-2003) 

In 1994, Guangzhou Yfang Software Company was established (predecessor of ShangPin, hereinafter 

referred to as Yfang Company). The company was jointly funded by Li Lianzhu and Zhou Shuyi of South China 

University of Technology. Its main business is home design software, which can conveniently and quickly tailor 

personalized home solutions for consumers. In order to improve consumer acceptance and quickly open up the 

market, Yfang actively promotes its own software to furniture manufacturers on the one hand; On the other hand, 

a custom cabinet store was opened to provide consumers with design drawings and design schemes free of 

charge. Consumers can communicate with designers, participate in the design and revision of home plans, and 

get the design renderings for free. 

Phase 2: Digital production base + Official online mall (2004-2009) 

IAt the early stage of its development, Yfang's orders were mainly outsourced to downstream furniture 

manufacturers for processing. With the increasing orders, this outsourcing method brought a series of problems, 

such as uneven quality of OEM products, high OEM cost, long delivery period and no guarantee, and poor 

experience of product maintenance and after-sales service [10]. In order to solve this series of problems, Li 

Lianzhu established ShangPin in 2004, officially transforming from a home design software service provider to 

a furniture manufacturer, and making great efforts to build a digital production base with the advantage of home 

design software. On the one hand, the order splitting system is developed based on the existing software, which 

splits customer orders into parts and then generates production instructions. On the other hand, the software part 

of the furniture production equipment is reformed, so that the machine can automatically identify and execute 

the production instructions. In September, 2006, the scheduling software independently developed by ShangPin 

was successfully developed and officially launched. 

At the same time, ShangPin set up Xinju in 2007, and began to lay out the official online direct selling 

platform, moving the design service process to the Internet. Consumers can search and browse the housing 

design cases, put forward the requirements of measuring scale, communicate the design scheme with designers, 

submit orders and track the order production and installation process on Xinju. 
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Phase 3:Informatization transformation + Construction of "C2B + O2O" mode (2010-present) 

Since 2010, ShangPin has started many information process transformations. On the one hand, online and 

offline will be opened up, and the online network and offline physical stores will be deeply integrated through 

the benefit distribution mechanism to build a online to offline with customer experience as the core; On the 

other hand, the whole information transformation of furniture manufacturing back-end is implemented, and the 

integrated information integration of purchasing, placing orders, splitting orders, scheduling, logistics and 

distribution, installation and after-sales service is carried out, which lays a solid digital and information 

foundation for the company's personalized customization and large-scale flexible production. 

4.2 Analysis of digital operation management system from perspective of value co-creation 

The establishment of ShangPin digital operation management system is a process of continuous evolution 

and advancement. It started from the initial personalized home design software, and promoted to order splitting, 

processing scheduling, flexible manufacturing and information integration, integration and upgrading. Digital 

information management of the whole process of ordering, production, logistics, assembly and after-sales has 

been realized, as shown in Figure 2. ShangPin's digital operation management system provides powerful digital 

information support for personalized home customization with low cost and short production cycle, and 

becomes the cornerstone of high-quality and rapid development of ShangPin. ShangPin connects the system of 

product design and pricing, digital processing and production and supply chain management through digital 

operation management system closely, and realizes value creation through information sharing, the following 

will be analyzed from these three aspects: 

 

Figure 2.  Analysis of ShangPin digital management and operation system 

(1) Product design and pricing 

Product design and pricing is the starting point and one of the core modules of ShangPin digital operation 

management system. ShangPin, as an advocate of the whole furniture customization industry, deeply explores 

the personalized needs of customers, and provides customers with a good user experience as its core value and 

core competitiveness. For this reason, ShangPin has trained a large-scale designer team, and provided all-round 

support to the designer team from the aspects of information acquisition of intended customers, design software, 

sales consultants, raw material information, online real-time pricing of products, production and processing, 

door-to-door installation and after-sales service, etc. First of all, the intended customers obtained from the online 

network and offline stores will be quickly transferred to the corresponding designers, and timely arrangements 

will be made for early communication between designers and intended customers, door-to-door measurement, 

and free issuance of preliminary plans, which are generally completed within 1 to 3 days; Secondly, the designer 

and the sales consultant will make an appointment with the customer to go to the store to discuss the design 

scheme in detail, lead the customer to visit the model rooms and samples arranged in the store, show the 

previous design scheme to the customer, communicate with the customer deeply, learn more about the details of 
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the customer's demand (including furniture functional requirements, styles, materials, colors, sizes, etc.), and 

modify the design scheme on the spot according to the customer's demand; Furthermore, once the design 

scheme is determined, the order splitting system in the design software can automatically split the design 

scheme into parts, and give the pricing of the whole design scheme through the parts price set in the system. 

ShangPin's product design and pricing system fully embodies the concept of value co-creation between 

designers and customers, and between customers and customers. First, as a furniture manufacturing industry 

with outstanding personalized features, attracting customers and designers to communicate and participate in 

front-end design together can not only obtain information of customers' consumption preferences, accurately 

locate customers' needs, but also enhance customers' sense of participation in creating their own home 

environment, provide customers with home products that fully meet their personalized needs, improve customer 

satisfaction, and realize the value creation between designers and customers; Secondly, product design software, 

order splitting system and quotation system can provide real-time online quotation for customers, and customers 

can adjust the design scheme locally according to their own budget, so as to obtain furniture products that meet 

their price requirements, and further improve customer satisfaction through cost-performance matching; Thirdly, 

ShangPin has accumulated a large number of design cases of different types and styles, and the customer service 

staff will encourage customers to publish the renderings after installation by giving small gifts, and put the big 

data formed by these design cases on the network for other customers' reference, so as to realize the value 

creation between customers and customers. Therefore, ShangPin product design and pricing system always 

takes customer experience as the core, and attracts customers to deeply participate in the early product design 

process through the interaction between designers and customers, so as to improve customer experience and 

realize the value co-creation between designers and customers and customers. 

(2) Digital processing and production 

Digital processing and production system is an important link and way for ShangPin to create back-end 

value. Customized furniture must overcome the problem of flexible production. Only by reducing production 

cost and improving production efficiency can mass customization be realized. ShangPin R&D team invested a 

lot of manpower and material resources, and finally successfully developed the scheduling system through 

unremitting efforts, and finally built a digital production base through intelligent transformation of production 

equipment and information docking. First of all, once the customer plan is determined to generate an electronic 

order online, the order splitting system will automatically split the electronic order into parts, and get the 

quotation of the design plan through the price set by the parts; Secondly, once the customer pays the order 

payment (generally full payment), the designer will execute the ordering instruction, and the scheduling system 

will convert the parts information produced by the order splitting system into production documents and 

production instructions; Furthermore, production documents and production instructions are important 

information of digital production and operation management of ShangPin. On the one hand, the purchasing 

department will be required to purchase and distribute raw materials from raw material suppliers according to 

the production documents and production instructions; on the other hand, the production documents will split 

different pieces of furniture into pieces, analyze the production process of each piece on the assembly line, and 

arrange the equipment for customized production. After the pieces are distributed to the places designated by 

customers, the installers will assemble the pieces into pieces of customized furniture. 

ShangPin's digital processing and production mainly solves two core problems: first, the integration 

between personalized customization and mass production. Because personalized customized furniture varies 

widely, the traditional mode has high production cost, long production cycle and high rejection rate, which 

makes it difficult to form large-scale flexible production capacity (for example, supporting the same production 

capacity requires more production equipment, longer conversion and waiting time, more production workers, 
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etc.). ShangPin digital production base converts different products into homogeneous plates with the help of 

computer control and intelligent production equipment, so as to realize low-cost, short-cycle and large-scale 

production, which plays an important role in supporting the rapid development of the company. Second, 

information integration. Digital processing and production system is an important foundation for ShangPin to 

realize information integration. Designers, sales consultants, installers, quality supervisors and after-sales 

service personnel can inquire about the order status in real time according to their respective authority, find and 

deal with various existing problems timely and accurately, and provide better user experience for customers. 

Therefore, the digital processing and production system is the core part of ShangPin's operation management 

system. It can closely link the sales department, design department and production and processing department, 

provide better service for customers and realize the creation of back-end value. 

(3) Supply chain management 

Digital information technology plays an important role in ShangPin supply chain management. It provides 

strong support for its efficient and convenient supply chain management. On the one hand, ShangPin has 

accumulated a large number of customers and related data since its employment, which can accurately predict 

the demand scale of products. In addition, the personalized customized furniture products adopt the mode of 

"pay first and then produce", so that ShangPin can accurately predict the demand of raw materials and 

production, arrange the purchasing plan reasonably and effectively, and control the risk of shortage while 

reducing the waiting time, storage cost and capital occupation of raw materials. At the same time, arrange the 

production plan reasonably and effectively, make full use of intelligent production equipment, and reduce the 

waiting time and conversion cost in the production process of different plates; On the other hand, ShangPin 

adopts the "O2O" mode to integrate online and offline information, and provides inquiry channels for customers 

through WeChat Official Account and official website. Customers can check the order status at any time, arrange 

the delivery and installation time reasonably, and feed back the problems in the production and installation 

process at any time. After-sales service personnel and quality supervisors will deal with customer feedback in a 

timely manner. In addition, ShangPin uses the digital operation management system to monitor, analyze and 

optimize the whole production and operation process, regularly report the operation management analysis, and 

continuously improve the production and operation management level. 

After many information process transformations, ShangPin's supply chain management ability has been 

greatly improved, the storage cost of raw materials has been reduced by more than 30%, the customer order 

cycle (referring to the time required from the customer to the door-to-door installation) has been controlled 

within 30 days, and the customer satisfaction has been improved to more than 90%. Therefore, ShangPin uses 

the digital operation management system to continuously consolidate and improve its supply chain management 

ability, and organically combines the raw material purchasing end, sales design end, production and processing 

end, logistics distribution end, installation and after-sales end, so as to realize the overall value co-creation. 

Figure 3.  Value co-creation analysis of ShangPin digital management and operation system 
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5.CONCLUSIONS 

Based on the theory of value co-creation, this paper makes an in-depth study of ShangPin digital operation 

management system. It concludes that the construction and continuous optimization of digital operation 

management system is the key to the success of ShangPin's "personalized customization+mass production" and 

"C2B+O2O" modes, and product design and pricing, digital processing and production and supply chain 

management are the core modules and key links of its digital operation management system. Product design and 

pricing system can attract customers to deeply participate in front-end product design, and realize the value 

creation between designers and customers, customers and customers. Digital processing and production system 

can divide personalized customized furniture into homogeneous plates, and realize the co-creation of sales 

design and back-end production and processing value through intelligent transformation of production 

equipment and information docking. The supply chain management system makes full use of the integrated 

information integration capability of ShangPin digital operation management system, and organically combines 

raw material purchasing end, sales design end, production and processing end, logistics distribution end, 

installation and after-sales end, so as to realize the overall value creation. 

There are the following shortcomings in this paper: First, there is a certain degree of particularity in the 

furniture whole house customization industry (for example, customers are willing to participate in front-end 

design, and splitting orders into panels can be realized, etc.). For other industries, its universality may be lacking; 

Second, this paper only makes a single case analysis of ShangPin. In the future, to enhance the stability of the 

research conclusion multi-case comparative study can be considered. 
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Abstract: Live streaming has opened up a new way to sell products, with streamers playing a leading role. While live e-

commerce streaming is becoming more and more common, the question of how to attract viewers and increase conversion 

rates has become a problem for streamers. Early researchers observed that individual consumer emotions play an important 

role in increasing impulsivity, which leads to impulse purchases. Streamers have attracted increasing scholarly attention as an 

important factor influencing consumers' purchase decisions in live streaming, and there is a lack of research on streamers' 

influence on impulsive purchase behavior . The aim of this study is to explore the factors that influence consumer impulse 

buying in live streaming and to explore how the characteristics of live streamers influence impulse buying behavior (IBB) 

through consumers' perceived value (utilitarian and hedonic value). The results show that the streamer's humor and expertise 

influence consumer perceived value, and that perceived value plays a mediating role in the effect of streamer's humor and 

expertise on impulse purchase. 

 

Keywords: live streaming, streamer characteristics, impulse buying, perceived value 

 

1. INTRODUCTION 

As of December 2020, the scale of China's live streaming users reached 617 million, up 57.03 million from 

March 2020, accounting for 62.4% of the overall netizen. Since 2013, China has become the world's largest e-

tailing market for eight consecutive years, and live streaming has become a popular shopping method for users, 

with 66.2% of live streaming users having purchased live goods (China Internet Network Information Centre, 

2021)[1]. In China, leading e-commerce platforms such as Taobao and Jingdong have embedded live-streaming 

channels into their platforms. 

When presenting a product through live streaming, the streamer in the process of product presentation will 

enable consumers to get closer to the overall image of the product, including appearance, smell, and quality (Hu 

and Chaudhry, 2020)[2], live streaming promotes authenticity, visibility, and interactivity in the process of selling 

a product or service, and the streamer is able to answer consumers' queries in time. This overcomes the 

disadvantages of traditional online shopping and greatly increases consumers' willingness to buy 

(Wongkitrungrueng and Assarut, 2020)[3].  

Live rooms generally set up visual stimuli, which in turn influence the value perceived by consumers, such 

as the gong-banging behavior in Austin's live room, but few scholars have studied the impact of value on 

consumers' impulse buying behavior (IBB), which is an unplanned behavior that is made as a result of certain 

stimuli (Piron, 1991). With rapid socio-economic development, impulse buying are becoming a higher proportion 

of our daily purchasing activities and impulse buying is gradually becoming a mainstream phenomenon in China 

(Lu et al., 2015)[4]. Therefore, it is reasonable to explore the influence of the perceived value of consumers in the 

live room on their impulse buying behavior (IBB). 

Drawing on the stimulus-organism-response (SOR) framework and consumers' perceived value, this study 

explores the impact of the behavioral characteristics of streamers in live streaming on impulse buying behavior 
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through consumers' perceived value (perceived utilitarian value (PUV) and perceived hedonic value (PHV) ). To 

achieve the objectives of this study, the following research questions were asked: 

 Are there characteristics of top streamers that can be ordinary streamers replicate? 

 Do consumers perceive value when guided by streamers? Which value (PHV and PUV) is perceived? 

 Do these PUV and PHV influence consumers' impulse buying behavior (IBB)? 

 

2. THEORETICAL BACKGROUND 

2.1 The stimulus-organism-response (SOR) model 

Developed by Woodworth (1928), the SOR framework is a common underlying theory in impulse buying 

and forms the basis of consumer behavior research. Perceived value is generated when consumers are stimulated 

by various aspects of the live streaming streamer's behavior , which leads to an impulse purchase response. The 

SOR framework is a model developed for the stimulus response (S-R) approach (Chan et al., 2017) and consists 

of three components:  

 Stimulus: triggers that stimulate consumers (streamers' characteristics); 

 Organism: consumers' internal assessments (PUV and PHV); 

 Response: consumers' reactions to online impulse purchase drivers and the consequences of their internal 

assessments (Zhu et al., 2020) (impulse buying behavior (IBB) ). 

2.2 Streamer characteristics 

As live streaming is one of the forms of social media that is primarily designed to give viewers a more 

intuitive way to learn about product or service information online. Drawing on previous scholarly research, we 

divide the main characteristics of streamers into two areas: (1) the expertise and trust factor related to streamer 

competence; (2) the humor factor related to streamer communication style. 

2.2.1 Trustworthiness 

Gefen (2003) classified consumer trust into personal-based trust, cognitive-based trust, knowledge-based 

trust and computational-based trust. Person-based trust, also known as the propensity to trust, is the tendency of 

individuals to believe and trust others, either willingly or unwillingly, and is a personality trait of individuals 

(Rotter, 1967)[5]. The tendency for personal trust is particularly important in the early stages of relationship 

development and becomes less important as the number of actual interactions with the other person increases 

(McKnight, 1998). This trust is based on the belief that the other person is well-meaning and reliable, and comes 

about in the absence of past experience. In the area of consumer trust research, scholars have noted that the 

characteristics of the trusted person can have an impact on consumer trust (Doney, 1997). 

2.2.2 Expertise 

Expertise is demonstrated through an individual's extensive knowledge, skills and abilities in a particular 

field (Mayer et al., 1995), and is conveyed by the extent to which the streamer knows the product and the 

information about it during the broadcast, with consumers perceiving the streamer's expertise as he or she explains 

information about the product or service. When information comes from a source with a high level of expertise, 

it can have a significant impact on individuals' attitudes, beliefs and behaviors (Ladhari et al., 2020)[6].  

2.2.3 Humor 

Humor is defined as a characteristic that is funny and comedic, and is one of the effective tools for creating 

a pleasant atmosphere when communicating with others (Phua and Kim, 2018)[7]. Humor is often used in 

interpersonal communication and has a positive impact on social interactions, as humour and laughter strengthen 

interpersonal bonds and allow people to experience emotional release and joy in the process (Hou et al., 2020). 

Previous research has shown that humorous messages are more persuasive, and humorous advertising has been 

adopted by most businesses, with scholars suggesting that humorous advertising can enhance consumer attention 
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and lead to positive evaluations, purchase intentions and other beneficial outcomes (Scott et al., 1990). 

2.3 Consumer perceived value 

Babin (1994)[8] argues that consumers' subjective experiences influence consumer behavior and classifies 

perceived value as hedonic value (PHV) and utilitarian value (PUV). Hedonic value views the consumer shopping 

process as a pleasurable, emotional consumption process that focuses on the consumer emotions triggered by the 

product or service; utilitarian value is the pursuit of the utility value of the product or service and views the 

consumer shopping process as a rational, task-oriented endeavour that focuses on the acquisition and actual 

functional benefit performance of the product or service. 

People can derive utilitarian value not only by purchasing the products they are looking for, but also in the 

process of gathering valuable information for future purchasing decisions. Hedonic value includes characteristics 

such as pleasure and arousal, consumers can also be motivated by perceived hedonic value, which represents the 

entertainment, emotional and experiential benefits they perceive during the activity (Babin et al., 1994). Therefore, 

we believe that consumers can obtain perceived utilitarian value and hedonic value from streamers' performance 

in live streaming. 

2.4 Impulse buying behavior  

The vast majority of scholars consider impulse buying behavior to be an unplanned, external stimulus-

induced, on-the-spot, immediate decision of purchasing (Piron et al., 1991). Weinberg (1982)[15] suggests that 

impulse buying is a spontaneous purchase by a consumer who has a strong emotional response to a stimulus in 

the environment, and thus lacks rational thought.  

In summary, impulse buying behavior is, in general, the act of a consumer without a purchase plan, stimulated 

by an external stimulus to purchase and actually buys the product. Numerous previous studies have shown that 

in-store ambience, such as lighting, music and smells, can influence consumers' shopping moods and their 

purchasing behavior , and that well qualified and competent sales staff can help to motivate consumers to make 

impulse purchases. (Crawford and Melewar, 2003).  

 

3. RESEARCH MODEL AND HYPOTHESIS DEVELOPMENT 

3.1 Streamer characteristics and consumer perceived value 

Scholars have often focused on interpersonal trust and the moral dimensions of trusting relationships, 

defining trust as "the acceptance that the other person has the opportunity to harm us, but that we are confident 

that the other person will not do so" (Baier, 1994). Mayer et al. (1995)[10] argue that trust is "the consumer's belief 

that the trader is trustworthy and therefore willing to suffer harm. This belief includes a belief in the competence, 

goodwill and integrity of the trusted person". Thus, if consumers have a certain level of trust in the streamer, then 

consumers will find the message conveyed by the streamer trustworthy and generate utilitarian value. 

H1: Streamer’s trustworthiness is positively related to perceived utilitarian value (PUV) of consumers 

Wu et al. (2018) demonstrated that consumers are able to make decisions through expert advice, and that 

consumers tend to ask for expert advice and make decisions based on their own realities. The more well-informed 

the streamer is about various aspects of product information, the more insightful advice he or she can give to 

consumers, allowing them to successfully select the most suitable product without spending extra effort. In 

addition, highly skilled product streamers, who are usually knowledgeable in the live streaming, will not only 

provide one-on-one service, but will also be able to learn new things. As a result, consumers will perceive great 

utilitarian value in the live streaming with the help of the streamers. 

H2a: Streamer’s expertise is positively related to perceived utilitarian value (PUV) of consumers 

Live streaming is a real-time product display on a media platform. Usually, the streamer will be in front of 

the screen for physical display or trial, through the display of the product, consumers can clearly see the overall 
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structure of the product. For example, when the streamer is trying on clothing or make-up trial, the streamer will 

generally carry out clothing walk or diversified display, consumers can not only see the effect of the product on 

the body, but also enjoy the fun the streamer brings during the process.  

H2b: Streamer’s expertise is positively related to perceived hedonic value (PHV) of consumers 

Humor is a communication strategy that scholars have noted can bring enjoyment and emotional release 

(Sternthal and Craig, 1973)[11]. By using humor skills, individuals are able to create a cheerful atmosphere when 

interacting with others, creating a relaxed and comfortable atmosphere for the person they are communicating 

with (Phua and Kim, 2018)[12]. Even if the consumer has no intention to buy, but is influenced by the pleasant 

atmosphere through the streamer, he/she can quickly develop a positive feeling towards the product or service that 

the streamer is promoting, which leads to a purchase behavior . 

H3: Streamer’s humor is positively related to perceived hedonic value (PHV) of consumers 

3.2 Consumer perceived value and impulse buying 

In the live streaming, the streamer usually introduces the product information and shows and tries out the 

actual product, during which the consumer can clearly feel the overall effect of the product and make their own 

judgement. This is especially true for technology products, where the streamer will generally provide knowledge 

and recommend products on demand, which can stimulate consumers to make impulse purchases. Thus, we 

believe that the utilitarian value that consumers feel in the live streaming can lead to their impulsive purchase 

decisions. 

H4: Consumer's perceived utilitarian value (PUV) is positively correlated with impulse buying behavior  

In a hedonic context, previous research has identified a strong link between emotional responses and 

impulsivity (Cinjarevic et al., 2011). The main stimulant for impulse buying is exposure to contextual stimuli 

(Setyani et al., 2019)[13],The contextual stimuli created by the live streaming triggers an emotional response in 

consumers, and positive emotions can increase consumers' motivation to buy, thus facilitating them to make 

impulse purchases (Boyi et al., 2015). Thus, we hypothesise that the hedonic value that consumers feel under the 

guidance of the streamer leads to impulse purchases. 

H5: Consumer's perceived hedonic value (PHV) is positively correlated with impulse buying behavior  

 

Figure 1.  Research model 

 

4. RESEARCH DESIGN AND DATA COLLECTION 

4.1 Scale design 

The questionnaire consists of two main parts, the first of which is the measurement of the variables, with 
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appropriate adaptations and modifications to the items based on the use of established scales. Specifically, the 

trust variable was mainly adapted from the scale developed by scholar Ohanian (1990); the expertise items were 

adapted from Wu et al.'s (2018) scale; and to measure humor, one of its measurement scales was adapted from 

Zhang et al. (1996) and three from Thorson and Powell's (1993) multidimensional humor scale in the humor 

Dimensions of Productivity and Creativity. Items measuring utilitarian and hedonic value were adapted from 

Picot-Coupey et al. (2020), Rintamäki et al. (2006), and Wongkitrungrueng (2018). All items were measured using 

a five-point Likert scale (1 = “strongly disagree” to 5 = “strongly agree”). 

The second part of the questionnaire is for the collection of basic personal information, such as gender, 

income, occupation, etc. As the respondents were mainly from China, we followed the reverse translation method 

proposed by Bhalla and Lin (1987). The questionnaire was translated into Chinese with some modifications to 

suit the context of live streaming. In addition, three postgraduate students familiar with research related to live 

streaming were invited to check the questionnaire and to adjust some items that were not easily understood. 

4.2 Data collection 

After revising the questionnaire, we created the questionnaire on the Chinese questionnaire website 

(https://www.wenjuan.com/) and sent it electronically through the questionnaire platform on Weibo, QQ groups 

and WeChat. We have set some trap questions to ensure the quality of the questionnaire. A total of 262 

questionnaires were collected, and 212 valid questionnaires were obtained after removing some invalid ones. 

Of the 212 valid questionnaires collected, the majority (61.3%) are female, with a lower percentage (38.7%) 

being male, but previous research has found that women tend to be more likely to make impulse purchases than 

men (Silvera et al., 2018), so this is considered reasonable. In terms of age, the majority of the population is 

concentrated in the 18-25 years old range (70.3%), and there are reports that the post-90s and 00s are the main 

online shoppers today (thepaper.cn/baijiahao, 2020), so the age structure should also be appropriate. Overall, in 

this survey, the sample was collected in general agreement with the corresponding literature and data, with 

descriptive statistics as shown in Table 1. 

Table 1.  Demographic statistics 

Characteristics Category Frequency Percentage 

Gender Male 82 38.7% 

 Female 130 61.3% 

Age Below 18 6 2.8% 

 18-25 149 70.3% 

 26-35 40 18.9% 

 36-50 17 8.0% 

Education Junior college or below 37 17.5% 

 Undergraduate degree 113 53.3% 

 Postgraduate degree or higher 62 29.2% 

Occupation Student 106 50.0% 

 Working 91 42.9% 

 Others 15 7.1% 

Monthly income Below 2000 yuan 82 38.7% 

 2000-5000 yuan 68 32.1% 

 5001-8000 yuan 37 17.5% 

 8001-10000 yuan 16 7.5% 

 Over 10000 yuan 9 4.2% 
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5. DATA ANALYSES AND RESULTS 

5.1 Measurement models 

5.1.1 Preliminary tests 

After data collection, a preliminary sample test was conducted using SPSS27 to determine if the sample data 

could be used for factor analysis. The preliminary sample test yielded a KMO value of 0.941, a Bartlett's chi-

square value of 3431.775 and a Cronbach's Aloha coefficient of 0.956, so the sample data could be used for factor 

analysis. 

5.1.2 Reliability tests 

Table 2.  Results of reliability and convergent validity analysis 

Construct Item 
Factor 

loading 
AVE 

Composite 

Reliability 

Cronbach's 

Alpha 

Trust (TRU) TRU1 0.889 0.736 0.893 0.891 

 TRU2 0.804    

 TRU3 0.878    

Expertise (EXP) EXP1 0.722 0.557 0.834 0.844 

 EXP2 0.784    

 EXP3 0.728    

 EXP4 0.750    

Humor (HUM) HUM1 0.802 0.642 0.878 0.877 

 HUM2 0.799    

 HUM3 0.792    

 HUM4 0.812    

Utilitarian value (UV) UV1 0.755 0.509 0.806 0.800 

 UV2 0.700    

 UV3 0.723    

 UV4 0.674    

Hedonic value(HV) HV1 0.762 0.582 0.848 0.841 

 HV2 0.752    

 HV3 0.758    

 HV4 0.780    

Urge to Buy Impulsively (UBI) UBI1 0.768 0.600 0.857 0.856 

 UBI2 0.779    

 UBI3 0.788    

 UBI4 0.763    

The results of the validation factor analysis using AMOS24 are shown in Table 2. In terms of reliability, the 

Cronbach index is used as the test index and all the α value are found to be higher than 0.7, indicating that the 

reliability of the questions meet the requirements and the average variance extracted (AVE) of each dimension are 

also higher than the threshold value of 0.5. In addition, the combined reliability (CR) value are all higher than the 

threshold value of 0.7, indicating that the internal consistency of the variables in the questionnaire is not a problem. 

For discriminant validity, the diagonal line in Table 3 is the square root of AVE, and the square root of AVE 

for each dimension is greater than the correlation coefficient between the dimensions; therefore, each dimension 

in this study is sufficiently differentiated from the other dimensions, indicating good discriminant validity. 
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Table 3.  Results of discriminant validity analysis 

 TRU EXP HUM PUV PHV UBI 

TRU 0.858      

EXP 0.516 0.746     

HUM 0.526 0.456 0.801    

PUV 0.454 0.478 0.432 0.713   

PHV 0.447 0.390 0.498 0.404 0.763  

UBI 0.471 0.459 0.445 0.448 0.468 0.775 

Notes: Diagonal elements (in bold) are the square root of AVEs of constructs. 

5.2 The structural model 

5.2.1 Model fit 

In this paper, the structural equation model in AMOS24 software was used to fit the hypothetical model. 

Model fit: CMIN/DF = 2.493, GFI = 0.810, CFI = 0.901, NFI = 0.847, IFI = 0.902, RMESA = 0.084. The fit 

indices of the model meet the recommended value (see table4), indicating a good fit (Bentler, 1983). 

Table 4.  Over all model adaptation 

Index Recommended value This research Evaluation 

CMIN/DF < 3 2.493 good 

GFI > 0.90 0.810 Acceptable 

NFI > 0.90 0.847 Acceptable 

IFI > 0.90 0.902 good 

CFI > 0.90 0.901 good 

RMSEA < 0.08 0.084 Acceptable 

5.2.2 Path analyses 

For the path analysis the proposed hypotheses were validated using the AMOS.24 software. As shown in 

Table 5, we present all the validation results. The results show that the expertise of the streamer has a significant 

effect on consumers' perceived utilitarian value (PUV) (β=0.992, p<0.001) and perceived hedonic value (PHV) 

(β=0.393, p<0.001), similarly, the humor of the streamer has a significant effect on consumers' perceived hedonic 

value (PHV) (β=0.629, p<0.001). In addition, both perceived utilitarian value (PUV) (β=0.391, p<0.05) and 

perceived hedonic value (PHV) (β=0.547, p<0.001) has a significant effect on impulse buying (UBI). While the 

streamer trust has no significant effect on consumers' perceived utilitarian value(H1), this is explained by the fact 

that online consumers have become more rational today, focusing more on the product itself and weakening the 

influence of factors outside the product to determine whether they need to buy it. 

Table 5.  Path coefficients and t-value 

Hypothesis Path Standardized coefficient T-value Support 

H1 TRU→UV -0.047 -0.813 No 

H2a EXP→UV 0.992*** 8.780 Yes 

H2b EXP→HV 0.393*** 3.860 Yes 

H3 HUM→HV 0.629*** 6.323 Yes 

H4 UV→UBI 0.391** 2.777 Yes 

H5 HV→UBI 0.547*** 4.405 Yes 

Notes: *** p < 0.001;** p<0.05. 
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Figure 2.  Structural equation model analysis results 

5.2.3 Mediation effect tests  

Hayes' (2009)[14] Bootstrapping method was used to verify the mediation effect. As shown in Table 6, we 

used streamer characteristics as the independent variable, consumer impulse buying (UBI) as the dependent 

variable, and consumer perceived value (PUV and PHV) as the mediator. The results show that consumers' 

perceived utilitarian value (95% CI: [0.702, 14.449]) and perceived hedonic value (95% CI: [0.38, 0.89]) fully 

mediate the effect of the streamer's expertise on impulse buying, while perceived hedonic value (95% CI: [0.919, 

5.435]) partially mediate the effect of the streamer's humor on impulse buying, suggesting that the streamer's 

humor not only has a direct effect on consumers' impulse buying behavior, but also mediate through perceived 

hedonic value. 

Table 6.  Mediation effect test 

Path 
Indirect 

effect 

Direct 

effect 

Bootstrapping 

Bias-Corrected 

95% CI 

Mediation type 

observed 

Lower Upper 

EXP→UV→UBI 1.915 -1.106 ns 
0.702 14.449 

Full mediation 
-13.544 0.115 

EXP→HV→UBI 0.575 0.241 ns 
0.38 0.89 

Full mediation 
-0.011 0.505 

HUM→HV→UBI 1.515 -0.801 
0.919 5.435 

Partial mediation 
-4.319 -0.222 

Notes: ns = non-significant. 

 

6. DISCUSSIONS AND IMPLICATIONS  

6.1 Discussion of the findings 

In this study, we investigated how the streamer's trustworthiness, expertise and humor enhanced consumers' 

perceived value and in turn their impulse buying behavior. The findings are discussed below. The results support 

most of the hypotheses and lead to valuable insights. Firstly, of these characteristics of streamers, expertise is the 

most important factor as it has a significant impact on both consumers' perceived utilitarian value and perceived 

hedonic value(H2), with humor also showing a significant impact on consumers' perceived hedonic value(H3). 

Furthermore, both perceived utilitarian value and perceived hedonic value have a significant impact on impulse 

buying behavior (H4), with hedonic value having a more significant impact than utilitarian value(H5), confirming 
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the view that “enjoyment”' is considered to be the main motivation for impulse buying (Baumgartner, 2002)[14]. 

Finally, we also did a partial pathway mediation test. While for humor characteristics, perceived hedonic 

value played a partially mediating role, demonstrating that streamers' humor characteristics have a direct impact 

on consumers' impulse purchases. It is evident that streamers' humor can have a direct impact on consumers' 

impulse purchases and that emphasis should be placed on the development of streamers' humor traits. 

6.2 Theoretical implications 

This study enriches the existing literature on live streaming in the e-commerce bandwagon category by 

providing an examination of the impact of streamer characteristics in the e-commerce live streaming space. It is 

possible to identify the live streaming platform, the streamer and the consumer as the most important components 

of live streaming. The existing literature focuses on the characteristics of live streaming (Wongkitrungrueng and 

Assarut, 2020)[3], the design features of the live streaming platform (Guan et al., 2019), and the usage motivations 

of streamers and consumers (Cai et al., 2018). However, researchers seem to ignore the influence of streamers. In 

this study, we divided the perceived value into two dimensions, utilitarian and hedonic, to explore its impact on 

IBB in terms of the value consumers perceive by the streamer characteristics. 

This study lays the groundwork for future research in this area. In addition, previous research on live 

streaming has focused more on purchase intention (Lee and Watkins, 2016; Park and Lin, 2020) and continuous 

viewing intention (Chen and Lin, 2018) in live streaming. The main dependent variable in this article is consumer 

impulse buying behavior , and we investigate the impact of consumer PUV and PHV on IBB, and our results show 

that PUV and PHV plays a significant mediating role in the influence of streamer characteristics on consumers' 

impulse behavior, enriching and extending the study of IBB. 

6.3 Practical implications 

According to the results of our study, the impact of trustworthiness is subtle. In contrast, consumers are more 

concerned with the humor and expertise of the streamer. Therefore, streamers should focus more on product-

related knowledge than on trust. We recommend that streamers go through a systematic process of learning about 

the products they recommend in order to answer consumers' questions and help them choose more appropriate 

and higher quality products. In addition, our research demonstrates that streamers' humor has a significant impact 

on consumers' perceived hedonic value, and streamers should develop a sense of humor to increase their appeal. 

The important role of utilitarian and hedonic value in influencing consumers' willingness to make impulse buying 

suggests that products and entertainment remain central to live shopping. Access to specialist product information 

is a core consumer need.  

Therefore, presenting product information and with providing entertainment should be the focus of live 

content. In addition, streamers should reinforce consumers' perception of hedonic value. By embedding 

entertainment features into the live content to create an enjoyable live atmosphere, these positive feelings can 

attract more popularity build-up. As research has demonstrated, positive emotions can increase consumers' 

motivation to buy, thereby facilitating impulse purchases (Fan and Zhang, 2006). Specifically, streamers should 

increase the diversity of their live content and enhance the delivery of humor. According to Hirschman (1980), 

consumers with a propensity for impulse buying are seekers of variety, novelty and surprise, and streamers should 

constantly vary their broadcasts and diversify their broadcasts. 

 

7. LIMITATION AND FUTURE RESEARCH 

This study still has several limitations that can be addressed in future research. Firstly, the sample size of this 

study is limited, and it is targeted at the vast majority of women and university students, which may be 

unrepresentative; secondly, there are many other sources of information in live streaming, i.e. Streamer 

characteristics, such as enthusiasm, appearance and sense of interaction, etc. More variables can be tried from 
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different scenarios in the future to further discuss the impact of streamer characteristics on consumers' impulsive 

purchasing behavior ; finally, consumers' memories of previous shopping experiences may become blurred over 

time and the feelings they recall about the streamer may change, so future research would be better served by 

using other methods to collect data or employing experimental methods to manipulate variables. 
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Abstract: Incorporating machines into the traditional prediction market can create hybrid intelligence. To leverage the 

potentials of the human-machine hybrid information market, this study investigates the impacts of two elements of human-

machine interaction design, machine participation, and machine disclosure, on prediction performance. The results of the 

experiment in this study reveal that simply disclosing machines will harm the prediction performance, as it may decrease 

humans’ deliberation effort. The findings also suggested two competing effects of machines participation on prediction 

accuracy. The positive influence comes from the intensive competition context brought by machines which enable humans to 

have desires to win and motivates them to put more deliberate efforts into decision-making. However, in the condition of 

intensive competition, humans tend to trade in large magnitude, which will lower the prediction performance. These findings 

provide implications for human-machine hybrid market design. 

 

Keywords: Hybrid prediction market, Human-computer interaction, Prediction accuracy 

 

1. INTRODUCTION 

The information market, also termed the prediction market, is an effective tool to synthesize heterogeneous 

opinions to predict future events, such as political election prediction, geopolitical events, sports, and economic 

indicator movement [1]. The research gaps in the information market, the mixed findings in finance experiments, 

and the practice requirements of AI motivate us to study the research question: How do the introduction of 

machines and disclosure of their presence affect the prediction accuracy of information markets? 

According to decision theory, competitive arousal model and cognitive load theory, we construct the research 

model based on literature on collective intelligence and human-machine interaction. 

 

Figure 1.  Research model 
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2. RESEARCH METHODOLOGY AND RESULTS 

To conduct the experiment, we designed an information market (https://m.imzhuge.com/). we adopt the 

second method and develop a logarithmic market scoring rules (LMSR) market which has been widely applied in 

the area of information market [2, 3]. The tasks in our experiment are one-day ahead predictions of stock price up-

down in China. Four well-known listing companies, Kweichow Moutai (stock code: sh600519), Eastmoney (stock 

code: sz300059), Industrial & Commercial Bank of China (stock code: sh601398), and Contemporary Amperex 

Technology (stock code: sz300750), were selected as the prediction targets. 

Participants were randomly assigned to one of the three scenarios: (1) no machines are introduced and no 

disclosure of machine presence (no_introduce_no_disclose, H), (2) machines are introduced but their presence is 

not disclosed (yes_introduce_no_disclose, No), (3) machines are introduced, and their presence is disclosed to 

humans (yes_introduce_yes_disclose, Yes). We did not create a condition of no_introduce_yes_disclose, which 

does not have machines but disclosed their presence, since it is also not legal and ethical to do so in the field of 

real-world AI applications. The results of hypotheses testing are shown in Table 1. 

Table1.  Hypotheses Testing 

Hypotheses Path Coefficients T value 

introducing machines -> deliberation effort (H1a was supported) 1.058 9.965*** 

introducing machines -> belief update frequency (H1b was not supported) -0.228 0.160n.s. 

introducing machines -> trade magnitude (H1c was supported) 0.810 11.59*** 

introducing machines -> prediction performance (H2 was not supported) -0.169 1.292n.s. 

machine disclosure -> deliberation effort (H3a was supported) -0.616 5.90*** 

machine disclosure -> belief update frequency (H3b was supported) -0.269 1.22* 

machine disclosure -> trade magnitude (H3c was supported) -0.163 1.70# 

deliberation effort -> human decision quality (H4 was supported) 0.350 2.417* 

belief update frequency -> human decision quality (H5 was supported) 0.093 3.38# 

human decision quality -> prediction performance (H6 was supported) -0.298 2.708** 

trading magnitude -> deliberation effort (H7a was supported) -0.462 3.532*** 

trading magnitude -> belief update frequency (H7b was not supported) -0.183 1.011n.s. 

Note: n.s. Non‐significant. *P <.05. **P <.01. ***P <.001. #P <.1. Coefficient values with p<0.1, p<0.01, p<0.05, and p<0.001 are in bold. 

 

3. CONCLUSION AND DISCUSSIONS 

This study investigates how the introduction of machines and the disclosure of their presence affects humans' 

decision-making quality and prediction performance. First, to the best of our knowledge, we are one of the first 

to introduce human behaviors as drivers for prediction performance in a human–machine hybrid information 

market. Second, the results revealed two competing influences of introducing machines on human behaviors. 

Third, the results verified that simply disclosing machine presence will harm the performance of the hybrid 

information market, as it will decrease humans’ deliberation effort. All of these findings are of great significance 

both in theory and in practice. Future studies could investigate the factors influencing human trade frequency. It 

is also valuable for future studies to assess the validity of our results for larger populations with more financial 

experience. Additionally, we could also run a long-term hybrid information market to check whether machines’ 

negative effects diminish as humans adapt to machines. 

 

https://m.imzhuge.com/
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Abstract: Systematically combing and deeply understanding users’ innovation resistance behavior of facial recognition 

payment is of positive significance to the product innovation and customer relationship management of service providers. 

Through integrating innovation resistance theory, privacy calculus theory, and Antecedents-Privacy Concerns-Outcomes 

model, this article proposed a research model. Research data (N=494) is collected by questionnaire and hypotheses were 

analyzed by structural equation modeling. The results show that facial privacy concerns positively influence perceived payment 

risks and negatively influence perceived payment benefits in three behaviors. Additionally, perceived payment risks positively 

influence opposition and rejection, while perceived payment benefits negatively influence postponement and opposition. As 

for the moderation effect, gender and platform trust are successively tested throughout the process, and the effect is various in 

different resistance behaviors.  

 

Keywords: Innovation resistance behavior; Information privacy; Facial recognition payment; Structural equation modeling 

 

1. INTRODUCTION 

With the popularity of intelligent mobile terminals and the maturity of information technology, the mobile 

payment services provided by banking and non-banking financial institutions are gradually integrated into 

people’s daily life. Simultaneously, facial recognition payment (FRP), which has been considered as an 

outstanding innovative science and technology in the field of mobile payment, has attracted the attention of 

industries. In short, FRP is based on facial recognition technology and captures human images and compares them 

with previously recorded images in a database [1]. The unique facial features are conveniently captured compared 

to traditional payment methods. 

Just as a coin has two sides, most innovative technologies have their advanced side and worrying side. The 

facial information required for FRP is closely related to individuals’ biological characteristics, which is more 

sensitive to privacy compared to name, signature, phone number, and residential address [2]. Therefore, FRP not 

only brings convenience for consumers, but also causes concerns about information privacy. In practice, the 

damage caused by the leakage or abuse of face information is more serious than ordinary personal information [2]. 

At present, the application of FRP ought to be explored while related researches are still in the development 

stage. Generally, existing researches can be divided into four categories: Firstly, researches on the supervision and 

governance of FRP. The regulations and regulatory agencies in different countries are different, and the 

corresponding supervisory standards need to be improved with the application of technology. Secondly, researches 

on the related technologies of FRP. Some scholars have explored innovative solutions to optimize the security and 

efficiency of FRP, while standardized facial recognition technology and system application mode still need to be 

further explored [2]. Thirdly, researches exploring users’ FRP behavioral characteristics by qualitative research 
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methods. For instance, Zhong et al.[3] revealed that perceived enjoyment, facilitating conditions, personal 

innovativeness, coupon availability, perceived ease of use, perceived usefulness, and users’ attitude positively 

influence consumers to use FRP. Besides, scholars often adopted models from information system, such as TAM, 

UATAM and other models [3, 4]. Fourthly, researches on the privacy of face information. The commonly used 

theories are trust theory, privacy computing theory, privacy paradox, and information boundary theory. From the 

perspective of information, ethics, and behaviors, researches contain qualitative researches on privacy 

characteristics and privacy protection, and quantitative researches on influencing factors of privacy concerns, 

privacy trust, privacy leakage [5, 6]. In summary, the first and the second category of research are becoming more 

and more saturated, with the continuous maturity of technology and the gradual improvement of regulatory policy 

system. On the other hand, the third category of research and the fourth category of research are becoming more 

and more important, with the continuous promotion of industrial application to the depth and breadth. Nowadays, 

consumers generally show varying degrees of concern, and some consumers have taken innovation resistance 

behavior.  

Through the literature review, we found two research gaps that need to pay more attention. Firstly, innovation 

resistance is a resistance behavior continuously from positive or habitual resistance to active resistance behavior, 

and contains three forms of postponement, opposition, and rejection [7]. There are few empirical studies on the 

above three subcategories of consumers’ innovation resistance behavior to FRP. Secondly, previous studies have 

demonstrated that gender and platform trust significantly influence consumers’ intention when online purchase, 

mobile payment, and information privacy, but their roles on FRP have not explored. Therefore, two research 

questions (RQs) were proposed: 

RQ1: what are the influencing factors of three forms of consumers’ innovation resistance behavior of FRP? 

RQ2: How does the moderation effect of gender and platform trust affect consumers’ innovation resistance 

behavior of FRP? 

To solve the RQs above, this research is tested by the Structural Equation Modelling (SEM) method, which 

is beneficial to the relations of variables and the statistical significance. The moderation effect of gender and 

platform trust is also explored. Innovation resistance theory, privacy calculus theory (PCT), and Antecedents-

Privacy Concerns-Outcomes model (APCO) are applied, which contribute to reveal individuals’ decisions about 

privacy disclosure and factors to affect privacy concerns. 

The remainder is organized as follows. The next section presents the theoretical background. Then, section 

3 introduces the theoretical hypothesis, and section 4 describes the research methodology and data analysis. 

Afterward, section 5 discusses the results and gives some discussions and implications. Finally, section 6 describes 

limitations and future research directions. 

 

2. THEORETICAL BACKGROUND 

2.1 Innovation Resistance Theory 

Innovation resistance is the natural response of consumers to the change of status quo caused by innovative 

technology [7]. From the perspective of adoption behavior, innovation resistance behavior includes three types, 

namely postponement, opposition, and rejection. Among the three dimensions, rejection adoption is the strongest 

resistance. Postponement means that consumers prefer to wait for the development of innovation and delay using 

the products or services, even if consumers can accept current innovation. Opposition indicates that consumers 

are persuaded that the innovative product is unsuitable, which leads to attacking the innovative product by creating 

negative word of mouth. Rejection shows that consumers do not adopt innovative products or services, and 

consumers’ natural conservatism will impact the rejection. With the development of the conception of innovation 

resistance, scholars have gradually understood the influencing factors of innovation resistance, such as 
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environmental factors, technical reliability, consumer openness, perceived usefulness, perceived risk, perceived 

benefits [4, 8]. 

2.2 Antecedents-Privacy Concerns-Outcomes (APCO) model 

The APCO (antecedents-privacy concerns-outcomes) model integrated the Information Boundary Theory 

(IBT) and previous research results of privacy. The APCO model is constructed as an integrated organism, and 

indicated that the comprehensive consideration of antecedents and outcomes of privacy concerns could effectively 

enhance the value of empirical researches on information privacy. This model summarized five antecedents that 

affect privacy concerns, namely privacy experience, privacy awareness, personality differences, demographic 

differences, and culture/climate. Meanwhile, taking privacy concerns as independent variables, the outcomes of 

privacy concerns are summarized and extracted, such as behavioral response, perceived risk, perceived benefits. 

The APCO model also includes the conception of privacy calculus-a cognitive analysis used by individuals to 

determine their behavioral reaction by risk and benefit [9]. 

2.3 Privacy calculus theory (PCT) 

Privacy Calculus Theory (PCT) was first put forward by Culnan and Armstrong[9]. PCT regarded the 

individual’s decision-making behavior on privacy disclosure as a kind of computing behavior, and explains why 

individuals participate in information-sharing behaviors despite the privacy concerns. In the process of trade-off, 

negative consequences are rationally weighed against goals and possible outcomes, aiming to maximize benefits 

and minimize the risks of information disclosure [10]. In PCT, perceived benefits are consumers’ expected judgment 

of service benefits, while the perceived risks are consumers’ expected judgment of possible adverse effects after 

information disclosure. Under different technology and research circumstance, the performance of privacy 

computing and the trade-off of consumers’ privacy decisions will be different. Privacy computing theory has been 

widely applied in researching privacy information-related behaviors such as privacy protection and privacy 

disclosure. 

 

3. THEORETICAL HYPOTHESES 

3.1 Facial privacy concerns 

Privacy concerns refer to consumers’ concerns about collecting and using personal information by platforms 

and institutions. Individuals have the right to decide how to transmit their private information, and they will 

perceive higher risks and lower benefits of information disclosure with higher information sensitivity and privacy 

concerns[11]. As facial recognition technology matures, facial privacy concerns occur. Consumers have to provide 

their facial biometric information, and make the information stored in the database to authenticate. In this study, 

facial privacy concerns refer to consumers’ concerns about the collection and use of facial information in the 

context of FRP. When consumers pay more attention to facial privacy, they will perceive higher payment risks 

and lower benefits. Based on the above analysis, the hypotheses are put forward: 

H1: Facial privacy concerns positively affect perceived payment risk; 

H2: Facial privacy concerns negatively affect perceived payment benefits. 

3.2 Perceived payment risks 

Perceived risk indicated the uncertainties in e-commerce and impeded consumers from making business 

decisions [12]. Research have proved that perceived risks influenced consumers’ attitudes and purchase behaviors 

[12]. In this study, perceived payment risks refer to the technical security risk, financial loss risk, and privacy 

exposure risk perceived by consumers in the process of FRP. Technical security risk refers to the risk of product 

performance or function failure caused by face recognition technology, financial loss risk refers to the loss of 

capital and property, and privacy exposure risk refers to the risk of illegal collection and abuse of individual 

information. When consumers perceive the higher degree of payment risk, they will perform innovation resistance 
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behavior: postponement, opposition, or rejection. Based on the above analysis, the hypotheses are put forward: 

H3(a): Perceived payment risks positively affect consumers’ postponement behavior; 

H3(b): Perceived payment risks positively affect consumers’ opposition behavior; 

H3(c): Perceived payment risks positively affect consumers’ rejection behavior. 

3.3 Perceived payment benefits 

Perceived benefits refer to consumers’ potential benefits and positive benefits subjectively perceived by 

products or services [13]. According to the privacy computing theory, perceived benefits is one of the important 

factors affecting consumers’ attitudes and behaviors, and the influence of perceived benefits on consumers’ 

behaviors has been verified. Liang and Shiau[14] found that consumers’ perceived value affects consumers’ 

behavior to use services under the influence of privacy concerns. In this study, perceived payment benefits refer 

to the convenience and usefulness of services perceived by consumers in the context of FRP. When consumers 

perceive higher payment benefits, they are more willing to postpone and correspondingly reduce their tendency 

to oppose and reject. Based on the above analysis, the hypotheses are put forward: 

H4(a): Perceived payment benefits positively affect consumers’ postponement behavior; 

H4(b): Perceived payment benefits negatively affect consumers’ opposition behavior; 

H4(c): Perceived payment benefits negatively affect consumers’ rejection behavior. 

3.4 The moderation effect of gender 

Existing privacy literature left mixed conclusions on gender and privacy protection and disclosure behaviors. 

On the one hand, gender is related to privacy concerns, and females showed more privacy concerns behaviors [15]. 

Gender tends to process the available information in the online market differently, resulting in different adoption 

behavior. On the other, gender significantly influences consumers to perceived risks and benefits, and women 

perceived more risks [16]. Perceived benefits and perceived risks indicate consumers’ psychological and emotional 

perceptions of an online product or service, which influence consumers’ purchase decisions. When using FRP, 

men and women with different facial privacy concerns have different psychological perceptions and information 

processing. Thus, we postulate: 

H5(a): Gender moderates the relationship of facial privacy concerns to perceived payment risks; 

H5(b): Gender moderates the relationship of facial privacy concerns to perceived payment benefits. 

3.5 The moderation effect of platform trust 

Trust, a confidence belief that consumers’ personal information submitted to the service provider can be 

handled reliably and safely, plays an important role in affecting consumers’ privacy protection and disclosure 

behaviors[17]. The higher degree of trust between the individual and the platform, the lower individual’s awareness 

of information security precautions[18]. Chen et al.[19] explored the moderating effects of gender and trust on the 

relationships of perceived benefits and risks on users’ online behavior, and revealed that trust moderated perceived 

risks and satisfaction. This study believes that platform trust refers to the degree of consumers’ trust in the platform 

which provides FRP service. The stronger consumers’ perception of platform trust, the lower effect of perceived 

risks on consumers’ innovation resistance behavior. The stronger consumers’ perception of platform trust, the 

stronger effect of perceived benefits on consumers’ innovation resistance behavior. Therefore, we postulate: 

H6(a/b/c): Platform trust negatively moderated perceived risks on consumers’ 

postponement/opposition/rejection behavior; 

H7(a/b/c): Platform trust positively moderated perceived benefits on consumers’ innovation 

postponement/opposition/rejection behavior. 

Based on the discussion above, the research model is shown in Figure1. 



The Twenty one Wuhan International Conference on E-Business－Human-machine/robot interaction                  133 

 

Figure 1. Research model 

 

4. RESEARCH METHODOLOGY 

4.1 Survey design and data collection 

In the pre-test phase, 15 researchers in related fields and 15 consumers who have not used FRP were invited 

to conduct the questionnaire twice. The final questionnaire contains consumers’ information and main modules. 

All items are based on the original related literature and adjusted according to the research background. Items are 

measured by the 7-point Likert scale. The variable of facial privacy concerns come from Malhotra et al.[20]；

Perceived payment risks come from Pavlou[21]；perceived payment benefits come from Bhattacherjee[22]；

Postponement, opposition and rejection come from Szmigin and Foxall[7]. In the phase of collecting data, this 

questionnaire was distributed on a well-known questionnaire platform. At first, 792 questionnaires were received. 

After screening, 494 questionnaires were valid. 

4.2 Descriptive analysis 

The objects of this survey are consumers who have not used FRP. They are mainly 18-35 years old (75.7%), 

with slightly more men (56.7%), and their education levels are primarily undergraduate and master’s degrees 

(81.8%). The time of using mobile payment is within 1-5 years (77.5%), and the frequency of no less than once a 

month is 74.5%. In the following analysis, reliability was measured by the value of Cronbach’s α, Composite 

Reliability (CR), the AVE value and R2. When the α value and CR value are larger than 0.7, the variables have 

high consistency. When the AVE value is greater than 0.5 and the AVE square root is greater than the correlation 

coefficient, the model has a good verification effect. R2 is considered acceptable in the range of 0.1-0.2 in 

consumer behavior research [23]. The models of consumers’ postponement, opposition, and rejection all have a 

good explanatory power. Besides, SmartPLS 2.0 was used to calculate the path coefficient and significance level. 

4.3 Analysis of consumers’ innovation resistance behavior of postponement 

The results of the model of postponement were shown. According to Figure2, H1 (t=6.707***, p<0.001), H2 

(t=6.905***, p<0.001) and H4 (t=5.020***, p<0.001) were supported, while H3 was rejected (t=1.322, p=0.187). 

With regard to the moderation effect, gender moderated the relationship of facial privacy concern to perceived 

payment benefits (H5b: t=3.413***, p<0.001), and platform trust moderated the relationship of perceived payment 

benefits to postponement (H7a: t=3.851***, p<0.001). Besides, H5a (H5b: t=1.028, p=0.304) and H6a (H5b: 

t=0.720, p=0.472) were rejected.  
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Note: ***, **, * represent p<0.001, p<0.01, p<0.05 respectively. The solid line with arrow indicates that the hypothesis is valid, while the 

dotted line indicates that the hypothesis is not valid. 

Fig2. Results of consumers’ innovation resistance behavior of postponement to adopt the FRP 

4.4 Analysis of consumers’ innovation resistance behavior of opposition 

As illustrated in Figure3, H1 (t=13.042***, p<0.001), H2 (t=7.588***, p<0.001), H3 (t=3.781***, p<0.001) 

and H4 (t=2.467*, p<0.05) were supported. As for the moderation effect, H5a (t=0.543, p=0.588), H5b (t=1.401, 

p=0.162) and H7b (t=0.878, p=0.381) were rejected except for H6b (t=1.977*, p<0.05), indicating that platform 

trust moderated the relationship of perceived payment risks to opposition. 

 
Note: ***, **, * represent p<0.001, p<0.01, p<0.05 respectively. The solid line with arrow indicates that the hypothesis is valid, while the 

dotted line indicates that the hypothesis is not valid 

Fig3. Results of consumers’ innovation resistance behavior of opposition to adopt the FRP 

 

4.5 Analysis of consumers’ innovation resistance behavior of rejection 

According to the results in Figure4, H1 (t=8.207***, p<0.001), H2 (t=8.013***, p<0.001) and H3 (t=2.083*, 

p<0.05) were supported, while H4 (t=0.230, p=0.818) were rejected. All the hypotheses about moderators were 
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rejected.  

 

Note: ***, **, * represent p<0.001, p<0.01, p<0.05 respectively. The solid line with arrow indicates that the hypothesis is valid, while the 

dotted line indicates that the hypothesis is not valid 

Fig4. Results of consumers’ innovation resistance behavior of rejection to adopt the FRP 

 

5. DISCUSSION 

5.1 Discussion of results 

Above all, facial privacy concerns positively affect perceived payment risks and negatively affected 

perceived payment benefits in the three innovation resistance behaviors. The higher consumers pay attention to 

facial privacy, the higher payment risks and lower payment benefits are perceived. After that, the results of 

perceived payment risks and perceived payment benefits show that: Perceived payment risks have no impact on 

postponement, while positively influence opposition and rejection; Perceived payment benefits positively 

influence postponement, while negatively influence opposition and have no impact on rejection. The influence of 

perceived payment risks on postponement is weakened, and consumers tend to wait and see due to benefits which 

will trigger postponement. This may be because consumers pay more attention to benefits and ignore risks even 

after privacy calculation [24]. Besides, consumers will take rejection behavior when they feel a high level of facial 

privacy concerns and risks no matter what the benefits are. 

In addition, the moderation effects of gender and platform trust indicate that: For one thing, gender moderates 

the relationship of facial privacy concerns to perceived payment benefits in consumers’ postponement behavior, 

especially for women. The existing literature also proved that women have a higher awareness of privacy 

protection and are more sensitive to perceived benefits [15]. For another, platform trust positively moderates the 

relationship of perceived payment benefits to postponement, and negatively moderates the relationship of 

perceived payment risks to opposition. Platform trust not only influences consumers’ awareness of information 

protection and privacy concerns, but also moderates the effect of consumers’ perceived risks and benefits on their 

behavior [18, 19]. 

5.2 Theoretical implications 

Two theoretical contributions are pointed: Firstly, this research explored information privacy on the context 

of FRP. The proposed model expanded the scope of information privacy research, and integrated the APCO model 

and privacy calculation theory. Besides, the influencing factors of consumers’ innovation resistance behavior of 

FRP were summarized through literature investigation. On this basis, three kinds of consumers’ innovation 
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resistance behavior of postponement, opposition, and rejection are empirically verified. Secondly, this research 

investigated the moderation effect of gender and platform trust. Gender is an individual’s characteristic, and 

platform trust is an external condition that influences consumers’ judgments on products. Men and women have 

different methods to process information, and perceive different risks and benefits while shopping online [16]. After 

that, platform trust further moderates consumers’ innovation resistance behavior when weighing perceived 

payment risks and perceived payment benefits. Therefore, this research provides several interesting insights into 

consumers’ innovation resistance behavior by the combinations. 

5.3 Practical implications 

As far as facial privacy concerns are concerned, three suggestions are proposed. Firstly, product designers 

need to optimize products and upgrade services. For instance, strengthening privacy encryption technologies like 

image desensitization. Secondly, the managers should improve the privacy policy. On the one hand, they should 

actively feedback policy suggestions and assist regulatory governments in improving the national privacy 

protection laws. On the other hand, they should strengthen industry self-discipline. The regulatory approach in the 

EU (through the GDPR) can be referred to. Thirdly, the promotion and operation personnel should pay attention 

to the feedback about FRP, to ensure that the advantages can be correctly recognized and create a friendly 

atmosphere to accept FRP. 

Based on perceived payment risks and perceived payment benefits, product designers need to first pay 

attention to reducing the security risks, financial risks, and privacy risks of FRP products. Consumers’ perception 

of payment risks can be reduced by ensuring the security of financial transactions, maintaining smooth property 

loss complaint channels, and monitoring the probability of data theft. Secondly, the promoters can formulate more 

personalized external incentive measures apart from price concessions. Unique incentives can be created by 

innovation ecosystem from interfirm cooperation, such as in the form of video website members, virtual currency 

in products, and game coupons.  

As for the moderation effect of gender and platform trust, product designers should notice that women 

perceived more enjoyment while using FRP, and pay more attention to product/service prices. Firstly, various 

beauty filters can be added to increase the novelty of FRP. Secondly, a detailed and simple explanation of privacy 

safety guarantees should be displayed before consumers use the service to reduce concerns. Thirdly, the promoters 

can concentrate on advertising the good reputation and high quality of the FRP platform to eliminate consumers’ 

concerns and increase consumers’ trust in the platform. 

 

6. LIMITATIONS AND FUTURE RESEARCH 

Primarily, the discussion of individual factors of consumers deserves further exploration in the research 

content. Other individual characteristics also impact innovation resistance behavior, such as age differences, 

personal innovation, relative experience. After that, the research method can be improved with the combination 

of other methods in behavioral researches. For instance, user behavior portrait analysis can draw more interesting 

conclusions. Cross-contrast analysis can analyze the dynamic process of consumers’ innovative resistance to FRP. 

 

7. CONCLUSION 

Integrating innovation resistance theory, privacy calculus theory, and Antecedents-Privacy Concerns-

Outcomes model, this research empirically analyzed the formation mechanism of consumers’ innovation 

resistance of FRP. The moderation effects of gender and platform trust were also explored. Finally, implications 

for researchers and practitioners were also provided, which will enrich present academic research and has practical 

values in understanding consumers’ innovation resistance behavior. 



The Twenty one Wuhan International Conference on E-Business－Human-machine/robot interaction                  137 

ACKNOWLEDGEMENT 

This research was supported by the National Natural Science Foundation of China under Grant 72074174 

and Major Research Project of Philosophy and Social Sciences of the Ministry of Education of China under Grant 

20JZD024. 

 

REFERENCES 

[1] Sukhija P, Behal S, Singh P. (2016). Face recognition system using genetic algorithm. Procedia Computer Science,  85: 

410-417. 

[2] Zhang N, Zhang N, Xu Y, et al. (2019). Molecularly imprinted materials for selective biological recognition. 

Macromolecular rapid communications, 40(17): 1900096. 

[3] Zhong Y, Oh S, Moon H C. (2021). Service transformation under industry 4.0: Investigating acceptance of facial 

recognition payment through an extended technology acceptance model. Technology in Society, 64: 101515. 

[4] Liu Y-l, Yan W, Hu B. (2021). Resistance to facial recognition payment in China: The influence of privacy-related factors. 

Telecommunications Policy, 45(5): 102155. 

[5] Wu K-W, Huang S Y, Yen D C, et al. (2012). The effect of online privacy policy on consumer privacy concern and trust. 

Computers in Human Behavior, 28(3): 889-897. 

[6] Akhtar Z, Rattani A. (2017). A face in any form: new challenges and opportunities for face recognition technology. 

Computer, 50(4): 80-90. 

[7] Szmigin I, Foxall G. (1998). Three forms of innovation resistance: the case of retail payment methods. Technovation, 

18(6-7): 459-468. 

[8] Mohtar S, Abbas M. (2020). Consumer resistance to innovation due to perceived risk: Relationship between perceived 

risk and consumer resistances to innovation. Journal of Technology and Operations Management, 10(1): 1-13. 

[9] Culnan M J, Armstrong P K. (1999). Information privacy concerns, procedural fairness, and impersonal trust: An 

empirical investigation. Organization science, 10(1): 104-115. 

[10] Keith M J, Thompson S C, Hale J, et al. (2013). Information disclosure on mobile devices: Re-examining privacy 

calculus with actual user behavior. International Journal of Human-Computer Studies, 71(12): 1163-1173. 

[11] Xu H, Teo H-H, Tan B C, et al. (2009). The role of push-pull technology in privacy calculus: the case of location-based 

services. Journal of management information systems, 26(3): 135-174. 

[12] Kim D J, Ferrin D L, Rao H R. (2008). A trust-based consumer decision-making model in electronic commerce: The 

role of trust, perceived risk, and their antecedents. Decision Support Systems, 44(2): 544-564. 

[13] Li H, Wu J, Gao Y, et al. (2016). Examining individuals’ adoption of healthcare wearable devices: An empirical study 

from privacy calculus perspective. International journal of medical informatics, 88: 8-17. 

[14] Liang C-C, Shiau W-L. (2018). Moderating effect of privacy concerns and subjective norms between satisfaction and 

repurchase of airline e-ticket through airline-ticket vendors. Asia Pacific Journal of Tourism Research, 23(12): 1142-

1159. 

[15] Hoy M G, Milne G. (2010). Gender differences in privacy-related measures for young adult Facebook users. Journal of 

Interactive Advertising, 10(2): 28-45. 

[16] Park J, Amendah E, Lee Y, et al. (2019). M‐payment service: Interplay of perceived risk, benefit, and trust in service 

adoption. Human Factors and Ergonomics in Manufacturing & Service Industries, 29(1): 31-43. 

[17] Krasnova H, Veltri N F, Günther O. (2012). Self-disclosure and privacy calculus on social networking sites: the role of 

culture. Business & Information Systems Engineering, 4(3): 127-135. 

[18] Benamati J H, Ozdemir Z D, Smith H J. (2017). An empirical test of an Antecedents–Privacy Concerns–Outcomes 

model. Journal of Information Science, 43(5): 583-600. 

[19] Chen Y, Yan X, Fan W, et al. (2015). The joint moderating role of trust propensity and gender on consumers’ online 



138                The Twenty one Wuhan International Conference on E-Business－Human-machine/robot interaction 

shopping behavior. Computers in Human Behavior, 43: 272-283. 

[20] Malhotra N K, Kim S S, Agarwal J. (2004). Internet users' information privacy concerns (IUIPC): The construct, the 

scale, and a causal model. Information systems research, 15(4): 336-355. 

[21] Pavlou P A. (2003). Consumer acceptance of electronic commerce: Integrating trust and risk with the technology 

acceptance model. International Journal of Electronic Commerce, 7(3): 101-134. 

[22] Bhattacherjee A. (2001). Understanding information systems continuance: An expectation-confirmation model. MIS 

quarterly, 25(3):351-370. 

[23] Junglas I A, Johnson N A, Spitzmüller C. (2008). Personality traits and concern for privacy: an empirical study in the 

context of location-based services. European Journal of Information Systems, 17(4): 387-402. 

[24] Barth S, De Jong M D. (2017). The privacy paradox–Investigating discrepancies between expressed privacy concerns 

and actual online behavior–A systematic literature review. Telematics and Informatics, 34(7): 1038-1058. 

 



The Twenty one Wuhan International Conference on E-Business－Human-machine/robot interaction                  139 

Short Research Paper 

Does an AI Streamer Have Feelings?The Influence of the Positive Emotions 

of AI Streamer on Consumers’ Purchase Intention 

Yuanyue Feng1*, Xiaona Li2, Rongkai Zhang3 

College of Management, Shenzhen University, Shenzhen, 518060, China 

 

Abstract: Streamers have become significant participants in pushing sales as the livestreaming commerce sector is growing 

rapidly. However, livestreaming commerce businesses are currently constrained by the high expense of human streamers and 

their limited online time. As a result, the AI streamers began to enter the studio, resulting in increased trading chances. But 

can AI streamers satisfy consumers and produce good sales performance? In this paper, projecting from both emotional and 

cognitive perspectives, we examine the impacts of AI streamer’s positive emotions on consumers’ purchase intention. This 

study has the potential to provide guidance for the development of livestreaming commerce platform and AI streamer design 

technology.  

 

Keywords: AI streamer, livestreaming, positive emotions, purchase intention 

 

1. INTRODUCTION 

Under the catalysis of COVID-19, the livestreaming commerce industry has been developing rapidly. At present, 

AI Streamer can realize 7*24 hours livestreaming, continuously bring recommendation traffic and transaction 

opportunities, and finally realize the improvement of GMV (Gross Merchandise Volume). According to iQiyi's 2019 

Virtual Idol Observation Report, nearly 400 million people in China are following various types of AI streamers. Until 

2020, the virtual idol market revenue has reached 200 billion, doubling in just two years. The Commission of AI 

streamer Luo Tianyi in livestreaming commerce is as high as nine hundred thousand RMB, far more than Li Jiaqi and 

other top human streamers. 

AI streamer has many advantages in the livestreaming commerce industry. But for consumers, can they accept this 

type of streamer? More specifically, can they be induced by the positive emotions of the AI streamers to purchase just 

like watching livestreaming by human streamers? Only limited efforts have been made to address this issue. Existing 

studies on the livestreaming commerce have suggested that streamers’ characteristics can influence consumers’ 

purchase intention through trust and social interaction (Awad & Ragowsky, 2008)[1], whereas few studies have 

examined such effects from an emotional perspective. In addition, the few studies adopting an emotional view have 

argued that streamers’ positive emotions influence consumers’ purchase intention through emotional contagion 

(Meng et al., 2021) [2]. However, whether the AI streamers’ positive emotions can play a similar role remains unknown. 

In addition, based on the theory of emotional contagion, individuals may possess different levels of emotion 

assimilation competency (Tee, 2015) [3]. Some consumers might be powerful catchers of emotions (assuming the 

senders’ emotions), who are thus more likely to be affected by other people’s emotions. Therefore, the emotional 

contagion of AI streamers might be moderated by the different levels of consumer emotion assimilation competency. 

Apart from the emotional contagion perspective, consumers might not expect that the AI streamers, as a robot, can 

express positive emotions before they watch the livestreaming. Based on the expectation disconfirmation theory, when 

AI streamers express positive emotions, consumers’ ex-ante expectations will be disconfirmed and thus are more 

likely to feel satisfied and purchase the products (Brill et al., 2019) [4]. Therefore, from a cognitive point of view, the 

positive emotions of the AI streamers can also affect consumers’  purchase intention through expectation 

disconfirmation. However, no studies have tried to examine such an effecting path. Moreover, several studies suggested 
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that individuals’ expectations might be influenced by their personal sense of power (Duanmu et al., 2018) [5]. Hence, it 

is also imperative to know whether the sense of power will moderate the effect of positive emotions on purchase 

intention through expectation disconfirmation. 

Therefore, the current study aims at examining the effects of positive emotions of AI streamer on consumers’ 

purchase intention through both the emotional contagion and expectation disconfirmation perspectives. The research 

questions of this study are:  

1. How do AI Streamer’s positive emotions affect consumers’ purchase intention through emotional contagion? 

How is such effect moderated by individual differences in emotional contagion? 

2. How do AI Streamer’s positive emotions affect consumers’ purchase intention through expectation 

disconfirmation? How is such effect moderated by the sense of power of consumers? 

The contributions of this paper are as follows: First of all, we extend the emotional contagion theory to the context 

of AI streamers in livestreaming commerce. We expect that the positive emotions of AI streamers will enhance 

consumers’ purchase intention through the contagion of positive emotions of pleasure and arousal. Secondly, we 

propose that in the specific context of AI streamers, the expectation disconfirmation will also play an important role in 

explaining the effects of streamers’ positive emotion on purchase intention. Thirdly, we also considered the contingent 

conditions of emotional contagion and expectation disconfirmation by introducing the level of emotion assimilation 

competency and sense of power as the moderators. 

 

2. THEORETICAL FOUNDATION AND HYPOTHESES 

2.1 AI streamer in livestreaming commerce 

Scholars have begun to pay attention to the influence of streamers on consumers’ purchase intention in 

livestreaming commerce. For instance, Eroglu et al (2003) used the SOR model for the first time to explore the 

influence of various stimuli on consumers' purchase intention in a live streaming commerce environment [6]. They 

found that there are multiple stimuli such as streamers, real-time bullet screen and product information. For another 

example, Fei (2021) adopted an eye movement tracking experiment and found that audiences would give priority to the 

features of streamers [7]. Chen (2021) empirically found that streamers disclose themselves and possess high expertise 

knowledge will attract their followers to impulse buying [8]. From the perspective of emotional contagion, Meng (2021) 

found that the language and behavior of e-commerce streamers, especially those of Internet celebrities, would affect 

consumers' emotions, thus driving more purchase intention [2].  

As discussed in the above studies, streamers’ characteristics, such as language and emotions, have been proved to 

have an impact on consumers’ purchasing behavior. However, the research subject in the above studies are all human 

streamers, and there is no research investigating the question of whether and how the language or emotional 

characteristics of AI streamers affect consumers’ purchase intention. At present, the livestreaming commerce industry 

is desperate for 24-hour non-stop live streaming capability. With the maturity of AI streamer technology, more and more 

AI streamers will take over the sales task of human streamers. Therefore, this problem needs to be solved urgently. 

2.2 Effects of AI streamer’s positive emotions on purchase intention: emotional contagion perspective 

Emotional contagion is the process by which one person (or group of people) influences the emotions of another 

person or group of people through the induction of conscious or unconscious emotional states (Rymarczyk et al., 2019) 

[9]. In social interactions, people tend to capture the emotions of others, such process is known as emotional contagion. 

As scholars enrich the theory of emotional contagion, the application of emotional contagion has been extended from 

psychology to service and marketing. This stream of research focuses on the emotional contagion between marketers 

and consumers (Meng et al., 2021)[2]. 

In the process of marketing and selling products, the emotion of marketers will affect the purchase decision of 

consumer. It has been found that the positive emotions of sales person can transmitted to consumers and invoke their 

purchase behaviors (Meng et al., 2021) [2]. However, in the context of livestreaming commerce, whether and how the 
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positive emotions of AI-based streamer can be transmitted to consumers and impact their purchase intention remain 

unknown. Without a deep understanding of the underlying mechanisms, it is difficult for programmers to design 

effective AI streamers for livestreaming commerce. 

2.2.1 Pleasure and arousal as positive emotions 

Many psychologists have described emotion as a series of dimensions, with pleasure-displeasure, 

arousal-nonarousal, and dominance-submissiveness being the three bipolar dimensions of emotion (Russell & 

Mehrabian, 1977)[10]. Russell (1980) suggested that the dominance-submissiveness dimension can be eliminated [11]. By 

analyzing the influence of shopping emotion on shopping behavior, Donovan (1994) confirmed that pleasure emotion 

and arousal emotion are sufficient to represent the positive emotional response to external stimulus [12]. In subsequent 

studies, the positive emotion model then has only two dimensions, pleasure, and arousal (Wirtz & Bateson, 1999) [13]. 

Pleasure is the degree to which a person feels good, happy, contented, or joyful in a situation (A. & A., 1974). Arousal is 

the degree to which a person feels excited, alert, stimulated, awake, or active in a situation (Monsuwé et al., 2004) [14]. 

When AI streamers display positive emotions such as pleasure and arousal, consumers might be infected and feel happy 

and excited as well, which makes them satisfied and boost their purchase intention. Therefore, we postulate: 

H1a: Pleasure and satisfaction play a chain mediating role in the relationship between AI streamers’ 

positive emotions and consumers’ purchase intention. 

H1b: Arousal and satisfaction play a chain mediating role in the relationship between AI streamers’ 

positive emotions and consumers’ purchase intention. 

2.2.2 Different levels of consumer emotion assimilation competency 

Literature on emotional contagion also suggested that different individuals will have various competencies to feel 

and assimilate emotions. Verbeke (1997) explored the differences in emotional contagion among individuals in a sales 

context and classified individuals into sympathetic and numb based on their ability to be emotionally contagious by 

others [15]. Sympathetic individuals are more easily infected by the emotions of others, and numb individuals are more 

indifferent in interpersonal interactions. Similarly, Gountas & Gountas (2007) found that from the consumers’ side of 

the service interaction, it is reasonable to assume that personality differences cause consumers to experience different 

responses to emotional stimuli [16]. The Empathetic types are receptive to emotions by other people and the Expansives 

are not able to feel empathy and they do not feel nor receive emotions from others, that is, they are unaffected by 

emotions. Extrapolating such logic to the context of livestreaming by AI streamers, consumers’ difference levels of 

emotion assimilation competency will play a critical role in regulating the influence path of AI streamers' positive 

emotions on their purchase intention. Based on that, it is necessary to study the moderating effect of different levels of 

emotion assimilation competency on the effecting path between AI streamers and consumers’ purchase intention. 

We believe that sympathetic consumers are more easily infected by the positive emotions of the AI streamers 

during livestreaming commerce, which leads to their pleasurable and arousing emotions. Numb consumers, on the other 

hand, are less susceptible to emotional contagions. Therefore, hypotheses H2a and H2b are proposed: 

H2a: Different levels of consumer emotion assimilation competency have a positive moderating effect on the effect 

of AI streamers’ positive emotions on consumers’ purchase intention through pleasure and satisfaction. That is, the 

stronger the consumer’s emotion assimilation competency, the stronger the effect of AI streamer’s positive emotions on 

consumers' pleasure emotion, satisfaction and purchase intention, vice versa. 

H2b: Different levels of consumer emotion assimilation competency have a positive moderating effect on the effect 

of AI streamers’ positive emotions on consumers’ purchase intention through arousal and satisfaction. That is, the 

stronger the consumer’s emotion assimilation competency, the stronger the effect of AI streamer’s positive emotions on 

consumers' arousal emotion, satisfaction and purchase intention, vice versa. 
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2.3 Effects of AI streamer’s positive emotions on purchase intention: expectancy disconfirmation 

perspective 

2.3.1 Expectation disconfirmation model 

Marketing and consumer behavior researchers use expectation disconfirmation theory as a root theory (Oliver, 

1977) [17]. The expectation disconfirmation model shows that satisfaction is achieved through a two-stage process. 

Before purchase, consumers have expectations about the performance of the product. And after purchase, the consumer 

will compare the real performance of the product with the expectation before purchase, thus forming the gap between 

the two that is called "disconfirmation". This is the first stage. 

In the second stage, the consumer reacts with different "satisfaction" from the "disconfirmation": when the actual 

performance is the same as the expectation, the consumer is "moderately satisfied"; when the actual performance 

exceeds the expectation, the consumer is satisfied; and "dissatisfaction" when actual performance does not meet 

expectations. Therefore, the expectation disconfirmation model includes three basic variables: expectation, 

disconfirmation, and satisfaction, where the expectation is the consumer's expectation of product performance, 

disconfirmation is the difference between performance and expectation. The direction and intensity of expectancy 

disconfirmation have a significant effect on satisfaction (Au & Tse, 2019) [18]. 

In the current study, consumers normally expect that the AI streamer, as a robot, cannot express positive emotions 

before they watch the livestreaming. After watching the marketing process of the AI streamers, consumers will compare 

the actual experience of watching AI streamers with their ex-ante expectations. When the AI streamers express positive 

emotions, consumers’ ex-ante expectation of the AI streamer will be positively disconfirmed, which induces their 

satisfaction. The greater the AI streamer express positive emotions, the higher satisfaction consumers have, and thus the 

higher their purchase intention. Within such process, the disconfirmation of consumers’ ex-ante expectation by AI 

streamers’ positive emotions works as an important driver for consumers’ satisfaction and subsequent purchase 

behavior. Based on that, hypothesis H3 is proposed: 

H3: Expectation disconfirmation and satisfaction play a chain mediating role in the relationship between AI 

streamers’ positive emotions and consumers’ purchase intention.  

2.3.2 Agentic-Communal model of power 

Power is defined as the “perceived asymmetric control relative to another (Rucker et al., 2012) [19]. Research 

shows that individuals with a high sense of power tend to have an initiative orientation, which leads to more attention to 

self-expression, self-improvement and self-protection (Lammers et al., 2011) [20]. Conversely, individuals with a low 

sense of power tend to develop communal orientations, leading them to focus more on relationships with others. 

In livestreaming commerce, consumers with high sense of power are function-oriented and pay more attention to 

the professional introduction of commodities by AI streamers, whereas consumers with low sense of power are 

social-oriented and are thus more easily persuaded by the friendly and emotional words of AI streamers. That is to say, 

ceteris paribus, consumers with higher sense of power will pay less attention to the emotions of AI streamers, hence 

being less likely to be influenced by the positive emotions of AI streamers. As a result, the positive emotions of AI 

streamers will be less likely to increase their purchase intention through expectation disconfirmation and satisfaction. 

Based on that, hypothesis H4 is proposed: 

H4：The sense of power has a negative moderating effect on the effect of AI streamers’ positive emotions on 

consumers’ purchase intention through expectation disconfirmation and satisfaction. That is, the stronger the 

consumers’ sense of power, the weaker the effect of AI streamer’s positive emotions on consumers' expectation 

disconfirmation, satisfaction and purchase intention, vice versa. 

The full research model of the current study is presented in Figure1. below. 
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Figure1.  Research model 

 

3. RESEARCH METHOD 

3.1 Research design 

We plan to adopt the scenario-based experiments to address our research questions. Such method is appropriate 

because it allows us to better control the demographics of the participants and manipulate the independent variables 

(Carroll & Rosson, 2009) [21]. We plan to conduct the study through an online survey agency (www.wjx.cn). We employ 

a 2x (high positive emotion vs. low positive emotion) between-subject design. In the scenario of high (vs low) positive 

emotion, participants will be presented with a scenario in which the AI streamers express (vs do not express) positive 

emotions during the marketing process. Then the participants will be asked to fill in a survey questionnaire that contains 

measurement items of the research variables. Since the process of consciously reporting participants’ emotional and 

cognitive experience may alter their subsequent behavior, this research will measure participants’ positive emotions 

and expectation disconfirmation after measuring their purchase intention. Considering that consumers' emotional 

assimilation competency and sense of power are two moderators in the research model, which are both consumers’ 

characteristics, irrelevant of the AI streamer, we will measure these two variables through questionnaires before the 

formal experiment. After that, the whole sample will be divided into control group and experimental group using match 

techniques, to make sure the two groups are balanced on demographic variables and these two moderators. 

3.2 Manipulation of AI streamers’ positive emotions 

Speech emotion recognition, face-based emotion recognition, text emotion recognition, and physical behavior 

emotion recognition are the key areas of AI robot emotion recognition research (Martinez & Cruz, 2002) [22]. Humans 

use speech to transmit their feelings and thoughts in one of the most natural and effective ways possible. Speech signals 

may carry more contextual information than face-based emotion recognition. As a result, we will use speech emotion to 

assess AI streamer's capacity to articulate positive emotion. We will use the number of adjectives, interjections, and 

address words in the AI streamers’ language to measure the positive emotions of AI streamers. 

Liebenthal (2016) investigated the relationship between language, tone, and emotion from the perspective of 

Neural Substrates, who argued that language can convey emotional states more accurately and subtly than non-verbal 

stimuli such as facial expressions [23]. Lüdtke & Jacobs (2015) by studying the use of nouns and adjectives in simple 

declarative sentences, found that adjectives are rich in emotional information and can express the emotional color of the 

speaker [24]. Moccia (2020) found that a decrease in hedonic tone correlated with the severity of depressive symptoms 

http://www.wjx.cn/
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[25]. The emotional rhythm of the hedonic tone increases the activity of the auditory superior temporal cortex and 

activates the perception of vocal emotion. Based on this, we believe that people use more tone words when they want to 

express positive emotions, and this is also true for AI streamers. Pronouns are markers of interpersonal and emotional 

communication and can reflect a certain attitude emotion of the speaker towards the listener. 

We manipulate the emotion of AI streamers by the number of emotional words in Livestreaming. Also, we will 

keep the speech length, the information like production introduction balanced between the control and experimental 

groups. In the condition of positive emotion, AI streamer will use as many adjectives, address words and mood words 

as possible in the live streaming. Before the experiment, we will collect subjects’ perceptions of positive emotion of AI 

streamer as a manipulation check. 

3.3 Manipulation check 

In order to test whether the AI streamers can convey different emotional signals by the number of adjectives, 

interjections and appellations in the language, we will make two livestreaming video clips of AI streamer explaining the 

same product, one of which uses rich emotional words, the other uses fewer emotional words. The Self-Assessment 

Manikin (SAM) five pointer scale will be used for manipulation check in the current study to directly measure the 

pleasure, arousal, and dominance related in response to two videos of the AI streamer. Participants in the experiment 

will be randomly divided into two groups and will be asked to rate their perceived positive emotion of the AI streamer 

using the SAM scale. 

Afterwards, we will process the collected scale data with one-way ANOVA. 

3.4 Data collection process 

We will embed livestreaming videos of AI streamers (positive emotions and general emotions) into online 

questionnaires, and distribute the questionnaires to participants. Subjects in the group of high positive emotions will be 

presented with a video in which the AI streamer uses enough adjectives, tone of voice, and address words to show the 

product, while subjects in the group of low positive emotions will be shown with a video in which these emotional 

words are eliminated. After watching videos, subjects will be invited to fill up the same questionnaires that measure the 

research variables. 

3.5 Measurements of variables 

Measurements of variables will be adapted from prior research and adjusted according to the research context of 

the current study. We will choose the scales proposed by Oilver (1981) to measure consumer’s expectation 

disconfirmation and satisfaction [26]. The positive emotions of pleasure and arousal will be measured by the scales 

proposed by Cheng (2009) [27]. Individual’s difference in emotional feeling ability will be measured by the instruments 

proposed by Verveke (1997) [15]. While the sense of power will be manipulated in the experiments. We will divide the 

participants randomly into two groups: one group read the high-power text, the other read the low-power text, and then 

ask them how powerful they feel (Laslo-Roth & Schmidt-Barad, 2020) [28]. 

From the consumers' perspective, they were unsure whether AI streamers were as reliable as real streamers. During 

the live stream of an AI streamer, the consumer's satisfaction will affect their purchase intention. We will use the 

instrument proposed by Dodds (1991) [29]. 

3.6 Plan of data analysis 

We will use bootstrapping method to examine the chain mediation hypotheses. The PROCESS plug-in in SPSS 

software will be used to test the chain mediation effects. The PROCESS plug-in could also handle the moderated 

mediation analysis well and test the moderated mediation hypotheses. 

 

4. EXCEPTED CONTRIBUTIONS AND NEXT STEPS 

4.1 Theoretical contributions 

This study has several important theoretical contributions. First, this study enriches the emotional contagion theory 

by applying it to the context of livestreaming by AI streamers. Prior research has adopted this theory to examine the 
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emotional contagion in situations of human-human interactions (e.g., human streamer-consumer interaction) (Meng et 

al., 2021) [2]. This research is among the earliest ones to examine the emotional contagion between AI and human (i.e., 

AI streamer-consumer interaction). Second, this study supplements the emotional perspective (i.e., emotional contagion 

theory) with a cognitive perspective (i.e., expectation disconfirmation theory). Combining the emotional and cognitive 

perspectives is necessary in that, unlike situations of human streamers, consumers normally do not have ex-ante 

expectations for the positive emotions of the AI streamers. Therefore, expectation disconfirmation may also play a 

crucial role in the effecting path between AI streamers’ positive emotions and consumers’ purchase intention. Third, 

this study extends the emotional contagion theory and expectation disconfirmation theory by incorporating different 

levels of emotion assimilation competency and sense of power as two important moderators. Past studies have seldom 

explored the boundary conditions of the emotional contagion and expectation disconfirmation. 

4.2 Managerial implications 

This study also provides several implications for practice. First, this study indicates that the positive emotions of 

AI streamers may be transmitted to consumers and foster their purchase behaviors. Therefore, designers of AI streamers 

should try to infuse more positive emotional elements to the AI streamers to improve their sales performance. Second, 

this study also implies that expectation disconfirmation plays an important role in driving the sales of AI streamers. 

Operators of livestreaming commerce platforms could try to lower consumers’ ex-ante expectations for the AI 

streamer’s emotions, or increase the extent of positive emotions of the AI streamers, so as to enlarge the expectation 

disconfirmation. Third, considering the boundary conditions of the emotional contagion and expectation 

disconfirmation, livestreaming commerce platforms could target their AI streamers with positive emotions to 

consumers with high emotion assimilation competency or with low sense of power. 
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Abstract: In view of the fact that the product reviews have the characteristics of short text and nonstandard expression 

words, this research aims to explore the method of automatic categorization of product reviews by the product categories and 

its reasons. The core words set of the training set is constructed by TF-IDF and LDA, and short texts are extended by 

Word2Vec similarity calculation method. After extension, the product reviews are categorized by product categories based 

on BERT model. The method is compared with the method that based on BERT model without extension and the method of 

using HowNet similarity calculation to extend based on BERT model. Facing the characteristics of nonstandard expression 

words, the corresponding experiment is designed to counter test to the effectiveness of the method proposed in this paper. 

For the product reviews after extension when using BERT classification, the F1 value obtained by the method proposed in 

this paper is 2.1 percent higher than that when not extended, and it is 0.9 percent higher than that when using Hownet 

similarity calculation method. The reasons for the effectiveness of the method proposed in this paper are analyzed from the 

aspects of basic principles, different word similarity calculation methods, and words used methods. The method proposed in 

this paper can effectively improve the classification performance of product reviews when organizing information by product 

categories.  

 

Keywords: short text, feature extension, Word2Vec, BERT, product reviews  

 

1. INTRODUCTION 

With the rapid development of the Internet, information management systems and e-commerce, the objects 

of information management have expanded from traditional documents such as books and periodicals to general 

network resources such as web pages, and have further expanded to product and product reviews. Categorization 

is one of the two main ways of classification and subject in information management. This research studies the 

product reviews with nonstandard expression words to be concentrated according to every product, and realizes 

the automatic categorization method of product reviews by product categories, which provides an effective 

means for the classification organization of e-commerce information in the field of information management. 

Whether product reviews are from an e-commerce platform or a social platform, they are generally only a 

few words to dozens of words, which are typical short texts. The classification performance of directly applying 

classical machine learning methods or deep learning methods to short text classification is not good because of 

short texts with sparse features. Currently, the solution to the problem of sparse features of short texts is to 

extend the features. Therefore, for the product reviews with nonstandard expression words, this research firstly 

use TF-IDF and LDA model to construct the core words set of the training set, and then use the Word2Vec 

similarity calculation method to extend the feature of short texts. After extension, the current mainstream deep 

learning model BERT is used to realize automatic categorization of product reviews by product categories. 

 

                                                           
* Corresponding author. Email: xli_xiao@hotmail.com(Xiangdong Li) 



148                 The Twenty one Wuhan International Conference on E-Business－Human-machine/robot interaction 

2. RELATED WORK  

With the great development of social productivity and the in-depth application of information management 

systems and the Internet, information around the product itself and product reviews have become the object of 

information management. Information management methods related to product are constantly developing and 

changing, and research on the automatic categorization of products has gradually been carried out. For example, 

Zhang et al [1]released a paper which reduce the risk of customs transactions by studying the method of 

automatic categorization of products. With the increase of Internet users and the rapid development of 

e-commerce, a large number of product reviews have emerged due to online shopping has penetrated into many 

aspects about people’s daily life. Sentiment analysis of product reviews, which classifies product reviews into 

two categories, namely positive category and negative category, has become one of the hot spots in e-commerce 

research. However, the current sentiment analysis of product reviews is basically based on the same product 

from the same platform, the lack of a certain or more different product reviews from different platforms as the 

object of sentiment analysis of product reviews, greatly limiting the development of sentiment analysis research 

of product reviews, further hindering the development of e-commerce research.  The main reason is that 

product reviews are generally short texts with only a few words to dozens of words, and their expressions are 

not standardized. The reviewers are network users covering the scope from first-tier cities such as Beijing, 

Shanghai, Guangzhou, etc. to small counties or township areas, so the reviews on the same product have the 

characteristics of colloquialism, arbitrariness, and locality, making the expression and words used of product 

reviews extremely nonstandard. 

From the perspective of automatic categorization, short text means sparse features, while the expressions of 

product reviews are not standardized, making the characteristics of expressing the same concept use more 

different words, resulting in greater difficulties in sparse features. In view of the problem of sparse features of 

short texts, researchers generally extend the features of short texts firstly, which is the basis for short text 

classification. There are two main ways to extend the short text features, one is based on external resources and 

the other is based on the short text itself. Extension based on external resources is mainly through semantic 

dictionaries such as HowNet, Wikipedia and WordNet. However, there may be feature words in the short text 

that are not included in external resources, resulting in the inability to calculate words similarity, affecting the 

classification performance, and extension based on the short text itself doesn’t depend on external knowledge, 

but it has high requirements for feature extensions and requires the use of classical machine learning methods to 

build feature engineering for specific problems. Liu et al [2]used TF-IDF feature engineering for short texts 

feature extension, but TF-IDF doesn’t consider the effect of implied topics on feature words, while LDA 

probabilistic topic model represents each topic as a multinomial distribution of feature words, compensating for 

the shortcomings of TF-IDF. Shao et al [3]proposed to combine TF-IDF and LDA probabilistic topic model to 

extend features of short texts, and acquired good classification performance. Therefore, this research combines 

TF-IDF and LDA to build the core words set of the training set, and then extended features of the short texts. 

The basis of feature extension is the word similarity calculation method, and the commonly used word similarity 

calculation method is based on dictionaries or based on large-scale corpus statistics. Ya et al [4]used HowNet 

word similarity calculation method to extend features of short texts and improved the short text classification 

performance. However, there are problems such as poor universality and lack of contextual information in the 

dictionary-based word similarity calculation method, while the word similarity calculation method based on 

large-scale corpus statistics can obtain the probability distribution of word context information based on the 

corpus, avoiding the problems of the dictionary-based word similarity calculation method. Liu et al [5]used 

Word2Vec to calculate the word similarity for feature extension of short texts and got good classification 

performance. Therefore, this research uses Word2Vec similarity calculation to extend features of short texts, and 
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compares it with the commonly used method of HowNet similarity calculation to extend the feature of short 

texts, to verify the effectiveness and superiority of the method used in this paper. 

For extended short texts, how to build a classification model is a core step in short text classification. There 

are two commonly used classification models, namely classification models based on classical machine learning 

and classification models based on deep learning. Classification models based on classical machine learning 

include K-Nearest Neighbor, Naive Bayes, Support Vector Machine, etc. These classification models have 

simple structure but poor classification performance, especially for short text classification [6]. In recent years, 

with the development of deep learning technology, deep learning-based models have attracted more and more 

attention from researchers in the field of natural language processing, such as Convolutional Neural 

Networks(CNN), Recurrent Neural Networks(RNN), and Long Short Term Memory networks(LSTM) etc. 

However, it’s difficult to solve the problem of sparse features of short texts by directly applying deep learning 

models to short text classification. Current researchers generally carry out short text classification after 

improving the deep learning models. Liu at al [7]proposed a multi-channel CNN model with two channels and 

three cores to improve text accuracy, but due to the locality of convolutional and pooled layers, it requires many 

layer convolutions to capture long-term dependencies. Zhang eat al [8]proposed a short text classification method 

based on a semi-supervisory graph neural network, but when classifying new data, the model needs to 

recompose all the samples and enter them into the graph convolutional network for calculation, resulting in a 

lack of flexibility in the model. In a word, improving deep learning models is not only time-consuming and 

laborious, but also difficult to be universal. Some researchers have proposed an idea of using classical machine 

learning feature engineering to extend features of short texts firstly, and then using deep learning models to 

categorize short texts. This idea not only solves the problem of sparse features of short texts, but also directly 

uses existing and highly universal deep learning models, without spending much time and efforts to improve 

deep learning models. Shao [3]adopted this idea that feature engineering TF-IDF was used to complete short text 

extension, and then basic deep learning model CNN was used to implement short text classification after the 

extension. And experimental results show that the F1 value classification based on extension is 2 percent higher 

than without extension. 

In summary, for the product reviews with a few and nonstandard expression words, this research firstly 

uses TF-IDF and LDA model considering the relationship between implied topics and feature words to construct 

the core words set of the training set, and then use Word2Vec similarity calculation method to extend features of 

short texts. After extension, BERT [9], a deep learning model that performs better than previous deep learning 

models such as CNN in many natural language processing tasks, is used to carry out short text classification.  

It is difficult to directly obtain the reviews of specific products through retrieval or crawling from one or 

more e-commerce platforms and social platforms such as Weibo and WeChat. Merchants are easy to obtain 

reviews of every product of multiple types such as lipsticks, mobile phones and tablets etc. on their own store 

management system, but still need to manually collect the multiple types of the reviews into the corresponding 

product name, and it is difficult to directly obtain the reviews of various products on other platforms due to the 

barriers of information and limited technology. Directly using the product name as a keyword to crawl or 

retrieve can get part of the reviews of the corresponding product from other platforms, but there are three 

deficiencies in this method, which will lead to poor classification results for product reviews. (1) Some product 

reviews do not mention the product name, so relying on the product name to search may miss the reviews of the 

corresponding product category, for example, for the review "brighter, very attractive orange color, suitable for 

autumn and winter", its corresponding product category is lipstick, but its expression does not contain the 

product name; (2) The reviews crawled by the product name as a keyword may cause categories errors, for 

example, for the review "I bought a mobile phone on the XX platform before, this time the tablet I also watched 
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on the XX platform for a long time before deciding to buy,  very good", may  mistakenly categorize this 

review into a product review of mobile phone or simultaneously product review of mobile phone and product 

review of tablet, but in fact its corresponding product category tablet; (3) Reviews of a certain type of a certain 

product under the e-commerce platform can be easily categorized into the corresponding product categories, but 

on social platforms such as Weibo, WeChat and so on, if you do not carefully trace and explore the background 

of the dialogue, it’s hard to judge the reviews’ product categories. For example, in a dialogue about the shopping 

experience of mobile phones and lipsticks etc. of A, B, C, C reviews that "A’s product show temperament" and 

"The material of B’s product is better", if you do not shop with them, it is difficult to know these two reviews’ 

product categories based on the review statement alone. Therefore, categorizing the product reviews by different 

product categories can help the information management field to carry out efficient information organization for 

e-commerce information. Additionally, we don’t categorize reviews of a specific product from a certain data 

source or multiple data sources into positive reviews or negative reviews which called sentiment analysis, but 

categorize the reviews of more than two kinds of products from different data sources into corresponding 

product categories, realizing the automatic categorization information organization of product reviews by 

various product categories, which is convenient for merchants to carry out data mining studies such as sentiment 

analysis of product reviews, competitive intelligence analysis of product reviews and so on.  

 

3. APPROACH OF THIS RESEARCH  

3.1 Construction of the core words set 

The LDA model is a three-tier probabilistic model that represents text as documents, topics, and feature 

words, assuming that each document is represented as a random mixed distribution on an implicit set of topics, 

and each topic is represented as a multinomial distribution of feature words [10]. 

TF-IDF can be used to assess the importance of a feature word in a category, namely if a feature word 

appears frequently in a category and rarely appears in other categories, it is considered as a high-frequency word 

with good class differentiation. The TF-IDF calculation formula is shown in (1),  represents the number of 

occurrences of a feature word in a document,   represents the sum of the number of occurrences of all 

words in a document, |D| represents the total number of documents in the corpus set and   

represents the number of documents that contain a feature word. 

                           (1) 

Feature grain refers to the degree to which feature words portray the content of the text [11]. In text 

representation, the implied topic is a coarse-grained feature that describes the multinomial distribution of a 

series of related feature words in the text, such as LDA model. The feature word belongs to the fine-grained 

feature, directly describing each word in the text, such as the Vector Space Model. We combined coarse-grained 

with fine-grained methods to acquire the core words set of the training set, namely obtaining the set of topics in 

the training set by LDA and obtaining the high-frequency word set by TF-IDF. And then merging the set of 

topics and the high-frequency word set. The specific algorithm steps are as follows:(1) Word segmentation, de 

stop words and words property filtering are carried out on the training set, and only nouns, verbs and adjectives 

that have a great impact on classification are retained. (2) Enter the training corpus processed in step (1) into the 

LDA model, obtain the topic word probability distribution under each topic, and select the top M1 feature words. 

(3) The training corpus processed in step (1) is counted according to the frequency of feature words by 

categories, the frequency of each feature word in each category is obtained, the feature words with a frequency 

less than K in all categories are filtered, and finally the feature words with a proportion greater than the 

threshold M2 in each category are taken as the high-frequency word set of the training set. (4) Combine the 
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topic sets obtained in step (2) with the high-frequency sets in step (3) and drop duplicate feature words to 

construct the core words set of the training set, n represents the number of core words. 

3.2 Similarity calculation method based on Word2Vec 

Word2Vec [12]uses the context of the word to predict the current word or uses the current word to predict the 

context of the word, using the contextual information of the word window to convert a word into a 

low-dimensional real vector, the more similar words are closer in the vector space, so that the context semantic 

relationship of the word window can better represent the similarity between words. The vector representations u 

and v of the two words W1 and W2 are obtained through the Word2Vec pretrained language model on the 

Wikipedia corpus, and the similarity of W1 and W2 is calculated through the cosine similarity, as shown in 

Figure 1.  

 

W1

Word2Vec

W2

Word2Vec

u v

Similarity(u,v)=cosine(u,v)

 

Figure 1.  Similarity calculation method based on Word2Vec 

 

3.3 Short text extension based on core words set and similarity calculation 

The specific process of using Word2Vec or HowNet to calculate the similarity of words to extend short text 

features is as follows: (1) Perform word segmentation, deactivation, and words property filtering on the short 

text T, and retain only the nouns, verbs, and adjectives that have a greater impact on the classification, and 

obtain the feature words set F, , m represents the number of feature words after 

preprocessing. (2) Calculate the similarity between Fi (FiϵF) in the feature word set and Wj (WjϵW) in the core 

words set based on HowNet, and take the top K core words and the similarity greater than M as the extension 

words of the feature word Fi, and get the extended T1 from the short text T by adding the extending words with 

brackets after the extended words. (3) Calculate the similarity between Fi (FiϵF) in the feature words set and Wj 

(WjϵW) in the core words set based on Word2Vec, and take the top K core words and the similarity greater than 

M as the extending words of the feature word Fi, and get the extended T2 from the short text T by adding the 

extending words with brackets after the extended words. 

 For example, for the review "Classic color, very temperamental red", extended using the steps above, the 

result is shown in the Table 1.   

 

Table 1.  Examples of extending text based on HowNet and Word2Vec similarity calculation methods 

Extension methods Extension results 

HowNet Classic color, very (infinite, too, much) temperamental red (progressive, rose orange red, orange red). 

Word2Vec Classic (legendary) color, very temperamental (charming) red (black, white, blue). 
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3.4 Model 

The model of short text classification in this paper is shown in Figure 2, and specific steps are as follows: 

(1) Preprocess training sets and test sets such as word segmentation, stop word removal, and words property 

filtering. (2) Use TF-IDF and LDA to handle the pre-processed training set, obtain the topic core words set and 

high-frequency words set of each category respectively, merge the two and remove the repetitive feature words 

to obtain the core words set of the training set. (3) Use the Word2Vec similarity calculation method to calculate 

the similarity of the feature words in the training set, the test set and the words in the core words set respectively, 

obtaining the extended training set and the extended test set; (4) Perform short text classification on the 

extended training set and the extended test set based on BERT. 

Steps of using HowNet similarity calculation method to extend short texts is the same as the above process. 

 

Figure 2.  Short text classification framework based on BERT 

 

4. EXPERIMENTS 

4.1 Data sets 

In order to verify the automatic classification performance of the method proposed in this paper 

categorizing product reviews by the product categories, this research selects totally 25,500 reviews involved 5 

categories of products such as lipstick, mobile phone, pants, shampoo, tablet etc. from e-commerce and social 

platforms as a self-built corpus. The reviews for these products typically reflect the nonstandard of expression. 

For example, many reviews of these products involve in color but each has its own focus, reviews of lipstick, 

pants and shampoo associate color with seasons such as spring and autumn, reviews of lipstick, mobile phone 

and shampoo associate color with humanistic terms such as temperament, and reviews of mobile phones and 

tablets associate color with electronic terms such as appearance or screen resolution, etc. The specific 

performance of these terms in the review varies with the user's writing level, personal usage habits and feelings 

and regional differences, etc. Reviews that are similar and even completely repetitive in terms of expression are 

rare. Reviews with nonstandard expression words make the automatic categorization face great difficulties, and 

the effectiveness of the method proposed in this paper to overcome these difficulties and improve the 

classification performance can be better confirmed from the positive side by comparing the improvement of the 
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classification performance after the comparison of not extended and other extension method. Contrary to the 

above self-built corpus, this research also selects the public corpus that expresses standardized as a comparison, 

and also through the basic unchanged classification performance after the comparison of the not extended and 

other extension method, verify the effectiveness of the automatic classification of product reviews with 

nonstandard expression words from the opposite. The selected public corpus is the titles of the news corpus with 

strict writing specifications, and the text in the corpus is further carefully filtered by experts from many original 

news, which can better reflect the expression specification of the text. The news is concise and concise, and the 

expression words are accurate and standardized, and the title is one of the five major elements of the news, 

which takes the actual content as the outline, specifically refines the essence of the news, and inherits the 

characteristics of the news, so the news titles have the characteristics of standardized expression words. This 

research selects 31500 titles from the Toutiao news corpus involved 15 categories such as science, technology, 

military, etc. and selects 29,400 titles from the Tsinghua news involved 14 categories such as finance, lottery, 

real state, etc.  

In order to eliminate the influence of unbalanced data on experimental results, all experiments in this paper 

adopted balanced data, and there is no duplication between the training set and the test set, and the average of 

the multiple groups classification performance was taken as the experimental result. The classification 

performance is evaluated by F1 value. 

4.2 Experimental environment and parameters setting 

The experimental running environment is that the operating system is Ubuntu20.04.2, the memory is 16GB. 

The algorithm is implemented in Python and the deep learning framework is the version 1.8.4 of Torch. The 

experimental parameters in this paper are set as follows by the preparatory experiment. (1) The core word 

threshold M1 of the training set is 20, the category specific proportion threshold M2 in the training is 0.5, and 

the minimum word frequency K is 5. (2) Learning rate and drop rate of all experiments are 2e-5 and 0.1. The 

batch size, training epochs, and max sequence length of the product reviews without extension are respectively 

70, 10 and 128 and these three parameters of the public corpus without extension are 150, 20, and 64 

respectively. The batch size, training epochs, and max sequence length of the extended product reviews are 9, 10 

and 512 respectively and these three parameters are 100, 20 and 100 respectively. 

4.3 Experimental results and analysis 

Experiment 1: In the self-built product reviews corpus, multiple groups of data are randomly selected, and 

in each group of data, the training set is 1500 per category, and the test set is 200 per category, comparing 

classification performance among the use of Word2Vec similarity calculation to extension based on the BERT 

model, the use of HowNet similarity calculations to extension based on the BERT model and the classification 

performance without extension. The results of the experiment are shown in Figure 3. 

 

Figure 3.  Classification performance among different extension methods for product reviews based on BERT model 
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As can be seen from Figure 3, for the product reviews, the classification performance when using 

Word2Vec extension based on BERT model is 2.1 percent higher than that when not extended, and the 

classification performance when using HowNet extension based on BERT model is 1.2 percent higher than that 

when not extended, and classification performance is 0.9 percent higher when using Word2Vec extension based 

on the BERT model than that when using HowNet extension. It demonstrates the effectiveness and superiority 

of categorizing product reviews by product categories using Word2Vec similarity calculation to extend based on 

the BERT model proposed in this paper from the front.   

Experiment 2: In the public corpus of titles from the Toutiao news and the Tsinghua news, multiple groups 

of data are randomly selected, in each group of data, the training set is 500 per category, and the test set is 200 

per category, comparing classification performance among the use of Word2Vec similarity calculation to 

extension based on the BERT model, the use of HowNet similarity calculations to extension based on the BERT 

model and the classification performance without extension. The experimental results are shown in Figure 4.   

 

Figure 4.  Classification performance among different extension methods on news titles based on BERT model 

 

As can be seen from Figure 4, for news titles from public corpus, the classification performance when 

using the HowNet extension based on BERT model is the same as that when not extended; the classification 

performance when using the Word2Vec extension based on BERT model is 0.1 percent better than that when it is 

not extended. It demonstrates the robustness of the news titles from the public corpora using the Word2Vec 

similarity calculation to extend based on the BERT model proposed in this paper, and proves the effectiveness of 

classifying product reviews by products categories in this paper from the opposite.  

Overall, the method proposed in this paper and the method that extending product reviews using HowNet 

similarity calculations and then categorizing them by the product categories both improve the classification 

performance of self-built corpus of product reviews. However, the classification performance of both methods 

on news titles from the public corpus remained stable (up to 0.1% improvement). The two different word 

similarity calculation method, the self-built corpus and the public corpus, are different in the improvement of 

classification performance. The reasons for this can be analyzed from three aspects: the basic principle of 

classification performance improvement, the difference in extension words brought about by different word 

similarity calculation methods, and the way in which corpus text authors use words.  

Firstly, this research proposes to use Word2Vec and HowNet to calculate the similarity of the extended 

word and the extending word, and add the extending words with brackets after the extended words to achieve 

short texts extension. The way has three advantages. The first is that the brackets act as an explanation, which is 

a further annotation on the extended word; the second is that it can make the extended word and the extending 
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word in the close syntactic position, playing the same grammatical function, increasing the richness of the 

semantic features of the sentence while retaining the original syntactic dependency of the sentence, so that the 

constructed new sentence adapts to BERT pretraining knowledge; the third is that it can increase the 

co-occurrence of words in the training set and the test set, which constitutes a co-occurrence relationship when 

the extending word and the extended word appear frequently together [13]. When using BERT to classify short 

texts after extension, classification performance is no lower than short texts without extension. Secondly, there 

are deficiencies such as poor universality and lack of contextual information when using HowNet calculates 

words similarity, so there are some noisy words in the extended texts. Noise words are shown in two aspects, 

one is a false extension, such as extending "red" to a context-independent word "progressive"; the other is a 

valueless extension, such as extending "very" to "infinite", "too", "much", etc., although basically accurate in 

word meaning, these adverbs are heavily used in different categories of corpus, but have little value for category 

differentiation. The use of Word2Vec similarity calculation for short texts extension can obtain the probability 

distribution of word contextual information based on the corpus, which to a certain extent overcomes the 

shortcomings of HowNet similarity calculation for short texts extension, and reduces the text noisy words after 

extension, such as all of the extending words of "red" are words that represent color. Therefore, the classification 

performance of short texts extension using Word2Vec similarity calculation method is better than that using 

HowNet similarity calculation. Thirdly, for the product reviews, because the writer is various Internet users, the 

description or writing words are ever-changing, and there are differentiated word expressions such as loose or 

arbitrary word expressions in the training set and test set, for example, for the word "legendary", it is expressed 

as "legendary" in the training set, and in the test set as "classic", the extension method proposed in this paper can 

increase the co-occurrence of the words of the training set and the test set while extending the product reviews, 

so the classification performance has been greatly improved. For news titles of the public corpus, because the 

writer has a certain professional ability and a high level of writing and there are usually certain normative 

requirements for the news titles, so the words of the training set and the test set are usually more rigorously and 

the expression method is basically consistent with the co-occurrence of words, such as the extending word of 

"improve" is "enhance", the extending word of "enhance" is "improve". The extension of the short texts does not 

substantially help the improvement of classification performance, so the short texts extension method proposed 

in this paper has a small improvement and even continues to be consistent in the classification performance of 

news titles from the public corpus. 

 

5. CONCLUSIONS 

For product reviews, this research firstly obtains the core words set of the training set through feature 

engineering TF-IDF in classical machine learning methods combined with the LDA probabilistic topic model, 

and then uses Word2Vec similarity calculation method to obtain the extension words to extends the feature of 

the short text by adding the extending word after the extended word with brackets, after extension, implements 

text classification based on BERT model. The experimental results show that the method proposed in this paper 

can effectively improve the classification performance of product reviews categorized by the product categories, 

so that the product reviews with a wide range of sources and a large number can be automatically categorized 

and organized by the product categories, which is convenient for further data mining studies of the product 

reviews such as sentiment analysis and competitive intelligence analysis. The reason why the method proposed 

in this paper is effective is that it is more suitable for classifying short texts nonstandard expression words, and 

the method makes the extended short text more in line with the characteristics of the BERT classification. In 

future research, consideration can be given to designing appropriate calculation methods and indicators, 

measuring and explaining the characteristics of the diversity of words used, and studying the influence of the 



156                 The Twenty one Wuhan International Conference on E-Business－Human-machine/robot interaction 

types of words and the distribution of word frequency on text classification. 
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Abstract: Recently intelligent physical robots have received considerable attention of practitioners and academics in the 

healthcare field. Although studies have investigated the adoption of intelligent physical robots in different healthcare 

contexts, prior research has mainly investigated the adoption of intelligent physical robots based on the factors related to 

either technology, organizations, or business environments, few studies have investigated the adoption of intelligent physical 

robots from the combined view of the technology-organization-environment (TOE) view in the context of hospitals. To 

address the research gap, this study used the TOE framework to investigate what technology, organizational, and 

environmental factors affect intelligent physical robot use. The proposed model will be validated with data collected via 

questionnaires in the hospital context. The research is expected to enrich the literature on intelligent physical robot adoption 

by exploring the determinants of intelligent physical robot adoption from the integrated view of TOE at the organizational 

level. 

 

Keywords: Intelligent physical robots, healthcare, technology-organization-environment framework, organizational adoption 

 

1. INTRODUCTION 

Across the world, the healthcare industry is facing considerable pressures, such as the aging population, 

funding challenges, and human resource shortages. These changing societal needs and the limited capabilities of 

health systems pave the way for robots to enter the healthcare field [1]. Especially in the post-COVID-19 era, the 

application of service robots in the healthcare field has grown significantly. 

In this study, we focus on physical robots with intelligent capabilities in a healthcare environment based on 

artificial intelligence (AI) (hereinafter intelligent physical robots). Intelligent physical robots refer to robots with 

visually observable bodies and intelligent perception, thinking, and manipulation capabilities (e.g., humanoid 

robots, android robots, and animal-like robots), which can interact with humans in different environment [2]. 

Intelligent physical robots can assist healthcare staff and patients in complex tasks in a variety of ways, reducing 

the workload of healthcare staff and improving the health and well-being of end-users [3]. From a business 

perspective, the adoption of intelligent physical robots may improve the efficiency and cost-effectiveness of 

healthcare services in healthcare organizations [4]. However, organizational adoption of intelligent physical 

robots in healthcare appears to be much slower than in other business field [5]. 

Studies on intelligent physical robots have increased in the past a couple of years. Prior studies have 

investigated various factors influencing the adoption of intelligent physical robots in healthcare, such as users’ 

age, gender, experience with technology, and robotic design [6]. Although prior research provides diverse views 

on the adoption of intelligent physical robots in healthcare, these studies have largely been drawn from an 

individual user perspective and have ignored the importance of understanding the adoption of intelligent 

physical robots from the organizational view.  

In order to fill this gap, this study aims to investigate what factors affect intelligent physical robot adoption 
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in the hospital context. Specifically, this study develops a research model to examine the technology, 

organizational, and the environmental factors influencing a hospital’s decision to adopt intelligent physical 

robots based on the technology-organization-environment (TOE) framework. Surveys will be conducted to 

collect data from the nurses, doctors, and management teams in a hospital. The findings will contribute to a 

deeper understanding of the adoption of intelligent physical robots from an organizational view and will provide 

some practical guidelines to hospitals on their intelligent physical robot adoption decisions.  

The present paper proceeds as follows: First, a theoretical background composed of acceptance of 

intelligent physical robots and the TOE framework is presented to provide the theoretical support for this study. 

Second, the proposed model and research hypotheses are discussed. Then, the planned research method is 

explained. Finally, the paper concludes with the expected contributions and limitations. 

 

2. BACKGROUND 

2.1 Acceptance of intelligent physical robots  

Prior literature has investigated the acceptance of intelligent physical robots from different views. From an 

individual perspective, social, cultural, psychological, and ethical factors have been found to affect the adoption 

of intelligent physical robots by end-customers [7]. For example, gender, age, and education of end-customers 

have been found to affect their acceptance of intelligent physical robots in the healthcare context [7]. In addition 

to individual views, the appearance, function, and implementation environment of intelligent physical robots 

have also been identified as important factors affecting robot use in the healthcare context [8]. Research has 

shown that anthropomorphic design, such as appearance, voice, name, and ethnicity of intelligent physical 

robots, can stimulate people’s intention to use the robots [8].  

For the success of intelligent physical robots, research from an organizational perspective is important. 

Some researchers have examined the use of intelligent physical robots among healthcare professionals in 

organizations [9-10]. Prior literature indicated that intelligent physical robots can be applied as a means to improve 

productivity and healthcare delivery. Even though the attitudes of healthcare professionals are positive, 

healthcare organizations are still reluctant to use robots [11]. For example, technical failures and limited 

intelligence capabilities are the concerns which impede intelligent physical robot use [11]. The regulations and 

ethical and privacy issues are the others concerns affect intelligent physical robot use, such as the potential 

reduction in the amount of human contact [12], loss of control [13], and loss of privacy [14]. 

Previous studies have focused on individual adoption of intelligent physical robots in healthcare contexts, 

but there is a lack of knowledge on the adoption of intelligent physical robots in hospitals from an integrated 

view of technology, organization, and environment. To enrich the literature on robots use in the healthcare 

context, it is necessary to explore the adoption of intelligent physical robots in hospitals from the TOE view at 

the organizational level. 

2.2 Technology-organization-environment (TOE) framework  

The TOE framework is one of the most widely applied theories for explaining the adoption and 

implementation of technology innovations in organizations [15]. This framework explians how an organization 

makes its decision to adopt a technology from the three facets of an organization: technology, organization, and 

the environment. Technological context includes both existing technologies applicable to the organization and 

the technology to be adopted by an organization [16]. Organizational context refers to the internal organizational 

characteristics or resources that constrain or facilitate its adoption decision, such as personnel, organizational 

culture, management support, organizational readiness, and size [17]. Environmental context consists of the 

external factors regarding the industrial settings in which the organization conducts its business, such as industry 

characteristics, government regulations, level of competition, and the existing IT infrastructure supplied by 
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others [18].  

The TOE framework provides a general theoretical basis for studying the adoption of different types of 

innovations at the organizational level and has been applied in different contexts, such as cloud computing [19], 

big data [20], eCRM systems [21], electronic business, and virtual worlds [15]. The TOE framework investigates 

adoption decisions at the organizational level rather than the individual level. Therefore, the TOE framework is 

an appropriate theoretical framework for evaluating organizational decision making regarding innovative 

technology use, such as intelligent physical robots in hospitals. Therefore, the TOE framework is applied in this 

study to understand hospitals’ adoption of intelligent physical robots.  

 

3. THE PROPOSED RESEARCH MODEL AND HYPOTHESE 

3.1 The proposed research model 

A research model was developed based on the TOE framework to explain the adoption intention of 

hospitals regarding intelligent physical robots. Specifically, relative advantage, compatibility, complexity, and 

security, and ethical concern are conceptualized as technological factors, top management support, 

organizational readiness, and organizational culture as organizational factors, and government support and 

consumer readiness as environmental factors influencing hospitals’ intentions to use intelligent physical robots. 

The research model is depiched in Figure 1. 

 

Figure 1.  The proposed technology-organization-environment framework 

 

3.2 Hypotheses 

3.2.1 Technological contexts 

Relative advantage is defined as the degree to which potential adopters in an organization perceive 

technological innovations to be superior to the precursor [22]. Based on the review of the intelligent physical 

robot literature, intelligent physical robots might provide potential benefits to hospitals in terms of the quality of 

patient care, health improvement, reducing healthcare providers’ workload, and improving job satisfaction. For 

example, healthcare professionals in hospitals expressed strong expectations for the animal robot Paro about its 

advantages in facilitating nursing care and reducing patients’ aggressive behaviors [23]. Intelligent physical 



160                 The Twenty one Wuhan International Conference on E-Business－Human-machine/robot interaction 

robots were also perceived to reduce healthcare providers’ workload and help them concentrate on more 

essential nursing work [24]. Based on the above ground, the following hypothesis is postulated:  

H1. Perceived relative advantage of intelligent physical robots is positively associated with hospitals’ 

intention to adopt the robots in hospitals. 

Compatibility refers to the degree to which a technological innovation is deemed to fit with the 

organization’s needs, past experience, and existing values [22]. When considering the adoption of intelligent 

physical robots, the ICT (information and communications technology) infrastructure in the organization might 

need to be improved to facilitate the optimal operation of the robots [25]. Nurses, as potential adopters of 

intelligent physical robots in hospitals, worry that intelligent physical robots might not meet their work needs or 

help them perform tasks effectively after being adopted into the practical environment [26]. The high level of 

compatibility of intelligent physical robots will allow the hospital to make minimal adjustments and changes, 

thereby reducing the risk of organizational adoption. Thus, the following hypothesis is proposed: 

H2. Perceived compatibility of intelligent physical robots is positively associated with hospitals’ intention 

to adopt the robots in hospitals. 

Complexity is defined as the degree to which a technological innovation is perceived as relatively difficult 

to understand and to be used in an organization [27]. New technology can be easy or complex to operate and 

handle. If intelligent physical robots are complex, healthcare professionals will keep using traditional tools and 

will be relunctant to use new technologies in their work. Potential adopters in hospitals are often reluctant to 

devote much of their time and efforts to training themselves to use or implement a new technology [26]. Based on 

the discussion, we assume that the more complex it is to use intelligent physical robots, the less likely that 

hospitals will use the robots. Thus, the following hypothesis is assumed: 

H3. Perceived complexity of intelligent physical robots is negatively associated with hospitals’ intention to 

adopt the robots in hospitals. 

In this study, safety, and ethical concerns are defined as the degree to which intelligent physical robots are 

considered unsafe and unethical for conducting healthcare services in hospitals, such as technological 

disruptions, unexpected accidents, privacy breaches. Generally, nurses have expressed concerns about safety and 

responsibility issues arising from robot malfunctions, reduced social interaction between patients and nurses, 

and limitations of robots in personalized care [24]. When adopting intelligent physical robots for healthcare work, 

hospitals have to consider whether the robot respects ethical principles, such as autonomy, non-maliciousness, 

benevolence, and justice [28]. Based on the above discussion, the following hypothesis is put forward: 

H4. Perceived security and ethical concerns of intelligent physical robots is negatively associated with 

hospitals’ intention to adopt the robots in hospitals. 

3.2.2 Organizational contexts 

Top management support has been found to be an important factor in facilitating the adoption of new 

technologies by organizations [19]. In hospitals, top management support means that decision-makers in hospitals 

express their opinions, expectations, and beliefs about the use intelligent physical robots in hospitals and support 

it. Some hospitals organize project leaders’ meetings to receive support and to exchange knowledge and 

experience from people who have used robots, which will undoubtedly create a positive environment for 

intelligent physical robots [29]. Additionally, strong top management support will reduce the resistance to the 

adoption of intelligent physical robots, as top management support can provide long-term strategic vision, 

initiatives, and support for technology use [30]. Based on the above discussion, the following hypothesis is 

assumed:  

H5. Top management support is positively associated with hospitals’ intention to adopt intelligent physical 

robots in hospitals. 
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Organizational readiness refers to the level of financial and technical resources an organization has 

available to implement intelligent physical robots, including financial readiness and technical readiness [19]. In 

this study, financial readiness refers to the financial ability of a hospital to afford the installation, 

implementation, and subsequent maintenance of intelligent physical robots. Greater financial readiness will 

facilitate hospitals’ decision to adopt intelligent physical robots [31]. Technical readiness refers to a hospital’s 

access to tangible and intangible technical resources for successful adoption of intelligent physical robots, such 

as technical hardware, staff and training support. The successful implementation of intelligent physical robots 

also requires preparations, including instruction training by robots, availability of helpdesk, and WIFI 

connection [29]. Therefore, the following hypothesis is proposed: 

H6. Organizational readiness is positively associated with hospitals’ intention to adopt intelligent physical 

robots in hospitals. 

Organizational culture refers to the collectively held values, shared beliefs, and symbolic ideals regarding 

intelligent physical robot use in an organization, such as organizational climate, job satisfaction, and goal 

integration [32]. If hospitals have open and positive attitudes toward the introduction of robots in healthcare, the 

decision to adopt intelligent physical robots will become easier. For example, if hospital employees are exposed 

to technological innovations in healthcare, they could gain a better understanding of using robots in work, such 

as in nursing practice [29]. Additionally, employees who are more satisfied with their jobs and whose goals align 

with the organizational culture are open to new ideas [33]. The following hypothesis is therefore put forward: 

H7. Organizational culture is positively associated with hospitals’ intention to adopt intelligent physical 

robots in hospitals. 

3.2.3 Environmental contexts 

Government support often has a significant impact on technology adoption. Forms of government support 

usually include laws and regulations, incentives, infrastructure preparation, advocacy, and training. For example, 

the U.S. federal government has created a National Resource Center for Health IT to help some providers adopt, 

implement, and use e-health technologies, while also providing ongoing financial support for e-health projects 

through grants and contracts [34]. These resources and support from governments may assist healthcare providers 

in embracing and utilizing innovations like intelligent physical robots to improve healthcare systems.Therefore, 

we propose the following hypothesis: 

H8. Government support is positively associated with hospitals’ intention to adopt intelligent physical 

robots in hospitals. 

Customer readiness reflects potential market capacity, which is closed related to the extent to which the 

new technology can be translated into profitability. In this study, customer readiness is expressed as the 

willingness of customers to accept intelligent physical robots. Sreejith et al. indicated that patients, representing 

the hospital’s main customers, receive and experience healthcare services directly, so their perceptions and 

intentions of using innovations will motivate organizations across the industry to adopt new technologies [35]. 

Accordingly, customer readiness may encourage hospitals to adopt intelligent physical robots. The following 

hypothesis is thus put forward: 

H9. Consumer readiness is positively associated with hospitals’ intention to adopt intelligent physical 

robots in hospitals. 

 

4. PLANNED RESEARCH METHOD 

To test the above hypotheses, this study plans to use a survey method to collect data. Measurement items 

for the variables will be adapted from previous studies, with some modifications to fit the context of intelligent 

physical robots. Items adapted from Racherla et al. and Lee et al. will be used to operationalize relative 
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advantage, compatibility, complexity, secure, and ethical concern [22][24]. The items of constructs top 

management support, organizational readiness, and organizational culture will be taken from the research of 

Al-Jabri [19]. The construct of government support and consumer readiness will be measured with the items 

taken from the research of Suwa et al. [32] The items of adoption intent will be taken from the research of Clegg 

et al. [37] Multiple-item scales measured with the Likert five-point scale will be adopted for the measurement. 

Since the dependent construct in this study is the hospital’s intention to adopt intelligent physical robots, 

the unit of analysis is hospitals that have not yet adopted intelligent physical robots. We choose the hospital as 

the targeted organization for the following reasons: First, there is a lot of potential for intelligent physical robots 

to be used in healthcare services, but currently the use of intelligent physical robots in Finnish hospitals is still in 

its initial stage. Second, the implementation of intelligent physical robots might become popular in hospitals in 

the post-COVID-19 era due to the heavy workload of hospitals and less human interacdtion with robots support. 

We plan to contact a university hospital in Finland to help with data collection. The hospital will distribute the 

questionnaire to employees of the hospital. Since some of the questions in our questionnaire are realted to 

hospital management and operations, it is appropriate to target the sample of the survey at the nurses, doctors, 

and management team in the hospital. We plan to collect about 200 responses to test the proposed model. The 

data will be analyzed using structural equation modeling (SEM) via the software SmartPLS. 

 

5. EXPECTED CONTRIBUTION 

The expected contributions of this study include both theoretical and practical aspects. First, we use the 

TOE framework to explore the determinants of hospital adoption of intelligent physical robots, allowing 

researchers to effectively assess organizational adoption behavior regarding intelligent technologies in hospitals. 

In addition, this research will provide suggestions on how to improve the adoption of intelligent physical robots 

in organizations, which can help to persuade healthcare professionals to use intelligent physical robots. Hospital 

managers could get aware of the barriers to the adoption of intelligent physical robots in hospitals, and to make 

strategies to reduce these barriers to technology adoption if the hospitals would like to use intelligent physical 

robots. 

There are certain limitations in the current study. This study considers the limited factors influencing the 

adoption of intelligent physical robots in hospitals, which needs to be further expanded in future research. 

Second, all organizations in our dataset are hospitals, so the results of this study may not be applicable to other 

healthcare organizations, such as nursing homes or old care facilities. 
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Abstract: COVID-19 has posed unprecedented challenges to medical tourism due to the global nature of its pandemic effect. 

Government support plays an essential role in the recovery and further development of the medical tourism industry. With 

the support of government, medical tourism enterprises, on the one hand, will maintain their daily business operations and 

wait for the mitigation of the pandemic. On the other hand, they will carry out information technology innovation in medical 

tourism and develop new businesses to create profits. Therefore, we construct a multitask principal-agent model for 

government and enterprises in the medical tourism industry, and discuss the influence of several critical exogenous variables 

on the decision strategies of the government and enterprises from the perspective of resilience. Numerical simulation is used 

to verify the effectiveness of the relevant conclusions. This paper can provide some decision-making basis and reference to 

realize the digital transformation and sustainable development of medical tourism industry under the COVID-19 crisis.  

 

Keywords: medical tourism, COVID-19, resilience, government support, information technology innovation 

 

1. INTRODUCTION 

The World Tourism Organization defines medical tourism (MT) as "international tourism services with the 

theme of medical care, disease and health, rehabilitation and recuperation "[1]. Due to the differences in medical 

service prices among countries, for example, the medical tourism surgery costs in India, Thailand and Malaysia 

are only one-tenth of those in the United States [2], customers will seek medical treatment in another country. 

There are many medical tourism enterprises (including hospitals and care settings, hotels, scenic spots, and 

enterprises providing related supporting services, such as medical tourism agencies and airlines). Customers and 

these enterprises constitute a medical tourism supply chain, in which the government is an important participant 

and medical tourism agencies are the core enterprises. Medical tourism agencies in China, such as Saint Lucia 

Consulting, provide consumers with a series of health products such as overseas medical treatment and physical 

examination, and the service contents include hospital recommendation, case translation, appointment of 

designated experts, medical visas processing, air tickets and accommodation reservations, airport pick-up, 

medical treatment accompany and returning home follow-up [3]. 

The COVID-19 outbreak has touched nearly all countries with surprising speed and severity, which has 

posed critical health challenges worldwide [4]. Due to the rapid spread of COVID-19, many countries suspended 

their visa-on-arrival policies and announced travel bans, which in turn grounded airplanes, closed hotels and 

resorts, and suspended destination businesses [5]. Medical tourism is one industry that cannot hold its ground 

without the mobility of tourists [6]. Mobility dropped sharply from mandated travel restrictions, which made 

medical tourism enterprises face a remarkable decline in turnover and business volume, and halted the medical 
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tourism industry. The medical tourism industry has a high barrier, and due to the diversity of medical tourism 

enterprises, the operation of the medical tourism supply chain has multiple risks, which are the most significant 

difference between medical tourism and general tourism. What's more, medical tourism is one of the 

labor-intensive sectors. Such a slowdown for the industry may put millions of jobs at risk [7], thereby threatening 

to roll back the progress made on the front of sustainable development goals. 

Faced with the impact of COVID-19, on the one hand, medical tourism enterprises will maintain their daily 

business operations through reasonable cost control and certain capital reserves, and wait for the mitigation of 

the pandemic. On the other hand, enterprises will use information technology in medical tourism to start new 

businesses, such as telemedicine services provided by hospitals and medical tourism agencies when customers 

cannot go abroad [8], and meet the patients' medical demands with the help of cloud intelligent system and data 

interactive consultation platform. Hotel operators use big data to analyze the needs, travel distance and health 

status of medical tourism customers so as to promote customer management during the pandemic. New 

technologies such as 5G, AI, VR and big data in scenic spots are widely applied in health tourism products to 

provide customized services for customers [9]. The integrated development of information technology and the 

medical tourism industry has become a new development trend, and information technology innovation has 

become a fundamental element of medical tourism [10], which helps medical tourism enterprises develop their 

core competitiveness while maintaining independence, and enhance their self-regulation in the face of crisis. 

Information technology innovation is fundamental to building enterprise resilience and maintaining long-term 

competitive advantage. Medical tourism enterprises try to improve resilience from these two aspects to cope 

with the pandemic crisis. However, workforce, material and financial resources that enterprises need to pay in 

these two aspects are different. So they should consider comprehensively in different stages of COVID-19. 

Resilience is the ability of enterprises to adapt to crises and quickly recover from crises [11], which helps 

enterprises achieve business stability and adaptability to various risks in natural disasters and emergencies. It 

can dynamically integrate resources, actively mobilize enterprise funds, information, social networks and other 

factors, and help enterprises respond quickly in a crisis and recover quickly after the crisis. The resilience 

adaptative cycle suggests four general phases of a change event: (re-)organization (innovation and creativity), 

growth (exploiting opportunities), consolidation (establishing fixed institutions and rules), and collapse (failure 

of fixed institutions to adapt to context changes) [12]. The COVID-19 pandemic has caused a significant, 

although not total, collapse of the medical tourism industry. The collapse is still taking place, and the 

re-organization of the industry is just barely beginning. The medical tourism industry is starting to enter a 

re-organization phase of innovation and creativity. 

Actually, the government plays a crucial role in improving enterprise resilience, because “bottom-up” 

strategies are more feasible to implement in response to the epidemic crisis [13]. The government, a promoter of 

the development of medical tourism, usually takes the medical tourism destinations as the development goal, 

then plans and develops various medical tourism resources in the regions. The government not only provides 

policies and economic support for the local development of medical tourism but also has the responsibility of 

supervision and management [14]. During the pandemic, the government has issued a series of support policies 

and measures, including financial subsidies, tax relief and government procurement [15], which can enhance the 

confidence of medical tourism enterprises in responding to the pandemic and enhance their resilience. In 

promoting the recovery and development of the medical tourism industry, there is a significant principal-agent 

relationship between the government and medical tourism enterprises. The goal of the principal government is 

to help medical tourism enterprises improve resilience and promote the development of medical tourism 

industry, while the goal of agent medical tourism enterprises is different, and they pay more attention to 

economic benefits. At the same time, there is information asymmetry between the government and enterprises. 
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The government cannot observe the effort level of enterprises after receiving financial support, and enterprises 

may take opportunistic behavior. Therefore, for the government, designing reasonable and effective incentive 

strategies to help medical tourism enterprises maintain daily business operations and carry out information 

technology innovation to improve resilience and realize the further development of the medical tourism industry 

under COVID-19 has become a critical practical issue. 

Previous studies on medical tourism mainly focused on the development model, resource and product 

development, market segmentation and expansion, development potential [16], and mainly used investigation or 

empirical research methods. The analysis of health, tourism, hotel and aviation industries under the pandemic 

focused on the impact mechanism and coping strategies, mainly qualitative analysis. However, this paper 

creatively introduces the principal-agent theory into the medical tourism research field and constructs multitask 

principal-agent models between government and enterprises. From the resilience perspective, we analyze the 

impact of government support policy formulation on enterprises' daily business operations and information 

technology innovation. Furthermore, we discuss the optimal behavior decision-making of both sides, which 

provides valuable managerial insights for the government and enterprises, helps the digital transformation of the 

medical tourism industry, and realizes the sustainable development of the industry. 

 

2. PROBLEM DESCRIPTION AND RESEARCH HYPOTHESIS 

2.1 Problem description 

In the principal-agent relationship between the government and medical tourism enterprises, the 

government, as the principal, will provide industrial support to the agent enterprises in order to promote the 

recovery of medical tourism industry under the pandemic. And then, enterprises determine their efforts in 

medical tourism services (including maintaining daily business operations and information technology 

innovation) according to the expected benefits obtained by the incentive policies. Subsequently, the government 

decides the optimal incentive level for enterprises based on the development status of medical tourism. 

2.2 Research hypothesis 

(1) Suppose 
1 2( , )a a a  represents the effort level of medical tourism enterprises in two tasks, where 

1a  

is the effort level to maintain daily business operations (task 1) and 
2a  is the effort level to carry out 

information technology innovation (task 2), 0ia  ， 1,2i  . 

(2) Assume the production function of task i  of medical tourism enterprises is 
i ix a   , where 

i  is 

the external random factor affecting the production, 
1  and 

2  are independent of each other, and 

2(0, )i iN  ， 1,2i  . 

(3) Contracts where the government pays incentive rewards to medical tourism enterprises take linear 

forms: ( ) i iS x x   , where   is the fixed income and 
i  is the incentive coefficient of each task, 

0 1i  ， 1,2i  . 

(4) Let the effort cost of the two tasks of medical tourism enterprises be 
2 2

1 2 1 1 2 2

1
( , ) ( )

2
C a a b a b a  , where 

ib  is the effort cost coefficient of task i , 0ib  ( 1,2)i  ， and ( ) 0iC a   ， ( ) 0iC a   . 

(5) Suppose the government has a neutral risk, and the medical tourism enterprises intend risk aversion 

with invariable risk aversion feature. Therefore, the risk cost of medical tourism enterprises is 

2 2 2 2

1 1 2 2

1 1
( ( )) ( )

2 2
RC Var S x        , where   is the risk aversion coefficient and 0  . 

(6) The expected benefit of the government is the Cobb-Doulgas production function that condenses the 

two task efforts of enterprises, and the benefit function is 1

1 2

q qV Bx x  , where B  represents the 
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comprehensive service capacity of enterprises, 0B  . q  and 1 q  are about the relative importance of the 

two tasks, and represent output elasticity, 0 1q  . 

 

3. MODEL BUILDING AND CONCLUSION ANALYSIS 

3.1 Model building and solving 

According to the research hypothesis, for the risk-neutral government, the expected benefit is equal to the 

definite equivalence income, as follows:  

 1

1 2 1 1 2 2( ) ( ( )) q qE V E V S x Ba a a a       
 

Due to the absolute risk aversion of medical tourism enterprises, the definite equivalent income needs to 

subtract the risk cost, so the actual definite equivalence income of medical tourism enterprises is: 

 
2 2 2 2 2 2

1 1 2 2 1 1 2 2 1 1 2 2

1 1
( ) ( ) ( )

2 2
E U RC a a b a b a              

 

In the case of information asymmetry between the government and medical tourism enterprises, enterprises' 

effort level is difficult to observe by the government. Therefore, the optimal incentive contract must meet the 

incentive compatible constraints while meeting the participation constraints. The multitask principal-agent 

model is: 

 1

1 2 1 1 2 2max ( ) q qE V Ba a a a     
 (1) 

 
2 2 2 2 2 2

1 1 2 2 1 1 2 2 1 1 2 2

1 1
. .( ) ( ) ( )

2 2
s t IR a a b a b a                 (2) 

 2 2 2 2 2 2

1 2 1 1 2 2 1 1 2 2 1 1 2 2

1 1
. .( )( , ) max ( ) ( )

2 2
s t IC a a are a a b a b a               (3) 

Taking the derivative of 
1a  and 

2a  with respect to formula (3), we can get: 

 1

1

1

a
b


 ， 2

2

2

a
b


  (4) 

Under the optimal situation, the remuneration paid by the government will not make the definite equivalent 

income of the medical tourism enterprise exceed their reserve income level. Therefore, the participation 

constraint takes the equal sign, that is: 

 2 2 2 2 2 2

1 1 2 2 1 1 2 2 1 1 2 2

1 1
( ) ( )

2 2
a a b a b a                (5) 

The fixed income is solved from formula (5) and substituting   and formula (4) into the objective 

function. The expected benefit of the government is: 

 

1
2 2 2 2

2 2 2 21 2 1 2 1 2

1 1 2 2

1 2 1 2 1 22
( )

1
q q

E B
b b b b b b

V
     

    



    
           

   


 

 (6) 

Taking the derivative of 1  and 2  with respect to formula (6) and making their derivatives equal to 

zero, we have: 

 

1 1

1 2

1 221

1 1

1 1 1

( )
0

q q

Bq
b bE V

b b

 


 



 

   
   

    
   


 (7) 

 
1 2

1 222

2 2

2 2 2

(1 )
( )

0

q q

B q
b bE V

b b

 


 





   
    

    



  

 (8) 
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From formula (7) and formula (8), we can obtain: 

 
 

   

1

2 2
1 2 21

2
2 2 1 1

1

1 1

qb b

q b b



 

 
 
  
 

 (9) 

By substituting formula (9) into formula (7) and formula (8), the optimal incentive coefficients of two tasks 

can be obtained: 

 
 

   

1

11
2 2

1 2 22*

1 2 2
1 1 2 1 1

1

1 1 1

q

qb
Bq

qb bb

b q b b




 



 
      

   
 

 (10) 

 
   

   

1
2 2

1 2 22*

2 2 2
2 2 2 1 1

1
1

1 1 1

q

qb
B q

qb bb

b q b b




 

 
       

   
 

 (11) 

By substituting formula (10) and formula (11) into formula (4), the optimal effort levels of the two tasks 

can be obtained: 

 
 

   

1

11
2 2

1 2 22*

1 2 2 2
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q
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qb bb
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 (13) 

Substituting the optimal equilibrium solution *

1a ， *

2a ， *

1  and *

2  into formula(5) and the objective 

function, we can get the optimal fixed income of medical tourism enterprises and the optimal expected benefits 

of the government: 

  
 

 
   

            

1
2 2
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3 25 2
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3.2 Conclusion analysis 

Conclusion 1 The effort levels of medical tourism enterprises in two tasks are positively correlated with 

the government's incentive coefficients and negatively correlated with the effort cost of each task. 

It can be seen from 1

1

1

a
b


  and 2

2

2

a
b


  that the government's incentive intensity to medical tourism 

enterprises can effectively improve the enterprise's effort level and enhance the enterprise's resilience. At the 

same time, conclusion 2 shows that medical tourism enterprises can also improve the effort level by reducing 

the effort cost coefficient. Especially under the COVID-19 crisis, some enterprises will try to reduce the daily 

operating expenses to survive. 

Conclusion 2 The optimal effort levels of medical tourism enterprises *
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Conclusion 2 shows that the optimal effort levels of enterprises to maintain daily business operations and 

carry out information technology innovation are affected by multiple factors. The comprehensive service 

capability can help enterprises carry out two tasks under the pandemic. With the enhancement of comprehensive 

service capacity, the effort levels of enterprises will improve. Such enterprises have strong resilience on 

sufficient economic reserves and workforce support to face external shocks such as the COVID-19, as well as 

carry out information technology innovation. However, considering medical tourism enterprises' costs and 

external risks in maintaining daily operation and technological innovation, the optimal effort levels will be 

reduced accordingly. 

Conclusion 3 The ratio of the optimal effort levels of medical tourism enterprises to the two tasks N  is 

increasing in q , 
2b  and 2

2 , but decreasing in 
1b  and 2

1 . 

Proof: 
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Conclusion 3 shows that medical tourism enterprises decide the optimal effort levels according to the 

relative importance of the two tasks and are willing to make more efforts for the task with high importance. 

Therefore, under the COVID-19 crisis, enterprises need to make clear the service priorities in different periods, 

and timely transmit the attention and the effort levels of the two tasks to the government, so that the government 

can dynamically adjust the incentive strategies according to the strategic intention of the enterprises in different 

periods. In addition, when the cost of a certain task and its exogenous uncertainties are small, enterprises tend to 

invest more effort in this task, thus increasing their resilience. For the task of maintaining daily business 

operations, the difficulty of carrying out medical tourism business under the pandemic increases the cost of 

enterprises' efforts, and the suddenness and high infectivity of the COVID-19 virus increase the uncertainty of 

enterprises' efforts. For the task of information technology innovation, the capital investment and talent 

introduction required in the early stage increases the cost of enterprises' efforts, and the fuzziness and 

subjectivity of customers' perception of medical tourism services with information technology increase the 

uncertainty of enterprises' efforts. Therefore, enterprises should make efforts to improve resilience for medical 

tourism service tasks with high relative importance, low investment cost and low risk under COVID-19. 

Conclusion 4 The optimal incentive coefficients of the government *

1 , *

2  are increasing in B , but 
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decreasing in 
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Conclusion 4 shows that the optimal incentive coefficients are positively related to the comprehensive 

service ability of enterprises, because such enterprises have strong resilience, high enthusiasm and initiative to 

improve medical tourism effort levels. Therefore, the government's incentive level for these enterprises naturally 

increases. At the same time, with the increase of effort cost coefficient, enterprise risk aversion and external 

random factors, the effort levels of enterprises will decrease, and the expected benefits obtained by the 

government will decrease accordingly so that the government will reduce the incentive intensity for enterprises. 

Conclusion 5 The relative incentive intensity coefficient M  is increasing in q , 
1b  and 2

2 , but 

decreasing in 
2b  and 2

1 . 

Proof: 
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From 0
M

q





, we know that the importance of maintaining daily business operations is positively 

correlated with the relative incentive intensity, and the importance of information technology innovation is 

negatively correlated with the relative incentive intensity coefficient. This means that a medical tourism 

business that brings more significant benefits, that is, the business of high relative importance, the government 

should increase the incentive intensity for such business of enterprises. The relative incentive intensity 

coefficient is positively correlated with the effort cost coefficient of maintaining daily business operations task, 

and negatively correlated with the effort cost coefficient of information technology innovation task. It can be 

seen from the above that when the effort cost coefficients increase, the effort levels and incentive coefficients of 

medical tourism enterprises will decrease correspondingly. However, if enterprises provide two services 

simultaneously, the government will encourage the appropriate business of enterprises according to its own 

measurement standards. The government's incentive behavior is based on the actual output performance of the 

two tasks of the enterprise. If the uncertainty of the service is higher, it is more difficult to measure the effort 

level and output performance in this service. At this time, the blind incentive may breed the opportunistic 

behavior of enterprises. Therefore, considering the balance between the two tasks, the government and 

enterprises should be equal in information and responsibility, and enterprises should allow customers to 

participate in interaction to reduce the uncertainty of medical tourism services. 

 

4. NUMERICAL SIMULATION  

To further analyze the impact of relevant parameters on the optimal equilibrium solutions of the 

government and medical tourism enterprises, we carried out the numerical simulation with 3B  ， 1 0.8b  ，

2 1b  ， 1  ， 2

1 2  ， 2

2 3  . 
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(a) The impact of q  on *a                        (b) The impact of q  on *  

Figure 1. The impact of relative importance parameter on optimal effort level and optimal incentive coefficient 

As shown in Figure 1, when the relative importance of a task increases, the enterprises’ optimal effort level 

and incentive coefficient for the task will increase, while the optimal effort level and incentive coefficient for 

another task will decrease. In the light of medical tourism practice, enterprises should not only highlight the 

strategic priority of the two tasks, but also give enough consideration to the two tasks according to the spread 

and control of COVID-19. In the severe epidemic period, some enterprises need to consider the current 

resilience and actively carry out information technology innovation with the support of the government in order 

to develop new business and gain revenue. However, they need to maintain the ability to conduct daily business 

operations to resume regular business after the pandemic quickly. In the early stage of the outbreak and the later 

stage of control, the business focus of enterprises returns to the daily business operations, but it should not be 

damaged or lower than the minimum output standard obtained by information technology innovation. At this 

time, the new business brought by information technology has become a supplement to the daily business 

operations. 

 

Figure 2. The impact of risk aversion coefficient on the ratio of effort levels and relative incentive intensity  

Figure 2 shows that the ratio of optimal effort levels and relative incentive intensity coefficient are 

positively correlated with the risk aversion coefficient. With the reduction of risk aversion, enterprises will 

improve their efforts in information technology innovation. Considering the possibility of risk loss in providing 

medical tourism services under the pandemic, enterprises with low-risk aversion are more willing to take actions 
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to build resilience and create new profit sources actively. Moreover, the government will also incentivize 

enterprises to carry out such business. However, enterprises with high-risk aversion focus on improving their 

ability to maintain daily business operations to wait for the mitigation of COVID-19, and they avoid the 

pandemic risk in this way. Although potential or uncertain losses can be avoided, the opportunity to gain 

benefits will also be lost if they give up the information technology innovation in medical tourism. 

 

5. CONCLUSIONS 

Under the impact of COVID-19, the government will implement incentive policies for enterprises to 

promote the recovery and development of medical tourism industry. In order to cope with the pandemic crisis, 

medical tourism enterprises will make efforts in two aspects with the support of the government. One is to 

maintain daily business operations; the other is to carry out information technology innovation in medical 

tourism, and enterprises improve their resilience through the two ways. Therefore, we construct multitask 

principal-agent models between government and enterprises, and analyze the conclusions from the perspective 

of resilience. The results show that: 

(1) The effort levels on two tasks of medical tourism enterprises are directly related to the incentive 

intensity of the government. The enterprises’ comprehensive service ability, effort cost, risk aversion coefficient 

and external random factors will all affect the optimal effort levels. 

(2) The optimal effort level on a certain task is positively related to the relative importance of the task. 

When the effort cost of the task is small, and there are few external random factors, medical tourism enterprises 

tend to prioritize the task. 

(3) When medical tourism enterprises enhance the relative importance of a certain task, the government's 

incentive intensity for the task will increase and that for another task will decrease. When enterprises adjust the 

relative importance of tasks according to different stages of the pandemic, they should consider different task 

objectives and highlight business priorities, so as to improve resilience and create more benefits. 

(4) The relative incentive intensity of the government to the two tasks is negatively correlated with external 

random factors. The medical environment under COVID-19 has aggravated the risk and uncertainty of medical 

tourism servers in the case of information asymmetric, and the government's blind incentives may lead to moral 

hazard behavior of enterprises. 

Some have described the COVID-19 crisis as an equalizer, which offers a rare and invaluable opportunity 

to rethink and reset medical tourism [17]. It is the best time for the digital transformation of medical tourism. 

Transformations like restarting, reorganizing, and assimilating the medical tourism industry according to the 

latest standards and rules are required to revive the industry. The government and enterprises should work 

together to transform the medical tourism industry into a much more sustainable form, and pay more attention to 

equitable and inclusive development [18].  

There are still some limitations in this paper. The government studied in this paper is risk-neutral, and 

medical tourism enterprises are risk aversion, and other risk preferences are not discussed. In addition, we only 

analyze the role of government and enterprises in the medical tourism industry. In future research, medical 

tourism customers can be introduced to analyze and explore the impact of customer satisfaction and risk 

aversion on healthcare. 
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Abstract: The COVID-19 pandemic, which first appeared in China at the end of 2019, has swept across over 220 countries, 

resulting in millions of infections and deaths and catastrophic economic losses. With the aim of quantitatively evaluating the 

spread of COVID-19 pandemic, this article constructed an output-oriented multi-stage super data envelopment analysis (DEA) 

model to assess the COVID-19 transmission efficiency in 117 countries and analyze the transmission characteristics and trends 

in different periods in Europe, Asia, Africa, and the Americas. We found that there were significant differences in the pandemic 

spread in different countries, with the pandemics in the United Kingdom, the United States, and Brazil being relatively more 

serious. However, many countries had similar pandemic transmission characteristics, such as stable or periodic transmission. 

Although 14.5% of the world population had been fully vaccinated as of August 1, 2021, no pandemic transmission vaccine 

effect has yet been directly observed.  

 

Keywords: COVID-19, coronavirus perspective, multi-DEA, transmission characteristics, vaccine  

 

1. INTRODUCTION 

The unprecedented outbreak of COVID-19 in December 2019 was one of the most serious public health 

issues that humanity has ever faced. The coronavirus pandemic 2019 was reported by the National Health 

Commission of the People’s Republic of China on January 11th, 2020, and spread across more than 220 nations 

within a short period[1]. As of August 1, 2021, the number of worldwide cumulative COVID-19 confirmed cases 

had reached 198 million, with more than 4 million deaths. Therefore, it was expected that the cumulative number 

of cases reported globally over the subsequent three weeks could exceed 200 million[2]. As of August 1, 2021, 35 

million confirmed cases and 630,480 deaths had been reported in the United States by the U.S. Center for Disease 

control, which was 17.65% of the global total confirmed cases and 14.50% of the global cumulative deaths, the 

largest in the world, followed by India, Brazil, Russia and France[3]. 

Because of the COVID-19 pandemic outbreak, which has been an enduring international disaster, the global 

economy, financial markets, education systems, and sports events have been significantly affected. For example, 

when the stock market reopened after the prolonged Lunar New Year holidays due to the pandemic, the Shanghai 

Composite Index dropped 7.7% or around USD 375 billion, which was the largest one-day drop since August 

2015[4]. Similarly, the DAX of Germany, the FTSE 100 in the UK, and the Euro Stoxx 50 all declined in March; 

however, these markets recovered after the associated rescue programs[5]. In the United States, the Dow Jones 

Industrial Average fell 6400 points in only four trading days in March 2020 after a rise in the SARS-CoV-2 

transmissions[6]. On March 18th, 2020, the International Labour Organization estimated that global unemployment 

would rise by 5.3 million in a ‘low’ scenario to 24.7 million in a ‘high’ scenario because of the financial and labour 

crises resulting from the coronavirus pandemic effects[7]. As a result of the many travel bans, border closures, and 

the closures of businesses and public places, international tourist arrivals around the world dropped by 78%, 
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resulting in losses of 1.2 trillion USD in tourism export income and 120 million tourism industry layos, which 

was seven times the impact from the 9.11 incident and the largest drop in history[8]. UNESCO estimated that nearly 

900 million students had been a ected by varying degrees because of the closure of national educational facilities 

and the move to online or virtual education[9]. 

Due to the significant losses across the whole world from the COVID-19 pandemic[4][8][9], and to understand 

the details of what happened as the pandemic developed and future coronavirus transmission, this paper examined 

the spread of COVID-19 with the aim of summarizing the pandemic prevention and control management in 

various countries. 

Since the outbreak of the COVID-19 epidemic, statistical modeling methods, mathematical epidemiology 

models and machine learning models have been widely used to estimate the main epidemic parameters, analyze 

and predict the spread of the epidemic[10][13][14]. For example, the susceptible infectious-removed (SIR) model was 

used by Cooper et al[12] to analyze the spread of the epidemic in a community, then Peng et al[13] and Fanelli and 

Piazza[15] adjusted original mathematical pandemic models by modifying parameters and adding the impact of 

interventions in order to determine the effectiveness of government intervention policies and the impact of 

pandemic spread. However, the many assumptions and additional parameters in these models tend to led to very 

unstable results. Compared to the above models, the post-evaluation method data envelopment analysis(DEA) can 

determine the performance of the decision making unit only through multiple inputs and outputs with fewer 

assumptions. Theretore, DEA models can avoid many of these problems and can stably, accurately and easily 

review the past spread of the pandemic, and provide guidance for future pandemic prevention and control policies. 

As the pandemic spread has been related to many complex factors, such as the natural environment, human-to-

human contact patterns, host factors, and socioeconomic factors[16][18], it is difficult to directly assess, calculate or 

forecast the pandemic transmission rate. Regardless of these factors, COVID-19 needs suitable hosts to 

reproduce[19]. Therefore, examining the COVID-19 conversion efficiency from healthy individuals to infectious 

individuals can objectively and directly reflect the pandemic transmission speed, that is, the higher the conversion 

efficiency, the faster the COVID-19 pandemic spread, and the higher the risk. Conversely, the lower the conversion 

efficiency, the slower the pandemic spread, and the lower the risk. 

To assess COVID-19 pandemic transmission efficiency and the associated risks in different countries, this 

paper developed an output-oriented multi-stage super DEA model to calculate the efficiency of the coronavirus in 

transforming healthy individuals into infectious individuals. We found that there were significant differences in 

the efficiency and intensity of pandemic transmissions across the studied countries. Of the selected 117 countries, 

the countries with high intensity, medium-high intensity, medium-low intensity, and low-intensity pandemic 

proportions were respectively 8.55%, 19.66%, 54.70%, 25.42%, and their average rank were respectively between 

0-30, 30-50, 50-70, and 70-100. According to the average ranking of coronavirus transmission efficiency, the 

COVID-19 epidemic situation in the United Kingdom, the United States and Brazil is the most serious, while the 

coronavirus transmission speed in Laos, Benin and Singapore is slower. In addition, different countries had similar 

pandemic stable or periodic transmission trends.  

The contributions of this study are as follows. A multi-stage DEA framework was developed to assess 

coronavirus transmission efficiency to assist in objectively analyzing the COVID-19 pandemic characteristics and 

trends, and demonstrated that transmission efficiency evaluations can be more easily and inexpensively conducted 

using quantitative methods that avoid political, cultural, and economic prejudices. The framework helps us to 

more clearly review the epidemic situation in various countries, provide basis for epidemic trend analysis, and 

then provide suggestions for epidemic prevention and control. 

The framework of this paper is organized as follows: Section 2 presents a literature review focused on 

coronavirus transmission to explain the reason a super multi-stage DEA model is proposed. Section 3 describes 
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the proposed coronavirus transmission efficiency model and the data selection and processing. Section 4 first 

compares the epidemic situation of countries around the world, and then analyzes the COVID-19 pandemic 

transmission trends and characteristics in different countries. Section 5 concludes the main findings of this paper 

and provides future research directions. 

 

2. RELATED WORK 

In parallel with the outbreak and international spread of the COVID-19 pandemic, since the end of 2019, 

there has been significant research into the basic coronavirus structure, the pandemic impacts, and the COVID-19 

pandemic transmission trends and characteristics in different countries. These studies can be roughly divided into 

three categories; those that used statistical modeling methods, those that used mathematical epidemiological 

models, and those that used machine learning models. 

Statistical modeling methods have been employed to estimate the main pandemic parameters, such as the 

basic reproduction, the incubation time, and the generation time, with exponential growth models often being used 

to predict the pandemic curves. Specifically, Sanche et al[10] estimated key epidemiological parameters using many 

case reports, finding that early and strong control measures could prevent coronavirus transmission. Tang et al[11] 

measured the number of basic infections per day in China based on diagnostic rates and timedependent exposures, 

and found that strict selfisolation was still one of the best pandemic prevention and control measures. Li et al[20] 

used a Gaussian distribution to analyze the spread of the pan demic in Hubei Province, China, and predicted the 

pandemic trends in South Korea, Iran and Italy. However, statistical modeling methods were only suitable for the 

rough estimations in the early stages of the pandemic as the constantly changing pandemic parameters meant that 

the predictions were unable to reflect the actual pandemic situation[21]. 

Mathematical epidemiological models, such as the SIR and the susceptible-exposed-infectious-removed 

(SEIR) models, have been widely used to assess the pandemic spread. For example, Cooper et al[12] used a SIR 

model to provide a theoretical framework for the investigation of the pandemic spread in a community, finding 

that the SIR model was able to provide virus spread insights and predictions. Based on the number of reported 

dengue fever cases in Indonesia, Malaysia, Selangor, and South Sulawesi Side, Syafruddin and Noorani[22] used a 

SIR model to simulate the dengue fever vector transmission population dynamics. 

Some studies have adjusted mathematical pandemic models to the analysis of the COVID-19 transmission 

dynamics by adding new states, modifying the model parameters, or adding the impact of nonpharmaceutical 

interventions. For example, Peng et al[13] re-formulated a new isolation status to analyze the pandemic situation 

in different Chinese regions; however, the study was unable to obtain accurate numbers for the unreported cases 

and exposed cases. A SIRD model was used by Fanelli and Piazza[15] to analyze the pandemic spread in China, 

France, and Italy, concluding that the COVID-19 time evolution had universality. Kumar et al[23] proposed an 

extended SEIR model and daily data of COVID-19 cases in the United States and some European countries to 

forecast possible epidemic dynamics. Some studies have also incorporated population migration data into the 

SEIR model; however, it was found that the addition of other factors often made the models more complicated[24]. 

Although the methods that have modified previous disease models have been able to judge the impact of the 

pandemic spread and the effectiveness of government intervention policies, they have tended to have too many 

assumptions and additional parameters, which has meant that the model predictions have been highly 

uncertain[21][25]. 

Machine learning models have the ability to analyze and predict COVID-19 transmission. For example, 

Ahmar and Del Val[14] used a SutteARIMA model to predict short-term confirmed COVID-19 cases, finding that 

the SutteARIMA method was suitable for daily case predictions in Spain. Chaudhry et al[26] and Chen et al[27] used 

a moving average approach and a logistic growth model to analyze and predict the COVID-19 situations in 
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Pakistan and the United States, and Chimmula and Zhang[28] used long short-term memory(LSTM), a deep 

learning technology, to predict the pandemic situation in Canada and estimate the key pandemic trend features. 

Haeri et al[29] designed a hybrid reinforcement learning-based algorithm and applied it to predict the COVID-19 

pandemic in Quebec. However, even though the accuracy of methods based on artificial intelligence is very high, 

a lack of training data and overfitting problems meant that these prediction methods were not well enough trained 

to achieve the expected results. 

Although many models have been used to examine the COVID-19 transmission trends, the estimation results 

have been relatively rough because the addition of other factors into these modified models has increased their 

instability. Therefore, it has been very difficult to correctly assess the COVID-19 transmission intensity and 

develop future pandemic prevention and control measures. Consequently, post-evaluations of COVID-19 

pandemic transmission based on DEA models have begun to emerge. DEA is a classic efficiency measurement 

method that can evaluate decision making unit (DMU) performances using multiple inputs and outputs with fewer 

assumptions[30]. For example, Aydin and Yurdakul[31] developed a DEA-based framework to conduct a detailed 

analysis of the pandemic transmissions and responses in 142 countries. Compared to the previous models, DEA 

can stably and accurately perform post-evaluations of past pandemic transmissions and indirectly reveal the key 

characteristics and trends. 

However, assessing COVID-19 pandemic transmission efficiency is a complex task because it is related to 

many factors associated with the environment, the host, socio-economics, and contact patterns[17][32][33][34]. For 

example, Lin et al[16] found that there was a negative correlation between temperature and the COVID-19 spread, 

with the coronavirus transmission doubling time increasing by 0.041 days when the temperature increased by 1 

degree. Population mobility has also been found to be another significant driving factor for the COVID-19 spread, 

with the basic production numbers rising by 0.11 or 0.16 on average when the population density doubled or the 

log population density increased by one unit[35]. Qiu et al[18] found that transmission rates decreased by 0.12 when 

the number of doctors increased by one standard deviation, which suggested that countries with better medical 

resources would have lower transmission rates. Therefore, as there are many complex pandemic transmission 

related factors, it is time-consuming and laborintensive to incorporate them into the models and therefore difficult 

to accurately determine the pandemic transmission efficiency. 

However, with a change in perspective, it could be easier to judge the pandemic spread as the main mission 

of the virus is to reproduce itself by utilizing the host cells, which means that within a specified time period, the 

more people infected with the coronavirus, the faster the pandemic spreads, and the higher the severity of the 

pandemic in the region. This means that it is possible to determine the COVID-19 pandemic spread by measuring 

the coronavirus efficiency in converting healthy individuals into confirmed cases. Therefore, evaluating the 

pandemic transmission efficiency from a virus perspective can remove the influences of the environmental and 

socioeconomic factors and ensure the evaluation process is more objective and concise. 

 

3. METHODOLOGY 

3.1 Proposed model I 

If it is assumed that the pandemic transmission time is short enough that the natural births, deaths, and 

migration are negligible, the total population N  can be divided into three parts: H  , the number of healthy 

individuals; I  , the number of infectious individuals; and R  , the number of removed individuals, with these 

removed individuals being further subdivided into C , the number of recovered individuals, and D , the number of 

dead individuals. ( ), ( ), ( )H t I t C t  and ( )D t represent the functions for , ,H I C and D related to time t , with their 

sum satisfying Equation 1, in which  represents the statistical error. 

( ) ( ) ( ) ( )N H t I t C t D t                                     (1) 
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Figure 1.  Transformation of healthy, infectious, dead and recovered individuals 

Based on these assumptions, there is a mutual transformation between , ,H I C and D , as shown in Figure 1. 

Initially , when the coronavirus was considered to be only parasitic in bats and that everyone was likely to be 

infected, the coronavirus infection rate was estimated at 0.000001[19]. However, after the first coronavirus 

infectious individuals appeared, the infectious individuals I spread the coronavirus to the healthy individuals H , 

which meant that an increasing number of people changed from being healthy to infectious, which then accelerated 

the pandemic spread[36]. However, if the infectious individuals I  were sent to hospitals for quarantine and 

treatment, the infectious individuals I  became recovered individuals C  and dead individuals D  , hindering the 

spread of the pandemic. Therefore, the efficiency of transforming healthy individuals H into infectious individual

I was calculated to evaluate the pandemic transmission efficiency. 

Taking all these relevant factors into consideration, a multi-stage output-orientated super DEA structure was 

built to assess the pandemic transmission efficiency in different countries. To maintain the the homogeneity of the 

decision making units sDMU in the DEA structure, the 193 independent sovereign country members of the United 

Nations were initially taken as the sDMU for this study. However, because some countries had populations less 

than 500,000, they were removed from the DEA model as they may not have had any significant impact on the 

pandemic. Because of the continued spread of the coronavirus, the total transmission process was divided into one 

stage each month to more accurately calculate the transmission efficiencies in each period. The variables used in 

this paper are given in Table 1. 

Table 1.  Variables and descriptions 

Variable descriptions 

T  Time of coronavirus transmission 

H  The number of healthy individuals 

I  
The number of infectious individuals 

C  The number of recovered individuals 

D  The number of dead individulas 

As shown in Figure 2, taking the thi stage as an example, 117 countries were selected as the sDMU , with 

,T I at the beginning of the thi stage and C during the thi stage being the DEA model input variables. The I at the 

end of the thi stage being the output variable and one of the input variables in the ( 1)thi  stage. And D during the

thi  stage was selected as another output variable. As the coronavirus spreads primarily through infectious 
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individuals, I was selected as one of the input variables. Further, as some infectious patients I recovered after 

hospital treatment, they were unable to spread the coronavirus[37]. Therefore, the total recovered C were selected 

as the input variables from the perspective of virus. The model used I as the output variable because the goal of 

the coronavirus transmission is to increase the number of infectious individuals as this gives the virus a greater 

chance to survive and reproduce. When the input and output variables were set, the coronavirus transmission 

efficiencies in each country in the thi stage were determined.  

 
Figure 2.  Structure of the multi-stage model for the coronavirus transmission 

The data for the analysis were obtained from the data repository for the COVID-19 Visual Dashboard at the 

Center for Systems Science and Engineering at Johns Hopkins University, Worldometer, the World Health 

Organization, and the United Nations Department of Economic and Social Affairs[38][40], from which the related 

cumulative confirmed, recovered, deaths, and populations from January 20, 2020 to August 1, 2021 were extracted 

to evaluate the pandemic efficiency. 

3.2 Proposed model II 

Proposed model I evaluated the overall efficiency and intensity of the pandemic transmission in the different 

countries. However, to more accurately determine the specific situation in each stage, Model II was established. 

In Proposed model II, some specific countries with special COVID-19 pandemic situations were selected, 

and the the entire transmission process divided into each stage based on a week, with each stage being taken as a 

DMU , the input and output variables and calculation principles for which were as in Proposed model I. Proposed 

model II could more accurately assess the specific virus transmission efficiencies in each stage and reveal which 

stages were efficient and which stages were inefficient. The differences between Proposed models I and II are 

shown in Table 2 . 

Table 2.  The differences between proposed model I and proposed model II 

 Proposed model I Proposed model II 

DMU  117 countries Each stage of the selected country 

Input variables , ,T C I  , ,T C I  

Output variables ,I D  ,I D  

Purpose 
Comparison of epidemic transmission in 

different countries 

Comparison of epidemic transmission in different 

stages in the same country 

 

3.3 Super-DEA model 

Employing the DEA model based on the actual COVID-19 outbreak situation, this study analyzed the 

pandemic transmission efficiencies in different countries. Suppose there are n homogeneous sDMU that produce

s outputs by utilizing m inputs. A group of sDMU can be divided into two groups: frontier sDMU and non-frontier

sDMU [41]. The frontier units consist of the extremely efficient sDMU , the efficient but not extremely efficient
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sDMU , and the efficient sDMU with non-zero slacks, that is 0DMU belongs to a DEA frontier point when 𝜃0 =

1. The super-DEA model, therefore, could be used to rank the efficient sDMU . The input-oriented CRS super-

DEA model is shown in Equation 2: 
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In the input-oriented super-efficiency model,  𝜃∗
 is the super efficiency score for kDMU  . If the super-

efficiency model is feasible and kDMU is efficient, 𝜃∗ > 1, which suggests that the inputs for kDMU increased to 

reach the frontier formed by the rest of the sDMU . The output-oriented CRS super-efficiency model is shown in 

Equation 3: 
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In the output-oriented super-efficiency model, the super-efficiency for kDMU is given by 1/𝜙∗. If the model 

is feasible and is efficient, 𝜙∗ < 1 indicates that the outputs for kDMU decreased to reach the frontier formed by 

the rest of the sDMU . Chen[42] found that when infeasibility occurred, positive infinity could be used to represent 

the super-efficiency score because infeasibility meant that the efficiency for an efficient DMU was stable in the 

presence of data errors if the super-efficiency was considered as an efficiency stability index. Consequently, a 

complete ranking of the sDMU could be obtained when the infeasibility conundrum was settled. 

 

4. RESULTS AND DISCUSSION 

The pandemic transmission efficiency evaluation results directly and objectively reflected the COVID-19 

pandemic severity and risk. Based on the output-oriented multi-stage super-efficiency DEA model and the 

available data, the pandemic transmission efficiencies in the different countries at the different stages were 

assessed to determine the following: (1) the countries that had the most severe pandemic spread, those in which 

the pandemic situation had most eased, and those in which the pandemic transmission was the most efficient and 

inefficient; (2) the characteristics of the pandemic transmission trends in the different countries and the similarities 

and differences; and (3) the future spread of the pandemic. 

Using Proposed model I, the 18 month pandemic transmission efficiencies the 117 countries were calculated. 
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As shown in Table 3, the average rank were calculated according to the monthly epidemic transmission efficiency 

value ranking. For Proposed model II, 20 countries were selected for a specific analysis of the pandemic 

transmission trends and the 76 weekly pandemic transmission efficiencies calculated. The abnormal efficiencies 

resulting from data error were discarded in the figure. 

4.1 The COVID-19 pandemic in world 

To compare the pandemic situations in the different countries, the average ranking of 117 countries was 

shown in Table 3. Consistent with the discovery in Sorci et al[43], although COVID-19 had spread to 220 countries 

on seven continents, the severity varied in the different regions[44]. The countries COVID-19 pandemic intensities 

were divided into four levels based on the average rank: high (0-30), medium-high (30-50), medium-low (50-70), 

and low (70-100).  

During the entire COVID-19 process, the top five countries with the highest average rank, that is, the fastest 

spread of the epidemic, are the United Kingdom, the United States, Brazil, Mexico and Netherlands. The 

Netherlands has an average ranking of 13.17, which indicated that the pandemic situation in the Netherlands was 

very serious and the transmission risk extremely high. This was consistent with the facts as nearly 52,000 people 

in the Netherlands tested positive for COVID-19 and the coronavirus infection rate had soared by more than 500% 

in the previous week, which the Dutch Prime Minister Mark Rutte apologized for on June 26, 2021[45]. The United 

States, which has had the largest cumulative number of confirmed cases and deaths on a global scale, had a ranking 

of 6.44[46]. 23 countries had average ranking between 30 and 50, and 46.15% and 25.42% of countries were 

medium-to-low and low, which suggested that most countries had a medium-level pandemic transmission speed. 

Table 3  Average ranking of epidemic transmission efficiency of 117 countries 

Country 
Average 

Rank 
Country 

Average 

Rank 
Country 

Average 

Rank 
Country 

Average 

Rank 

United Kingdom 3.17 Turkey 47.39 Ethiopia 59.61 Rwanda 71.94 

US 6.44 Tunisia 47.56 Nepal 59.61 United Arab Emirates 72.17 

Brazil 10.50 Algeria 49.89 Lebanon 60.44 Denmark 72.72 

Mexico 10.61 Belgium 50.50 Haiti 61.56 Venezuela 73.11 

Netherlands 13.17 Bulgaria 50.61 Switzerland 61.72 Kyrgyzstan 73.44 

France 14.33 Greece 50.67 Canada 61.94 Congo(Brazzaville) 73.89 

India 22.89 Nicaragua 51.06 Tanzania 62.44 Korea, South 74.39 

Yemen 26.78 Pakistan 51.06 El Salvador 62.56 Belarus 74.89 

Colombia 28.06 Sweden 52.22 Morocco 62.78 Vietnam 75.17 

Russia 28.11 Guatemala 52.39 Senegal 62.89 Liberia 75.50 

Honduras 30.17 Paraguay 52.50 Malawi 63.67 Cuba 76.83 

Indonesia 32.67 Dominican Republic 53.39 South Sudan 63.67 Papua New Guinea 77.28 

Argentina 34.56 Uganda 53.39 Austria 63.72 Burkina Faso 77.56 

Iran 34.78 Iraq 53.44 Thailand 64.00 Sri Lanka 79.28 

Egypt 35.11 Slovakia 54.00 Burma 64.56 Chad 81.83 

Spain 35.33 Afghanistan 54.11 Saudi Arabia 65.33 Niger 82.06 

South Africa 35.50 Costa Rica 54.17 Nigeria 66.56 Cambodia 83.67 

Ecuador 38.39 Japan 54.83 Angola 66.61 Ghana 85.11 

Italy 39.11 Kenya 55.11 Serbia 66.94 Cote d’Ivoire 85.94 

Poland 40.11 Czechia 56.89 Cameroon 67.83 China 86.22 

Romania 40.11 Congo(Kinshasa) 57.00 Madagascar 68.28 Uzbekistan 86.94 

Bolivia 40.50 Portugal 57.11 Malaysia 68.61 Tajikistan 88.67 
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Country 
Average 

Rank 
Country 

Average 

Rank 
Country 

Average 

Rank 
Country 

Average 

Rank 

Ukraine 41.61 Australia 57.22 Zambia 69.00 Guinea 88.94 

Sudan 42.89 Israel 57.78 Mozambique 69.06 Togo 89.28 

Chile 43.78 Somalia 57.78 Oman 69.33 Singapore 91.06 

Syria 44.83 Finland 57.94 Azerbaijan 69.61 Benin 92.17 

Philippines 45.39 Norway 58.11 Jordan 69.61 Laos 95.11 

Bangladesh 45.61 Kazakhstan 58.17 Mali 70.83   

Germany 45.94 Libya 58.78 Burundi 71.22   

Hungary 46.61 Zimbabwe 58.83 Sierra Leone 71.39   

4.2 The COVID-19 pandemic in Europe 

 

Figure 3.  The COVID-19 pandemic in Netherlands 

 

Figure 4.  The COVID-19 pandemic in France 

 

Figure 5.  The COVID-19 pandemic in Sweden 

 

Figure 6.  The COVID-19 pandemic in UK 
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Figure 7.  The COVID-19 pandemic in Italy 

As of March 13, 2020, the number of confirmed cases and deaths reported in Europe exceeded that of all 

other regions combined, with WHO announcing that Europe was regarded as the COVID-19 pandemic 

epicenter[47]. As of March 17, 2020, the coronavirus had spread to all countries in Europe, with the most severely 

affected being Italy, Spain, France, and the United Kingdom, which was mainly reflected in the soaring mortality 

rates. To more accurately understand the pandemic spread dynamics in Europe, the United Kingdom (ranked 3.17), 

the Netherlands (ranked 13.17), France (ranked 14.33), Italy (ranked 39.11) and Sweden (ranked 52.22) were 

selected as representatives and their respective 76 weekly pandemic transmission efficiencies calculated. Figure 

3, 4, 5, 6, 7 shows the coronavirus transmission efficiencies in the above countries from February 16, 2020 to 

August 1, 2021. 

The highest pandemic transmission efficiencies were in the early stages of the COVID-19 outbreaks in each 

country. From February 23 to March 1, 2020, the pandemic transmission efficiencies in France, Italy, the 

Netherlands and Sweden were respectively 12.51, 2.45, 1.37, and 4.33, which were all at a relatively high level 

compared to the other periods and indicated the significant impact of COVID-19. 

After the sudden rise in COVID-19 cases, the pandemic transmission efficiencies declined. For example, 

from March 1 to March 15, 2020, the transmission efficiencies in the United Kingdom dropped from 1.70 to 1.11 

and between March 1 and March 22, 2020, decreased by 85.35% in France; however, there was a large rebound 

in the following week. The pandemic transmission efficiencies in the Netherlands and Sweden had similar patterns, 

that is, a substantial decline after the initial COVID-19 outbreaks. 

The overall pandemic transmission efficiency trends in some countries were similar, while others had 

different characteristics. In the United Kingdom, Italy, Ntherlands, and Sweden, the transmission efficiencies 

changed over time. From February 16, 2020, to August 1, 2021, the transmission efficiency in Italy had downward 

and upward trends three times, and the United Kingdom and Sweden experienced the same changes twice, 

indicating that these three countries had been hit by the pandemic multiple times to varying degrees. In April 2021, 

the transmission efficiency of the pandemic in Sweden and Italy began to increase as new waves arrived. 

Except for the high transmission efficiencies at the beginning of the pandemic, the efficiencies in the 

remainder of the time period in France fluctuated around the average, and the overall trend was stable. The average 

and median transmission efficiencies in France were 0.95 and 0.71, and in the last week of the analysis, the 

transmission efficiency in France was 1.03. Therefore, while the pandemic situation in the France was relatively 

stable, it was still at a relatively dangerous level, indicating that if that the government does not take any firm 

measures, the coronavirus is very likely to exist in the country for a long time. 

In the last week of the analysis, the pandemic transmission efficiencies were greater than 0 in all selected 

countries and were even at a high level in some countries; therefore, the pandemic transmission has not 

disappeared as many countries are still in a severe state. Therefore, there is still a long way to go before the 

pandemic is fully controlled. 

Compared with the other countries and regions, the average pandemic transmission efficiencies in the 

European countries were high. Of the five selected European countries, the country with the highest average 
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transmission efficiencies were Sweden and France, with respective values of 1.48 and 0.95, and the average 

transmission efficiencies in Italy were the lowest in Europe, at 0.72; however, these were still relatively high 

compared to other countries in the world. 

These results possibly reveal the impact of mitigation policies such as herd immunity. Sweden chose a 

mitigation strategy with the goal of implementing a response that could be sustained over a longer period while 

minimizing the associated morbidity and mortality[48]. Herd immunity strategies allow enough of the population 

to be infected, recover, and develop an immune system response to the virus to break the chain of transmission 

and eventually stop the spread[49]. However, herd immunity policies do not have appeared to have had any effect 

on the response. From January 31, 2020, to August 1, 2021, there were 6,57,309 confirmed cases and 12,826 

deaths in Sweden. As shown in Figure 3-7, the virus transmission efficiency in the last week was 2.42, which was 

far greater than in the neighboring countries that had adopted lockdown policies[50]. 

4.3 The COVID-19 pandemic in Asia 

 

Figure 8.  The COVID-19 pandemic in Thailand 

 
Figure 9.  The COVID-19 pandemic in South Korea 

 
Figure 10.  The COVID-19 pandemic in India 

 
Figure 11.  The COVID-19 pandemic in Japan 
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Figure 12.  The COVID-19 pandemic in China 

As the region that had the earliest COVID-19 outbreaks, the total confirmed cases and deaths in Asia have 

exceeded 5 million and 70,000. As of June 16, 2021, every country in Asia had reported at least one case of 

COVID-19 except for North Korea and Turkmenistan[51]. Despite being the first region in the world to be hit by 

the COVID-19 pandemic, the early large-scale prevention and control policies in some Asian countries, and 

particularly in China, Japan, and Vietnam, appeared to be effective. India (ranked 22.89), Japan (ranked 54.83), 

Thailand (ranked 64), South Korea (ranked 74.39) and China (ranked 86.22) were therefore selected to specifically 

analyze the COVID-19 transmission efficiencies in Asia. 

From February 16 to February 23, 2020, the pandemic transmission efficiencies in China and Thailand were 

greater than 0, while those in Japan and India were all 0. As the first country to have a large-scale COVID-19 

outbreak, China’s transmission efficiency reached 2.12 between February 16 and February 23, 2020[52]. Over the 

subsequent two to three weeks, the transmission efficiencies in South Korea, Japan, and India also rose sharply, 

indicating that the coronavirus had begun to spread throughout Asia. 

Similar to the European countries, the pandemic transmission efficiencies in the Asian countries peaked at 

the beginning of the COVID-19 outbreak and then gradually declined over the following few weeks. From 

February 23 to March 1, 2020, Japan’s transmission efficiency reached 32.72, ranking first among all DMUs in 

Japan, and then dropped to 0.92 from March 1 to March 8, 2020. In South Korea, the initial transmission efficiency 

rose to 2.39 between March 1 and March 8, 2020, which was also ranked first among all its DMUs, but then 

showed a gradual downward trend from March 8 to March 22. Different from China, South Korea and Japan, 

India’s transmission efficiency between March 8 and March 15, 2020 was at a relatively low level at only 0.73. 

However, there was a significant increase from March 15 to March 22 and from March 29 to April 5, with the 

efficiency rising to 1.06 and 2.20. 

Although the first large-scale COVID-19 outbreak occurred in China, China successfully controlled the 

pandemic using drastic measures such as lockdowns and face mask mandates[53]. Through the joint efforts of all 

people, the transmission efficiency was stable at most times, with 72.37% of the DMUs being below 0.5, 

indicating that COVID-19 was not being effectively spread. However, small-scale outbreaks were common in 

China. A second outbreak hit China on 7 June 2020, primarily because of outbreaks in Xinjiang and Liaoning 

provinces, which can be seen in an increase in the coronavirus transmission efficiency to 1.91. On January 6, 2021, 

63 new cases were reported in Hebei Province, and the efficiency increased to 1.11, after which the efficiency 

rapidly fell when strict prevention and control measures were implemented. The pandemic was successfully 

contained in China, and China’s practices have also been affirmed by the World Health Organization. The WHO-

China joint investigation report stated that China had introduced perhaps the most ambitious, flexible, and active 

disease containment measures in history[47]. Although China’s prevention and control measures were not 

applicable to all places due to economic, social, and human rights issues, they are worth learning and reflecting 

on. 
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4.4 The COVID-19 pandemic in Americas 

 

Figure 13.  The COVID-19 pandemic in US 

 

Figure 14.  The COVID-19 pandemic in Brazil 

 
Figure 15.  The COVID-19 pandemic in Argentina 

 

Figure 16.  The COVID-19 pandemic in Canada 

 

Figure 17.  The COVID-19 pandemic in Mexico 

As of June 18, 2021, the number of COVID-19 confirmed cases in North America was as high as 40,280,881, 

which was 22.46% higher than in South America. However, the number of deaths in North America was 5.51% 

lower than in South America[47]. Figure 13-17 shows that in North and South America, the country with the highest 

average ranking was the United States. The number of confirmed cases of COVID-19 and the number of deaths 
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in Brazil, Mexico and Canada were closely behind. Therefore, the transmission efficiencies in United States 

(ranked 6.44), Brazil (ranked 10.50), Argentina (ranked 34.56) and Canada (ranked 61.94) were calculated and 

used to analyze the coronavirus transmission characteristics. 

As shown in Figure 13-17, the breakthrough time point between February 23, 2020 and March 1, 2020, when 

the pandemic transmission efficiencies in Brazil, Mexico, and US were zero, were the same, which indicated that 

the times of the first outbreak in these selected three countries were similar. However, the COVID-19 pandemic 

spread in the United States occurred earlier, with this error caused by a lack of initial data on the number of 

confirmed cases. 

Although the United States had the largest number of confirmed cases and deaths, the five selected countries 

had similar transmission characteristics, that is, the coronavirus transmission efficiencies fluctuated around the 

average or median, indicating that the pandemic situation in each country stabilized after the first round of 

outbreaks. However, although the pandemic situation stabilized, the transmission efficiencies in some countries 

remained at a high level while in others they were relatively low. Of the five selected five countries, Argentina had 

the highest average transmission efficiency at 1.36, while US, Mexico, and Brazil had average efficiencies of 1.00, 

0.97 and 0.97, indicating that the coronavirus transmissions in these countries remained efficient or superefficient. 

Despite having strong capabilities and resources, the United States has had the greatest number of confirmed 

COVID-19 cases so far and the highest per capital fatalities in the world[54]. As shown in Figure 13-17, the median 

and variances in the coronavirus transmission efficiency in the United States were 0.92 and 0.27, and the 

transmission efficiency has been higher than 0.7 since March 1, 2020. The transmission efficiency at the time of 

the initial outbreak in the United States was only 0.25; however, the initial response was very slow. This delay in 

the federal and state responses allowed for the rapid spread of COVID-19 in New York, Louisiana, New Jersey, 

and other states, resulting in an efficiency increase to 3.99 in just one week[55]. With this rapid increase in the 

number of COVID-19 cases in the United States, the transmission efficiency initially peaked around the beginning 

of March, 2020, at which time, the federal government and all 50 states declared emergencies, which allowed the 

governors to exercise their emergency powers on March 27, 2020, such as stay-at-home orders, large gathering 

bans, school closures, restaurant limits, and so on. Although almost all states declared a state of emergency within 

two weeks, different states had different implementation policies; for example, 11 states did not strictly shut down 

nonessential businesses at all and the reopening of businesses across the states was extended for more than 6 

weeks. Only six states had begun to reclose businesses as of August, 2020[56], which may have been one of the 

reasons the virus was able to maintain efficient transmission. The transmission efficiency rose again in May 2021, 

indicating that the pandemic situation in the United States had further deteriorated. Although the determinants and 

influence mechanism of the U.S. prevention and control strategy are very complex, this paper observes that the 

coronavirus spreads almost at an extraordinary efficiency under its influence. 

4.5 The COVID-19 pandemic in Africa 

 

Figure 18.  The COVID-19 pandemic in Burundi 
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Figure 19.  The COVID-19 pandemic in South Africa 

 

Figure 20.  The COVID-19 pandemic in Sudan 

 

Figure 21.  The COVID-19 pandemic in Egypt 

 

Figure 22.  The COVID-19 pandemic in Ethiopia 

In general, the number of coronavirus cases and deaths was on the rise in the African continent[47]. In the last 

seven days, more than 130,490 cases were identified in Africa, a 31.0% increase compared to the previous week. 

In Africa, most of the new confirmed cases (48.4%; 1,823,319) and deaths (64.2%; 58702) were in South Africa, 

although 43 countries reported new cases during this period[47]. And many countries have been affected by varying 

degrees of severity. Therefore, Egypt (ranked 35.11), South Africa (ranked 35.50), Sudan (ranked 42.89), Ethiopia 

(ranked 59.61) and Burundi (ranked 71.22) were singled out for further analysis. 

Figure 18-22 shows that the COVID-19 outbreak in Africa occurred later than in the other conti 

nents. Specifically, the pandemic transmission efficiencies in Burundi and Sudan were respectively 0 from 

April 5 to April 12, 2020, and from March 22 to March 29, 2020, which was about three months later than in 

China. Therefore, the African countries may have had more time to formulate their pandemic prevention and 

control plans to deal with the transmission. Compared with the countries on the other continents, the average 
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pandemic transmission efficiencies in the African countries were lower. However, when the virus entered the 

countries, it often spread efficiently as the efficiencies were much higher than 1, which was a similar situation to 

the other countries. The virus transmission efficiency in Ethiopia in the first week of the outbreak was 2.41. 

From the overall pandemic transmission trends, the transmission efficiencies in the African countries often 

fluctuated around the average or showed a gradual increasing trend. For example, Figure 18-22 shows that the 

transmission efficiencies in Sudan, South Africa, and Ethiopia were stable at 0.99, 0.93 and 0.89, indicating that 

the risk of pandemic transmission in these countries was relatively high. However, Burundis situation was slightly 

different, that is, it was low after the outbreak, but increased sharply in December 2020. 

In general, the spread of the COVID-19 pandemic in different regions showed huge differences. And some 

G20 group countries had high ranking, some had middling ranking, and some had relatively low ranking, which 

possibly indicated that the coronavirus transmission was less relevant to economic development levels. Sun et al. 

(2020)[57] found that there was a weak association between the COVID-19 spread and population density, which 

was also verified in this article. South Korea, with a population density of 512/km2, and Japan, with a population 

density of 334/km2, had average ranking of 74.39 and 54.83, while Russia, with a population density of 9/km2, 

reached 28.11, which indicated that a higher population density did not necessarily mean a faster pandemic spread. 

However, countries with vastly different average epidemic transmission speeds may show similar transmission 

trends and characteristics. Although the average rankings of the United Kingdom and China are 3.17 and 86.22 

respectively, the epidemics of the two countries have changed in stages over time. Unlike the two countries, the 

epidemic in the United States spreads steadily at an extremely high speed. As one of the most effective pandemic 

prevention means, the COVID-19 vaccines have been found to reduce the risk of infection or spread[58]; therefore, 

the growing number of people vaccinated will assist in promoting herd immunity or group protection[59]. As of 

August 1, 2021, 28.2% of the worlds population had received at least one dose of a COVID-19 vaccine and 14.5% 

were fully vaccinated[60]. However, the experimental results showed that a reduction in the pandemic transmission 

efficiency resulting from the rise in vaccinations has not yet been directly observed to effectively suppress 

transmission. 

 

5. CONCLUSIONS 

Measuring the COVID-19 transmission characteristics and trends can give a long-term view of the intensities 

and risks of the pandemic. With the aim of assessing the COVID-19 transmission efficiencies, this paper 

developed a multi-stage output-orientation super DEA model from a coronavirus efficiency perspective to 

calculate the transmission efficiencies in different countries at different times. 

Although the coronavirus has spread to 220 countries and territories around the world, the overall COVID-

19 outbreak levels in the different countries were found to have significant differences. The three countries with 

the highest pandemic intensities and risks were identified as the United Kingdom, the United States, and Brazil. 

However, from a micro perspective, the virus transmission trends and characteristics in the different countries 

were found to be relatively similar, with some remaining stable at a certain level for a long time and having small 

volatility, and with others having regular transmission efficiency changes over time. In addition, in the latest week 

of the analysis, the pandemic transmission efficiencies in most countries were still at a high level, indicating that 

COVID-19 transmission remains very serious. 

In addition, since the vaccine cannot suppress the epidemic, COVID-19 vaccinations should be accelerated 

and the pandemic prevention and control measures in various countries continued. This paper explored the trends 

and characteristics of COVID-19 transmission; however, the deeper reasons for these characteristics are still 

unclear. The next research task, therefore, is to further clarify these characteristics, analyze the influencing factors, 

and further study the influencing mechanisms. 
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Abstract: Effectively communicating health knowledge plays a significant role in promoting health behavior. Messages 

could be framed to highlight either the benefits of engaging (gain-framed) or the consequences of not engaging (loss-framed) 

in particular health behavior, yet existing studies have identified mixed findings regarding the impact of gain-framed vs. 

loss-framed messages. Drawing upon prospect theory and construal level theory, we first examine how gain-framed vs. 

loss-framed messages affect health knowledge adoption. Then, we investigate how gain- (loss-) framed messages should be 

paired with psychological distance (proximal vs. distal) to enhance one’s processing fluency, which functions as a mediator 

to influence health knowledge adoption. We conducted two between-subjects experiments. The findings of this research have 

implications for designing effective public health communication and health information services. 

 

Keywords: Message framing, Psychological distance, Health knowledge adoption 

 

1. INTRODUCTION 

The popularization of health knowledge can help the public to make wise health decisions. Especially 

during the global outbreak of COVID-19, enhancing the public’s health knowledge is critical to the success of 

combatting the pandemic. Health knowledge adoption refers to the extent of recipients’ intention to accept and 

utilize provided health knowledge, signifying recipients’ attitudes and cognition toward learning, absorbing, and 

reserving health-related information[1]. Prior studies found that information quality and information sources[2] as 

well as perceived health threats[1] can promote health knowledge adoption. However, few studies have discussed 

how health information can be framed to affect health knowledge adoption. Based on prospect theory and 

construal level theory (CLT), we study how gain-framed and loss-framed messages affect individuals’ health 

knowledge adoption. We further examine the interaction between gain- and loss- framed messages and 

psychological distance as well as the mediating role of processing fluency. This research contributes to an 

enhanced theoretical understanding of message frames in public health communication, and practically, makes 

suggestions for effective public health information services. 

 

2. THEORETICAL FOUNDATION 

According to prospect theory[3], people are obsessed with small-probability events. Even in the face of 

small-probability loss events, decision-makers have a risk-averse mentality and choose to reduce losses. 

Therefore, in the face of the loss-framed message, people will show better knowledge adoption. Therefore, we 

hypothesize a loss-framed message will lead to a higher level of health knowledge adoption. 

CLT suggests that one’s psychological representation of events will affect his or her cognition and 

behavior[4]. People use broad and abstract thinking (high level of construal) for things that are far away in the 

psychological distance, and use detailed and specific thinking (low level of construal) for things that are close in 

the psychological distance[4]. A gain-framed message can activate abstract thinking modes (high-level construal), 

and a loss-framed message can activate specific thinking modes (low-level construal)[5]. Combining consistently 
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high (or low) construal levels will lead to better health knowledge adoption. Thus, we hypothesize the impact of 

gain- and loss- framed messages will interact with psychological distance. 

Processing fluency refers to an individual's subjective perception of the difficulty of information processing. 

Low processing fluency will cause a high cognitive burden, while high processing fluency can ease the cognitive 

load and enhance one’s health knowledge adoption. If a message can make people feel right in understanding, the 

effect (such as evaluation, attitude, willingness, etc.) is better. Therefore, we hypothesize processing fluency 

mediates the impact of message framing and psychological distance on health knowledge adoption. 

 

3. RESEARCH METHODOLOGY AND RESULTS 

We designed two experiments to test the research hypotheses. Experiment 1 was a between-subjects design 

(message framing: gain vs. loss vs. no frame), using HPV vaccine as experiment materials. Experiment 2 was a 

two (message framing: gain vs. loss) by two (psychological distance: proximal vs. distal) between-subjects 

design, using materials related to COVID-19 booster vaccine. We received 176 valid responses and 121 valid 

responses, respectively, in two experiments. Then, we used SPSS and Smart-PLS 3.0 for data analysis. 

Results of Experiment 1 showed health knowledge adoption under the framed condition, including 

gain-framed and loss-framed, is significantly higher than under the no-frame condition (Mframed=6.44, Mnot 

framed=3.51, F=17.00, p<0.001). The loss-framed message had a significantly higher health knowledge 

adoption than the gain-framed message (Mgain=5.43, Mloss=7.46, F=5.83, p<0.05). Results of Experiment 2 

confirmed psychological distance interacted with the gain- or loss- framed messages. In the proximal distance 

condition, the loss-framed message led to higher processing fluency (Mloss=5.92, Mgain=4.51, F=37.23, 

p<0.001) and health knowledge adoption (Mloss=9.53, Mgain=4.63, F=14.50, p<0.001); in the distal distance 

condition, the gain-framed message resulted in higher processing fluency (Mgain=5.67, Mloss=4.51, F=17.07, 

p<0.001) and health knowledge adoption (Mgain=7.65, Mloss=4.77, F=5.47, p<0.05). The partial mediating 

effect of processing fluency was significant (LLCI=3.781, ULCI=6.795, excluding zero). Thus, our three 

hypotheses are supported. 

 

4. CONCLUSIONS 

We examined the effect of message framing on health knowledge adoption through two experiments. Our 

findings can inform the information design in public health communication. In future studies, we consider extending 

the research sample and examining the role of individual characteristics in altering the impact of message framing. 
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Abstract: Although physician engagement in social media or online healthcare communities is attracting increasing attention 

from scholars recently, few studies bridge the physician health science content sharing behaviour on short video platforms and 

their service behaviour on online healthcare platforms. This study investigates the impact of physicians’ health science short 

video sharing on their personal online consultation volume drawing on the channel effect and trust theory. By collecting 

empirical evidence from a large online healthcare website (haodf) and conducting difference-in-differences (DID) analysis, we 

found that releasing health science short videos can improve physicians’ online consultation volume. Specifically, for physicians 

with higher prior online consultation volume, the impact of health science video sharing behaviour on their online consultation 

volume is greater than physicians with lower prior online consultation volume. This study contributes novel insights into the 

channel effect between short video platforms and online healthcare platforms and several practical implications for 

administrators of short-form video platforms and online consultation platforms, physicians and patients. 

  

Keywords: short video sharing, online healthcare consultation, channel effect 

 

1. INTRODUCTION 

The explosive popularity of short-form video platforms has led to an increasing number of users from 

diverse background to actively share and watch videos on these platforms. Recently, some large platforms, i.e. 

TikTok, have established the strategy to involve more physicians to join the platform to share and spread health 

science content. Meanwhile, policies were also launched to improve the quality and quantity of health science 

and knowledge content on the platform. For example, the Science Communication Bureau of the Chinese 

Academy of Sciences, TikTok and several scientific research institutions jointly released the “DOU Knowledge 

Plan” which aims to disseminate scientific knowledge to the public by encouraging physicians to actively 

contribute high-quality content and create a new landscape for knowledge dissemination. Since the outbreak of 

COVID-19 epidemic, a growing number of physicians from related clinical department have started to engage in 

the short-form video platform. These physicians continously create and share health science knowledge to a 

broad audience via their personal short-form video accounts. The followers of influencing physicians has 

exceeded 10 million.  

In this study, we define these physicians as “physician influencer”. Posting video content gives physicians 

an additional voice channel for publicizing themselves and establishing their professional authority. Physicians’ 

engagement in social media or online communities has been found to showcase trust[1], enhance physician 

image and reputation[2][3], establish good relationships with patients[3-5], and even boost online economic 

returns[4][6]. Prior research suggest that the general knowledge sharing by broadcasting articles can be an 

efficient approach for physicians to recruit patients[6]. Short videos contains richer information than textual 

content such as physicians’ image and body movement, objects used for illustration, physicians’ environmental 

settings, etc. Therefore, the way that health science videos influence viewers may be more complex and may 
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differ from prior findings. However, to our best knowledge, prior research have not investigate if the publication 

of health science videos by physician influencers has the potential to convert users on social media platforms to 

online consultation platforms to purchase online consultation services. Therefore, we postulate that these 

physician influencers achieve higher follower trust than ordinary physicians, and their followers have a higher 

chance to consult them for healthcare service.  

 The conceptual model of this study is illustrated in Figure 1. To investigate the above question, we collect 

data of 607 physicians over 19 quarters from a large well-known short video platform TikTok and a leading 

Chinese online healthcare service platform Haodf (https://www.haodf.com/), and perform a 

difference-in-differences (DID) analysis.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  The relationship between the publication of health science videos and purchase 

online consultation services 

The main contributions of this study are as follows. First, we unlock the intricate channel effects between 

social media platforms and online healthcare service platforms. Second, our research provides insights in the 

phenomenon of physician influencers and the potential impact of broadcasting health science videos. Third, our 

findings provide managerial implication that platform administrators can motivate physicians’ engagement in 

sharing health science videos on social media, thus to enhance platforms’ performance.  

 

2. LITERATURE REVIEW AND HYPOTHESES DEVELOPMENT  

We employ multiple channel strategy and trust theory to understand whether and how the sharing of health 

science videos influences physician’s online consultation volume. The central idea of the multiple channel 

strategy is that platforms interact with users through multiple channels can provide different types of services 

economically and efficiently[1]. A review of the online health communities literature shows that using multiple 

channels tend to be more successful as patients’ trust will be enhanced and perceived risk will be reduced in 

online consultation[7]. Social media platforms serve as another interactive channel for patients to interact with 

physicians besides the online healthcare platforms. Users can interact with physicians in a more casual way, 

such as clicking likes, making comments, and reposting content. Users who tend to be rational and calculating 

incline to be guided by the subjective information provided by social media when selecting online healthcare 

services[8]. Therefore, social media may reshape the landscape of online healthcare as it can be leveraged by 

patients to drastically alleviate information asymmetry, thus enables a growing number of patients to access 

health science knowledge for better decision-making. 

The trust theory has been extensively studied and applied in sociology, psychology, economics and 

management[9]. Recently, the trust theory has been extended to the social media and online healthcare context. It 

outlines how users build online trust by exchanging opinions and interact with posters in social media. Since 
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users have been overwhelmed with mixed kinds of health related information, both accurate and inaccurate, it is 

critical for users to access reliable and trustworthy source of health information on the Internet[10]. Information 

shared by doctors on social media is perceived to be more reliable than search engines[11]. There are three 

mechanisms of trust theory that can explain the influence of physicians’ characteristics on patient selection, 

including institution-based trust, knowledge-based trust and trust transfer process[9].  

Short video platforms lower the bar for content acquisition[5] and users have interaction opportunity with 

physicians on the short-form video platforms. Institution-based trust arises when users are willing to use the 

services provided by the short-form video platforms and maintain trust for the platform. This type of trust is also 

strengthened when users notice that the physician posters are employees of reliable public hospitals and 

healthcare institutions. Moreover, doctors are the authoritative guarantee of medical and health content[9]. 

Physicians have to be officially authenticated by the platform to post health science videos as doctors. In the 

video content, many physicians choose to wear white robes and show their real face to gain trust from audience. 

The background of videos are often their office in the hospital and some doctors utilize medical equipment as 

props for shooting videos. In this way, knowledge-based trust is naturally formed while users watch physicians’ 

health science videos continuously and accept the knowledge transmitted by physicians.  

Due to policy restrictions, platform users cannot directly purchase online consultation service of doctors on 

short-form video platforms. Patients who have health problems and have watched the relevant videos released 

by known physicians may already formed trust for the physician[5]. Meanwhile, patients can find the 

consultation platform of the physician by private messaging and online search. Some doctors will take the 

initiative to provide users with clues about how to consult them in the content of the video. The trust transfer 

process[3] suggest that when users have trust on the physician’s health science video content, users are more 

likely to trust the online consultation platform where doctors provide consultation services, which may promote 

their purchasing of physician’s online consultation services. Therefore, releasing health science videos by 

physicians may improve patient trust, which enhances physicians’ online consultation volume. The following 

hypothesis is proposed: 

Hypothesis 1: The release of health science short videos by physicians’ significantly affects their online 

healthcare consultation volume. 

The number of patients who follow up a physician on the platform after consultation can be seen as a 

recognition of the physician's competence and proficiency and can measure the trust between the physician and 

the patient[1]. Because of lacking relevant health knowledge and experience, the users have to rely on 

second-hand information such as electronic word-of-mouth of physicians to form their initial trust and attitudes, 

so a patient is likely to trust a physician with good electronic word-of-mouth and believes that the doctor can 

serve the patient better[4]. In the decision-making stage of whether to select the physician for online consultation, 

when the patient is still uncertain about the physician’s service quality, the patient is likely to evaluate the 

number of patients consulted by the physician and make a decision[12]. Similarly, for users who learn about 

physicians through watching their health science videos, the amount of physicians’ online healthcare service 

consultations may also affect their decision-making process. Therefore, following hypothesis is proposed: 

Hypothesis 2: Other conditions remain unchanged, the release of health science short videos by physicians’ 

has different impact on physicians with different prior online consultation volumes. 

 

3. RESEARCH DESIGN  

3.1 Methodology 

We use the difference-in-differences analysis to examine the relationship between physician’s health science 

video release and online consultation volume, based on the following regression set-up: 
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 In equation (1), is a measure of the online consultation volume of physician i in a quarter of 

a year t.  and  are vectors of physician and a quarter of a year as dummy variables that account for 

physician and time fixed effects,  is a set of control variables, and  is the error term. The variable of 

interest is , a dummy variable that equals one in the quarter of years after physician i releasing health 

science videos and zero otherwise. The coefficient, , therefore indicates the impact of health science video 

release on online consultation. A positive and significant  suggests that health science video release exerts a 

positive effect on the online consultation volume, while a negative and significant  indicates that health 

science video release pushed online consultation volume lower.  

The difference-in-differences estimation technique provides us with a way to control omitted variables[13]. 

We include time-specific dummy variable to control for trends that shape online consultation volume over time 

and physician-specific dummy variable to control for unobserved time-invariant physician characteristics that 

shape online consultation volume across physicians. We estimate equation (1) allowing for physician-level 

clustering of the errors, that is allowing for correlation in the error terms over time within physicians. 

To further investigate the impact of physicians’ health science short video release on their online 

consultation volume when physicians have different prior online consultation volume levels, we construct a 

quantile regression model as shown in equation (2): 

 

Among them,  represents the impact of the release of short videos of physicians’ health science 

popularization on the online consultation volume under the quantile q. 

3.2 Data collection and variable measurement 

We selected TikTok and Haodf online as the focal platforms considering that many physicians have been 

officially certified on TikTok with a yellow V-shaped logo implying their professionalism, and these physicians 

also offer healthcare consultation service on Haodf, which is a leading online healthcare platform in China. To 

identify these physicians on Tiktok, we obtained the list of individual physicians from a social media data set 

website named Huitun (https://dy.huitun.com/). Our sample covered physicians who have shared health science 

videos during the period from January 2017 to September 2021. Using web crawling technique, we obtained 

physician information such as full name, professional title, video records. Then, we identified these physicians’ 

personal online consultation web page on Haodf. Physician information on Haodf includes full names, 

physicians’ online consultation records, physician’s professional title, and physician’s department. After that, we 

crosschecked the physician’s name, professional title, and department with the corresponding content on TikTok 

to varify whether the account indeed belonged to that physician. After removing inactive accounts which never 

release any health science videos, we obtained valid data for 607 physicians, over the 19 quarters time period, so 

the 11,533 physician-quarter observations serve as the basis for our analysis. 

Table 1.  Variables description  

Variable 

types Name Variable Variable definition 

Dependent 

variable 
Online consultation 

volume SerVolume Number of online consultations of a physician in a quarter 

Independent 
variable 

The release of 

health science 
videos by 

physicians 

Post In the quarter of investigation or earlier, physicians have released short-form 
health science videos = 1, if not= 0 

Control 

variable 

Physician’s 

professional title Prof 
The samples are divided into four categories according to the professional title 

certified by the platform on the homepage of Haodf online. Resident physician=1, 
attending physician=2, associate chief physician=3, chief physician=4 

Physician’s  

department Depart The samples are divided into many categories according to the physician's 

department certified by the platform on the homepage of Haodf online 

https://dy.huitun.com/
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The statistical characteristics of each variable are shown in Table 1. Online consultation volume acts as the 

dependent variable, defined as the online consultation volume of physicians in the observation quarter. 

Short-form health science videos releasing acts as the independent variable. We control physicians’ professional 

titles and physicians’ departments that may affect online consultation volume[14]. In China, physicians in 

hospitals have an offline title reevaluated and issued by government agencies, which are divided into several 

levels - chief physician, associate chief physician, attending physician, and resident physician, reflecting their 

medical skills and experience[7]. The physicians’ professional titles and departments are certified by the platform 

on the homepage of Haodf online. Table 2 reports the descriptive statistical results of the main variables. 

Table 2.  Statistical summary of focal variables  

Variable Obs Mean Std. dev. Min Max 

SerVolume 11532 57.46505 441.3547 0 28080 

Post 11533 0.2566548 0.4368062 0 1 

Prof 11533 2.902801 1.153274 1 4 

Depart 11533 107.6903 50.83545 1 200 

  

4. Empirical analysis and results 

4.1 Baseline regression analysis  

We use Stata 15 to analyze our data set and Table 3 reports the analysis results. According to the results, the 

coefficient is positive and statistically significant (p < 0.1) when the control variable is added or not. This 

indicates that the release of health science videos can improve physician online consultation volume. Hypothesis 

1 is therefore supported. 

In terms of control variables, physician’s professional title and physician’s department have a significant 

impact on the amount of physicians’ online consultation, and the results are in line with the actual situation that 

patients have specific requirements for physician’s professional title. Compared with physicians with different 

professional titles, physicians with high professional titles are often more likely to be preferred by patients and 

be exposed to more incurable diseases, thus have more patient resources and better reputation. Due to the halo 

effect, more patients will choose to consult with “famous physicians”[6] and these physicians may have more 

online consultations. 

Table 3.  Empirical model results 

 FE FE 

Post 21.356327*（1.79） 23.341815*（1.87） 

Prof  .141937**（2.25） 

Depart  -.02494671*（-1.91） 

Constant 34.979406***（6.61） 31.447925***（4.35） 

Physician FE YES YES 

Time FE YES YES 

Number of obs 11532 11532 

R-squared .0993 .1004 

Note: T value of the variable are reported in parentheses; Signifincance level: * p<.1; ** p<.05; *** p<.01.  

4.2 Quantile regression analysis  

In order to further explore the heterogeneity characteristics of physicians’ health science short video 

releasing behaviour at different levels of online consultation volume, we applied quantile regression model for 
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0.25, 0.50 and 0.75 quantiles (QR_25, QR_50, QR_75). The higher the quantile value indicates the higher 

online consultation volume of doctors. The results in Table 4 reveal that impact of the release of health science 

short videos on physician’s online consultation volume is higher for physicians (beta coefficient value is 29.375) 

with a relatively higher level of online consultation volume (0.75 quantile) than for physicians (beta coefficient 

value is 9.875 and 6.4375) with relatively lower level of online consultation volume (0.25 quantile and 0.50 

quantile). Thus the impact of the release of health science videos on physician’s online consultation volume 

increases as the physician’s online consultation volume grows. This aligns with the DID regression results, and 

hypothesis 2 is therefore supported. 

Table 4.  Parameter estimates of quantile regression model for different quantiles with online consultation volume  

 QR_25 QR_50 QR_75 

Post 9.875*** 6.4375*** 29.375*** 

Std. err. .4277922 .1883387 .1206634 

Note: Signifincance level: * p<.1; ** p<.05; *** p<.01.  

The reason for this situation may be that the total number of physicians, whose consultation volume is at 

the 25% quantile, may not offer the online consultation service on Haodf online for a considerable time period. 

This also indicates the existence of a larger room for improvement in their consultation volume. Physicians with 

a total consultation volume at the 75% quantile may be quite proficient in video creating and sharing, and they 

are actively engage in social media platforms. They can effectively leverage the channel effect between different 

platforms and naturally guide the social media followers to consult them on their healthcare service platforms.  

 

5. CONCLUSIONS 

This study examines the effects of the release of health science short video by physician on their on online 

healthcare consultation volume. Our findings provides compelling evidence that posting health science short 

videos can help physicians to attract more consultations on online healthcare platforms as they gain higher user 

trust. We also find that physicians with higher prior consultation volume who engage in TikTok through 

intensive health science content sharing can more effectively attract healthcare consultations. 

This study bridges social networking platform with online healthcare consultation platform to investigate 

the cross-platform influence of physicians’ video sharing behavior. However, this study has the limitation that 

we only consider two platforms (TikTok and Haodf), our findings needs to be varified with data from different 

platforms in future study.  

Our findings provides important implications for administrators of social media or online consultation 

platforms. Collaborations between short video platforms and online healthcare service platforms may further 

strengthen this channel effect and provide audience with both reliable health science knowledge and 

consultation physicians.  
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Abstract: Online healthcare service platforms have received abundant attention and application in recent years. Patients can 

easily seek healthcare service provided by healthcare service providers from various regions via these online platforms. 

Alternatively, they can also choose to visit local hospitals or hospitals from other regions in person. Previous studies have 

discussed patients’ use of online healthcare services and the change from online healthcare service to offline or vice versa. 

However, our understanding of the mechanism underlying patients’ choice of healthcare service resources from different 

channels is still limited. Thus, based on the S-O-R model, this study proposes a research model to understand the influencing 

factors of patients’ channel selection behaviour. The key factors include the complexity and compatibility of channels, 

perceived reliability and interaction attitude. A web-based questionnaire is under development to collect data for the 

empirical evaluation of the research model. This study explores patients’ selection behavior of healthcare resources across 

different channels from the perspective of individual patient. Findings of this research will contribute to the literature on 

online-offline integration in the healthcare service filed. The results of this research may be used by online healthcare service 

platforms and healthcare service providers to improve patients’ satisfaction and promote the integration of online and offline 

healthcare services. 

 

Keywords: online healthcare service platform, channel selection behaviour, online-offline integration 

 

1. INTRODUCTION 

The disparity of healthcare resources among different regions is a serious problem that the world faces today. 

Regions with higher economic development level often have more high-quality healthcare institutions and resources, 

which leads to the phenomenon that patients tend to travel to regions with high-quality healthcare resources to seek 

healthcare services. As hospitals with high-quality healthcare resources often gather a large portion of local high-quality 

doctor resources and have advanced service facilities, patients are inclined to go to these hospitals for healthcare 

services. Consequently, hospitals with high-quality healthcare resources have to serve surging patients, resulting in 

many problems such as overcrowding in hospitals and patients having difficulty in receiving healthcare. In recent years, 

the emergence of online healthcare service platforms has provided great help to alleviate hospitals’ pressure on 

patients’ onsite visits and reduce patients’ costs of traveling across regions for healthcare services. Online healthcare 

service platforms gather doctor resources of various hospitals to meet different healthcare needs of patients by 

providing online consultation, follow-up prescription and other services. Especially, due to the outbreak of COVID in 

2019, online healthcare service platforms have gained a lot of attention and application because of the abundance of 

healthcare resources available and their convenience to use. 

Online healthcare service platforms provide abundant healthcare opportunities and high service efficiency for 

patients from regions with limited healthcare resources, which makes that online healthcare service platforms and 

offline hospitals are both complementary and substitutional in providing healthcare services for patients. Meanwhile, 

patients face the selection of online or offline channels when seeking healthcare services. According to different 

characteristics of channels, their own needs and other factors, patients make decisions in choosing between 
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online and offline healthcare service channels, which may lead to various situations such as the switching 

behaviour between different channels. Therefore, for online healthcare service platforms and offline hospitals, it is 

important to make full use of the advantages of both sides to achieve integrated development through dual channels. On 

the one hand, it is vital to promote online healthcare service platforms to be widely used. On the other hand, it is 

necessary to clarify the pros and cons of the two channels to guide patients’ channel selection behavior, which might 

help solve some of the problems faced by offline hospitals due to surging patients and improve patients’ healthcare 

service experience. 

The online healthcare service platform has attracted the attention of a large number of scholars. Some 

scholars have investigated patients’ behaviors of continuous use and their willingness to use online healthcare 

service platform [1], [2]. Some studies regarding online and offline channel integration in the healthcare field 

mainly focused on the behavior and performance of doctors while few studies based on the perspective of 

patients [3], [4]. Currently, researches on users’ online or offline channel selection behavior are mainly conducted 

in the field of marketing. Consequently, the purpose of this paper is to investigate patients’ selection behavior of 

healthcare resources in different channels and its influencing factors to reveal the interaction between different 

channels. The results will enhance the literature on patient decision-making behavior from the perspective of 

online and offline integration and the development of dual channel integration in the healthcare field. The 

findings are expected to be helpful to alleviate some of the problems faced by offline healthcare providers with 

high-quality healthcare resources and improve patients’ healthcare experience. 

The rest of the paper is organized as follows: Section 2 reviews related literature; Section 3 demonstrates 

the research model; Section 4 explains the research methodology; and Section 5 concludes the paper with 

potential contributions. 

 

2. LITERATURE REVIEW 

2.1 Channel selection behavior 

A large number of scholars have explored and studied channel selection behavior in different fields, such as 

retailing and online communities, which results in the emergence of different concepts related to channel 

selection, such as channel migration, channel conversion, continuous use, and etc. In the retailing field, channel 

conversion [5] and channel migration [6] are often used to describe the transfer process of consumers from online 

(offline) channels to offline (online) channels, which can be reflected in different stages of the same purchase 

process or multiple purchase behaviors of consumers. In the field of online community, a large number of 

studies focus on users’ continuous use of a particular online community [1].  

Based on the existing literature, channel selection behavior mostly refers to consumers’ selection behavior 

of different channels, mainly between online and offline. Channel selection behavior is considered as a broad 

concept because channel migration, channel conversion and continuous use can be regarded as different options 

in channel selection. In the current research, the channel selection behavior refers to the patients’ selection of 

healthcare resources provided via online and offline channels to meet their healthcare service needs. 

2.2 Online healthcare service platform and patient selection behavior 

Prior studies on patients’ continuous use and channel conversion behavior found that patients’ e-health 

literacy, trust in doctors, perceived platform information, self-efficiency, outcome expectation, system quality 

and service quality can affect users’ willingness to continue to use online healthy communities. Existing 

literature on patients switching between online and offline healthcare consultation suggested that the subjective 

and objective information about doctors on online health community and patients’ willingness to continue online 

consultation can affect patients’ decision to switch from online to offline consultation [7], while patients’ high 

satisfaction with offline healthcare experience hinders their awareness of online healthcare service which then 
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affects their willingness to adopt online healthcare service [8]. 

However, the understanding of the impact of different initial choices on subsequent channel choices in the 

same situation is still limited, which deserves further study. 

2.3 Influencing factors of channel selection behavior 

Existing research concerning user channel selection behavior have explored the influencing factors of user 

channel selection behavior in healthcare, retailing, knowledge community and other fields from different 

perspectives by adopting various theories. For example, based on the Innovation Diffusion Theory and Use and 

Gratifications Approach, it was found that satisfaction, comparative advantage, compatibility usability and 

subjective norms can positively affect users’ willingness to continue to use. Other scholars used channel 

characteristics, individual self-efficiency, perceived trust and other factors to describe users’ cognitive 

phenomena, and took the sense of social existence and community identity to describe users’ feelings to explore 

users’ willingness to continue to participate in the online community. Zhang [8] integrated user satisfaction and 

habit with the Innovation Diffusion Theory to investigate the intention of patients’ behavior from offline to 

online health community. By adopting the valence framework, Xiao [9] examined the impact of social risk, social 

support value, convenience value and utilitarian value on consumers’ channel conversion behavior.  

In summary, the channel selection behavior of users or consumers is affected by factors of various aspects, 

which can be divided into five categories: internal factors from individuals (such as self-efficiency, individual 

experience, individual motivation, etc.), perceived factors from individuals (such as perceived risk, perceived 

value, perceived trust, etc.), characteristic factors from channels (such as reliability, complexity, information 

disclosure, comparative advantage, etc.) and situational factors from the environment (such as time conditions, 

physical conditions, task complexity, etc.). In different research fields, the effects of factors are also different. 

For example, in the retailing field, the characteristic factors from commodities (such as commodity price, 

category, etc.) are usually included. 

 

3. RESEARCH MODEL 

3.1 Stimuli-organism-response model 

The Stimuli-Organism-Response (S-O-R) model explains that the individual in a certain environment may 

be influenced by various stimulus factors that come from psychological factors and external environment, which 

affect the individual’s cognition, emotion or motivation, and promote the individual to make behavioral 

response. 

S-O-R model has been widely used to investigate the influencing factors of users’ or consumers’ behavioral 

intention, such as consumers’ purchase intention in live broadcast environment, continuous use intention of 

social e-commerce, knowledge exchange and sharing of users in virtual academic community and so on. 

Researchers often describe stimulus factors from the aspects of external channel characteristics, environmental 

characteristics and individual perception. As an organic element of intermediary, Organism has been described 

as perceived usefulness and perceived interest, self-efficiency and perceived channel conversion cost to reflect 

individual cognitive or psychological response factors in the prior literature. 

This study aims to demonstrate patients’ selection behavior of healthcare resources between online and 

offline channels, which is affected by different factors. S-O-R model points out that the stimulating factors 

affecting individual cognition and behavior can come from all aspects. Therefore, this study uses S-O-R model 

to explore patients’ selection behavior of healthcare resources based on different channels. 

3.2 Perceived satisfaction and channel selection behavior 

It has been found that user satisfaction has a positive and significant impact on users’ intention of 

sustainable system use. Baker Eveleth [10] confirmed that user satisfaction can significantly affect users’ 
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sustainable using intention. On the contrary, when satisfaction does not meet the requirements, users may have 

other selection behaviors to seek services. Therefore, patients’ perceived satisfaction is expected to affect their 

subsequent healthcare selection behaviors. It is proposed that: 

Proposition 1 (P1): Perceived satisfaction with one channel negatively affects patients’ subsequent selection 

of medical resources from other channels. 

3.3 Channel characteristic, perceived experience and perceived satisfaction 

Zhang [8] used the Innovation Diffusion Theory to explain the path of patients from offline to online 

healthcare service and found that high satisfaction with offline healthcare experience could hinder patients’ 

cognition and adoption of online healthcare service. Following Zhang’s study, the current research adopts 

compatibility and complexity from the Innovation Diffusion Theory where compatibility refers to the 

coexistence of online and offline channels with patients’ needs, values and past experiences. When offline 

healthcare experience is consistent with patients’ needs, beliefs and experiences, patients will be likely to have 

high satisfaction. Oppositely, patients may think about the compatibility of online healthcare service platform to 

make subsequent healthcare choices, where complexity refers to the complexity of online and offline channels 

in the process of healthcare treatment. By going through the entire process, patients could generate perceived 

satisfaction, which affects their subsequent healthcare selection behaviors. Thus, it is proposed that: 

Proposition 2 (P2): Compatibility positively affects patients’ perceived satisfaction. 

Proposition 3 (P3): Complexity negatively affects patients’ perceived satisfaction. 

Reliability and interaction attitude are regarded as two important aspects to describe users’ experience. The 

physical level (convenience and appearance), reliability (correctness and commitment), and interpersonal 

interaction (self-confidence and politeness) are considered as important factors explaining the retailing service 

quality [11]. The Justice Theory divides users’ perceived trust into four dimensions: distributive justice, 

procedural justice, interactive justice and informational justice. Chang [12] illustrated that interactive justice and 

informational justice can affect patients’ willingness to continue online consultation and offline service by 

affecting patients’ trust in doctors. In this study, reliability refers to the correctness of the consultation results 

given by the doctor during the healthcare service, and interactive attitude refers to the perceived degree of 

politeness and respect by the doctor during the consultation. Previous studies have shown that reliability and 

interactive attitude mainly affect patients’ perceived experience of healthcare service, which further affects 

patients’ perceived satisfaction. Consequently, it is proposed that: 

Proposition 4 (P4): Reliability positively affects patients’ perceived satisfaction. 

Proposition 5 (P5): Interactive attitude positively affects patients’ perceived satisfaction. 

3.4 Moderating effect of disease risk degree 

Jin [13] considered that patients with different diseases have different cognitive needs and involvement. As a 

result, patients with different levels of disease risk have different needs for healthcare resources. Patients with 

high-risk diseases have urgent demand for high quality healthcare resources, so when such patients’ satisfaction 

with healthcare experience is low, they are likely to make other choices to seek healthcare experience that meets 

their expected quality. This leads to the following proposition: 

Proposition 6 (P6): Disease risk degree has a positive moderating effect on the relationship between 

patients’ perceived satisfaction and channel selection behavior. 

Based on the S-O-R model, this paper proposes a research model, as shown in Figure 1. The model takes 

channel characteristic (complexity and compatibility) and perceived experience (reliability and interactive 

attitude) as external stimuli (S), and individual perceived satisfaction as an organism of internal cognition (O), 

which is a psychological response to stimuli, thus affecting users’ selection behavior of healthcare resources 

based on different channels (R). The impact of perceived satisfaction on users’ selection behavior will also be 
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moderated by the degree of disease risk. 

 

Figure 1.  Research model 

 

4. RESEARCH METHODOLOGY  

In order to evaluate the research model from the patients’ perspective, empirical data of individual 

dimension of patients will be collected through questionnaires with various situations. By using the seven-point 

Likert scale and instruction of skipping question, questionnaires based on different situations will be designed. 

The end of the questionnaire will also include demographic issues, such as gender, age, location, healthcare 

experience of using online healthcare service platform in the past, etc. At the beginning of the questionnaire, the 

objectives of this study, the protection of participants’ privacy, confidentiality, anonymity, the plan of using 

survey results and the filling instructions of the questionnaire will be stated to obtain the trust of participants to 

ensure the effectiveness of data. 

Before sending out survey invitations, experts in related fields will be invited to evaluate the questionnaire 

and a questionnaire distribution test will be conducted. For formal data collection, a web-based survey will be 

used, because it can achieve a wide range and fast speed of spread. Also, with the help of web-based survey 

tools, the integrity of the collected data can be ensured, the participants can be guaranteed to complete all the 

questions that need to be answered, and the automatic identification of legitimate questionnaires can be realized 

when sorting out the data in the later stage. The dissemination scope of the questionnaire will be expanded as 

much as possible to collect answers from participants of different ages and identities.  

Upon completion of data collection, the proposed research model will be verified by the data collected 

using the structural equation model method, because it can simultaneously test the reliability and validity of the 

measurement scales and estimate the relationship between the constructs. 

 

5. DISCUSSION AND CONCLUSION  

The increasing use of online healthcare service platforms raises a large number of attentions from scholars 

regarding patients’ willingness to continuously use online platform and from the industry to promote the 

sustainable development of online healthcare service platform. Nevertheless, at present, there is little research 

on patients’ selection of healthcare resources in the context of online and offline integration. Drawing on the 

S-O-R model, this study proposes a research model to explain patients’ selection of healthcare resources based 

on different channels in the process of transferring from offline to online consultation. The research model 

proposes that patients’ channel selection behavior is influenced by perceived satisfaction, which is affected by 

channel characteristic and perceived experience, including complexity and compatibility, reliability and 
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interaction attitude respectively. The research model will be empirically evaluated using survey data to better 

understand the relationships between the identified factors and patients’ selection channel behavior of healthcare 

resources. 

The potential theoretical contributions of this study are three-fold. Firstly, this study will enrich the 

literature on patients’ decision-making behavior in the context of online and offline integration. While some 

existing studies focused on patients’ choice and use of healthcare service channels and the flow of healthcare 

resources via online platforms, this study focuses on the impact of patients’ different initial choices on 

subsequent channel choices in the same situation. Secondly, in the proposed research model, perceived 

satisfaction is used as an intermediate organism to explain the relationship between external stimuli and patients’ 

selection behavior. Thirdly, this empirical study is carried out from the perspective of individual patient to 

discuss the selection behavior of patients in the process of switching between different channels. 

This study also has three possible practical implications. Firstly, the interaction between online and offline 

healthcare service channels can be identified by the actual decision-making behaviors of patients to provide 

suggestions for the integrated development of online and offline channels in the healthcare field in the future. 

Secondly, the results of this study may provide useful suggestions for designers and operators of online 

healthcare service platforms to develop convenient and thoughtful service functions for patients to improve their 

acceptance of online platform. Thirdly, the findings might help healthcare service providers with the 

collaborative application of online and offline dual channel so as to improve the service efficiency of doctors 

and alleviate the problems caused by surging patients visiting offline hospitals. 
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Abstract: Given the role of congeniality in interpersonal communication, congenial people can experience better 

relationships, including friend relationships, roommate relationships, marriage relationships, and business cooperation. 

However, in the medical field, it is worth further exploring whether congeniality can have similar benefits. From the 

perspective of similarity interpersonal attraction theory, this study explores the influence of doctor-patient personality 

similarity on doctors’ economic returns, as well as the moderating effects of doctors’ titles and patients’ disease types. This 

study takes mHealth services as the research context, extracts the personality traits of both doctors and patients from the 

doctor-patient interaction text. The results show that (1) doctor-patient personality similarity has a positive impact on the 

doctor’s economic return; (2) the doctor’s title and the patient’s disease type play a important role in moderating effect on the 

relationship between doctor-patient personality similarity and the doctor’s economic return. The results of this study verify 

the feasibility of extracting personality traits from doctor-patient interaction text and enrich the application of similarity 

interpersonal attraction theory in mHealth services. 

 

Keywords: mHealth services, doctor-patient interaction, personality similarity, doctor’s economic return 

 

1. INTRODUCTION 

As a part of digital health, mHealth services pay more health dividends to both doctors and patients, which 

not only facilitates doctor-patient contact but also brings more economic returns to doctors [1]. The theory of 

similarity interpersonal attraction tells us that in any population, there are always some people who share similar 

interests and/or traits. Online consultation is essentially a process of interpersonal communication, as doctors 

and patients use mHealth services to discuss diseases. It then stands to reason that similarity between a doctor 

and a patient (in personality traits, communication style, etc.) will also increase the attraction between the two 

parties and will even affect patients’ decisions about providing returns (including satisfaction evaluation and 

virtual gift giving) [2]. Therefore, in the mHealth services context, the effects of the personality traits of and 

similarities between doctors and patients on the process of online interaction is a problem worthy of study. 

In addition, with the help of text mining technology, some scholars have successfully mined the personality 

traits of users on social media and studied the influence of those personality traits on word-of-mouth (WOM) [3]. 

Therefore, it is also feasible to mine the personality traits of doctors and patients through text mining 

technology. In sum, this study hopes to make up for the gaps in the research on the personality traits of doctors 

and patients and the economic returns of doctors in the field of mHealth services at home and abroad.  

 

2. THEORETICAL FOUNDATION AND HYPOTHESES 

The theory of interpersonal attraction posits that similarity between individuals will affect interpersonal 

relationships and individual decision-making. In essence, online consultation is also a process of communication 

between doctors and patients [4], and the doctor-patient relationship is also an interpersonal relationship. 
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According to the theory of interpersonal attraction, if patients or doctors perceive that they and the other person 

share a high degree of similarity, then doctors and patients are more likely to have a mutual attraction, and it is 

easier to form a good doctor-patient relationship. In addition, considering the differences of personality traits 

between doctors and patients, there may be differences in communication between them. Therefore, doctors and 

patients with high personality similarity may achieve better communication results, which may result in a better 

consultation experience for patients. These patients often, after the online consultation ends, report a higher 

degree of satisfaction when they evaluate the doctor's service. They may even send a virtual gift to the doctor to 

express their recognition and thanks for the doctor's service by giving the doctor an economic return.  

 

3. RESEARCH METHODOLOGY AND RESULTS 

This study mainly uses Python and fiddler software to collect the relevant data from the mHealth platform 

chunyuyisheng.com. After preprocessing, we finally obtain all the online consultation data from 1,736 doctors 

and 308,968 patients. The regression results indicate that doctor-patient personality similarity has a positive 

impact on the doctor’s economic return (β=0.094, p<0.01). Therefore, H1 is supported. In addition, the 

moderating effect of doctor’s title on the effects of the doctor-patient personality similarity on the doctor’s 

economic return is positive (β=0.144, p<0.001), thus supporting H2. Finally, the results also show that, taking 

gynecological diseases as the benchmark, andrology, internal medicine and surgical diseases have a significant 

positive moderating effect on the relationship between doctor-patient personality similarity and the doctor’s 

economic return (β=0.29, p<0.05; β=0.815, p<0.001; β=0.229, p<0.05), thus supporting H3. 

 

4. CONCLUSION AND DISCUSSIONS 

This study provides several theoretical contributions. First, this study can provide theoretical insights for 

further exploring other potential traits of doctors and patients (such as emotion) and their impact on individual 

behavior. Second, this study proves the effectiveness of using text mining technology to extract the personality 

traits of doctors and patients from unstructured short text data generated by doctor-patient interactions in the 

mHealth services context. Finally, this study provides a theoretical basis for the moderating role of doctor's title 

and patient's disease type between doctor-patient personality similarity and doctor's economic return. The 

findings of this study also provide some practical implications that can help doctors provide better services for 

patients and obtain more economic returns, as well as implication that may aid in the design of mHealth services 

and in medical policy-making. 
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Abstract: While more mutual funds are traded via online platforms, it is yet to be known whether those platform 

recommendations play a salient role in affecting investors’ decisions. Based on an examination of 1,295 mutual funds traded 

on online platform, the study finds that funds recommended by the platform receive a higher fund flow than those are not. 

However, choosing to invest in those recommended funds does not guarantee higher returns than investing in those without 

recommendations. Results revealed that the average investor values the platform recommendations when allocating 

individuals’ wealth, but it could not help investors make better investment decisions. The findings make contributions to the 

business activity of fund transactions and buyer behavior research by investigating the effect of platform recommendations 

on fund flow and performance. 
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1. INTRODUCTION 

Fund rating, such as Star Ratings and Analyst Ratings, etc., has always been an important reference for 

investors during the process of investment allocation. These rating results are usually launched by third-party 

professional institutions that are independent of fund firms. Academic research largely shows that funds with 

higher ratings generally have higher flows, and investors will also get a higher return by investing in those funds 

[4]. Andreas et al.(2018) have also argued that the popular star ratings have important reference value for 

investors’ investment allocation decisions.  

Although these advances in fund ratings, the existing research mainly focuses on the rating methods 

launched by third-party institutions such as Morningstar and brokerage firms. However, a new trend of trading 

behavior has emerged due to the advancements in Internet-based technologies. Retail investors increasingly 

choose to purchase mutual funds online, because it is more convenient than traditional offline channels. As a 

result, a new kind of fund rating system is introduced, that is online platform recommendation. It is distinct from 

a traditional five-star rating system mainly in the following two aspects. The first thing is that the platform 

recommendation rating divides all funds traded on the online platform into two types: platform-recommended 

funds and non-platform-recommended funds, while a typical star rating system classifies funds into more 

categories, for example, MorningStar introduces a five-stars rating system. Second, as far as rating issuing 

agencies, the online platforms play two roles, agency for fund sales and fund ratings, while the traditional 

five-star rating agencies, such as Morningstar, are independent third-party agencies. In sum, we find that 

platform recommendation is largely different from traditional star ratings. 

Regarding the new fund rating method of platform recommendation, investors may instinctively believe 

that platform recommendation can be used as a reference indicator for an investor to make investment allocation 

choices. What’s more, some individuals may consider that recommended funds will bring higher investment 

returns-than non-recommended funds based on past investment experience. However, few studies address the 
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issue of platform recommendations. The purpose of this study is to bridge the gap between research and practice 

by exploring the effect of platform recommendations. In this paper, we study investors’ behavior by mutual fund 

flows that occur subsequent to the introduction of the platform recommendation funds in July 2020 and further 

investigate the research questions of valuable information of online platform recommendations. 

Specifically, in this paper, we mainly focus on two issues. First, we investigate whether platform 

recommendations would affect individuals’ investment behavior and lead to higher investment allocations in 

-recommended funds. Second, we examine whether recommended funds can provide investors with a higher 

return on investment than those are not recommended).The fund flow test results incorporating both fund 

characteristics and star ratingsas control variables show that the recommended funds have received higher flows 

than not recommended funds by exploiting the difference-in-difference (DID) methods. We consider that 

individual investors are more likely to buy recommended funds rather than not recommended funds once the 

platform recommendations are introduced. However, we find that investing in recommended funds cannot bring 

more significant positive returns to investors than those are not.This result shows that platform 

recommendations attract investors' large investment after its introduction and individuals are more likely invest 

those platform-recommeded funds.  

In sum, we provide new insights into the decision-making of investors and contribute to the existing mutual 

fund literature in four ways. First, by extending prior research that examines the impact of star ratings on fund 

flow and performance[11], this paper introduces the platform recommendations and investigates the effect of this 

new rating system on fund flow and performance, and thereby we contribute to the research realm of fund rating. 

Second, we analyzed the impact of fund investment on investors' investment behavior and proposed hypotheses 

based on the theoretical perspective of management, different from the previous research of fund ratings 

employing the paradigm in the field of economics. Third, we empirically examine and confirm that investors 

will refer to platform recommendations when they allocate wealth across a set of mutual funds, which expands 

the research of investment behavior. 

 

2. LITERATURE REVIEW AND RESEARCH HYPOTHESES 

2.1 Fund ratings, fund recommendations, and platform recommendation 

In the market for mutual funds, the choice set is large and the set of relevant attributes that translate into 

quality creates a lot of confusion and makes a fund selection difficult. In addition, most investors appear to be 

naive, having little knowledge of the investment strategies or financial details of their investments. Fund ratings 

or fund recommendations provide a useful approach to help investors for making investment decisions[4]. 

Traditionally, information intermediaries, such as Morningstar, employ teams of professional analysts to 

aggregate low-cost summary product quality information relating to managed funds from a reputable and 

unbiased source. This information is typically conveyed to investors in the form of a simple one- to five-star 

rating. Evidence suggests that these ratings enjoy great popularity because of their usefulness in helping retail 

investors choose funds suitable for investment[9]. Currently, individuals are most likely to view star ratings as an 

attribute of a fund product and use ratings in conjunction with other fund attributes to make investment 

decisions. Except for fund ratings, analyst recommendation is another effective method to select funds, but it is 

mainly for institutional investors and requires high fees[14]. Fund ratings and fund recommendations are two 

tools for investors for making better investment decisions, but there are some differences between them, the 

former is freely provided and openly available, the latter usually is active behavior and not publicly available. 

However, with the advent of the fintech platform, an increasing number of individual investors choose to 

manage their financial wealth online and buy mutual funds through online platforms. Investors are able to invest 

almost all mutual funds on the platforms via mobile apps, making it easier for investors to conduct mutual fund 
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transactions online. As a result, platform recommendation has been developed as a new kind of fund rating 

system, which is introduced by third-party fund distributor platforms.  

As stated above, several studies have analyzed the effects of fund ratings and recommendations, such as 

popular Morningstar star ratings and Morningstar analyst ratings issued by third-party agencies [11], there are few 

studies paying attention to the fund rating conducted by the online platform where retail investors now mainly 

buy funds. This paper focuses on this emerging recommendation approach and investigates the influence of 

platform recommendations on investors' behaviors. 

2.2 Platform recommended funds and fund flows 

Fund flows are a measure to investigate the investors’ behavior and have been widely used in mutual funds 

research. Studies have been demonstrated a striking performance-flow relationship[12]. Fund flows rationally 

respond to past performance, fund performance is positively related to flows in subsequent periods. 

Understandably, mutual fund investors -expect high returns, flocking to funds with the highest recent returns. 

Furthermore, studies show that fund flows are fee-sensitive and are affected by factors related to the search costs 

that investors must bear[8]. Retail investors shift money away from low-rated and into high-rated funds, which 

shows that star rating affects mutual fund flows[2]. On the other hand, the study also came to the opposite 

conclusion a fund with a five-star Morningstar rating does not have any significant effect on the fund's flows.  

The existing research suggests that ratings play a role in influencing the fund flow. The reason behind this 

is that the rating results provide valuable information for individuals’ investments and induce investors to flock 

into relevant funds[3]. There are a few studies that confirm that highly rated funds experience cash inflows that 

are far greater in size than the outflows experienced by low-rated funds[16]. Although these advances, little 

research has studied the influences of platform recommendations on funds flow. In this paper, we conjecture that 

platform recommendations as an emerging kind of funds rating have an impact on fund flows by considering 

two possible reasons: positive signal and expectancy theory. 

Funds with a higher rating level indicate that it receives an evaluation score accessed by third-party 

agencies[13]. According to the signal theory[7], we assume that retail investors consider fund ratings as an 

important indicator when investing in mutual funds, the higher rating, the more positive signals it can release to 

individual investors. Retail investors will consider that platform-recommended funds release a more positive 

signal than those are not, as a result, they are more likely to choose funds recommended by online platforms. On 

the other hand, researches confirm that investing funds with higher rating stars usually brings more return for 

investors[4]. Now, with the popularity of Internet finance, retailer investors frequently tend to buy funds via 

online platforms. Therefore, according to the expectancy theory, individual investors tend to buy recommended 

funds when facing platform recommendations based on investment experiences of referring star ratings.  

Overall, we conclude that investors view platform recommendations as informative quality measures and 

expect individual investors to react to the publication of the platform recommendations, triggering observable 

money flows in response to the recommendation. As a result, we propose that recommended funds receive cash 

inflows that are much greater in size than outflows experienced by not recommended funds.  

H1: Platform recommended funds receive a higher flow than those are not. 

2.3 Fund performance 

Fund performance is the most concerning indicator for individual investors to participate in investment 

because fund performance is directly proportional to investment return. Investors can refer to a variety of 

performance indicators when making fund selections, but fund performance will be affected by many factors, 

which makes it difficult for investors to select funds with persistent and high returns. Studies on mutual funds 

performance provide evidence of the links between performance and fund characteristics such as fund size, fund 

age, and trade fees[5]. The literature also considers relationships between fund manager characteristics and fund 
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performance, such as manager tenure, degree, and gender[10]. In addition, academic research suggests that 

mutual fund investors depend largely on basis of performance track records when making investments[6]. The 

indicators mentioned above are all directly related to the fund, including fund characteristics and manager 

characteristics, individuals may get positive feedback due to referring to those measures when making 

investments.  

Apart from fund characteristics, performance information is synthesized and conveyed to investors in the 

form of star ratings, which are helpful for investors to make allocation decisions. Ratings contain fund quality 

information in the form of a simple one- to five-star rating[6], which not only reduce the time and effort needed 

to search for information that is relative to fund performance but allows retail investors to make better informed 

managed-fund investment decisions[9]. Studies also show that the ratings can also be regarded as a predictor of 

mutual fund performance, and they are a more convenient information source for investors to evaluate. 

Therefore, investors’ opinion, ratings contain information of fund future performance and are a reliable and 

useful indicator to assist them in selecting high-performance funds. 

As a new type of rating, compared with a five-star Morningstar rating, the platform recommended rating is 

established based on a more comprehensive data rating system because of the differences in the fund rating 

issuing agencies. Specifically, compared to third-party investment research institutions such as Morningstar, the 

online platform also plays the role of fund sales, which enables it to directly obtain real-time data compared to 

Morningstar. At the same time, the online platform is also a social media, which makes it can obtain user data 

about fund evaluations, such as fund reviews and investor transaction data, etc. Consequently, it is trustworthy 

for retail investors to consider platform recommendations as a valuable information source to help choose funds. 

On the other hand, the online platforms served as service providers also have motivations to provide useful 

information for platform users so that investors are more likely to buy mutual funds by their platform. Therefore, 

according to expectation theory [15], we infer that investors choose to invest in platform-recommended funds 

because platform-recommended funds are more likely to help them achieve high investment returns than 

non-platform-recommended funds.   

In general, we believe that platform recommendation, as a rating indicator of funds, could deliver -valid 

information about fund performance to investors. Just as other types of ratings, our hypothesis is based on the 

idea that platform recommendations contain information that is helpful for individual investors to make better 

investment decisions. 

H2: Individual investors may get a higher return by investing recommended funds than not recommended 

funds 

 

3. RESEARCH METHODLOGY 

3.1 Background on platform recommendations 

Alipay is the Chinese largest online fund distribution platform, and the number of funds sold on Alipay 

exceeds 6,000. In July 2020, Alipay introduced the platform recommendations systems, which classify all funds 

sold on the platform into two kinds: recommended funds and not recommendation funds. Figure 1 shows a 

screenshot of the fund list on AliPay.  

As we can see, recommended funds have a distinctive golden logo with Alipay words to distinguish them 

from not-recommended funds without any logo. The fund list also displays the fund name, fund code, and other 

basic information about funds. Potential investors click on the fund that are intrested, the page of fund list jumps 

to the fund transaction page, where you will find some more detailed information about the fund. Figure 2 offers 

an example of a fund transaction page, we can discover fund rating information from both Morningstar rating 

and the platform recommendations at the same time. 
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Figure 1. List of funds sold on the online platform Figure 2. Page information of fund purchasing 

 

3.2 Data and sample 

We focus on the Chinese fund trading market and get a sample of the fund list provided by the Alipay 

platform. Alipay platform recommendation fund, also known as Alipay Gold Selection, was launched on July 19, 

2020. Alipay sells a total of 5,872 funds, accounting for 98% of the funds sold on the market. We obtain the list 

of funds sold on the Alipay platform, according to the logo provided by the platform, and then we manually 

divide all samples into recommended funds and not recommended funds, including 98 and 5774 respectively. 

We limit the time range of the sample to June 2018 to December 2021 since Alipay launched the platform 

recommendations on July 19, 2020. 

After that, we collected other basic data from several reliable sources. First of all, we obtain basic 

information such as fund age, fund expenses, net asset value (NAV), total net assets (TNA), and star rank from 

the CSMAR database. Furthermore, we launched a crawler project to obtain the quarterly fund size data from 

the Eastmoney website, a well-known online financial website in China (http://www.eastmoney.com/).We focus 

on actively managed, equity funds and exclude bond, money market, and index funds. We also screen the fund 

samples in terms of fund age and fund size. Thus, we exclude funds that have been established for less than 

three years and also exclude funds with a size less than 100 million RMB. Our final sample contains 1296 

mutual funds from June 2018 to December 2021, including 39 Recommend funds and 1257 Not Recommended 

funds respectively. 

3.3 Variables 

3.3.1 Fund flows  

To quantify the investment behavior of investors, we follow the standard definition and use the net flow to 

measure the fund flows.  

                                      (1) 

We use quarterly data instead of monthly data to measure fund flow because the Chinese fund market only 

publishes quarterly data on fund size. where  indicates the total net assets of fund i at the end of the 

quarter t, and  represents the quarter return for fund i in quarter t. This definition reflects the growth ratio of 

a fund by the reason of new investments and supposes that all new investments occur at the end of a quarter and 

dividends are reinvested.  

3.3.2 Fund performance 

As discussed above in the section of fund performance, the index of adjusted net-asset-value return is often 

used to measure the fund performance on China's fund market, so we use monthly Net Aeests Value returns 
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(dividends are considered) to account for fund performance. 

                                          (2) 

Where represents the monthly net assets value of fund i at the end of month t, and  

represents the monthly net assets value of fund i at the end of month t-1. This definition reflects the monthly net 

return of the fund.  

3.3.3 Controls 

We included a range of controls in our models. At the fund level, we controlled fund size measured by the 

logarithm, fund fee, fund age measured as the number of years since founding, and we also controlled for 

Morningstar ratings. Taking into account the possible outlier in the data distribution, we winsorize the top and 

bottom 1% of the flow distribution. Table1 reports descriptive statistics for main variables and summarizes the 

characteristic of the Recommended funds and Not Recommended funds. 

Table1.  Descriptive statistics  

 1 2 3 4 5 6 7 

1.Recommend 1       

2.Fund flow 0.004 1      

3.Fund return 0.007 0.001 1     

4.Rank star 0.078*** 0.024*** -0.063*** 1    

5.Fund size 0.011** -0.025*** 0.010* -0.195*** 1   

6.Fund fee 0.016** -0.023*** 0.041*** -0.163*** 0.113*** 1  

7.Fund age 0.107*** -0.023*** 0.004 -0.417*** 0.303*** 0.168*** 1.000 

Mean 0.030 0.346 0.048 3.866 9.054 0.240 7.848 

Std. 0.171 10.440 0.119 1.287 0.491 0.060 3.684 

Note: *, **, and *** indicates a significance level at 10%, 5%, and 1%, respectively. 

The table presents descriptive statistics for sample funds traded on the online platform. This sample 

contains 19485 quarterly observations on 1296 mutual funds from June 2018 to December 2021, including 39 

for Recommended funds and 1257 for Not recommended funds respectively. Fund size is the scale of a fund, 

fund age is the established time measure. Fund flow is quarterly, fund fee is transaction expense ratio of funds. 

Star rank represents the rating result of Morningstar and is a dummy variable. As shown in Table 1, the results 

show that fund flow is negatively and significantly correlated with fund size, fund fee and fund age, but have a 

positive correlation with Morningstar. This suggests that individuals are more likely to purchase funds with 

higher Morningstar The results on all of the control variables show they are correlated with the dependent 

variable at different levels of significance, and thus indicate the appropriateness to include those controls into 

our analyses based on the previous studies. However, the results do not support baseline hypothesis in which the 

relationship between fund flow and fund income and fund recommendation is positive and significant (ρ = 0.004, 

p > 0.1; ρ = 0.007, p > 0.1). 

3.4 Models  

3.4.1 Model 1 

We implement a quasi-experimental design by exploiting the difference-in-differences methods coupled 

with propensity score-based matching for testing hypothesis 1: 

        (3) 

The dependent variable is Flowi,t, which represents the fund flow of fund i at t quarter; Di is an indicator 

variable, and equals 1 for Recommended funds or 0 for Not Recommended funds. Tt is 0 for t =1 (before the 

introduction of the platform recommendations) and 1 for t = 2 (after the introduction of the platform 
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recommendation). Di×Tt is the independent variable. Coefficient  indicates whether the fund will receive 

more fund flows after funds are recommended by the platform. Especially, we take a wide range of fund 

characteristics as controls variables: First, we add the logarithm of fund size, the fund age, and fund fee[1]. 

Second, we take into account those fund star ratings. Del Guercio and Tkac (2008) consider that these variables 

will affect future fund flows. Additionally, to control for any unobservable individual effects, we include the 

individual fixed effects .  is the error term. we compute t-statistics using Driscoll and Kraay (1998) 

standard errors, which are robust to very general forms of cross-sectional dependence. 

3.4.2 Model 2 

To examine whether recommendation funds differ from not recommendation funds concerning returns, we 

regress the recommended indicator variables on the fund performance. Our treatment group is the platform 

recommended funds, our control group is the set of non-platform recommended funds that are in our sample, we 

regress returns on recommended indicator variables according to the following specification: 

   (4) 

Where Returni,t presents the monthly performance of the fund i at month t. Recommend i,t is a dummy 

variable that equals one if a fund i at t month is recommended by platform and zero otherwise. We can interpret 

the coefficient  as the difference in fund performance between recommended funds and not recommended 

funds. If recommended funds outperform not-recommended funds, then the coefficient  is significantly 

greater than zero. FundSizei,t  indicates the fund size of fund i at t month, measured by the natural log of the 

initial value. FundAgei,t presents the time since fund i was established in month t (years). Fundfeep,t  represents 

the trade expense ratio of fund i at month t.  suggests the Morningstar ratings.  

 

4. ANALYSIS AND RESULTS 

4.1 Fund flow reaction to platforms’ recommendation 

In this section, we examine investor reactions to the platforms’ recommendations of mutual funds. We 

exploit the difference-in-difference (DID) methods to estimate the flow effect of platforms’ recommendations. 

Table 3 shows the estimation results,which test the hypothesis. Model 2 reports the results of the DID analysis 

based on the full sample of 19485 observations, While Model 3 reports the results of the DID analysis based on 

the matched sample of 1111 observations. 

Table 3. Test results 

 Model (1) Model (2) Model (3) Model (4) Model (5) 

Rank star 0.075 0.113*** 0.014** 0.242*** 0.249*** 

 (0.061) (0.288) (0.048) (0.029) (0.032) 

Fund size -0.336** -0.394** -0.086* 0.076 0.077 

 (0.151) (0.067) (0.067) (0.097) (0.093) 

Fund fee -2.427** -2.597*** -0.116** 1.590*** 1.574*** 

 (1.118) (0.357) (0.043) (0.125) (0.007) 

Fund Age -0.036 -0.037*** -0.012* -0.000*** -0.001*** 

 (0.023) (1.335) (1.007) (0.000) (0.000) 

D*T  0.221*** 0.026**   

  (0.489) (0.039)   

Recommend     0.314 

     (0.205) 

_cons 3.916** 3.917*** 1.104*** 0.386 0.397 

 (1.977) (1.432) (0.520) (1.103) (1.072) 

N 19485 19485 1111 32391 32391 

R2 0.002 0.002 0.002 0.003 0.004 

Note: ***,** and * indicated significant at the 0.01, 0.05 and 0.1 levels,respectively 
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The coefficient estimate on Di×Tt in Model (2) is 0.221 and statistically significant at the 1 percent level, 

suggesting that the fund flow of Recommendation fund compared with Not Recommended funds, on average, 

increased by 22.1 percent after platform recommendations were provided for fund sold on the market. The result 

for the matched sample also makes a positive effect of platforms recommendation, but the effect size decreases 

to 0.026 in Model (3), informing that the size of fund flow of recommended fund, on average, increased by 

2.6% after being recommended by the platform, supporting hypothesis H1. These results suggest that individual 

investors usually consider platform recommendations as valuable information when making investments, they 

are more likely to buy Recommended funds when other conditions are the same. According to the expectancy 

theory, the reason behind this phenomenon is that investors chase high performance, and they deem that 

recommended funds offer them more opportunities to achieve it based on experience. – 

4.2 Fund performance test 

As to the question about whether platform recommendations could provide valuable information for 

individual investors. In this section, the analysis examines whether the observed differences in fund flow also 

show up in the fund return. Therefore, we investigate that retail investors could make more profits by making 

investments in recommended funds rather than those are not. We regress the performance measures on the 

recommend dummy and the control variables as in the previous section. As shown in Table 3, the results show 

that there is no difference in average performance between recommended funds and not-recommended funds. 

The coefficient estimate on recommend in Model (5) is 0.314 but not statistically significant, suggesting that the 

fund performance of platforms’ recommendation fund does not outperform that of non-platform recommended 

funds. Hypothesis 2 is not empirically supported. 

 

5. ROBUST TEST 

We conducted several robustness tests to validate our findings. First, we conducted a placebo test based on 

the method of constructing a pseudo-experimental group by sampling the total sample 500 times and performing 

regression. Results shows that the p-value points of most of the regression coefficients are greater than 0.1 

which confirms that the platform-recommended funds receive higher fund flow is not obtained by accident, and 

the result is robust. Second, we run a PSM+DID in order to prevent endogeneity problems caused by sample 

self-selection, the results show that recommended funds could recevied significantly higher fund flows than 

non-recommended funds. Finally, we use another two different measures for a funds’ average monthly 

performance (risk-adjusted return) to replace the return as an independent variable: Fama and French’s 

three-factor alpha and five-factor alpha. We obtained consistent results and there is no significant difference 

between platform-recommended funds and non-recommended funds. 

 

6. DISCUSSION 

6.1 Theoretical implications 

Firstly, this paper introduces the platform rating system and further provides insight into the platform 

recommendations on how to influence the investors’ investment decisions. Second, according to our empirical 

results, we find that the fund recommended by the platformreceive significantly greater fund flow than those are 

not recommended, and this finding indicates that investors tend to buy funds recognized by the platform. The 

result extends the research of Armstrong et al.(2019) and constitutes an enormous contribution concerning the 

business activity of fund transactions and buyer behavior. Furthermore, in contrast to prior investigations using a 

regression model to examine the flow effects, this study adapt the difference-in-differences to construct a 

quasi-experiment to examine the flow effect, which makes a dynamic comparison about fund flows between 

platform recommended funds and not recommended funds. Third, we examine the performance effect of 
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Recommended funds and find that the platform recommendations are not helpful for individual investors to 

choose funds with investment value. 

6.2 Practical implications 

The present study offers clear practical implications for both fund managers, investors, and platforms. First, 

our results indicate that the platform recommendations introduced by the third-party commission platform bring 

a lot of flows to the funds by the platform than those are not. Thus, it’s a good chance for fund managers to meet 

the criterion of platform recommendations to attract more individual investors. Second, the results show that 

recommended funds do not outperform the not- recommended funds, that is to say, investors are not necessary to 

value the platform recommendations when allocating their wealth and they should also recognize those fund 

ratings are not always instructive. As for platforms, it’s racial for them to take the platform recommendations 

seriously, and try to make high-quality platform recommendation systems as much as possible so that valuable 

information can be provided for the platform’s investors.Otherwise, investors of the platform will lose their 

confidence in the platform. In the worst-case scenario, the credibility of platform will be highly affected. 

Eventually, investors will flow to competitor’s platform. 

6.3 Limitations and future research directions 

This study has some limitations that should be addressed in the future. First, we use quarterly data to 

measure fund flow rather than monthly due to the particularity of China's fund market, and this indicate that the 

flow of funds could not be observed in a more granular manner. Second, in addition to platform 

recommendations developed by Alipay, there may be other platform recommendations developed by other 

online platforms. Thus, a future study could do the same research and make a comparison about performance 

test results between different platform recommendation systems to make a general conclusion 

 

7. CONCLUSION 

In 2020, Alipay, the largest fund commission sales internet platform in China, introduced platforms’ 

recommendation ratings, whcih dividing the funds sold on the Alipay into recommended funds and not 

recommended funds, reflects the subjective evaluation of a fund’s ability to provide superior returns in the future.  

In this paper, we study investors’ behavior by fund flows that happen subsequent to the introduction of online 

platform recommendations in July 2020 and further investigate the value of platforms’ recommendations as a 

reasonable criterion to investors’ investment decisions. Our results show that investors react positively to 

platforms’ recommendation funds compared to funds not recommended by the platform, indicating that 

investors will regard the platforms’ recommendation as an index when investing. Nevertheless, we find no 

evidence that platforms’ rating systems can identify funds that outperform Not Recommended funds which 

means it is meaningless for investors to consider platforms’ recommendations as a reference indicator. 
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Abstract: For the current status of research on the factors influencing CSR communication in users' participation in social 

media, which is dominated by information content features, this study combines corporate features with information features 

based on ELM. In this study, 4183 CSR communication data obtained from Sina Weibo were studied using negative 

binomial regression analysis. The results prove that sentiment of messages and message content quality such as information 

presentation richness, interactivity, CSR tags, CSR quantification results and CSR COVID-19 pandemic theme influence 

user participation from the central route, while enterprise features such as controversial companies and number of followers 

influence user participation through the peripheral route. Specifically, information presentation richness, interactivity, CSR 

quantification results, number of followers and sentiment of messages positively influence user participation. CSR tags and 

COVID-19 pandemic theme positively influence users' reposts. CSR tags positively affect users' likes. Controversial 

corporate background negatively influence users' reposts and comments, and positively influence users' likes. 

 

Keywords: CSR communication, social media, user participation, ELM 

 

1. INTRODUCTION 

Corporate social responsibility (CSR) communication is a process by which companies communicate with 

their stakeholders in terms of CSR contributions to meet the latter’s expectations[1]. The emergence of social 

media has enabled companies and stakeholders to achieve two-way, instant, symmetrical communication[2]. An 

increasing number of companies are choosing to communicate CSR through social media, which supports the 

co-creation of content between enterprises and users, namely, Enterprise-Generated Content (EGC) and 

User-Generated Content (UGC)[3]. Enterprises publish social responsibility information posts on social media, 

and users generate content, such as reposting numbers, commenting numbers, and liking numbers, through 

reposting, commenting, and liking posts. Simultaneously, a large number of UGC is gathered through reposting 

and commenting to express users' recognition, praise, criticism, and even expose false CSR behavior. Similar to 

offline word-of-mouth, UGC may affect the reputation and credibility of the company's information[4]. At this 

time, the company may improve the quality of CSR information posted on social media to reduce public 

suspicion. Simultaneously, enterprises can observe users' opinions and reactions almost instantaneously through 

UGC and accordingly adjust their CSR activities on time. 

Social media users’ participation in CSR communication helps reduce stakeholders’ suspicion, obtain 

timely feedback from users on CSR, evaluate whether CSR goals are achieved, and expand CSR influence; 

however, user participation in CSR communication on social media is not high. Therefore, it is necessary to 

explore the factors that affect user participation in CSR communication in social media. 

Through literature review, it is found that existing studies have mostly explored the influence of EGC 

information characteristics on user participation, and few scholars have combined background characteristics 

with information characteristics to study user involvement. In addition to the characteristics of social media 
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itself, existing studies mostly mine EGC information characteristics from the perspective of CSR topics and 

content, ignoring the impact of CSR quantitative results on user participation in social media. Clarifying 

whether these characteristics can influence user engagement is of great relevance to enterprises. Therefore, this 

article will focus on the message content quality (richness of information presentation, interactivity, CSR tags, 

CSR quantitative results and CSR theme), sentiment of messages and enterprise characteristics (corporate 

background and number of followers) and discuss their influence on user participation in CSR communication 

in social media. 

 

2. HYPOTHESIS AND DATA 

2.1 Hypothesis 

Elaboration Likelihood Model (ELM) is a dual-process theory of persuasion[5]. ELM suggests that 

individual attitude change can be accomplished through a central and peripheral route. Attitudes change from 

the central route when receivers have both the motivation and the ability to process the information. When this 

route works, receivers rationally. While receivers lack the motivation or ability to cope with the message, 

persuasion occurs via the peripheral route. In this route, receivers make empirical decisions about simple cues [6]. 

ELM has been widely used to study user behavior in social media. Social media marketing events related to 

content introduction and surrounding information affect user attitudes from central and peripheral routes, 

respectively[7]. Therefore, this paper argues that message content quality and sentiment of messages affect user 

engagement from the central route and surrounding information, such as corporate characteristics, affects user 

engagement from the peripheral route. Thus, we can derive a conceptual framework as shown in Figure 1. 

 

Figure 1.  Conceptual framework 

 

2.1.1 Central route 

Insufficient information significantly reduces user engagement[8]. Different media (photos, videos, links, 

etc.) can increase the amount of CSR information, enhance the richness of the CSR content, and make it more 

attractive, thereby increasing user participation and completing more effective communication. The proper 

combination of visual and textual contents can enrich the dimensions of CSR information presentation, improve 

information quality, and promote effective user participation[8]. The findings of Brubaker and Wilson[9] confirm 

that visual content has a significant impact on user engagement in social media. Therefore, this research 

proposes the following: 

H1: The richness of information presentation will positively promote users' participation in CSR 

communication in social media. 

EGC texts with interactive features increase users' positive experiences and promote user participation[10]. 

For example, @Users can shorten the distance between enterprises and users, increase the delivery rate of CSR 
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information, and encourage users to obtain more CSR information. [11]. CSR posts with a draw set up have much 

higher user participation than other types of posts. Therefore, this research proposes the following: 

H2: Interactivity will positively promote users' participation in CSR communication in social media. 

The use of information tags makes the information focused and easier to search, which is an important cue 

for users to read quickly. It is easier to attract users to participate by clarifying the CSR theme of posts through 

labels[12]. The results of team games influence user participation in social media[13]. Similarly, the use of CSR 

quantification results has implications for users. Through the quantified CSR results, users can more intuitively 

perceive the degree of enterprise effort and contribution to society. Therefore, this research proposes the 

following: 

H3: The CSR tags will positively promote users' participation in CSR communication in social media. 

H4: CSR quantification results will positively promote users' participation in CSR communication in social 

media. 

Current affairs hotpots on social media are usually high-profile news and hot events, which have a high 

degree of attention. Companies choose to engage in CSR in the context of current affairs hotpots that have 

garnered widespread social attention. Communication through social media may gain greater attention, 

resonating with social media users and leading to higher involvement[12]. The COVID-19 pandemic is a major 

global public health event; thus, “anti-pandemic” has become the main theme of the hot search on Sina Weibo in 

2020. This study categorizes CSR themes as COVID-19 related and unrelated, proposing the following: 

H5: The CSR theme of COVID-19 pandemic will positively promote users' participation in CSR 

communication in social media. 

Sentiment is a mental state[14], which can be expressed through language and actions. According to 

sentiment attitude tendencies, sentiment can be divided into the following three categories: positive, neutral, and 

negative[15]. The theory of sentiment contagion states that the sentiment of the sentimental stimulator and the 

receiver in the interaction process tend to be consistent and have an impact on individual behavior. Online 

sentiment infections are widespread on social media and are closely related to user engagement. Du and Vieira[16] 

proposed that the use of sentimental stories to convey CSR can increase CSR communication participation and 

enhance trust. Therefore, this research proposes the following: 

H6: Sentiment of messages will affect users' participation in CSR communication in social media. 

2.1.2 Peripheral route 

There is a difference in the CSR communication between uncontroversial and controversial companies[17]. 

Controversial companies refer to companies whose production and operation processes or products do not 

conform to social norms, have negative external effects, or have potential hazards, such as addiction to the 

audience. This type of enterprise itself is controversial: First, it has the nature of "moral corruption,” such as 

alcohol companies, tobacco companies, and so on. Second, it is related to social and environmental issues, such 

as petroleum companies, nuclear energy companies, and so on. 

To establish a good corporate image and meet the expectations of stakeholders, controversial companies are 

more actively involved in CSR activities than uncontroversial companies. However, due to the contradiction 

between the nature of the industry and the CSR performance, the public will treat disputed companies 

differently from uncontroversial companies when evaluating CSR. The effectiveness of the CSR activities of 

controversial companies will be weakened because the public will negatively attribute their CSR behavior. The 

CSR communication of controversial companies is more likely to be suspected by stakeholders[18]. Similar to 

how Song and Wen[17] regard CSR performance as a means of the normal operation of the petroleum industry, 

the public is more likely to suspect the CSR activities of controversial companies. Godfrey et al.[18] also found 

that the CSR effect of controversial companies is lower than that of uncontroversial companies. Therefore, this 
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research proposes the following: 

H7: Controversial companies will negatively influence users' participation in CSR communication in social 

media. 

As a social media, Weibo has social network characteristics. Users can actively follow corporate Weibo to 

obtain CSR related information based on their preferences. The more followers a Weibo user has, the more CSR 

posts posted will be read, which will attract higher attention[19] and the greater the likelihood of user engagement. 

Therefore, this research proposes the following: 

H8：Number of followers is positively related to users' participation in CSR communication in social 

media. 

2.2 Data 

We selected 32 companies as a sample from the top 60 China Corporate Social Responsibility Leading 

Index released by the China Brand Development Research Institute of the People's Daily, covering a variety of 

industry categories. All posts published by 32 companies between November 1, 2019 and October 31, 2020 

were collected by octopus collector. Details include Weibo name, number of followers, number of posts, post 

website, release time, post content, post pictures, post video, number of reposts, number of comments, number 

of likes, and other fields. Finally, 4,183 posts related to CSR were screened for the study sample. 

 

3. RESULTS 

3.1 Variable operationalization 

In this study, the number of reposts, comments and likes were used as the dependent variables to measure 

user participation, and the quality of information content (richness of information presentation, interactivity, 

CSR tags, quantitative CSR results, CSR themes, sentiment) and corporate characteristics (controversial 

enterprise background, number of followers) were used as independent variables, and text length as control 

variables to conduct the study, as shown in Table 1. 

Table 1.  Operationalization of variables 

Variables Operationalization 

Richness of information presentation

（Richness） 
The number of videos, links, and pictures included in the post 

Interactivity（Interact） 
Whether @Users, lottery, voting and inviting users to participate in the post; 0 = 
No, 1 = Yes 

CSR tags（#CSR） Does the post contain the CSR information tags; 0 = No, 1 = Yes  

Quantitative CSR results（CSRQr） Does the post include quantitative CSR results; 0 = No, 1 = Yes  

CSR themes（COVID-19） Whether it was related to the COVID-19 pandemic; 0 = No, 1 = Yes 

Sentiment of messages（Sentiment） 
The sentimental tendency of the post, positive, neutral, and negative are coded as 
1, 0, -1 respectively 

Enterprise Background（Ebackground） Whether it is a controversial enterprise; 0 = No, 1 = Yes 

Followers（Followers） The number of followers 

Text length（Length) The number of characters in the post 

Reposting（Reposts） The number of reposting 

Commenting（Comments） The number of commenting 

Liking（Likes） The number of liking 
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3.2 Data analysis 

3.2.1 Summary statistics of variables 

Descriptive statistics for the count and categorical variables are presented in Tables 2 and 3, respectively. 

Table 2.  Descriptive statistical analysis of count variables (N = 4183) 

Variable Min Max Mean SD 

Length 5 1283 173.17 97.14 

Richness 0 2 1.04 0.42 

Followers 24613 6306764 1148565 1454713 

Reposts 0 44373 76.44 932.19 

Comments 0 14236 48.76 334.18 

Likes 0 199399 336.02 3989.38 

Table 3.  Descriptive statistics results of categorical variables (N = 4183) 

Variables Values Percentages 

Interact 

0 0.983 

1 0.017 

#CSR 

0 0.171 

1 0.829 

CSRQr 

0 0.828 

1 0.172 

Sentiment 

-1 0.205 

0 0.597 

1 0.198 

COVID-19 

0 0.434 

1 0.566 

Ebackground 

0 0.786 

1 0.214 

3.2.2 Test of hypotheses 

Based on previous studies[20], we adopted the negative binomial regression model to verify our hypothesis. 

The dependent variables in this paper are reposts, comments and likes, which are non-negative integers (count 

variables), are randomly and independently distributed, and have the characteristics of Poisson distribution. The 

Poisson distribution requires the data to meet the equal dispersion of mean and variance. As shown in Table 2, 

the variance of the count variable is not equal to the mean, and the variance is much larger than the mean, 

resulting in over-dispersion. At this point, it is more scientific to use the negative binomial regression model for 

testing. Logarithms of the number of followers and the length of the text were used to maintain the stability of 

the model. 

The results of the negative binomial regression are presented in Table 4. 
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Table 4.  Results of the negative binomial regression model 

Variables 

Reposts Comments Likes 

M1 M2 M3 

β SE β SE β SE 

Ln(Length) -0.193*** 0.050 -0.398*** 0.033 -0.645*** 0.040 

Richness 0.885*** 0.073 0.262*** 0.053 0.248*** 0.062 

Interact 1.900*** 0.197 1.539*** 0.146 2.719*** 0.187 

#CSR 0.693*** 0.067 -0.066 0.054 0.185** 0.066 

CSRQr 1.069*** 0.075 1.543*** 0.060 1.893*** 0.077 

COVID-19 0.566*** 0.059 -0.049 0.048 -0.036 0.065 

Sentiment 0.257*** 0.058 0.125** 0.043 0.239*** 0.054 

Ebackground -1.244*** 0.077 -1.749*** 0.062 0.166* 0.082 

Ln(Followers) 0.368*** 0.020 0.057*** 0.016 0.109*** 0.019 

Intercept -2.067*** 0.424 4.389*** 0.300 6.099*** 0.367 

alpha 2.936*** 0.055 1.841*** 0.036 2.780*** 0.049 

Log Likelihood -17634.024 -18111.971 -24067.447 

P 0.000 0.000 0.000 

N 4183 

Note(s): *p < 0.05;  **p < 0.01;  ***p < 0.001 

 

All models had o-values significantly greater than 1.96 (p=0.000<0.05), which indicates a significant over 

dispersion of the data and therefore the use of negative binomial regression is appropriate. As can be seen from 

the table 4, p values of Model 1, Model 2 and Model 3 are all less than 0.001, indicating that the model 

construction is meaningful. 

Based on the empirical results, H1 is supported. The richer the media used in the posts, the richer the 

information presentation method, and the more information it may contain. Users can obtain information from it 

and respond quickly, which has a positive impact on user reposts (β=0.885, P=0.000<0.05), comments (β=0.262, 

P=0.000<0.05) and likes (β=0.248, P=0.000<0.05). H2 and H4 are supported. The interactivity of posts has a 

significantly positive impact on user reposts (β=1.900, P=0.000<0.05), comments (β=1.539, P=0.000<0.05) and 

likes (β=2.719, P=0.000<0.05), and CSR quantitative results has a significantly positive impact on user reposts 

(β=1.069, P=0.000<0.05), comments (β=1.543, P=0.000<0.05) and likes (β=1.893, P=0.000<0.05). Conducting 

behavior guidance through posts can significantly increase user engagement. Results-oriented users are more 

concerned about what the company “has done” rather than what it “had done”; quantifying CSR results in 

numbers can give people a more intuitive perception of the contribution value, which can effectively promote 

user participation. H6 is supported. The sentimental tendency of posts can significantly affect user reposts 

(β=0.257, P=0.000<0.05), comments (β=0.125, P=0.004<0.05) and likes (β=0.239, P=0.000<0.05). The 

company publishes posts, and the overall sentiment tend to be positive. The more positive the sentiment, the 

more user participation can be promoted. H8 is supported. The number of followers is positively correlated with 

user reposts (β=0.368, P=0.000<0.05), comments (β=0.057, P=0.000<0.05) and likes (β=0.109, P=0.000<0.05). 

H3 is rejected. The CSR information tags have a significantly positive impact on user participation in 

reposting (β=0.693, P=0.000<0.05) and liking (β=0.185, P=0.005<0.05), but have no significant impact on user 

participation in commenting (β=-0.066, P=0.222>0.05). The CSR theme of the COVID-19 pandemic has a 

significantly positive impact on user participation in reposting(β=0.566, P=0.000<0.05) but has no significant 
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impact on the same in comments(β=-0.049, P=0.304>0.05) and likes(β=-0.036, P=0.577>0.05). Thus, H5 is 

rejected. An enterprise’s background affects user participation. The controversial enterprise background has a 

significantly negative impact on user participation in reposting(β=-1.244, P=0.000<0.05) and 

commenting(β=-1.749, P=0.000<0.05). But there is a significantly positive impact on user participation in 

liking(β=0.166, P=0.043<0.05), H7 is rejected. This may be because users are skeptical of the CSR of the 

controversial enterprise and are unwilling to spread it again through reposting. They are also more cautious 

about commenting and instead express their emotions through likes. 

 

4. CONCLUSIONS 

This study validates the factors influencing users' participation in CSR communication in social media based 

on ELM. Sentiment of messages and message content quality such as information presentation richness, 

interactivity, CSR tags, CSR quantification results and CSR COVID-19 pandemic theme influence user 

participation from the central route, while corporate characteristics such as controversial companies and number 

of followers influence user participation through the peripheral route. Specifically, information presentation 

richness, interactivity, CSR quantification results, sentiment and number of followers positively influence user 

participation. CSR tags and COVID-19 pandemic theme positively influence users' reposts. CSR tags positively 

affect users' likes. Controversial corporate backgrounds negatively influence users' reposts and comments, and 

positively influence users' likes. 

The first theoretical contribution of this study is a breakthrough from the existing literature that takes 

corporate background (Du and Vieira, 2012) or topical issues as the research context. This study enriches the 

research on the factors influencing user engagement in social media CSR communication by including corporate 

context and current events hotspots as influencing factors and creatively proposing the influence of quantitative 

CSR results on user engagement. Second, the study contributes to the literature in the field of CSR communication 

by introducing ELM into the research, bringing new developments to the study of user participation behavior in 

CSR communication. 

At the same time, the study has practical implications for companies to refer to when formulating CSR 

communication strategies. First, enterprises should pay attention to EGC and optimize the combination of 

information features. The study shows that information presentation richness, interactivity, CSR tags, CSR 

quantitative results and CSR themes all have a positive impact on users' reposts, comments or likes, and 

companies should use more of these features in practice. Second, companies should use more positive words and 

show positive emotions when communicating about CSR. Finally, controversial companies should integrate CSR 

activities into their business operations and use social media to invite users to participate in CSR design to reduce 

the negative impact of corporate context and reduce public suspicion. 

This study has certain limitations. The sample data of the research only comes from Weibo in China, and 

whether the research results apply to other social media platforms remains to be discussed. It does not involve 

qualitative research on UGC. In the future, we will consider further examining users' opinions and attitudes 

toward UGC. 
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Abstract: With the rise of online celebrity's economy and the improvement of webcast technology, China's new Internet 

economy is also showing a diversified development trend. Affected by the 2020 epidemic, the purchasing power of domestic 

consumers in China also pushed the live delivery of goods in online celebrity to its peak, making it a hot spot of consumption 

today. This paper will start with the livestream marketing in online celebrity, based on the ABC attitude theory as the theoretical 

framework, explore which factors have an impact on consumers' purchase intention and further explore the influence effects 

of different influencing factors. The conclusion provides data support and decision-making for further market segmentation 

and differentiated marketing. 

 

Keywords: Internet Celebrity Economy; E-commerce live-streaming; Consumers' purchasing intention; Multi-group analysis 

 

1. INTRODUCTION 

As a new profit model of digital economy operation of "online drainage plus physical consumption", Internet 

live broadcast is achieving rapid development and live broadcast e-commerce has become a new shopping method 

popular with users. The upgrading of Internet technology is always accompanied by the emergence of new 

business models, online celebrity has become a new business model in the mobile Internet era. Influencer has a 

tendency to refer to "online celebrity" specifically, because it is generally believed that a real influencer should 

have a certain cashability, that is a person with the ability to influence potential buyers of a product or service by 

promoting or recommending the items on social media. Therefore, in this study, influencer will be used to 

represent online celebrity anchor in e-commerce live broadcast. 

The rise of livestream e-commerce in online celebrity has not only changed people's shopping style, but also 

changed people's life and entertainment style. Based on this, this paper attempts to explore the influence of e-

commerce live broadcast on consumers' purchase intention in online celebrity economy, which is of great 

significance for promoting the development of online celebrity's economic industry and e-commerce live 

broadcast.  

 

2. THEORETICAL FRAMEWORK 

2.1 ABC Attitude Model 

ABC Attitude Model is a theoretical model in modern consumer behavior, which is composed of emotion, 

cognition and behavioral reaction tendency and is used to explain the psychological process of consumer attitude 

formation. Emotion refers to the emotions or feelings that consumers themselves have towards their attitude 

objects; Behavior refers to the consumer's willingness to take action on a certain attitude; It is the psychological 

process of cognitive consumers' information processing of attitude objects. In the actual research process, ABC 

attitude model is often used to study consumers' purchasing behavior tendency. In this study, it is found that the 
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change of consumers' attitude has a great impact on consumers' purchasing decisions in ABC attitude theory, so 

ABC attitude theory is selected to provide a theoretical framework for the model construction of this study[1]. 

2.2 Research model 

This paper mainly discusses the influencing factors of e-commerce live broadcast on consumers' purchase 

intention in online celebrity economy. From the literature review of related research on e-commerce live broadcast, 

it can be found that existing scholars mainly explore from micro and macro aspects. The micro aspect focuses on 

the personal attributes and interaction types of influencers, while the macro aspect is the overall dimension 

division of e-commerce live broadcast. Based on summarizing the research directions of different scholars and 

their own understanding of the concept of e-commerce live broadcast, this paper finally decides to divide e-

commerce live broadcast from the whole[2]. 

Therefore, this study will be divided from three aspects: influencer, commodities and consumers, in which 

high interactivity, professionality and trust can be divided from the perspective of influencer, while preferential 

policies and high-quality content are divided from the perspective of commodities; Perception of risk is from the 

perspective of consumers. Taking the attitude of consumers as an intermediary variable. Influencer is relying on 

its own professional skills and high-quality information content, gradually makes its consumers deepen their 

cognition and emotion about products and influencer, and changes their behavior decisions under the influence of 

consumer attitude. The author has studied a large number of related literatures and combined with ABC attitude 

theory to build a conceptual model of the influence of e-commerce live broadcast on consumers' purchase intention 

in online celebrity economy as shown in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Hypothesis model 

2.3 Research hypothesis 

High interactivity refers to the mutual, timely and high-frequency interactive communication between the 

anchor and the consumer during the live delivery of goods in online celebrity. Preferential policies refer to a series 

of product preferential promotion activities adopted by Webmaster to encourage consumers to purchase during 

live broadcast, such as price reduction of products in live broadcast room, limited time spike snapping and product 

coupon distribution. Trust refers to the consumers' trust in influencer and the products introduced during the live 

broadcast, and is the fans' overall evaluation of influencer's ability and honesty[3]. High-quality content refers to 

the high-quality live broadcast content based on consumers, which not only displays the recommended products 

in all directions, but also meets the personalized requirements of consumers. Perceived risk refers to the risk 

caused by consumers' inability to know for sure whether their expected goal after purchase has been achieved in 
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all purchasing behaviors[4]. Professionality refers to the ability of influencer to have professional knowledge, 

professional ability and rich time experience in the recommended product field and to provide correct product 

information and answer product-related questions. Cognitive attitude is the cognitive feeling formed by consumers 

after obtaining and processing relevant information of products. Emotional attitude refers to the subjective feelings 

of consumers who are influenced by various factors in the process of watching online celebrity live broadcast with 

goods. According to the research conclusions of existing scholars and the observation of this study, the following 

assumptions are put forward: 

Table 1.  Research Hypothesis 

Number Hypothetical content 

H1 High interactivity has positive affect on emotional attitude in the e-commerce livestreaming. 

H2 High interactivity has positive affect on cognitive attitude in the e-commerce livestreaming. 

H3 High interactivity has positive affect on consumers' purchase intention in the e-commerce livestreaming. 

H4 Preferential policy has positive affect on emotional attitude in the e-commerce livestreaming. 

H5 Preferential policy has positive affect on cognitive attitude in the e-commerce livestreaming. 

H6 Preferential policy has positive affect on consumers' purchase intention in the e-commerce livestreaming. 

H7 Trust has positive affect on emotional attitude in the e-commerce livestreaming. 

H8 Trust has positive affect on cognitive attitude in the e-commerce livestreaming. 

H9 Trust has positive affect on consumers' purchase intention in the e-commerce livestreaming. 

H10 High-quality content has positive affect on emotional attitude in the e-commerce livestreaming. 

H11 High-quality content has positive affect on cognitive attitude in the e-commerce livestreaming. 

H12 High-quality content has positive affect on consumers' purchase intention in the e-commerce livestreaming. 

H13 Perceived risk content has negative affect on emotional attitude in the e-commerce livestreaming. 

H14 Perceived risk content has negative affect on cognitive attitude in the e-commerce livestreaming. 

H15 Perceived risk content has negative affect on consumers' purchase intention in the e-commerce livestreaming. 

H16 Professionality has positive affect on emotional attitude in the e-commerce livestreaming. 

H17 Professionality has positive affect on cognitive attitude in the e-commerce livestreaming. 

H18 Professionality has positive affect on consumers' purchase intention in the e-commerce livestreaming. 

H19 Cognitive attitude has positive affect on consumers' purchase intention in the e-commerce livestreaming. 

H20 Emotional attitude has positive affect on consumers' purchase intention in the e-commerce livestreaming. 

H19a Cognitive attitude plays an intermediary role between high interactivity and consumers' purchase intention. 

H19b Cognitive attitude plays an intermediary role between preferential policies and consumers' purchase intention. 

H19c Cognitive attitude plays an intermediary role between trust and consumers' purchase intention. 

H19d Cognitive attitude plays an intermediary role between content quality and consumers' purchase intention. 

H19e Cognitive attitude plays an intermediary role between risk perception and consumers' purchase intention. 

H19f Cognitive attitude plays an intermediary role between professionality and consumers' purchase intention. 

H20a Emotional attitude plays an intermediary role between high interactivity and consumers' purchase intention. 

H20b Emotional attitude plays an intermediary role between preferential policies and consumers' purchase intention. 

H20c Emotional attitude plays an intermediary role between trust and consumers' purchase intention. 

H20d Emotional attitude plays an intermediary role between content quality and consumers' purchase intention. 

H20e Emotional attitude plays an intermediary role between risk perception and consumers' purchase intention. 

H20f Emotional attitude plays an intermediary role between professionality and consumers' purchase intention. 

 

3. DATA COLLECTION 

3.1 Samples selection and data collection 

In this study, the official questionnaires were distributed mainly by the Questionnaires platform, with a total 

of 923 data, 710 valid questionnaires were finally obtained and 213 invalid questionnaires were excluded. The 

effective rate of this questionnaire distribution was 76.92%. In the following research, the valid sample data are 

analyzed and tested. 
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3.2 Descriptive analysis 

In this study, for the main reasons why the respondents buy the products recommended by influencer, Likert 

7 scale is used, which contains a series of explanations for the respondents. The object of this study is the users 

who have bought the products recommended by the anchor. The statistical characteristics of the respondents 

mainly include gender, age, educational background, occupation, live broadcast platform, shopping frequency, 

online shopping amount and the number of online celebrities that they pay attention to. Among the respondents, 

35.6% were males and 64.4% were females. The crowded age is 3% under 18, 29.3% between 18 and 25, 28.3% 

between 26 and 29, 42.2% over 30. Bachelor’s degree accounted for 74.4%; The online shopping amount is 40.1% 

between 500-1000 yuan and 27.9% between 1000-2000 yuan. 

3.3 Reliability analysis 

In this study, Cronbach's α coefficient was used to test the reliability and measure the internal consistency of 

the scale. The reliability values of all the questionnaire items shown in Table 2 are greater than 0.8, which indicates 

that each item has excellent reliability values and can be analyzed in the next step. 

Table 2.  Test Results of Reliability Analysis 

Measurement scale Number Cronbach's α coefficient 

High interactivity 4 0.895 

preferential policy 4 0.814 

Trust degree 3 0.890 

Content quality 4 0.860 

Perceived risk 3 0.890 

Professionality 3 0.946 

Cognitive attitude 3 0.853 

Emotional attitude 

Purchase intention 

3 
3 

0.861 
0.873 

Questionnaire population 30 0.933 

3.4 Validity analysis 

In this study, confirmatory factor analysis was used to test the validity, the convergent validity and structural 

validity of the questionnaire were further tested. Convergence validity refers to the degree of correlation between 

different measurement items of the same variable, which is expressed by standardized factor load coefficient, 

average variance extraction value (AVE) and combination reliability (CR). If standardized factor load coefficient 

is greater than 0.6, AVE is greater than 0.5 and CR is greater than 0.6, it means that convergence validity is better. 

Discriminatory validity refers to the degree that different variables are uncorrelated with each other. If the square 

root of the AVE is greater than the correlation coefficient between different variables, then the discriminant 

validity meets the requirements[5]. 

By measuring the convergence validity of the above nine variables, it is found that the average load of all 

standard factors is greater than 0.6, the VAE of independent variables, dependent variables and intermediary 

variables are greater than 0.5 and their combined reliability is greater than 0.8. The above data results meet the 

criterion of validity, which indicates that the scale has good convergence validity. 

Table 3 lists the correlation coefficient matrix between latent variables. By comparing the square root of 

diagonal AVE with the correlation coefficient of each variable, it can be seen that the absolute value of correlation 

coefficient between each variable is less than the square root of diagonal AVE. The above results reflect that the 

measurement items of different latent variables have good discrimination. 
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Table 3.  Correlation coefficient matrix and square root of AVE 

  
High 

interactivity 

preferential 

policy 
Trust 

Content 

quality 

Perceived 

risk 

Profess-

ionality 

Cognitive 

attitude 

Emotional 

attitude 

Purchase 

intention 

High interactivity 0.825          

preferential policy 0.502  0.725         

Trust 0.566  0.464  0.855        

Content quality 0.569  0.594  0.472  0.778       

Perceived risk 0.031  0.089  -0.018  0.075  0.855      

Professionality 0.445  0.481  0.589  0.481  0.031  0.821     

Cognitive attitude 0.620  0.582  0.607  0.595  0.087  0.578  0.814    

Emotional attitude 0.597  0.555  0.663  0.591  0.005  0.621  0.740  0.803   

Purchase intention 0.636  0.607  0.645  0.637  -0.053  0.623  0.695  0.736  0.854  

The analysis results of convergence validity and discrimination validity show that the structural validity of 

the questionnaire is good. It can be concluded that the questionnaire data used in this study meet the requirements 

of validity test and can be tested in the next step. 

 

4.RESULTS AND DISCUSSION 

4.1 Verification of structural equation model 

Structural Equation Model (SEM) is an empirical analysis model, which combines statistical techniques such 

as factor analysis and regression analysis. SEM can identify, estimate and verify the causal model, and can also 

be applied to latent variables that cannot be directly and accurately measured. Therefore, it can replace the 

traditional statistical methods to deal with these latent variables and their indicators[6]. Therefore, this paper 

chooses SEM to verify the theoretical model proposed in this paper. Guided by the theoretical model, this study 

constructs the empirical model as shown in Figure 2: 

 

Figure 2.  Empirical model 

Analyzing the fitting degree of the model is an important step in empirical analysis by using structural 

equation model, judging the fitting degree of data to the whole theoretical model, after drawing the path map of 

the model, running the model and obtaining the model fitting index, path regression coefficient and statistical test 

value. As can be seen from Table 4, the goodness of fit index (GFI) of this research model and sample data is 

0.916, the modified goodness of fit index (AGFI) is 0.906, the comparative fitness index (CFI) is 0.959, the 

standard fitting index (NFI) is 0.933 and the incremental fitting index (IFI) is 0.959. 



The Twenty one Wuhan International Conference on E-Business－Enterprise social media                                            235 

 

Table 4.  Fitting results of empirical model indicators 

Statistical quantity CMIN/DF RMSEA GFI AGFI CFI IFI NFI 

Judging standard 

or critical value 
<3 <0.05  >0.9 >0.9 >0.9 >0.9 >0.9 

Measured value 2.459 0.045 0.916 0.906 0.959 0.959 0.933 

Simulation fitting 

test 
pass pass pass pass pass pass pass 

4.2 Path analysis 

Table 5.  Full Model Path Analysis 

Path Estimate S.E. C.R. P Assumptions 

High interactivity → Cognitive attitude 0.244 0.046 5.35 *** TRUE 

Preferential policy → Cognitive attitude 0.195 0.051 3.78 *** TRUE 

Trust → Cognitive attitude 0.172 0.037 4.63 *** TRUE 

Content quality → Cognitive attitude 0.177 0.050 3.53 *** TRUE 

Perceived risk → Cognitive attitude 0.038 0.022 1.70 0.089 FALSE 

Professionality → Cognitive attitude 0.168 0.039 4.30 *** TRUE 

High interactivity → Emotional attitude 0.182 0.046 3.94 *** TRUE 

Preferential policy → Emotional attitude 0.144 0.052 2.76 0.006 TRUE 

Trust → Emotional attitude 0.247 0.038 6.44 *** TRUE 

Content quality → Emotional attitude 0.186 0.051 3.63 *** TRUE 

Professionality → Emotional attitude 0.212 0.040 5.29 *** TRUE 

Perceived risk → Emotional attitude -0.018 0.023 -0.79 0.428 FALSE 

High interactivity → Purchase intention 0.166 0.050 3.33 *** TRUE 

Preferential policy → Purchase intention 0.160 0.055 2.90 0.004 TRUE 

Trust → Purchase intention 0.112 0.042 2.64 0.008 TRUE 

Content quality → Purchase intention 0.181 0.054 3.34 *** TRUE 

Perceived risk → Purchase intention -0.078 0.023 -3.35 *** TRUE 

Professionality → Purchase intention 0.141 0.044 3.22 0.001 TRUE 

Cognitive attitude → Purchase intention 0.159 0.058 2.76 0.006 TRUE 

Emotional attitude → Purchase intention 0.254 0.060 4.21 *** TRUE 

Note: ‘***’ represents p<0.001 

From the data in Table 5 it can be seen that for the cognitive attitude, high interactivity (0.244) has the greatest 

influence on it. The influencer can communicate and interact with consumers efficiently, answer the questions put 

forward by consumers in time, meet the personalized needs of consumers and increase consumers' cognitive 

attitude to promote their purchase intention. As for emotional attitude, trust (0.247) and professionality (0.212) 

have the greatest influence on it. Through professional explanations and professional answers, influencer has met 

the needs of consumers, enhanced consumers' trust in products and influencer, consumers' emotional attitude will 

be more positive, thus promoting consumers' purchasing behavior. As for purchase intention, emotional attitude 

(0.254) can influence consumers' purchase intention more than cognitive attitude (0.159), so influencer should 

pay more attention to the change of consumers' emotional attitude. 

As can be seen from Table 5, it is concluded that high interactivity, preferential policies, trust, high quality 

of content have significant positive effects on consumers' attitudes, while perceived risks do not meet the 

assumption. That is, H1, H2, H4, H5, H7, H8, H10, H11, H16 and H17 hold true, while H13 and H14 are not. 

For the path analysis of the dimensions of online celebrity live broadcast and the intermediary variables on 

the dependent variables' purchase intention, it is found that the significant levels of high interactivity, preferential 

policies, trust, high quality of content, perceived risk, professionality, cognitive attitude and emotional attitude are 

p-value<0.05, which indicates that all independent variables and intermediary variables have significant influence 

on the dependent variables, so assumptions that are H3, H6, H9, H12, H15, H18 and H11 hold true. 
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4.3 Hypothesis test of intermediary relationship 

In this study, Bootstrap method is used to calculate the coefficient product ab and select its confidence interval 

for the analysis of multiple mediating effects[7]. The mediating effect is tested according to whether the indirect 

effect includes 0 in the 95% confidence interval. When the confidence interval does not include 0, it means that 

the effect is significant, when it includes 0, it is not significant. Set the Bootstrap times to 5000 and the confidence 

interval of deviation correction and improvement to 95%[8]. Calculate the coefficient and its confidence interval 

by Bootstrap method and get the data in Tables 6 and Table 7. 

4.3.1 Test the mediating effect of cognitive attitude 

Table 6.  Test results of mediating effect of cognitive attitude 

                                       Standardized Bootstrap Mediating Effect Test     

Path 
Effect 
value 

S.E. 
Bias- corrected 95%CI 

P Assumption 
Lower Upper 

High interactivity → cognitive attitude → 

purchase intention 
0.033  0.018  0.007  0.079  0.0098 True 

Preferential policy → cognitive attitude → 
purchase intention 

0.024  0.014  0.005  0.063  0.0091 True 

Trust → Cognitive Attitude → Purchase 

Intention 
0.029  0.015  0.006  0.070  0.0107 True 

Quality → Cognitive Attitude → Purchase 

Intention 
0.023  0.014  0.004  0.063  0.0148        True 

Risk perception → cognitive attitude → 
purchase intention 

0.007  0.006  -0.001  0.024  0.0693 False 

Professionality → Cognitive Attitude → 

Purchase Intention  
0.026  0.015  0.005  0.070  0.0113 True 

The results in Table 6 show that the mediating effect of perceived risk to reduce purchase intention by 

reducing cognitive attitude is not significant, with the effect value of 0.007 and the confidence interval of [-

0.001,0.024], including 0 and the relational hypothesis H19e has not been verified. Other variables have 

significant mediating effect of promoting purchase intention by improving cognitive attitude and the confidence 

interval does not include 0. The relational hypotheses H19a, H19b, H19c, H19d and H19f are verified. 

4.3.2 Test the mediating effect of emotional attitude 

Table 7.  Test of Mediating Effect of Emotional Attitude 

                                         Standardized Bootstrap Mediating Effect Test    

Path 
Effect 
value 

S.E. 
Bias- corrected 95%CI 

P Assumption 
Lower Upper 

High interactivity → cognitive attitude → 

purchase intention 
0.039 0.020 0.011 0.094 0.0027 True 

Preferential policy → cognitive attitude → 

purchase intention 
0.029 0.018 0.004 0.076 0.0250 True 

Trust → Cognitive Attitude → Purchase 
Intention 

0.067 0.027 0.024 0.132 0.0013 True 

Quality → Cognitive Attitude → Purchase 

Intention 
0.039 0.021 0.010 0.094 0.0037  True 

Risk perception → cognitive attitude → 

purchase intention 
-0.005 0.008 -0.026 0.008 0.3571 False 

Professionality → Cognitive Attitude → 
Purchase Intention 

0.053 0.023 0.020 0.113 0.0008 True 

The results in Table 7 show that the mediating effect of perceived risk to reduce consumers' purchase 

intention by reducing consumers' emotional attitudes is not significant, with the effect value of -0.005 and the 

confidence interval of [-0.026,0.008], including 0 and the relationship hypothesis H20e has not been verified. 

Other variables have significant mediating effect of promoting purchase intention by improving emotional attitude, 

and the confidence interval does not include 0. The relational hypotheses H20a, H20b, H20c, H20d and H20f are 

verified. 

It is found that perceived risk has no significant negative impact on consumer's emotional attitude and 

consumer's cognitive attitude and some mediating effects of consumer's attitude between perceived risk and 
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consumer's purchase intention are not significant. This study believes that the reason for this conclusion comes 

from consumers' irrational consumption and online red anchors and consumers are active in the live broadcast of 

goods. Communication and professional explanation make consumers' uncertainty about purchasing products not 

have a significant negative impact on their cognition of products and influencers and perceived risk has no 

significant impact on cognitive attitude[9]. Stimulated by the high-quality content and preferential policies 

produced by influencers, consumers' uncertainty about purchasing products will not make consumers lose interest 

in products or generate negative emotions, perceived risks have no significant impact on consumers' emotional 

attitudes. In this study, the measurement of perceived risk only focuses on the financial risk and psychological 

risk brought by the uncertainty of consumers' purchase of products, without considering other risk dimensions[10]. 

The influence of online celebrity's professionalism, high interactivity and preferential policies on consumers' 

attitude is far greater than that of perceived risk. 

4.4 Multi-group model analysis 

The author thinks that in-depth study on the differences of consumers' purchasing intentions among groups 

with different individual characteristics in the process of live delivery of goods in online celebrity is conducive to 

further subdividing the research objectives. Therefore, based on the hypothesis test of the research on the influence 

of live e-commerce on consumers' purchasing intentions in online celebrity economy, this study takes gender, age 

and online shopping amount as research variables and makes an empirical study by multi-group analysis method 

in structural equation model[11]. 

4.4.1 Multi-group analysis based on age 

Using multi-group structural equation model analysis, consumers in the age group below 29 years old are 

defined as young people (n=411) and consumers in the age group above 30 years old are defined as elderly people 

(n=299). In order to further analyze the moderating effect of young people and elderly people on consumers' 

purchase intention of live e-commerce, the multi-group structural equation model is used for analysis, and the 

structural coefficients of men and women are set to be equal and the structural coefficient model is tested under 

the assumption that the measurement coefficient model is true. 

Table 8.  Age multi-group analysis 

Model DF CMIN P 
NFI IFI RFI TLI 

Delta-1 Delta-2 rho-1 rho2 

Structural weights 20 27.381 0.125 0.002 0.002 -0.001 -0.001 

Structural covariances 36 58.491 0.010 0.004 0.004 -0.001 -0.001 

Structural residuals 39 62.511 0.010 0.004 0.005 -0.001 -0.001 

Measurement residuals 69 95.017 0.021 0.007 0.007 -0.002 -0.002 

According to Table 8, the P value of multi-group structural coefficient is 0.125, which is greater than 0.05 

and does not reach the significant level, indicating that there is no significant difference in structural coefficient 

model between young people and elderly people. The above results can only show that there is no significant 

difference in the whole phenomenon, and the parameter pairing is used to test individual paths. In order to further 

explore the significant differences between young people and older people on those paths, in the Critical Ratios 

for Differences Between Parameter (Measurement Weight), it is found that the critical ratio of preferential policies 

to cognitive attitudes is -2.059 and the critical ratio of content quality to cognitive attitudes is 2.667. The critical 

ratio of professionality to cognitive attitude path in online celebrity is-2.196; The critical ratio of preferential 

policies to emotional attitudes is-2.152; The critical ratio of content to emotional attitude is 2.000; The critical 

ratio of professionality to emotional attitude path in online celebrity is-2.317; Specifically, the differences between 

the two groups are as follows: 
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The influence of preferential policies of young people on cognitive attitude is greater than that of elderly 

people (young people: Estimate=0.252, elderly people: Estimate=0.023). This can be understood as comparing 

with the elderly group, the preferential attributes of the products of the young group have a greater influence on 

the cognitive attitude. Generally speaking, the young group has fewer personal assets and lower disposable income, 

the discount promotion will stimulate young consumers' cognition of product information, so as to complete the 

purchase behavior. However, the elderly people's personal assets are generally rich, and they no longer need cheap 

goods. The preferential policies for goods have not changed much about their cognition of goods. The influence 

of content quality of the elderly group on cognitive attitude is greater than that of the young group (young people: 

Estimate=0.111, elderly people Estimate=0.415). The results show that the elderly group pays more attention to 

the influencer's careful and detailed introduction of product information and the high-quality content presented to 

consumers in the live broadcast. For the elderly, the high-quality content is easier for them to know, they pay more 

attention to the quality of products and think about the practicality of products. The influence of online celebrity 

specialty of young people on cognitive attitude is greater than that of online celebrity specialty of old people 

(young people: Estimate=0.228, old people: Estimate=0.055). This can be understood as compared with the 

elderly group, the young group is more likely to receive the introduction of professional products from influencer, 

get the information of products and the value of use form cognitive feelings. 

The influence of preferential policies of young people on emotional attitudes is greater than that of elderly 

people (young people: Estimate=0.211, elderly people: Estimate=-0.275). This can be understood as comparing 

with the elderly group, the preferential attributes of products of the young group have a greater influence on 

emotional attitudes, the preferential attributes of commodities make young people more excited, and the young 

group needs to enjoy preferential prices and buy commodities that are actually more favorable than the original 

price. However, the elderly people's personal assets are generally rich, and they no longer need cheap goods. On 

the contrary, the strong preferential policies for goods will make the elderly people feel disgusted and have doubts 

about the quality of goods. The influence of content quality of the elderly group on emotional attitude is greater 

than that of the young group (young people: Estimate=0.154, elderly people Estimate=0.379). The results show 

that the high-quality live broadcast content reflected by the anchor in online celebrity can make the elderly group 

feel happy, thus agreeing with the anchor's point of view and forming buying behavior. The influence of online 

celebrity specialty of young people on emotional attitude is greater than that of online celebrity specialty of old 

people (young people: Estimate=0.287, old people: Estimate=0.102).influencer professionally disseminates 

product information and young consumers are more likely to accept this information dissemination, resulting in 

positive emotions about consumer behavior. 

4.4.2 Multi-group analysis based on online shopping amount 

Based on the multi-group structural equation model, consumers whose online shopping amount is less than 

1000 yuan are defined as low consumers (n=389) and consumers whose online shopping amount is more than 

1000 yuan are defined as high consumers (n=321). 

Table 9.  Multi-group Analysis of Online Shopping Amount 

Model DF CMIN P 
NFI IFI RFI TLI 

Delta-1 Delta-2 rho-1 rho2 

Structural weights 20 38.142  0.009  0.003  0.003  0.000  0.000  

Structural covariances 36 90.963  0.000  0.006  0.007  0.002  0.002  

Structural residuals 39 94.213  0.000  0.007  0.007  0.002  0.002  

Measurement residuals 69 126.216  0.000  0.009  0.009  0.000  0.000  
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In order to further analyze the moderating effect of high consumers and low consumers in purchasing 

intention, the comparison between unrestricted model and restricted model was studied. Set the structural 

coefficients of high consumers and low consumers to be equal and test the structural coefficient model under the 

assumption that the measurement coefficient model is correct. Table 9 shows that the P-value of multi-group 

structural coefficients is 0.009, which is less than 0.05 and reaches a significant level, indicating that there is a 

significant difference between the path coefficients of high consumers and low consumers on consumers' purchase 

intention in e-commerce live broadcast. 

Further exploration shows that there are significant differences in those path coefficients between the two 

groups. In Critical Ratios for Differences Between Parameter (Measurement Weight), it is found that the critical 

ratio of high-quality content to purchase intention path is 2.425 and the critical ratio of trust to emotional attitude 

path is 2.510. The critical ratio of high interactivity to cognitive attitude path is -3.248 and that of high interactivity 

to emotional attitude path is -4.085. So, the differences between the two groups are as follows: 

The influence of content quality of low consumers on purchase intention is greater than that of high 

consumers (high consumers: Estimate=0.033, low consumers: Estimate=0.307). The comprehensive display of 

commodities by anchors and personalized demand for consumers are more likely to meet the requirements of low 

consumers, prompting consumers to have purchase behavior. 

The influence of the trust of low consumers on emotional attitude is greater than that of high consumers (high 

consumers: Estimate=0.157, low consumers: Estimate=0.347). The professional description and personalized 

recommendation of influencer will make it easier for low consumers to generate trust, thus generating pleasant 

emotions. Low consumers are more likely to gain this trust and increase their purchase intention than high 

consumers. 

The influence of high interactivity among high consumers on cognitive attitude is greater than that among 

low consumers (high consumers: Estimate=0.442, low consumers: Estimate=0.133). The timely and efficient 

interaction between influencer and consumers has a greater influence on high consumers' cognitive attitude. High 

consumers need to see the true side of products and ask anchor questions to meet their individual needs, thus 

forming their own cognitive feelings. Higher consumers are more likely to have cognitive feelings and purchase 

behaviors. 

The influence of high interactivity of high consumers on emotional attitude is greater than that of low 

consumers (high consumers: Estimate=0.412, low consumers: Estimate=0.015). The timely and efficient 

interaction between influencer and consumers has a greater influence on high consumers' emotional attitude. High 

consumers ask influencer in time according to their own needs and the feedback of product information generates 

their love and pleasure for influencer, thus promoting. 

 

5. CONCLUSIONS AND LIMITATIONS  

5.1 Conclusions 

In this research, 710 valid data were collected, the validity test, structural equation modeling, hypothesis test, 

mediation effect test and multi-group analysis were carried out on the data. The conclusions are as follows: 

(1) High interactivity, preferential policies, trust, high quality of content, perceived risk and professionality 

of online celebrity have significant influence on consumers' purchase intention. Perceived risk has a relatively 

small negative impact on purchasing intention, while high interactivity, preferential policies, trust, quality of 

content, perceived risk and professionality have a relatively large positive impact on consumers' purchasing 

intention. Consumer's cognitive attitude and consumer's emotional attitude have a significant impact on 
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purchasing intention. The result shows that emotional attitude (0.254) can influence consumers' purchasing 

intention more than cognitive attitude (0.159), so influencer should pay more attention to the change of consumers' 

emotional attitude. High interactivity, preferential policies, trust, high quality content and professionality have 

significant positive effects on consumers' attitudes. The results show that professionality (0.212) and trust (0.247) 

have the greatest influence on consumers' emotional attitudes. It is found that high interactivity (0.244) has the 

greatest influence on consumers' cognitive attitude. 

(2) Consumers' attitude plays an intermediary role in consumers' purchase intention during the live broadcast 

of e-commerce in online celebrity economy. The results show that, except perceived risk, all the other independent 

variables have a significant impact on consumers' purchase intention through consumer attitudes, and consumer 

attitudes play a partial intermediary role in the process of independent variables and consumers' purchase intention. 

(3) Comparison of the influence mechanism of consumers' personal characteristics on the purchase intention 

of e-commerce live broadcast. Taking consumers' age and online shopping amount as moderating variables, this 

paper empirically studies the differences of the effects of moderating variables on consumers' purchase intention 

by using the multi-group method of structural equation model. Comparing the path coefficients of older and 

younger consumers, the results show that there are significant differences in path coefficients between different 

ages. Comparing the path coefficients of low and high consumers, the results show that there are significant 

differences in path coefficients between different online shopping amounts. 

5.2 Limitations 

This study has some limitations that need be addressed by future research. First, the proportion of statistical 

characteristics of sample data is not balanced. The proportion of women in this study is relatively large, while that 

of men is relatively small. Secondly, the influencing factors of the study are incomplete and the e-commerce live 

broadcast environment is complex, so we can dig out more important and representative influencing factors. 

 

6. MANAGEMENT SUGGESTIONS 

Through the literature study, as well as the actual textual research and empirical results in the research process, 

the author puts forward some management suggestions for influencer, e-commerce live marketing and consumers 

respectively.  

Firstly, pay attention to the trust of fans. It is an important part of the commercial value of online celebrity's 

fan anchor and fans are also the main consumers. Therefore, online celebrity's anchor should pay attention to the 

cultivation of trust with fans. In the process of live broadcast with goods, influencers enhance consumers' trust in 

influencers and their knowledge of recommended product information through various live broadcast methods. 

As an opinion leader in this field, Anchor needs to actively interact with consumers and patiently answer their 

product questions, so that consumers can have a more intuitive and in-depth understanding of the products sold 

and achieve the purpose of promoting their purchase intention[12]. 

Secondly, improve the information dissemination quality of products. E-commerce companies should fully 

exchange information with influencer on products, so that consumers can master more basic information of 

products when influencer broadcasts goods; E-commerce companies should also expand omni-channel, not only 

through Tmall and WeChat channels, but also through Xiaohongshu, Weibo, Tik Tok and other platforms, so that 

the information of star products or explosions can be transmitted to consumers' hands through public domain 

traffic[13]. Only when consumers pay wide attention can e-commerce companies control the market. 

Thirdly, consumers should get more information. By comparing the reference information about products 

from different online stores and other platforms, we can ensure the subjective understanding of products from 
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multiple dimensions, identify the authenticity of the product information introduced by online celebrity's anchor, 

and then judge whether it can meet our own needs and avoid impulse buying. 
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Abstract: Previous studies have more often explored the impact of structural and relational characteristics of knowledge 

network on the enterprise’s innovation performance. However, the attribute characteristics of enterprise knowledge network 

also have an impact on the innovation performance of enterprises. Based on the knowledge-based view, our study tries to 

explore how knowledge attributes affect firm’s innovation performance, and whether the complementarity of ambidextrous 

learning plays an indirect role in this process. Our research results show that both the combination potential of knowledge 

and knowledge diversity can affect the innovation performance of enterprises, and there is a threshold of the combination 

potential of knowledge, beyond which the positive impact on enterprise innovation performance will be weakened. At the 

same time, the complementarity of ambidextrous learning plays a moderating role between the combination potential of 

knowledge and the positive effect of firm innovation performance, but there is no moderating effect between knowledge 

diversity and firm innovation performance. 

 

Keywords: knowledge network, the complementarity of ambidextrous learning, combination potential of knowledge, 

knowledge diversity. 

 

1. INTRODUCTION AND RESEARCH FRAMEWORK 

Innovative performance is critical to the survival and success of a business[1]. Previous research confirms 

that collaborative network contribute to productivity and innovation[2]. Participants can access knowledge, 

information and resources through collaborative relationships with others. However, innovation by individuals 

or companies is not only embedded in collaborative network, but also in knowledge network[3-4]. In the 

knowledge network, the nodes represent the ‘knowledge elements’ and the ties represent the interconnections 

between the knowledge elements, indicating their combinatorial relationships. Although the study of knowledge 

network has attracted scholarly attention, less research to date has focused on the attributes of knowledge 

network that drive specific innovation performance, leaving open the question of how the attribute 

characteristics of knowledge network affect innovation performance. At the same time, the knowledge and 

resources acquired by the organization from the outside need to be absorbed, integrated and utilized in order to 

help the enterprise improve its innovation ability, which depends on the organization’s learning ability, including 

exploratory learning and exploitative learning, which means that an enterprise’s knowledge network is closely 

related to its own learning capability. Therefore, this study will conduct a more micro-level analysis of the 

relationship between knowledge network and innovation performance. Our research questions are as follows: (1) 

How do the two dimensions of knowledge attributes (combination potential of knowledge and knowledge 

diversity) affect firm’s innovation performance? (2) How does the interactive dimension of knowledge attributes 

affect firm’s innovation performance? (3) Can the complementarity of ambidextrous learning indirectly affect 

firm’s innovation performance? 

Based on the knowledge-based view and the organizational learning theory, the hypotheses and research 

framework are proposed herein(Figure 1). 
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Figure 1. Research framework 

The dataset is derived from patent data for 116 listed companies in the Chinese A-share automotive 

manufacturing industry from 2010 to 2018, using a 3-year rolling timeline to calculate various indicators and 

test our hypotheses through a negative binomial regression fixed effects model. 

 

2. MAJOR FINDINGS 

This study observed some valuable and interesting findings: (1) Combination potential of knowledge is 

curvilinearly (in an inverted U-shape) related to innovation performance, while knowledge diversity positively 

affects a firm’s innovation performance. (2) Knowledge diversity improves the inverted U-shaped link between 

combination potential of knowledge and firm innovation performance. (3) The complementarity of 

ambidextrous learning moderates the positive link between combination potential of knowledge and firm 

innovation performance, but has no moderating effect between knowledge diversity and firm innovation 

performance. This may be because the Chinese automotive industry is in a phase of technology accumulation 

and core competence formation, where exploitative learning can help improve the practicality of technological 

innovation. This is most important for the current automotive industry, where knowledge diversity requires new, 

broader and more innovative knowledge elements. 

 

3. CONTRIBUTION 

Our research not only enriches the research on the relationship between knowledge attribute characteristics 

and enterprise innovation performance, but also emphasizes the moderating role of the complementarity of 

ambidextrous learning, and promotes the theoretical exploration of ambidextrous learning. From a management 

perspective, companies should aim to keep the combination potential of knowledge at a reasonable range. At the 

same time, enterprises should expand the knowledge base and improve the heterogeneity and richness of 

knowledge. Moreover, enterprises should focus on cultivating their own ambidextrous learning capabilities and 

fully play the role of complementarity of ambidextrous learning as a bridge in the development of enterprise 

innovation. In addition, we only study the automobile manufacturing industry, and the empirical results may be 

limited. 
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Abstract: The webcast advertising market exhibits two unique features: the webcast platform and the anchor jointly provide 

webcast advertising; and the webcast platform determines the share of advertising revenue, the anchor decides whether to 

publish ads. We develop a two-sided market model including webcast platform, anchor, fan users and advertisers to analyze 

the role of these two unique features in determining the webcast platform’s optimal advertising revenue-sharing decision. 

The research results reveal an interesting inverted-V-shaped dynamic structure, that is, the optimal advertising revenue 

sharing strategy of the webcast platform changes with the overall advertisers’ valuation of the webcast ads. When the 

valuation of advertising is at a medium level, the webcast platform is motivated to give up more revenue share to subsidize 

the anchor via the advertising channel, leading to greater profits for both of them. In all regions, the optimal profits of the 

webcast platform and the anchor increase as the switching cost of fan increases. The anchor can increase fan stickiness by 

providing high-quality content, thereby increasing fan loyalty and expanding the fan user base. 

 

Keywords: webcast advertising; two-sided market; advertising; revenue sharing 

 

1. INTRODUCTION 

With the popularity of the Internet and the rapid development of online video, webcast platforms have 

shown explosive growth. According to CNNIC (China Internet Network Information Center), as of June 2020, 

the scale of webcasting users in China has reached 562 million, accounting for 59.8% of the total netizens. The 

great success of the webcast has built a huge fan base of users and attracted potential advertisers. In order to 

develop itself and benefit from the market, the webcast platform began to provide advertising services. That is, 

the anchor implants ads into the webcasting process so that the anchor and the platform can obtain income from 

two channels, namely, fan rewards and webcast advertising. Correspondingly, along with fan reward income, 

webcast advertising has become another important source of income for both the platform and the anchor. 

Different from traditional media ads, webcast ads are provided by the platform and the anchor, and the 

platform and the anchor belong to a cooperative relationship. Traditional media channels, such as newspapers 

and TV, have control over advertising, while the control over webcast advertising is separate. The webcast 

platform needs to motivate anchors to publish ads during the webcasting process, thus being able to profit from 

the advertising channel. According to the principal-agent incentive theory, if the anchor chooses to publish ads, 

the webcast platform will share part of the advertising revenue with the anchor to increase the anchor's 

motivation. For example, the Huya webcast platform and the anchor jointly provide ads, and the Huya platform 

decides virtual gift price and advertising price, and the Huya platform (30%) and anchors (70%) share revenue 

from fan reward and advertising channels. In fact, if the anchor chooses to place ads, the platform and the 

anchor can obtain advertising revenue, thereby increasing the revenue from the advertising channel. But at the 

same time, the increase of ads placed by the anchor in the webcast content will arouse the nuisance of the fans, 

which will lower the revenue that the platform and the anchor obtain from the fans' reward. It can be seen that 

the advertising strategy decided by the anchor has a certain impact on the revenue of both the platform and the 
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anchor. Relatively, the level of the advertising revenue share of the webcast platform decision also has a decisive 

role in the choice of advertising strategy of the anchor. In other words, whether the ad revenue sharing contract 

can increase the anchor's revenue is an important issue for the anchor's participation in advertising activities. 

Therefore, how to make the optimal advertising revenue sharing contract to coordinate the interests between the 

webcast platform and the anchor is an urgent problem in the field of webcasting. 

Based on the above background, this paper focuses on the problem of webcast ad delivery and the resulting 

ad pricing and ad revenue sharing contract strategies. In the webcast advertising market, the platform decides 

the ad price and ad revenue share, while the anchor decides whether to publish the ads or not (Godes et al. 2009) 

[1].  

Taking into account the separation structure of the platform and the anchor in the webcast advertising, in 

this paper, we try to answer the following question: 

Q1. How does the optimal ad revenue share of the webcast platform affect the anchor decisions? 

Q2. Considering the anchor's advertising strategy, how does the webcast platform set the optimal 

advertising price and ad revenue share? 

Q3. Whether the advertising revenue sharing decided by the platform can coordinate the interest conflict 

between the webcast platform and the anchor? 

 

2. LITERATURE REVIEW 

2.1. Two-sided market for traditional advertising. 

In recent years, researchers have used two-sided market models to analyze the traditional advertising 

market, such as newspaper and television advertising. Gabszewicz et al. (2005) [2]investigated whether 

advertising subsidized the price of consumers purchasing newspapers by constructing a two-sided market model 

between the newsprint media and the advertising industry. Using a similar two-sided market model framework, 

Godes et al. (2009) [1]demonstrated that when a media company earns revenue from both content sales and 

advertising channels, and when the competition in market content intensifies, the media company will focus on 

monetizing the advertising channel. Bagwell (2007) [3]provides a comprehensive overview of the advertising 

economy, stating that advertising revenue is the main revenue source for media companies and that they have 

some control over advertising prices. The above literature shows that studies on traditional advertising two-sided 

markets are based on the premise that the media platform has the right to publish ads, and that the media is able 

to profit from the dual channels of content and advertising.  

Different from the existing literature, this paper considers the advertising strategy between the webcast 

platform and the anchor in the case of separation of advertising control rights, where the webcast platform and 

the anchor jointly participate in making the advertising and revenue strategies, which enriches the existing 

two-sided market theory of advertising. 

2.2. Online advertising 

Current research has examined multiple aspects of online advertising strategies and their interactions with 

other corporate strategies, such as advertising volume, advertising pricing, and distribution of spending and 

revenue. 

Regarding the advertising volume, the existing literature mainly studies the trade-off between content and 

advertising (Prasad et al. 2003) [4], dynamic advertising (Kumar et al. 2009) [5], and the optimal combination of 

advertising (Dana et al. 2016) [6]. On the issue of ad pricing strategies, researchers have studied and compared 

various pricing models for advertising. For instance, Asdemir et al. (2012) [7]examined the optimal advertising 

decisions under two pricing models: cost-per-thousand-impressions (CPM) and cost-per-click (CPC). Maillé et 

al. (2018) [8]compared the changes in the advertiser's revenue under the pure CPC, CPM, and the combined CPC 
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and CPM model.  

In terms of advertising spending and revenue allocation, the researchers studied the interaction of 

advertising spending and revenue allocation strategies with other strategies of the firms. For example, Tan et al. 

(2005) [9]explored the coordination of the advertising and IT capability spending allocations in the e-tailing 

industry. Lin et al. (2012) [10]used game theory to study the advertising strategies of online service providers in a 

monopolistic and duopoly market environment and found that higher advertising revenue rates may lead to 

lower service prices. Hao et al. (2017) [11]studied the optimal allocation strategies of the platform for content and 

advertising revenue under the separation mode of mobile platform and APP provider, and obtained the 

applicable conditions under different profit models of the platform. Guo et al. (2019) [12]first conducted an 

economic analysis of reward advertising and found that high reward rates may reduce the number of reward ads. 

The research results of the above literature provide important theoretical approaches and research 

perspectives for comprehension of webcast advertising and revenue allocation decisions. However, it is not 

difficult to find that the above literature has two shortcomings: (1) Although the existing research results on 

online advertising decisions involve the optimal combination strategy of webcast advertising, they do not 

mention the issue of anchors' participation in advertising decisions in the field of webcasting. In fact, the anchor 

has control over the advertising publishing in the process of webcast advertising, and the anchor's decisions 

have a direct impact on whether the webcast platform can obtain revenue from the advertising channel. (2) 

Existing studies do not segment consumers when considering the nuisance cost brought by advertising to 

consumers (Prasad et al. 2003) [4]. With the diversified development of online advertising, the characteristics of 

consumer groups on different online platforms are very different, and this study constructs a two-sided market 

model for webcast advertising that considers the transfer costs of fan users, which is more realistic. 

2.3. Webcast platform 

Regarding on the webcast platform, researchers have discussed the revenue distribution and the economic 

effects of the anchor. Zheng et al. (2020) [13]used a principal-agent theory model to study the optimal reward 

revenue sharing problem of the webcast platform under the non-contracted and contracted models. Chen et al. 

(2020) [14]empirically analyzed the mechanism of the role of personal traits of the anchor in webcast platforms 

on fans' purchase intentions, found that the stronger the personal traits of anchors, the higher the perceived value 

of their recommended products and the stronger the purchase intentions of fans. The current research on webcast 

platforms has revealed the interest correlation between the platform, the anchor, and the fans, as well as the 

problem of revenue sharing between the platform and the anchor. However, existing studies have mainly 

explored the revenue-sharing decision of platforms under a single fan reward channel (Zheng et al. 2020) [13], 

and there is not much literature on how platforms formulate ad revenue share contracts under the case of anchor 

participation in advertising. Therefore, we investigate the optimal ad revenue sharing strategy of the webcast 

platform in two scenarios: the anchor chooses to place ads or not, in order to differentiate from existing studies. 

In summary, the marginal contributions of this study are as follows: first, unlike the two-sided market of 

traditional advertising, traditional media platform has full control over advertising, and this paper considers the 

platform and the anchor as two independent entities for webcast advertising. The platform decides advertising 

pricing and advertising revenue sharing, while the anchor decides whether to publish ads. Second, based on the 

revenue model of the fan reward channel, this paper discusses the optimal advertising pricing and advertising 

revenue sharing of the platform under the strategy of the anchor publishing and not publishing ads. It is found 

that the webcast platform can subsidize the anchor through advertising revenue sharing, and then encourage the 

anchor to participate in the advertising, so that both the platform and the anchor can obtain greater benefits from 

the dual channels. Third, with the rapid development of webcast platforms, the anchor can place ads during the 

webcast. Since the fans watching the webcast have certain stickiness and loyalty to the anchor, it is more 
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practical to consider the impact of the switching cost of fan users in the modeling of advertising decisions. 

 

3. MODEL DEVELOPMENT 

In this section, we present a two-sided market model for the webcast advertising which includes a webcast 

platform, an anchor who provides content services, a mass of fan users who watch the webcast and participate in 

rewards, and a mass of advertisers as shown in Figure 1.  

Switching cost 

Nuisance cost

Advertiser

Fan users

（Virtual gifts 

reward）

Webcast Platform

（sets      and    ）

Anchor

（Decide whether to 

publish ads）



Ap
Ap ArA Ar p

(1 )A Ar p

u ur p

(1 )u ur p

up

s
 

Figure 1.  The two-sided market model of webcast advertising 

3.1. Webcast platform and anchor 

First of all, in the fans’ reward channel, fans will buy virtual gifts on the webcast platform to reward their 

favorite anchor. The platform sets the virtual gift price up
. The platform’s virtual gift revenue share ur , which is 

an exogenous variable. The platform will transfer the remaining reward revenue share1 ur to the anchor 

according to the contract. Without loss of generality, assuming 0up  , the platform and the anchor can always 

get the fans' reward share. 

In the decision of webcast advertising channel, the webcast platform decides: (i) the ad price
Ap charged to 

the advertiser (pay per user view), and (ii) the platform’s ad revenue share
Ar . If the anchor agrees to this ad 

revenue sharing contract, he will publish the ad during his webcast and receive the remaining1 Ar share of the 

ad revenue.  

If the anchor chooses to advertise, he will display the advertiser's product ad during the webcast. We use
An  

to denote the number of participating advertisers and m to denote the total number of potential advertisers. 

According to existing literature (Godes et al. 2009) [1], we assume that each advertiser publishes one ad, so 
An  

can be interpreted as the number of ads in the platform’s ad inventory, that is, the ad demand. We use to denote 

fill rate, which represents the probability that the platform’s ad space will be filled with an ad from the ad 

inventory upon an ad request. We assume fill rate has the form An  , so  denotes the probability of each ad 

being displayed, then 1m  . 

3.2. Fan Users 

We assume that the nuisance cost when the webcast process is filled with ads is  . Therefore, the expected 

nuisance cost of displaying webcast ads is
An  . Assuming that the fan users of the anchor have watched 

the webcast for a long time and invested a certain amount of time, emotion, etc., there is a stickiness between 

fan users and the anchor, resulting in a non-negative switching cost of s . We consider a single representative 

anchor, and take fan users to be heterogeneous in their valuation for the webcast content
uv which is uniformly 

distributed on  0, uV . The total size of the webcast user market is normalized to 1.  
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Thus, for fan user
uv , the utility for the user, (1) if the anchor chooses to publish advertising, is as 

follows: U( )= uu u Av v n s p   . The corresponding number of fan users who have rewarded the anchor is as 

follows: )Pr( ) 1U( 0 A

u

u u

u

u

u

p
n

n s
v

V V V


     . 

(2) If the anchor decides against publishing ads, the utility of the fan user
uv is  U( )= uu uv pv s  . The 

corresponding number of fan users who have rewarded the anchor is as 

follows: )Pr( 1U( 0)u

u u

u

un
s

v
V

p

V
    . 

3.3. Advertisers 

We take advertisers to be heterogeneous in their valuation for advertising
Av , the value the advertiser can 

obtain through publishing his ad. Assume
Av is uniformly distributed on  0, AV ( Rochet and Tirole 2006) [15], then, 

the profit function for an advertiser with valuation for advertising
Av is as follows: 

( ) ( )A A uA A p nv v    

Where
un is the number of fan users and

Ap is the ad price. An advertiser would participate if and only if 

( ) 0A Av  . Thus, the ad demand
An is as follows: 

Pr( ( ) ) (1 )0 A

A A

A

A

p
n mv

V
m    . 

3.4. Profit 

We can now determine that when the anchor chooses to publish ads, the platform’s profit is the sum of the 

revenue share from the fan user's reward and the advertising, so the platform’s profit is as follows: 

1

u AO u u A u Ap n r nr p n  
,
 and the anchor’s is as follows: 1 )(1 ( )1R u u A u Au A pr rp n n n     . 

Conversely, if the anchor chooses not to publish ads, the profit of the webcast platform is: 0

uuO unr p 
, 

and 

the profit function of the anchor become 0 ( )1 uR u ur p n   .   

We assume that when the anchor obtains a fan user's reward revenue share1- ur , he is willing to participate 

in the webcast activities of the platform. The timing of the game is as follows. In stage 1, the platform 

announces the ad price
Ap , the ad revenue share

Ar and the virtual gift price
up . In stage 2, the anchor decides 

whether to publish ads. In stage 3, the fan user decides whether to reward the anchor and advertisers decide 

whether to participate. 

4. EQUILIBRIUM ANALYSIS 

Since this study mainly discusses the issue of the anchor’s advertising and platform revenue sharing 

decisions, the following analysis will focus on exploring the impact of changes in platform advertising pricing 

and advertising revenue sharing on the anchor participating in advertising activities. In this section, we use 

backward induction to first analyze the anchor’s strategy and then derive the platform’s equilibrium advertising 

revenue-sharing contract.  

4.1. Anchor equilibrium decision 

Lemma 1 Given the platform’s decisions on ad price Ap and ad revenue share Ar , the anchor will 

(a) (Not publish ads) become a pure deliver webcast content, that is, decline to publish ads, and all 

revenue comes from fan rewarding. At this time, the webcast platform decides the virtual gift price as follows: 

,  
2

u

u

V
p

s 


 if 1
(1

1
)

A

u

A

r

p
r


  


; 

(b) (Publish ads) become an ad publisher and charge a positive price for the webcast content, so her 
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revenue comes from ads and fan rewarding. At this time, the webcast platform decides the virtual gift price as 

follows: 

 
( )(

,
2 2

)A A

u

u A u A

u A

p p
p

V s m V r r

r V

  
  

  if 
(1

0 1
)

A

u

A
p

r
r


 


. 

According to the parameter constraints, setting 0.3ur  , 5AV  , 1uV  , 0.5s  , 0.2  , 1  , 1m  , 

0 A AVp  , 0 1Ar  .  

The regions corresponding to case a, and b are illustrated in Figure 2. Figure 2 illustrates the anchor’s best 

responses to the platform’s decisions on ad price
Ap and her ad revenue share

Ar . 

 

Figure 2.  The anchor’s strategy 

From Figure 2, in region a, a low ad price
Ap , a high platform’s ad revenue share

Ar , or a combination of 

both limits the anchor’s ad revenue per fan user, that is, the anchor’s ad revenue per fan user )(1 A AAr p n  is 

low; and thus the anchor does not have sufficient incentive to publish ads. When the anchor’s ad revenue per 

user )(1 A AAr p n  is higher than a threshold (in region b), the anchor chooses to publish ads and generates 

revenue from both advertising and fan rewarding. From Lemma 1, we can see that the revenue from the fan 

reward in region a is higher than that in region b, which indicates that the anchor will lose the fan reward 

revenue when switching from the not publish ads strategy to the publish ads strategy. In other words, the fan 

nuisance cost of advertising is reflected by the revenue reduction from the webcast rewarding. When the anchor 

agrees to publish ads, she will gain an additional revenue source from the advertising channel in the amount 

of (1 ) A u AA pr n n . This shows that a reasonable share of advertising revenue will motivate the anchor to 

participate in advertising, that is, the anchor has additional incentives to reduce her profit from fan reward in 

order to gain revenue from the advertising channel.   

4.2. Webcast platform equilibrium decision 

Anticipating the anchor’s responses, the platform sets the ad price
Ap and her ad revenue share

Ar to 

maximize her profit. Lemma 2 summarizes the equilibrium strategy for the platform and the corresponding 

equilibrium ad price and ad revenue share.  

Lemma 2 Depending on market conditions, the platform adopts one of the following three sets of ad 

price Ap  and her ad revenue share Ar in equilibrium: 

(a) (Not publish ads) If AV  , then set the ad price Ap and ad revenue share Ar to satisfy 

1
(1

1
)

A

a

A

u

p

r
r


  


. The corresponding equilibrium virtual gift price is

2
u

uV s
p  


. 

(b1) (Publish ads: Reward-dominant) If 1ab

A AV V   , the anchor decides to advertise ，

when 1 0O Ap  , then set the ad price
Ap and ad revenue share

Ar to satisfy
1

2A

b Ap
V  

 , 
1 )

=
(

+

2 1
1

A
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r
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 . 
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The corresponding equilibrium virtual gift price is 1 ( )(4
 

2

)
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u A u A
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(b2) (Publish ads: Ad-dominant) If 1ab

A AV V , when 1 0O Ap  , then set the ad price
Ap  and ad 

revenue share
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The anchor agrees to publish advertising. When the platform obtaining the fan reward share is greater than 

the ad revenue share, the fan reward is a dominant revenue for the webcast platform. 

When
Au Au u A ur p rn p n n , 1
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According to the parameter constraints, setting 0.3ur  , 1uV  , 0.5s  , 0.2  , 1  , 1m  . Figure 3 

illustrates the equilibrium strategies for the webcast platform under different parameters of ad value
AV . 

 

Figure 3.  The webcast platform’s strategy 

Figure 3 shows that, the platform declines to publish advertising when ad value
AV is less than the nuisance 

cost  . When
AV is greater than the nuisance cost  , in both cases b1 and b2, the platform sets the ad price

Ap  

and her ad revenue share
Ar to induce the anchor to publish ads, so her revenue comes from both advertising and 

fan reward. We call regions b1 and b2 hybrid regions, with b1 being the reward-dominant hybrid region in 

which the ad value
AV is relatively low, such that the advertising revenue is mainly powered by the number of fan 

users; and b2 being the ad-dominant hybrid region in which the ad value
AV is relatively high, such that the 

advertising revenue is mainly powered by the number of advertisers. 

The ad value
AV is an important market condition parameter in determining the advertising revenue-sharing 

contract in our model, which represents the overall advertisers’ valuation of advertising at the market level. We 

find that the equilibrium ad price
Ap increases in ad value

AV in all regions. When advertisers are able to generate 

higher value from reaching fan users through ads (higher
AV ), more advertisers will join and the platform will 

charge a higher ad price
Ap to take advantage of such improvements. 

4.3. Equilibrium analysis 

Lemma 3 The platform’s ad revenue share Ar  has the following properties: 

① Ar  increases in the reward-dominant region, that is, 
1

2

2 (1 )
0

( )

b

uA

A A

rr

V V






 

 
； 

② Ar  increases in the ad-dominant region, that is, 
2 2 2 22

2 2

2( 1) ( ( ) 2( ) )
- 0

( ) ( ) ( 2)
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u A A uA

A A A u

r m V V Vr

V m V V r
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According to the parameter constraints, setting 0.3ur  , 1uV  , 0.2  , 1  , 1m  . Lemma 3 and 

Figure 4 reveal an interesting inverted-V-shaped dynamic of the platform’s ad revenue-sharing strategy with 

respect to the ad value AV . 
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Figure 4.  Platform’s Ad Revenue Share
Ar  

Figure 4 shows that, when ad value
AV is low in the reward-dominant region, as

AV increases, the webcast 

platform keeps a higher share of the ad revenue. However, in the downward sloping section of the 

inverted-V-shaped, where ad value
AV is moderate in the ad-dominant region, the webcast platform is willing to 

subsidize the anchor by forgoing more ad revenue share, even though each share is worth more as ad value
AV  

increases. 

To explain this inverted-V-shaped dynamic, we introduce the webcast platform’s maximum ad revenue 

share 
Ar . When inducing the anchor to publish ads, the webcast platform cannot withhold an ad revenue share 

higher than
Ar since she needs to provide the anchor a sufficiently high share to guarantee that the anchor’s profit 

from being an ad publisher is at least equal to his profit from staying with the a region (not publish ads). 

Intuitively, given any ad value
AV , the webcast platform could set A Ar r to maximize her ad revenue share and 

meanwhile induce the anchor to publish ads. However, this is not always optimal for the webcast platform. 

While the platform’s optimal ad revenue share
Ar is equal to

Ar in the reward-dominant region ( 1

A

b

Ar r ), it 

becomes less than
Ar once the ad value

AV increases into the ad-dominant region ( 2

A

b

Ar r ). Essentially, in the 

reward-dominant region (b1) the webcast platform extracts the anchor’s additional surplus from ad publishing 

beyond the a region, thus making the anchor’s total profit under publishing ads equal to that under pure fan 

reward. Yet in the ad-dominant region (b2), with the increase of advertising value, more and more advertisers 

are willing to participate, which induces the webcast platform to forgo part of ad revenue share to encourage the 

anchor to publish more ads, thereby increasing the profit of the webcast platform. 

Lemma 4 In all regions (publish ads or not publish ads), the optimal profit of the webcast platform and the 

anchor will increase with the increase of the fan users switching cost s , and decrease with the increase of the 

advertising nuisance cost  , that is,  
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. 

Proposition 4 reveals the impact of fan switching cost and advertising nuisance cost on the profits of the 

webcast platform and the anchor. In all regions, the optimal profit of the webcast platform and the anchor 
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increases with the increase of switching cost and decreases with the increase of advertising nuisance cost. In the 

case of not publishing ads, the profit of the platform and the anchor comes only from fan reward, and the level 

of fan switching cost indirectly reflects the level of their rewards. Intuitively, those with higher switching cost 

pay more in terms of emotion, effort, etc., and their reward amounts will be greater in response. In the case of 

publishing ads, both the platform and the anchor obtain revenue from the dual channels of fan reward and 

advertising respectively, but the anchor's decision to publish ads will inevitably increase the aversion of fans. 

The revelation is that the anchor can provide quality webcast content to reduce fans' aversion to advertising. 

This will incur some expenditure, but both the platform and the anchor will be able to gain extra profit from the 

advertising. 

 

5. CONCLUSIONS 

In this study, we construct the two-sided market model of the webcast advertising to capture the unique 

characteristics of the webcast advertising market. Specifically we incorporate two entities in the webcast 

advertising—the anchor, who has the right to decide whether to publish ads, and the webcast platform, who 

determines the advertising price for advertisers and the platform’s and the anchor’s respective shares of 

advertising revenue. The results show that: 

 (1) In mixed regions with mainly reward-dominant and ad-dominant, the ad equilibrium price increases as 

the ad valuation increases. In other words, when advertisers can reach more consumers by publishing ads, 

expanding the potential market demand, and generating higher advertising value, more advertisers will be 

willing to join the webcast market, and the webcast platform can take advantage of the high advertising 

valuation to charge higher advertising fees. 

(2) As advertisers' ad values increase, the level of ad revenue sharing of webcast platform decisions rises 

and then falls. Intuitively, as ad value increases the webcast platform will increase its ad revenue share, as each 

ad share brings higher value. Interestingly, the ad revenue share appears to be downwardly sloping in part. When 

the ad value is moderate, the webcast platform is willing to forego part of the ad revenue share to subsidize the 

anchor and motivate him/her to participate in advertising activities actively. On the one hand, the anchor 

choosing to publish ads incurs certain nuisance costs and thus loses a portion of its profits. The webcast platform 

subsidizes anchors through advertising channels, increasing the advertising revenue share to a level that exceeds 

the minimum level required for an anchor to be willing to publish ads. On the other hand, the platform's subsidy 

strategy provides additional incentives for the anchor to create better quality webcast content and increase the 

stickiness with fans, bringing a win-win for both the platform and the anchor. The management insight is that 

when the webcast platform can get revenue from both fan reward and advertising, the platform should actively 

coordinate the interest conflict with the anchor by adjusting the ad revenue share, and then to compensate the 

anchor for the loss of fan reward revenue due to publishing ads. 

(3) In all regions, the optimal profit of the webcast platform and the anchor increases with the switching 

cost of fan increases and decreases with the increase of the advertising nuisance cost. The anchor provides 

high-quality webcast content, which increases the stickiness with fan users. When the positive effect of the fan 

switching cost is enough to offset the negative effect of the advertising nuisance cost, the anchor may choose to 

publish ads, and then obtain benefits from both the advertising channel and the fan reward channel.   
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Abstract: The dissemination of disinformation has become a thorny issue in the era of social media, and knowledge can 

play a crucial role in tackling this problem. However, currently more research interest lies in the disinformation 

dissemination model, but ignores the interaction between disinformation and knowledge in the diffusion process. In order to 

explore the evolutionary path and stable strategy for the competitive dissemination between disinformation and knowledge 

on social media, an evolutionary game model based on social capital theory is proposed in this paper. By model solving and 

numerical simulation, the initial dissemination willingness, the disinformation infection probability, the knowledge infection 

probability, and the knowledge penetration probability are demonstrated to be important factors affecting the game 

equilibrium in the competitive dissemination process of disinformation and knowledge. Moreover, some countermeasures 

and suggestions for the governance of disinformation are put forward. The present study reveals the dynamic mechanism of 

social media users disseminating disinformation and knowledge, and is expected to promote the formation of a cleaner 

cyberspace. 

 
Keywords: Disinformation dissemination, Knowledge dissemination,  Evolutionary game, Competitive information 

 

1. INTRODUCTION 

With the development of social media, people can receive and release any information they want at any 

time, resulting in the exponential growth of disinformation on social media. According to the definition of 

Huang et al. [1], disinformation is defined as inaccurate information and knowledge is defined as accurate 

information. Disinformation and knowledge are different discourses on the same theme, which coexist and 

compete with each other in a certain period of time, and thus can be regarded as ‘competitive information’. 

Although some theoretical results about disinformation dissemination model have been obtained, there is still a 

lack of understanding of the interaction between disinformation and knowledge and how to promote social 

media users to disseminate knowledge and resist disinformation. In this study, we develop a competitive 

dissemination model of disinformation and knowledge based on the evolutionary game theory, to explore the 

evolutionary path and stable strategy of the competitive dissemination of disinformation and knowledge on 

social media.  

 

2. MODELING 

Social capital is defined as the sum of assets or resources embedded in the relationship network among 

individuals. In order to facilitate the model construction and solution, we propose several assumptions about the 

players, the strategy space, the benefits, the cost of users disseminating information, and the probability of users 
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choosing to disseminate or not. Table 1 shows the notations of the payoff matrix which is used throughout the 

paper. 

Table1. List of symbols. 

Variable Descriptions Variable Descriptions 

DUs disinformation-believed users  2 20 1    the probability that UUs is transformed into KUs 

KUs knowledge-believed users  3 30 1    the probability that DUs is transformed into KUs 

UUs the unknown users  1 10 1    the probability that UUs is transformed into DUs 

C1 
the risks brought by spreading 

disinformation 
x ( 0 1x  ) The probability of DUs choosing ‘disseminate’ 

C2 
the persuasion cost of spreading 
knowledge 

y ( 0 1y  ) The probability of KUs choosing ‘disseminate’ 

Through establishing the payoff matrix and analyzing the equilibrium points, we find the relationship 

among 1 , 2 , 3  and the cost determine the final stable state. When the disseminating effect of knowledge is 

remarkable, the benefits of disseminating disinformation are less than the cost, while the benefits of 

disseminating knowledge are greater than the cost. At this moment, KUs will choose to disseminate knowledge 

while DUs will choose not to disseminate disinformation, and finally the social media will reach the ideal state, 

where there only exists knowledge. 

 

3. RESULTS 

In order to explain the competitive dissemination of disinformation and knowledge on social media more 

intuitively, Matlab R2018a is used to numerically simulate the evolution process of disinformation and 

knowledge, and analyze the influence of variables on the evolution path. 

 

Figure 1. The effect of different parameters 

It can be observed form Figure1 that as the evolution time goes by, 
y

 keeps increasing to 1, and x  

gradually converges to 0, both of which exhibit a decreasing speed of change. Moreover, we find that the 

convergence process of y  is always faster than that of disinformation dissemination. Comparing with Figure 

1(c)- Figure 1(e), we can find that 1 , 2 , 3  have a positive influence on y , and 1 3 ＞ . Furthermore, 1 , 

2 , 3 have different effect on x . According to the simulation results, the importance is ranked as 1 3 2  ＞ ＞ , 

where 1  and 3  have opposite influence on disinformation dissemination willingness.  

Through theoretical analysis and numerical simulation, several crucial findings are elicited. First, the initial 

dissemination willingness of the knowledge-believed users and the knowledge penetration probability can 

effectively suppress the willingness of users to disseminate disinformation, while high disinformation infection 

probability will reinforce the dissemination of disinformation. This verifies the research of Ma et al.[2] that 

people attitude toward disinformation impact the disinformation propagation. Second, the knowledge infection 

probability has no obvious effect on disinformation dissemination, which do not agree with the conclusion that 

the more netizens with scientific knowledge, the smaller the spread scope of online rumor[3]. 
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4. DISCUSSION 

All of these findings are of great significance both in theory and practice. Theoretically, we regard 

knowledge as the competitive information of disinformation, and the interaction between knowledge and 

disinformation is researched, which can drive the unknown users contact knowledge, thus increasing the scope 

of knowledge disclosure[4]. Moreover, we introduce the evolutionary game theory to describe the competitive 

dissemination and analyze the impact of the initial dissemination willingness, the disinformation infection 

probability, the knowledge infection probability, and the knowledge penetration probability. 

The study also provides abundant insights for practice regarding how to curb the dissemination of 

disinformation and promote the spread of knowledge. Firstly, the social media platform should reward users 

who disseminate knowledge through incentive measures like increasing their voice. Secondly, the platform 

should make use of the strength of experts, KOL and other people to distinguish and mark knowledge, refute the 

distorted information, and push it to more users through recommendation algorithm to curb the spread of 

malicious information on the network. Thirdly, users should improve their information literacy to identify 

disinformation, so as to reduce the disinformation infection probability.  

Future research could further improve the assumptions, and substitute real data for verification to overcome 

the subjectivity of parameter setting. Besides, this paper only considers the game relationship between the 

disinformation-believed users and the knowledge-believed users, but in fact, the social media platforms 

sometimes condone the dissemination of disinformation in order to increase the exposure, which is also worthy 

of attention. 
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Abstract: Users’ satisfaction is an important indicator of App quality, and version updating is an important means for 

developers to respond user requirements. Incorporating user reviews into iterative delivery of new App versions would improve 

the quality and ratings of Apps. Most of existing research analyzed App attributes’ influences on customers’ satisfaction from 

the application level, but the influences on users from the perspective of the version level has more practical implications and 

may has the underlying relationship with customers’ satisfaction. According to the dimensions of managerial response, this 

paper explores the impacts of response consistency and response timeliness on users’ satisfaction. Empirical analysis was 

conducted based on 4797 versions and 463176 comments from 241 shopping apps in Apple App Store on “qimai” website. 

The results show that response consistency and response timeliness both have a significant positive impact on users’ 

satisfaction. 

 

Keywords: App version; user review; users’ satisfaction; managerial response 

 

1.  INTRODUCTION 

The popularity of mobile terminals has promoted the rapid rise of the Software Application for Mobiles (App) 

market. According to the China Internet Network Information Center (CNNIC) data, as of June 2021, the number 

of mobile Internet users in China was 1.007 billion, each of which installs 63 apps and is used 6.7 hours 

averagely. Not only is the number of apps for individual users soaring, but many enterprise-oriented apps are also 

transferring to mobile. The mobile application market has become a hyper fast-growing market with huge demand, 

which is regarded as the future of the software industry. 

Mobile App stores provide a unique platform for developers to quickly deploy software delivery and update. 

Moreover, it can provide a dialogue channel between developers and users: users indirectly participate in App 

update design through comments and ratings on App versions, and developers can receive outside voices and 

respond to them. A user's rating represents how satisfied they are with the App, which in turn is closely related to 

the developer's interests. A survey shows that 77% of users will not download or use an App with a rating lower 

than 3 [1], and every 1 point increase in user rating can increase the economic income of developers by 5%-9% 

[2]. Therefore, the continuous updating of multiple versions of App has become a popular way for developers to 

enhance service and improve satisfaction. 

Existing studies have paid attention to the uniqueness of App updates and their importance to users’ 

satisfaction, analyzed the impacts of App attributes and version updating deployment on users’ satisfaction from 

the perspective of developers[3, 4], and abstracted user requirements by semantic mining from user comments with 

different algorithm [5-8]. Currently, the research focus is more on the effective mining of content, focusing on the 

mining methods and processes. In fact, the different developers in the process of version updating respond to users’ 

comments with different extent. However, whether the response behavior makes sense, also the question of 

correlation between the degree of response and users’ satisfaction has not yet been empirically studied. So this 

paper tries to explore the influences of developers’ responses to users’ comments on their satisfaction, and to help 

developers improve user experience. 

App store divides apps into 26 categories, including shopping, social networking, tourism, news games and 

so on, according to application types. Considering the influence of the number of user groups, user utilization rate, 
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number of App products, and other factors on sample size, and data concentration, this paper selects shopping 

apps as research objects, to study the impact of App version updating on users’ satisfaction. 

 

2.  BACKGROUND 

2.1 App version updating 

Compared with traditional software, apps are unique in that developers can iterate quickly, deploy updates 

easily, and improve the quality of software constantly. Scholars mainly study the frequency of updates and the 

effect of updates. 

(1) Version updating frequency 

App version updating frequency, which has been studied on users' emotions, the speed at which users install 

updated software, and the downloads after the update. Stuart McIlroy found through the tracking of App version 

updatings that the update frequency would not generate negative emotions for users [9], but Maleknaz Nayebi's 

research showed that users prefer to install apps with low update frequency [3]. Ed Novak's research measured the 

speed of user experiencing software updates, and the delay time between application update and actual installation  

According to his results, more than 10 of the 12 most popular apps are updated more frequently than once every 

two weeks[10]. Every 56 hours, a user may install at least one app averagely. W.Liu found that App version 

updatings significantly increased user downloads within 10 days, but the effect disappeared after 45 days[11]. But 

the effect of version updating frequency on users’ satisfaction is unclear. 

(2) Version updating effect 

Developers are constantly making changes to their in-store apps, but the results aren't always 

satisfying. Some scholars analyze the reasons behind particular updates (such as failed updates or urgent 

updates). Safwat Hassan analyzed and studied the causes of the failed parts, found the sharp rise in user negative 

comments after their updates, and then divided the update into the emergent update and the general update. It is 

found that the emergent update would receive higher users’ satisfaction. The reasons for failed updates are more 

likely to be application crashes, user interface, and other version-level problems. These problems appear always 

at the version level instead of application level[1, 12]. Chong Wang found by analyzing version updating logs that 

developers pay more attention to the realization of non-functional requirements than functional requirements 

during version updating, among which usability and maintainability are the most frequently mentioned non-

functional requirements [12]. However, there is a lack of studies on the effects of more generalversion updatings. 

2.2 Managerial responses 

Managerial Responses (MRs) refers to the management communication adopted by managers to realize 

service recovery where consumers express their attitudes and opinions on services or products. Its goal is to 

provide economic or social resources to compensate for customer losses caused by a service failure. In response 

to customer complaints, service providers can provide a variety of resources, from financial compensation (such 

as relief of this service) to social resources (such as apology), to adjust customers' perception of fairness and 

justice to influence customers’ satisfaction[13] and improve the reputation of the enterprise[14]. Some scholars have 

found that compensation is an important way of remedial efforts, and online mode is more convenient. So 

operators adopt the way of MRs to users of online comments to realize service recovery[15]. 

In the service industry, MRs have been proven to significantly improve customers’ satisfaction and thus 

corporate performance. Taking the hotel industry as the research object, Ye Qiang confirmed that MRs to users 

with low ratings would significantly improve their satisfaction, but the users who observed other users receiving 

MRs did not receive the same treatment, and their satisfaction then would be significantly reduced[16]. Stuart 

E.Levy's research also confirmed that hotels with the highest online ratings were able to make good use of MRs 

methods, and were more receptive to customer feedbacks. They would apologized for customers’ poor experiences, 
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and carefully explained the reasons for service failures[17]. Karen L. Xie also proved the promotion effect of MRs 

on enterprise performance by data analysis[18]. Biagio Palese's further exploration of the effect of MRs shows that 

the consistency of review response positively affects the competitive performance of hotels[19]. 

Some scholars believe that online comment response has two main functions: as an efficient and prudent 

mechanism to solve problems, and also as a way to establish deeper relationships with customers [20]. For apps, 

the most important means for developers to respond to the appeal of online reviews is to release a new version of 

the App. At the same time, users can get the self-satisfaction from participation and establish a deeper relationship 

with developers. With the same in the service industry, however the mobile application field has not been 

empirically studied about the value of MRs. 

 

3.  RESEARCH MODEL AND HYPOTHESES 

Given the important role of MRs in improving users’ satisfaction, this paper divides the developers' MRs to 

users in version updating into response consistency and response timeliness, and then explores their influence on 

users’ satisfaction. The research model is shown in Fig.1. In this paper, the semantic similarity between version 

updating log and user requirements is measured as response consistency, and the number of App version in the 

past year is measured as response timeliness, and the user's rating on current version is measured as users’ 

satisfaction[21]. In order to control the other factors, App attributes (such as App publish time, number of apps from 

the same developer, platform recommendation, free or not) and user comments (such as comment length and 

number of comments) are taken as control variables[22]. 

 

Figure 1.  Research model 

3.1 Response consistency 

Users participate in App update design by releasing rating and comments, and developers manage and 

respond to users by releasing new versions. According to user participation theory, users can obtain their needs in 

emotion, self-creation, and self-realization by participating in App update design[23], and user participation is 

closely related to the success of software[24-26]. The MRs of developers are clearly fed back to users in the form of 

version updating logs. However, not all developers respond to all the requirements of users. Different developers 

respond differently to user participation, and the satisfaction degree of users is also different. 

H1: The more consistent the developer's response to the users’ requirements, the higher the users’ satisfaction. 

3.2 Response timeliness 

Developers respond to users in the form of releasing a new version. On the one hand, users can use the 

application with better performance to improve user experience; on the other hand, downloading and installing 

the updated version is a complicated behavior for users, which requires a certain amount of time and other efforts 

or costs. Previous scholars have carried out many studies on App version updating frequency, but different scholars 

hold different views. Stuart McIlroy's research shows that high version updating frequency will not lead to 

negative emotions of users[27], while Maleknaz Nayebi believes that users prefer apps with low update frequency. 

In the researches on update frequency, most scholars adopt the emotional attitude of user comments and the rate 
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of installing the new version as the measurement variables of users’ satisfaction[3].Rating, as an important 

expression of user attitude, indicates the users’ satisfaction. This paper studies the influence of update timely on 

the App version rating of users as a measure of users’ satisfaction. 

H2：The timelier the developer's response to the users’ requirements, the higher the users’ satisfaction. 

 

4.  DATA AND METHOD  

4.1 Data collection and measures 

The data in this paper comes from the website of the Domestic App market “qimai” (www.qimai.cn), which 

is a professional mobile application data analysis platform in China and can provide multi-dimensional data of 

iOS and Android App markets at the same time. This article crawled the data about the type of site shopping App, 

including app’s version logs, corresponding user comments, and publish time, the number of developed 

applications of each developer, whether recommended by platform, whether free and other properties from July 

7, 2020 to July 7, 2021.There are 297 shopping Apps, eliminated some abnormal data (such as: No version has 

been updated within one year, the product has been removed from the shelves during collection, and there is no 

product description ). After that, the final data set for this paper includes 241 apps with 4797 updated versions and 

463176 reviews. Text processing such as word segmentation and deletion of stop words for user comments and 

version logs. 

Table 1.  Variables and their measures 

Variables Measures 

Independent Variables  

Response Consistency（RC） Match the App version updating log with user requirements 

Response Timeliness（RT） The number of updated versions of this App in the last year 

Control Variables  

App Attribute  

Publish Time（PT） App launch time (in days) 

Same developer application（DA） The number of apps developed by the developer of the App 

Whether Recommend（WR） Whether App is recommended (1 = ”Yes” and 0=”No”) 

Whether Free （WF） Whether the App is free (1 = ”Yes” and 0=”No”) 

User Comments  

Comments Account（CA） The number of user comments in that version 

Comments Average Length（CL） The average length of user comments for that version 

Dependent Variables  

Users’ Satisfaction（US） User ratings for the version 

 

4.2 Descriptive statistics 

This paper conducts a preliminary descriptive statistical analysis of all variables and finds that the variance 

value of the comments number and publish time is too large, which will be processed in the subsequent analysis. 

The following table shows the descriptive statistics of the above data items. 
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Table 2.  Descriptive statistics 

Variables Unit Max Min Mean SD       

US — 5 0 4.456 0.664 

RC — 0.536 0 0.275 0.123 

CA Piece 20550 0 96.560 582.092 

CL Byte 78 0 23.161 24.555 

PT Day 4435 49 1788.710 1062.779 

RT Piece 90 0 31.350 17.932 

DA Piece 159 1 8.020 16.502 

WR — 1 0 0.240 0.426 

WF — 1 0 0.990 0.105 

4.3 Semantic similarity analysis  

Commonly used similarity calculation methods include Euclidean Distance, Jaccard Similarity, Cosine 

Similarity etc. Euclidean Distance is used to calculate the absolute distance between two vectors, which is very 

sensitive to the position and order of text. So it is more suitable for coding detection and other fields requiring 

higher accuracy, not suitable for text similarity analysis. Jaccard Similarity is suitable for text matching with low 

text sequence and low requirement for word order. When a certain word appears frequently in the text, the 

similarity will be directly judged to be 100%. 

Cosine Similarity is to calculate the included Angle of two space vectors to measure the similarity between 

them, which can well solve the problem of inconsistent measurement standards. Meanwhile, it considers the factor 

of word frequency, which can make up for the defects of the above method. In order to solve the problem of 

indiscriminate assignment in cosine similarity, this paper uses TF-IDF method to extract keywords from 

documents and then uses cosine similarity to calculate consistency. 

(1) Keyword extraction 

TF - IDF (word frequency, inverse document frequency) algorithm is a kind of statistical method, to evaluate 

a word for a set of files or a corpus of one of the importance of the document, that the importance of words as it 

is directly proportional to the number of occurrences of increase in the file, but at the same time as it is inversely 

proportional to the frequency of fall in the corpus. This algorithm has been widely used in data mining, text 

processing, and information retrieval.  

Word frequency (TF) indicates how often a term appears in document D. The same word in a long document 

may have a higher frequency than in a short document, regardless of the importance of the word. Where the total 

number of files in the corpus is D, DJ represents a document in the corpus, and TI represents a word in a specific 

document. Ni,j is the number of occurrences of a certain word. 

i,j

ij

k k,j

n
=

n

TF

                                   (1) 

Reverse document frequency (IDF) is a measure of the general importance of a word. The IDF can be 

obtained by dividing the total number of files by the number of files containing the term and taking the logarithm 

of the resulting quotient, if there are fewer documents containing the entry t, the smaller n is, the larger IDF is, it 

indicates that the entry T has a good classification ability. If the number of documents containing entry T in a 

certain category is M, and the total number of documents containing t in other categories is K, it is obvious that 

the number of documents containing t is n= M + K. When M is large, n is also large, and the IDF value obtained 

according to the IDF formula will be small, indicating that the classification ability of entry T is not strong. 
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                                                                   (2) 

                                      

                             

In this paper, TF-IDF model is used to extract key words from the text of user comments and the text of 

version updating log, which can filter out common words well and retain important words. 

  -TF IDF TF IDF                            (3) 

(2) Semantic similarity calculation 

In information retrieval, each term is assigned a different dimension, and a dimension is represented by a 

vector whose values on each dimension correspond to the frequency of occurrence of the term in the document. 

Cosine similarity thus gives two document similarities. Where Ai and Bi represent each component of vector A 

and vector B respectively. The cosine of the 0 degree Angle is 1, and the cosine of any other Angle is not greater 

than 1. Its minimum value is minus 1. The cosine of the Angle between the two vectors determines whether they 

point roughly in the same direction. When two vectors have the same direction, the cosine similarity value is 1. 

When the Angle between the two vectors is 90°, the cosine similarity value is 0. Cosine similarity is -1 when two 

vectors are pointing in opposite directions. It just depends on the direction the vector is pointing in. Cosine 

similarity is usually used in positive Spaces, so the value given is between -1 and 1. 

                                             

                           (4)  

 

                              

5.  RESULTS 

5.1 Multicollinearity analysis 

To reduce the kurtosis and skewness of the variables, logarithmic processing is performed on the two 

variables due to the large variance of version reviews and publish time. VIF values of all variables are less than 5, 

indicating that there is no multicollinearity between variables. The results are shown in Table 3. 

Table 3.  Correlation between variables 

Variables US RC LogCA CL PT RT DA WR WF VIF     

US 1.000          

RC .149 1.000        1.196 

LogCA .084 .245 1.000       1.109 

CL -.010 .077 .132 1.000      1.029 

LogPT .090 .234 .103 -.010 1.000     1.210 

RT .106 .038 .151 .057 .182 1.000    1.100 

DA -.032 .120 .069 .021 .025 -.007 1.000   1.030 

WR .050 .306 .181 .100 .377 .215 .136 1.000  1.307 

WF .257 .111 .069 .019 .041 .136 -.002 .054 1.000 1.032 

5.2 Linear regression 

Since the users’ satisfaction and is a continuous dependent variable, this paper chooses linear regression 

analysis, and uses SPSS to analysis the data. The results are shown in Table 4. 

In model 1, only control variables are added. In this paper, basic App attributes (such as App publish time, 

number of apps from the same developer, whether recommended, whether free) and user comments (such as 

comment length and number of comments) are taken as control variables. The results show that, except for 
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platform recommendation, other control variables all have significant effects on users’ satisfaction. The length of 

users' reviews and the number of apps by the same developer have a negative impact, while the time of App 

publish, charging status and the number of reviews have a positive impact. 

In model 2, control variables and independent variables are included. Main joined the response consistency 

and response timeliness of two independent variables, the results showed that both independent variables have  

significant positive impact on users’ satisfaction, namely the developer response to user requirements the higher 

the degree of consistency and timeliness, the higher the satisfaction of the users.  

Table 4.  Linear regression results 

Model Model1 Model2 

Variable B Sig. B Sig. 

Control Variables 

LogCA .048** .000 .027* .011 

CL -.001 .111 -.001* .048 

LogPT 4.510E-005** .000 3.099E-005** .001 

DA -.002** .006 -.002** .001 

WR .008 .725 -.043† .079 

WF 1.606** .000 1.498** .000 

Independent Variables 

RC   .638** .000 

RT   .002** .000 

Note: *** p < 0.01, ** p < 0.05, * p < 0.10 

5.3 Robustness check 

This paper explores the robustness of the results. We consider that the longer the App is on the shelf, the 

stronger its unobserved dynamics are, and the weaker the impact of version updating on users’ satisfaction is. We 

repeated our primary estimations excluding outlier observations in the terms of the publish time. Following the 

standard deviation method[28], the projects with a publish time which exceed three standard deviation about its 

mean were exclude from the estimation procedures. 4437 data items, about 92.5% of total observations, were kept 

for further estimation. We have re-estimated our major estimation for the subsample. The results using the 

subsample are shown in Table 6. Most of our results remained unchanged in terms of magnitude and significance 

compared to the full sample estimation, suggesting the robustness of our results. 

Table 5.  Robustness checks: Excluding outlier observations (Publish Time) 

Model Model1 Model2 

Variable B Sig. B Sig. 

Control Variables 

LogCA .056 .351 .020** .018 

CL .000 .732 .000** .047 

LogPT .000*** .000 .000*** .000 

DA -.001 .351 -.001* .077 

WR .016 .630 -.105*** .002 

WF 1.618*** .000 1.399*** .000 

Independent Variables 

RC   1.343** .000 

RT   .005*** .000 

Note: *** p < 0.01, ** p < 0.05, * p < 0.10 
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6.  DISCUSSION 

The research results of this paper mainly include: 

First, response consistency has a significant impact on users’ satisfaction. The higher responsiveness of user 

comments, the higher satisfaction of users. Compared to the developers innovating blindly, users are more focused 

on their own requirements. Developers should focus more on meeting requirements in the balance between 

creating and meeting requirements, such behavior is more likely to win the user's favor. Users are willing to 

respond to developers' efforts by giving high ratings. 

Second, the response timeliness plays an important role in improving users’ satisfaction. Research shows that 

the behavior of developers constantly updating App versions to improve App quality can have a positive impact 

on customers. Users will not feel bored by frequent software updates, on the contrary, they will be delighted 

because of the software quality continuous improvement and the continuous optimization of function design. 

Therefore, developers should continue to track and monitor application usage and actively update and iterate to 

achieve better service results. 

Third, platform recommendation has no significant impact on users’ satisfaction, but the users’ satisfaction 

will be affected by the payment status, App publish time and other factors. The results show that users pay more 

attention to the application itself and do not change their attitude towards the application because of the platform 

recommendation. Developers should focus on responding users’ requirements, which will more directly improve 

users’ satisfaction and thus lead to higher revenue. 

6.1 Implication for research 

First, this paper enriches the application scenarios of MRs theory and user participation theory. It broadens 

the application scope of the theory. Previous studies have widely applied MRs theory to the hospitality industry, 

but there is still a lack of relevant research in the field of software development. The design and use of App are 

essentially to provide users with a service, and the quality of service is directly related to the revenue of App. MRs 

can improve the service quality of App and achieve higher users’ satisfaction. 

Second, the research results of this paper show that App version updating has a significant impact on users’ 

satisfaction, and the content and frequency of version updating have a positive impact on users’ satisfaction. 

Existing research only explore the influence of partial update characteristics on users' attitudes, in fact, developers 

do two aspects of efforts to update version. On the one hand is to update the content, the developer can choose to 

response of demand put forward by the user comments, also can choose according to their plans to innovate, and 

the results show that the version updating deployed according to user needs can gain users' favor. On the other 

hand is the choice of the update frequency, the different developers for the disparity in the version of software 

update, some developers will actively deploying software updates, constantly improve the quality of software, 

some developers are seldom update their App stores, the research results show that frequent updates the software 

will improve users’ satisfaction. 

6.2 Implication for practice 

From the perspective of version, this paper studies the influence of version updating on users’ satisfaction. 

When studying the influencing factors of users’ satisfaction, scholars mostly explore the influence of App different 

attributes on satisfaction from the perspective of App. However, users' ratings and comments are dynamic, and 

users can rate their preferences for a certain version. Compared with the overall attributes of the App, it is easier 

to find specific update problems and update directions from the perspective of the version. It has practical guiding 

significance for developers. 

This article takes App version updating as the research object, and the semantic similarity between user 

reviews and version logs is used as the satisfaction degree of users for version updating, then studying the 

influence of version updating on users’ satisfaction. This paper explores the scholars and developers pay attention 
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to the user reviews and research whether has practical value, and whether can bring tangible benefits to the 

developers for the first time. 

6.3 Limitations and future research directions 

There are still some limitations in this paper, which deserve further study. First, this paper only takes shopping 

apps as the research objects, and an increasing types of apps should be paid attention to explore whether the impact 

of MRs on satisfaction will be interfered by App types in subsequent studies. Second, the calculation method of 

semantic similarity analysis used in this paper is not mature, and the accuracy of scoring needs to be improved. 

 

7.  CONCLUSION 

App version updating is an effective means for developers to respond users’ requirements. In order to explore 

whether developers' MRs has an impact on users’ satisfaction, this paper divides two behaviors of response into 

response consistency and response timeliness. Then we analyze their impacts on users’ satisfaction respectively. 

Using 241 shopping apps on “qimai” website as examples, the empirical research is carried out. The results show 

that the response consistency and response timeliness have a significant positive impact on users’ satisfaction. The 

research provide more valuable suggestions for developers. Developers should focus more time and energy on 

users’ comments. It is very important and necessary for developers to manage user responses. 
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Abstract: Value perception has gained increasing attention from service management. However, seldom researchers explore 

the value perception of tourists from the value co-creation behavior perspective in sharing economy environment. Therefore, 

in this study, we use text mining methods to measure the value co-creation behavior of tourists in the sharing economy and 

use an econometric model to explore the effects of the value co-creation behavior of tourists on value perception from a 

co-creation behavior perspective. In our research, we found the value co-creation behavior of tourists has a significant effect 

on their value perception. In particular, under the amplification effect of the online platform, the personal interaction and 

advocacy dimensions have a positive significant effect on value perception, while the feedback, information sharing, 

tolerance, and information-seeking dimensions have a negative effect on value perception. Our study contributes to the 

research of value co-creation in sharing economy and formulates tourism marketing strategies.  

 

Keywords: Value co-creation behavior; value perception; text mining; tourism management  

 

1. INTRODUCTION 

Value perception, which captures consumers’ overall evaluation of what is received and what is given [1], 

has been a hot topic in consumer behavior research. The emergence of the sharing economy has caused 

discussions on the perceived value of tourism [2]. In sharing economy, tourists are no longer merely passive 

recipients of service or products, they can actively participate in the value co-creation of the products or services 

that they consume through expressing their ideas, experiences, and service expectations in online tourism 

platforms, which will enable tourists to form and increasing the tourist’s sense of value perception of tourism 

services. When tourists are engaged in value creation, they benefit from it and accumulate positive value 

perception [3]. Existing research highlights tourist perceived value's important role in marketing research and 

practice [4], but there are exist several research gaps. First, although the existing research has done a lot of study 

about value co-creation and value perception, seldom research has explored the relationship between tourist 

value co-creation behaviors and value perception. Second, for the measurements of value co-creation behavior, 

prior research relies on the traditional survey method instead of big data analytics, which is increasingly 

important in sharing economy. 

Therefore, this research attempts to measure the value co-creation behavior of tourists in the sharing 

economy environment and uses an econometric model to explore the value perception from the value 

co-creation perspective. The results of the research are helpful to enhance the research of value co-creation and 

formulate tourism marketing strategies. As a result, our research targets to solve the following questions: 

(1) How to measure tourists’ value co-creation behavior from reviews on the Airbnb platform? 

(2) What are the effects of tourists’ value co-creation behavior on the value perception of Airbnb services? 

In this study, the co-creation behavior measuring framework based on online reviews analytics can enrich 

research methods of value co-creation studies. The revealed relationship between tourists’ co-creation behaviors 

and value perception in sharing economy extends interesting dimensions to current value perceptions theories. 
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Finally, our results from the econometric modeling are also helpful to formulate marketing strategies for tourism 

services according to the tourists’ value perception.  

The rest of the study is organized as follows. Section 2 presents the related literature and hypothesis 

development. Section 3 shows the method process. Section 4 includes methodology specifications and data 

descriptions. Empirical results and discussion are presented in Section 5. We conclude this study with 

implications and limitations in Section 6. 

 

2. LITERATURE REVIEW 

2.1 Value perception 

Perceived value has been recognized as one of the most important marketing constructs affecting 

consumers’ post-purchase responses and behaviors [5]. Although perceived value has received growing attention, 

researchers seem to hold divergent views and definitions of it. Perceived value has been merely conceptualized 

as a multi-dimensional construct composed of perceived utility, the relative size of perceived benefits and 

sacrifice, psychological price, worth, and quality [6]. The measurement dimensions of perceived value are mainly 

divided into functional, cognitive, emotional, social, and conditional value [7]. However, perceived value is 

operationalized in some hospitality literature and marketing literature with a single-item scale that tries to 

measure overall customer value in terms of ‘value of money’ [8]. Mcdougall [9] proposed to perceive value to be 

the consumer’s overall evaluation of what is received and what is given. Several researchers have indicated a 

composite essence of perceived value in tourism, depending on the specific study context (e.g. heritage tourism), 

it plays an important role in tourism marketing [1]. Although existing researches have generally achieved 

remarkable progress in the research of value perception, there are few studies on tourism value perception based 

on the virtual digital experience from the value co-creation perspective. 

2.2 Value co-creation 

Value co-creation can be defined as the actions of multiple actors, who are often unaware of each other, that 

contribute to each other’s well-being [10], it has been examined in various domains indicating that it has broad 

theoretical dimensions [11]. In the tourism and hospitality context, current literature also emphasizes the 

importance of value co-creation. Both empirical [12] and theoretical insights [13] confirm the importance of value 

co-creation. The role of value co-creation is deemed both critical and complex in the tourism and hospitality 

context [13]. The degree of co-creation has a positive relationship with users' evaluations of new services [14] and 

positively influences their willingness to pay [15]. Ross [16] emphasize the importance of the co-creation 

perspective to create memorable creative tourism experiences by utilizing archaeological heritage. According to 

Yi [17], value co-creation behaviors consist of participation behaviors and citizenship behaviors. Participation 

behavior refers to the behavior necessary for realizing value co-creation, such as information seeking, 

information sharing, responsible behavior, and personal interaction. Citizenship behavior refers to the 

spontaneous behavior to enrich the co-creation of the platform, such as feedback behavior, advocacy behavior, 

helping behavior, and tolerance behavior. When tourists are engaged in value creation, they benefit from it and 

accumulate positive experiences [3]. Tourist participation has a significant effect on perceived value, which is to 

achieve value co-creation. The effect of tourism experience is mainly measured by tourists’ perception or feeling, 

which is mainly determined by whether the products and services provided by the tourism destination can meet 

the tourists’ physical and psychological or higher-level needs. By participating in value co-creation, tourists can 

improve their feelings in the tourism experience, meet the needs of tourists at unusual levels, and finally form a 

good value perception effect in the tourism experience [18]. Hence, we hypothesize:  

Hypothesis 1 (H1): Tourist value co-creation has a significant effect on value perception. 

In an online sharing economy platform, tourists can now share their experiences and give specific 
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suggestions to others for accommodations. Extant literature has shown that online reviews can be used as a 

major information source for researchers and practitioners that can help in correctly understanding consumer 

preferences and demand. Online customer reviews can empower individuals to bypass unclear and inaccurate 

product or service descriptions and rely directly on the first-hand experiences of other consumers. Large 

volumes of data, as represented in the continuous stream of UGC over time, provide practical input to argument 

traditional research methods for identifying important issues. Thus, the online reviews were co-created by 

tourists, and contained the tourists’ attitude about tourism services, such as accommodation. In the sharing 

economy, value co-creation behavior can be measured from online reviews. Furthermore, each dimension of 

value co-creation behavior maybe affect the tourist’s value perception. 

2.2.1 Information seeking behavior 

Customers seek information to clarify service requirements and satisfy other cognitive needs [19]. 

Specifically, tourists want information about service status and service parameters. Tourists need information 

about how to perform their tasks as value co-creators as well as what they are expected to do and how they are 

expected to perform during a service encounter. Providing this information reduces tourist uncertainty regarding 

value co-creation with online platforms and hosts. Hence, information seeking is important to tourists for two 

primary reasons. First, information reduces uncertainty and thereby enables tourists to understand and control 

their co-creation environments. Second, information seeking enables tourists to master their role as value 

co-creators and become integrated into the value co-creation process. But, in an online sharing economy 

platform, tourists actively seeking information reflect that the relative information provided by the platform is 

insufficient and cannot fully meet the needs of tourists. Thus, we conjecture that: 

Hypothesis 2 (H2): Tourist information-seeking behavior has a significant negative effect on the value 

perception in the online platform. 

2.2.2 Information sharing behavior 

In the value co-creation process, the information-sharing behavior means tourists provide essential 

information or requirement to the platform or host, then hosts perform their duties. Through sharing information 

with a platform or host, tourists can ensure that the enjoying services can meet their particular needs [20]. For 

example, to reserve accommodation, tourists need to inform the host of check-in time and the requirements for 

facilities. If tourists fail to provide accurate information, the quality of service may be cannot meet their needs. 

Specifically, tourists usually write their impressive experiences in online reviews. Thus, we conjecture that if 

information sharing behavior was reflected in the reviews, which means the service provided by the platform or 

host cannot meet the tourist’s demand. Hence, we develop the following hypothesis: 

Hypothesis 3 (H3): Tourist information sharing behavior has a significant negative effect on the value 

perception in the online platform. 

2.2.3 Responsible behavior 

Responsible behavior occurs when tourists recognize their duties and responsibilities as partial hosts [20]. 

Specifically, tourists feel at home in the process of accommodation in the sharing economy. For successful value 

co-creation between themselves and platform/host, tourists need to be cooperative, observing rules and policies 

from platform/hosts. For example, tourists should follow the host’s directives, cannot destroy the facilities, and 

smoke in the accommodation. However, tourists sometimes think that travel is a relaxing experience, too many 

rules make them feel constrained. Then, they prefer to express the host’s rules in the reviews and affect their 

value perception about the accommodation services. Hence, we conjecture that: 

Hypothesis 4 (H4): Tourist responsible behavior has a significant negative effect on the value perception in the 

online platform. 

2.2.4 Personal interaction behavior 
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Personal interaction refers to interpersonal relations between tourists and hosts, which are necessary for 

accommodation value perception [20]. Furthermore, personal interaction contains courtesy, friendliness, and 

respect. The more pleasant, congenial, and positive the environment is, the more likely tourists are to perceive 

value about the accommodation services. Hence, we conjecture that: 

Hypothesis 5 (H5): Tourist personal interaction behavior has a significant positive effect on the value perception 

in the online platform. 

2.2.5 Feedback behavior 

Feedback includes solicited and unsolicited information that tourists provide to the hosts/platform, which 

helps hosts/platforms to improve the service creation process in the long run [21]. Tourists are in a unique 

position to offer guidance and suggestions to hosts/platforms because tourists have considerable experience with 

the service and are experts from the customer's perspective. Hosts/platforms can benefit greatly from tourists’ 

suggestions for better service. Feedback from tourists can be valuable, it can be reflected in the perception value 

about the services. But the feedback information means the drawbacks or suggestions about the accommodation 

services. Thus, we conjecture that: 

Hypothesis 6 (H6): Tourist feedback behavior has a significant negative effect on the value perception in the 

online platform. 

2.2.6 Advocacy behavior 

Advocacy refers to recommending the services to others such as friends or family [21]. In the context of 

sharing accommodation, advocacy through positive word-of-mouth is often an indicator of tourist loyalty, and it 

contributes greatly to the development of a positive hosts/platform reputation, promotion of the services, higher 

service quality evaluations, and increase in the tourist base size. Advocacy is completely voluntary, which 

means a great value perception about the experience service. Hence, we conjecture that: 

Hypothesis 7 (H7): Tourist advocacy behavior has a significant positive effect on the value perception in the 

online platform. 

2.2.7 Helping behavior 

Helping refers to a tourist’s behavior aimed at assisting other tourists. In a service co-creation process, 

tourists usually direct helping behavior to other tourists, because other tourists in a service encounter may need 

help behaving in ways consistent with their expected roles [21]. They note that tourists recall their own difficult 

experiences and display a sense of social responsibility to help other tourists experiencing similar difficulties. 

Thus, when tourists encounter difficulties during their experience service, they will transmit the solutions to help 

other tourists through online reviews, which means tourists have a bad experience with the services. Hence, we 

conjecture that: 

Hypothesis 8 (H8): Tourist helping behavior has a significant negative effect on the value perception in the 

online platform. 

2.2.8 Tolerance behavior 

Tolerance refers to tourists’ willingness to be patient when the service delivery does not meet the tourists’ 

expectations of adequate service, as in the case of delays or facilities shortages [22]. Because service encounter 

failure is the second largest cause of tourists switching behavior, which damages market share and profitability 

of the hosts. In an online platform, once the words about tolerating service defects appear in the reviews, it 

means that the service does not meet the expectation of tourists. Hence, we conjecture that: 

Hypothesis 9 (H9): Tourist tolerance behavior has a significant negative effect on the value perception in the 

online platform. 
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3. METHOD 

In this study, we design a three-step framework to measure tourists’ value co-creation behaviors from 

online reviews. The first step is data collection. It includes the content of tourists’ reviews, publishes dates, and 

the corresponding rating about Airbnb services. The second step is tourists’ value co-creation behaviors 

measurement. The third step is data analysis. We analyze the effect of value co-creation behaviors on value 

perception using an econometric model. 

3.1 Date sources 

Airbnb is one of the largest sharing economies accommodation platforms. Tourists can share their 

experiences or suggestions by writing reviews. Thus, we developed a web crawler to obtain tourists’ reviews. 

We select the typical two cities of China to perform this research content, including Beijing and Shenzhen. For 

each review, we obtained that publish date and corresponding rating for this accommodation. The rating 

contains zero stars to five stars. After collecting the review datasets, we clean data to facilitate construct 

measurement. 

3.2 Data pre-processing 

All cleaned reviews are merged into a single text file in the form of one line for each review. The merged 

file of reviews should generally be further preprocessed for value co-creation behavior measurement in the text 

preprocessing task. The preprocessing tasks include word segmentation and removing low-frequency words and 

stop words. For each review with q words, we process it into a word series w1, w2,…, wq, .We implemented data 

pre-processing in the python programming environment. 

3.3 Measurement 

We use the popular ontology dictionary [23] and CLIWC dictionary [24] to measure tourists’ value 

co-creation behaviors. These dictionaries contain abundant sentiment words and psychological words with 

corresponding categories, it is more convenient to analyze the people’s perception. Regarding tourist value 

co-creation behaviors, we reference Yi and Gong’s [17] value co-creation behaviors measurement scale, which 

classified value co-creation behavior into participation behaviors and citizenship behaviors. Each of the 

categories contains four dimensions as mentioned in literature reviews. Online review platforms provide a 

function for the consumer to rate an accommodation as star ratings when consumers perceived value from the 

accommodation service. The rating range is zero to five stars, the zero-star means a bad experience for the 

service, and the five stars present a wonderful perception for the accommodation service. Thus, about value 

perception, we mainly select overall value as the value perception, and the rating for each of the reviews can be 

regarded as the overall value. For each dimension of value co-creation behaviors, we use a keyword list to 

represent it, such as the advocacy behavior, the keyword contains “recommend”, “tell” etc. Besides, we also use 

word2vec to produce relative words through computing similarity words of reviews to add the existing 

dictionary. Thus, we can generate a series of keywords list for each of the dimensions of value co-creation 

behaviors. Finally, we calculate the number of keywords with each dimension for each review, and it can be 

used to regard the score of each review in each dimension. 

 

Figure 1.  The measurement process for value co-creation behaviors with helping dimension as an example 

javascript:;
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4. METHODOLOGY AND DATA 

4.1 Sampling 

We obtained data from the Airbnb platform. Table 1 present the statistical information about the Airbnb 

reviews. We retrieved reviews for accommodation in Beijing and Shenzhen. The data contain 12,525 reviews for 

388 housing resources. The review data included review rating, review date. 

Table 1  Descriptive statistics about review datasets. 

    Freq % 

City 

Beijing 6,584 52.57% 

Shenzhen 5,941 47.43% 

total 12,525 100.00% 

Date 

2015 7 0.06% 

2016 172 1.37% 

2017 448 3.58% 

2018 1,300 10.38% 

2019 4,757 37.98% 

2020 4,348 34.71% 

2021 1,493 11.92% 

total 12,525 100.00% 

 

4.2 Construct measurement 

We obtain the keyword list for each dimension of value co-creation behaviors through the Lin Hongfei 

dictionary [23], CLIWC dictionary [24], and similarity words generated by word2vec. These are 13 for helping 

dimension words, 7 for feedback dimension words, 19 for information sharing dimension words, 62 for personal 

interaction dimension words, 17 for tolerance dimension words, 16 for information seeking dimension words, 

25 for advocacy dimension words, and 18 for responsible behavior dimension words. Table 2 shows the example 

of the keyword for each dimension. We programmed with Python to calculate the score of each dimension of 

value co-creation behavior for each review according to the calculation process mentioned in section 

Measurement. The input includes the keywords list and the word series w1, w2,…, wq, of reviews n after 

preprocessing, The output is helping(n), feedback(n), information sharing(n), personal interaction(n), tolerance(n), 

information seeking(n), advocacy(n), responsible behavior(n). For instance, helping(n) is the number of words 

associated with the helping dimension in the review n. Each review has the value of each dimension about value 

co-creation behavior. Table 3 present the descriptive statistics of each dimension of value co-creation behavior. 

Table 2  Keywords example for each value co-creation dimension 

Dimension Keyword  

Information seeking search, detail, seek, consultation, inquiry 

Information sharing share, transmit, mutual, initiative, explain 

Responsible behavior compliance, rules, code of conduct, clauses, specification 

Personal interaction amicable, friendly, kind, gentle, warm 

Feedback feedback, suggestions, evaluation, comment, deserve 

Advocacy recommend, advocacy, praise, great,  

Helping help, assist, solve, provide, aid 

Tolerance tolerance, dissatisfaction, claim, doubt, scary 



The Twenty one Wuhan International Conference on E-Business－Engaging Technologies                              273 

Table 3  Descriptive statistics of each dimension of value co-creation behavior 

Construct Dimension Mean S.D Min Max N 

Value co-creation 

behavior 

Participation behavior 

Information seeking 0.03 0.20 0 4 12,525 

Information sharing 0.13 0.39 0 8 12,525 

Responsible behavior 0.02 0.20 0 8 12,525 

Personal interaction 0.24 0.56 0 6 12,525 

Citizenship behavior 

Feedback 0.05 0.25 0 8 12,525 

Advocacy 0.26 0.56 0 5 12,525 

Helping 0.03 0.20 0 4 12,525 

Tolerance 0.01 0.14 0 5 12,525 

Value perception Overall value 4.89 0.44 0 5 12,525 

4.3 Econometric model 

In this case, the value perception is a dependent variable, and it is an order nominal variable. Thus, we 

employ the ordered logistic regression modeling to explore the relationship between value co-creation behavior 

and value perception. The independent variable contains helping, feedback, information sharing, personal 

interaction, tolerance, information seeking, advocacy, responsible behavior. Equation (1) present the regression 

model. The yi represents the dependent variable, xi
’ represents a vector of independent variables, βis a vector of 

parameters to be estimated, and εi is a vector of white-noise disturbances with a normal distribution. 

  where                     (1) 

 

5. RESULT AND DISCUSSION 

We present the correlation coefficients of the independent variable as shown in Table 4. We find each pair 

of variables have a low correlation coefficient, and thus we keep all variables. 

Table 4  The correlation coefficient among variables 

 Helping Feedback 
Information 

sharing 

Personal 

interaction 
Tolerance 

Information 

seeking 
Advocacy 

Responsible 

behavior 

Helping 1 
       

Feedback 0.04 1 
      

Information 
sharing 

0.21 0.08 1 
     

Personal 

interaction 
0.14 0.04 0.26 1 

    

Tolerance 0.03 0.15 0.07 0.01 1 
   

Information 

seeking 
0.07 0.10 0.21 0.10 0.09 1 

  

Advocacy 0.04 0.22 0.05 0.10 0.02 0.05 1 
 

Responsible 
behavior 

0.05 0.07 0.15 0.05 0.21 0.12 0.01 1 

 

Then, we run the ordered logistic regression model, and the results are presented in Table 5. The cutoff 

points in this model are r0, r1，r2，r3，r4, and r0 =-8.045, r1=-5.682, r2=-5.086, r3=-3.726, r4=-2.309. 
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Table 5  Model results 

Star Coef.(Robust Std. Err) 

Helping -0.073(0.151)  

Feedback -0.735(0.122)***  

Information sharing -0.507(0.087)***  

Personal interaction 0.847(0.102)***  

Tolerance -0.874(0.270) ***  

Information seeking -0.297(0.156)**  

Advocacy 0.815(0.102) ***  

Responsible behavior -0.584(0.132) ***  

Number of Obs. 12,525 

Notes: *** Denote significance at 1% respectively. ** Denote significance at 5% respectively. * Denote significance at 10% respectively 

On the whole, tourism value co-creation behavior has a significant effect on value perception except the 

helping dimension. The result lends strong support to Hypothesis 1. Helping refers to tourists' behavior aimed at 

assisting other tourists. But in the Airbnb platform, tourists are each independent and can’t communicate with 

each other conveniently. Therefore, the helping dimension is no significant effect on value perception, not 

supporting Hypothesis 8. The personal interaction and advocacy dimensions have a positive significant effect 

on value perception (coef. >0, p-value<0.01). Personal interaction refers to interpersonal relations between 

tourists and hosts, which includes interactional aspects such as courtesy, friendliness, and respect. Advocacy 

refers to recommending the accommodation service to others such as friends or family, it often represents 

tourist’s loyalty. Both personal interaction and advocacy dimensions mean a great consumer experience and 

have a positive effect on value perception, supporting Hypothesis 5 and Hypothesis 7. The feedback, 

information sharing, responsible behavior, tolerance, and information-seeking dimensions have a negative 

significant effect on value perception (coef. <0, p-value<0.01), supporting Hypothesis 2, Hypothesis 3, 

Hypothesis 4, Hypothesis 6, Hypothesis 9. Feedback includes solicited and unsolicited information that tourists 

provide to the hosts, which helps hosts to improve the service quality in the long run. Information sharing refers 

to tourists should provide resources such as information for use in value co-creation. If tourists do not provide 

essential information, the hosts cannot even begin or perform their duties. Through sharing information with the 

hosts, tourists can ensure that hosts provide the service that meets their particular needs. Responsible behavior 

refers to that tourists need to be cooperative, observing rules from platform/hosts, such as tourists should follow 

the host’s directives, cannot destroy the facilities of rooms. For example, “The room cannot accommodate 

children, which is very inconvenient”. Too many rules make tourists feel constrained, and further affect their 

value perception about the accommodation services. Tolerance refers to tourists' willingness to be patient when 

the service delivery does not meet the tourist’s expectations of adequate service, as in the case of delays or 

equipment shortages. In the online platform, once the hosts do not provide satisfying service in time, tourists 

will have a bad impression of this accommodation. Information seeking aims to clarify service requirements and 

satisfy other cognitive needs. Providing this information can reduce tourists' uncertainty regarding the service 

and hosts. Tourists cannot obtain the information they want if the platform and hosts do not public the detailed 

information. Thus, feedback, information sharing, responsible behavior, tolerance, and information-seeking 

dimensions mean a bad and hard consuming experience, and these dimensions of value co-creation behavior 

have a negative effect on value perception. 

We also conduct a robustness check for the results by expanding the sample. Specifically, we obtain 

Shanghai’s reviews from the Airbnb platform, we record the publish date and corresponding rating for these 
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accommodation services. After pre-processing these data, we calculate the value co-creation behavior scores for 

each review. Table 6 present the descriptive statistics of each dimension of value co-creation behavior for the 

Shanghai sample. Compared with Table 3, each variable has a similar distribution. 

Table 6  Descriptive statistics of each dimension of value co-creation behavior for Shanghai sample 

Construct Dimension Mean S.D Min Max N 

Value co-creation 

behavior 

Participation behavior 

Information seeking 0.05 0.27 0 4 10,231 

Information sharing 0.14 0.39 0 5 10,231 

Responsible behavior 0.03 0.18 0 4 10,231 

Personal interaction 0.24 0.56 0 7 10,231 

Citizenship behavior 

Feedback 0.05 0.25 0 4 10,231 

Advocacy 0.22 0.52 0 5 10,231 

Helping 0.04 0.23 0 4 10,231 

Tolerance 0.01 0.12 0 3 10,231 

Value perception Overall value 4.84 0.55 0 5 10,231 

Then, we run the ordered logistic regression model based on Shanghai datasets for the robust test, and the 

results are presented in Table 7. The cutoff points in this model are r0, r1，r2，r3，r4, and r0 =-6.296, r1=-5.157, 

r2=-4.421, r3=-3.369, r4=-2.074. 

Table 7 Model results for robust test in Shanghai datasets 

Star Coef.(Robust Std. Err) 

Helping -0.261(0.122) *  

Feedback -0.8335(0.107)***  

Information sharing -0.286(0.085)***  

Personal interaction 0.559(0.082)***  

Tolerance -1.134(0.248) ***  

Information seeking -0.262(0.108)**  

Advocacy 0.453 (0.085) ***  

Responsible behavior -0.677(0.121) ***  

Number of Obs. 10,231 

Notes: *** Denote significance at 1% respectively. ** Denote significance at 5% respectively. * Denote significance at 10% respectively 

To recap, the robust test result is consistent with Table 5, the result of this study is robust in other cities. 

 

6. CONCLUSIONS, IMPLICATIONS, AND LIMITATIONS 

In this research, tourists’ value co-creation behavior is measured from Airbnb online reviews using the text 

mining method, we explored the relationship between value co-creation behavior and value perception. 

According to our experiment results, tourists’ value co-creation behavior has a significant effect on tourists’ 

value perception. In particular, the personal interaction and advocacy dimensions have a positive significant 

effect on value perception, while the feedback, information sharing, responsible behavior, tolerance, and 

information-seeking dimensions have a negative effect on value perception. The reason for this phenomenon 

may be that the characteristic of amplification effect about the online platform [25], the advantage and 

disadvantage of accommodation service are both prominent. Once the service quality meets tourists' 

expectations, tourists have a great experience with enjoying service and interacting with the kind hosts. 

Subsequently, tourists prefer to recommend the service to other people. Otherwise, if service quality has a little 
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flaw, tourists will choose to complain or not tolerate such service. This process needs tourists to pay more 

attention to trivial things, thereby tourists have a bad experience and amplify it. Thus, some dimensions of value 

co-creation behavior have a positive effect on value perception, and others have a negative effect on value 

perception. In general, the tourist’s co-creation behavior has an important effect on value perception. This study 

also has important implications for tourism researchers and practitioners. First, this study introduces a novel 

perspective for understanding tourists’ value co-creation behavior using a text mining method based on online 

reviews, it is more efficient and sufficient than the traditional survey-based method. Second, in terms of value 

co-creation research, this research provides an initial understanding of tourists’ value co-creation behavior from 

sharing economy platforms. It provides a big data analytics perspective for researchers to explore value 

co-creation relative studies in sharing economy platforms. Third, this research finds the significant relationship 

between value co-creation behavior and value perception in online platform, and contribute to the influence 

factors of value perception researches. Besides, in the service business management process, value co-creation is 

no longer an internalized process but rather an external process. The hosts can adapt the tourist’s suggestions 

and drawbacks of services behind in reviews to improve their service quality.  

This study has a few limitations. First, to facilitate statistics, we just select cities in China, other findings 

may be limited country. Second, we explore the tourists’ value co-creation behavior's effect on value perception. 

But, in reality, the hosts’ response also maybe influence the value perception to some extent. Third, in this study, 

we don’t distinguish the type of accommodation, and the characteristic of tourists. In future work, we will 

collect foreign cites’ Airbnb platform reviews in-depth, and get more interesting findings. 
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Abstract: The theme park apps have been used as an important platform for theme park visitors to engage with the theme 

park. The purpose of this paper is to investigate what motivates users to continue using theme park apps. By combining the 

expectation confirmation theory, IS success model, and perceived value, this study proposes a research model to examine the 

determinants of continuance intention. Specifically, information quality, system quality, and service quality are proposed to 

positively affect the users’ confirmation of theme park apps, while confirmation exerts positive influences on users’ revised 

perceptions regarding utilitarian and hedonic value. Confirmation, together with utilitarian value and hedonic value of theme 

park apps, impact both user satisfaction and continuance intention directly. Additionally, travel frequency and prior app 

usage experience are considered as moderators in this research model to investigate user differences in continuance intention 

regarding theme park apps. This study may contribute to a comprehensive understanding of the significant antecedents to 

theme park apps’ continuance intention. 

 

Keywords: Continuance intention, Confirmation, Theme park apps quality, Utilitarian value, Hedonic value 

 

1. INTRODUCTION 

Recently, theme park applications (apps), such as My Disney Experience and LEGOLAND, have 

demonstrated their increasing impacts on the theme park industry. Theme park apps are mobile apps that are 

specifically targeted at theme park visitors. These apps are able to assist visitors at different stages of visiting 

experience, including pre-, in-, and post-visiting stages [1, 2]. Specifically, by using theme park apps, people can 

obtain official information, plan their visit, and buy tickets before the visit. During the visit, people can organize 

itineraries efficiently with real-time information services on the apps, such as avoiding getting lost, ordering 

food, and queueing virtually. After their visit, people can share their experience with others on the apps, and 

continue their relationship with theme parks, such as obtaining timely promotions and personalized offers. For 

organizations, theme park operators can use the “big data” generated on apps to understand their customers 

better, which could improve their management capability, enhance their relationships with customers, and 

increase revenues [1]. Although theme park apps have the potential to benefit both theme park visitors and 

operators, they are still facing challenges in retaining users [2]. Most visitors are unlikely to continue their use of 

the app when completing a visit to a theme park. Though prior literature states that the continuance intention is 

critical for the long-term success of an Information System (IS) [3], few studies have explored the continuance 

intention of theme park apps. In order to explore the full potential of theme park apps as a bridge between 

visitors and theme park operators and achieve the sustainable development of such apps, this study seeks to 

investigate what determines users’ continuance intention in the specific context of theme park apps.  

Prior research on travel technologies has paid a great amount of attention to the adoption of information 

systems regarding tourism. For instance, in the work of No and Kim [4], usefulness, ease of use, social influence, 

and satisfaction with travel websites were found to affect users’ intention to adopt information on smartphones 

for travel decision-making. Lu et al. [5] discovered that perceived usefulness, perceived ease of use, and 
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compatibility are important determinants of the intention to use travel apps. Perez-Aranda et al. [6] found that 

attitudinal factors, such as performance expectancy, effort expectancy, perceived satisfaction, perceived 

enjoyment and perceived gamification as well as subjective norms are important antecedents of sport-based 

applications use in the context of tourism. Although these studies have offered important insights into this study, 

several issues require further research. First, these studies have largely ignored the specific context of theme 

park apps. Unlike general travel apps (e.g., TripAdvisor), which can be used for different destinations, a theme 

park app is a dedicated app intentionally designed for or operated by a particular theme park. This makes the 

app works as a branded app that can be used for building and maintaining brand relationships between theme 

park operators and customers directly. Information and services offered by such apps may not only enhance 

individuals’ visiting experience, but also promote the brand image of a theme park (e.g., offering loyalty points). 

Given these unique features, one can assume that determinants of continuance intention of theme park apps may 

vary from other travel apps.  

Second, previous studies on travel technologies have so far emphasized adoption, but with little focus on 

continuance intention [7-9]. Unlike adoption that focuses on the first-time use, continuance intention focuses on 

the maintenance of use over a long period after the initial use [3]. Users’ continuance intention toward an IS has 

been found to be determined primarily by their confirmation, perceived usefulness, and satisfaction with prior 

use [3], yet prior research has not investigated whether these factors retain their roles in predicting continuance 

intention in the specific context of theme park apps.  

Third, previous studies on IS continuance have demonstrated factors that influence users’ continuance 

intention from a utilitarian focus, while less attention to the hedonic element [10, 11]. Theme park apps must not 

only fulfill visitors’ intended utilitarian function (e.g., the tour guide at theme parks) but also deliver a 

hedonically charged experience (e.g., onsite photography) [11]. Therefore, further investigation is required to 

explain the effects of utilitarian and hedonic value on users’ continuance intention of theme park apps. 

To address the above research gaps, this study purposes to investigate user continuance intention of theme 

park apps. Drawing upon expectation confirmation theory (ECT), IS success model, and perceived value, this 

study proposes a research model that posits: (1) Users’ confirmation of expectation is influenced by information 

quality, system quality, and service quality. (2) Confirmation affects users’ perception of utilitarian and hedonic 

value. (3) Users’ satisfaction with theme park apps is determined by confirmation, utilitarian value, and hedonic 

value jointly. (4) Users’ continuance intention is affected by utilitarian value, hedonic value, and user 

satisfaction.  

The rest of the paper is structured as follows. In Section 2, prior literature on expectation confirmation 

theory, IS success model, and perceived value are reviewed. Then, the research model and hypotheses are 

proposed in Section 3. The methodology and data collection plan are introduced in Section 4. Finally, expected 

results and potential contributions are discussed in Section 5. 

 

2. LITERATURE REVIEW AND THEORETICAL MODEL  

2.1 Expectation confirmation theory  

Expectation confirmation theory was first developed by Oliver [12] in marketing literature to investigate 

customer satisfaction and repurchase intention. In the IS field, Bhattacherjee [3] alleged that users’ post-adoption 

expectation is more credible as it is based on actual IS usage, and he combined the ECT with perceived 

usefulness to develop the post-acceptance model of IS continuance. In this model, users’ degree of confirmation, 

together with users’ perceived usefulness after the actual use of an IS, positively affect users’ satisfaction. User 

satisfaction, in turn, determines users’ continuance intention [3].  

The ECT has been empirically validated in different research contexts, such as online travel services [13], 
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smart fitness wearables [14], ride-hailing applications [15], and mobile branded apps [16]. Some studies have 

recently extended the ECT to deeply understand IS users’ satisfaction or post-adoption toward mobile apps. Hsu 

and Lin [17] extended the ECT by integrating perceived value into performance value, value-for-money, 

emotional value, and social value to explore the users’ intention to purchase paid apps. Also, they added app 

rating, free alternatives to paid apps, and habit as other antecedents which impact the intention to purchase paid 

apps. Tam et al. [18] found satisfaction, habit, performance expectancy, and effort expectancy are the most 

important drivers of continuance intention of mobile apps. Choi et al. [2] emphasized functional value (perceived 

functional benefits, ease of use, and financial benefits), hedonic value (perceived enjoyment), trust, and 

satisfaction are the factors that lead to continued use intention for travel apps. The widespread use of the ECT to 

explore the post-adoption behavior in mobile app context makes it reasonable to use ECT as the theoretical 

framework to explore the continuance usage intention of theme park apps in this research. 

2.2 IS success model  

IS success model was first proposed by DeLone and McLean [19] to describe the information systems 

success measures. It posits that information quality and system quality are the key antecedents of user 

satisfaction, which in turn, has a positive influence on system usage [19]. Later, DeLone and McLean [20] updated 

the model by including service quality. Since then, information quality, system quality, and service quality have 

been widely used to explore user adoption of IS in different contexts. For instance, Lin et al. [21] discovered that 

information quality, system quality, service quality are key determinants of people’s perceived switching value 

and satisfaction with the mobile platform. In the work of Wang et al. [22] regarding mobile catering apps, the 

perceived value was found to be determined by information quality, system quality, and service quality, while 

user satisfaction is influenced only by systems quality. Additionally, Ali et al. [23] revealed that user engagement 

with smartphone travel apps is significantly impacted by system quality, information quality, and service quality 

positively. All of these studies confirm that three factors, including information quality, system quality, and 

service quality, are important in influencing users’ perceptions and behavioral intention. Hence, this study uses 

these three factors to explore the important driving forces of users’ perceptions regarding theme park apps.  

2.3 Perceived value  

Perceived value has been acknowledged in marketing literature as an important predictor of customers’ 

repeat purchase intention [24]. According to Woodruff [25], perceived value refers to “a customer’s perceived 

preference for and evaluation of those product attributes, attribute performances, and consequences arising from 

use that facilitate (or block) achieving the customer’s goals and purposes in use situations.” Specifically, 

perceived value can be considered as a trade-off between perceived benefits and perceived costs. If a user 

believes the benefits exceed the costs, the perceived value of a product or service will increase. Perceived value 

has been found to produce a number of positive outcomes in different contexts, such as a high level of 

engagement in retail shopping [26], increased intention to use IS [27], and high levels of purchase intention for 

paid mobile apps [17]. 

In prior literature, perceived value is treated as a multi-dimensional construct in marketing literature [28]. 

Ledden et al. [29] summarized the perceived value from five dimensions: functional value, social value, epistemic 

value, emotional value, and conditional value from the context of education. In the IS field, the two widely used 

sub-value are utilitarian value and hedonic value [30]. Utilitarian value refers to users’ cognitive evaluation of the 

utility of using an IS regarding problem-solving or task completion [31]. Hedonic value refers to users’ positive 

emotions or feelings derived from the appreciation of user experience [31]. In this study, theme park app users 

can derive these two types of perceived value. They can use theme park apps not only for problem-solving, such 

as purchasing theme park tickets and advancing dining reservations, but also for entertainment and leisure, such 

as taking photos and videos. Therefore, this study explores the roles of both utilitarian and hedonic value in 
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affecting users’ satisfaction and continuance intention. 

 

3. THE RESEARCH MODEL AND HYPOTHESES  

3.1 The proposed model  

In this study, the expectation confirmation model is the basis for measuring the users’ confirmation, 

satisfaction, and continuance intention of theme park apps. With the additional utilitarian and hedonic value as 

predictors in this model, it will provide a detailed understanding of the continuance usage intention of theme 

park apps. Following the literature on continuance attention, we propose to incorporate the information quality, 

system quality, and service quality as antecedents of confirmation. Therefore, the combined expectation 

confirmation model and IS success model constitute the main framework for understanding the continuance 

intention of theme park apps. The travel frequency and prior app usage experience of theme park app users will 

be considered as moderators in this proposed model. The model is shown in Figure 1. 

 
Figure 1. Research model. 

3.2 The Hypotheses Development  

According to the IS success model [20], information quality, system quality, and service quality are three key 

factors that influence users’ information system use behavior. Information quality is the degree to which users 

consider the obtained information is personalized, complete, relevant, and easy to understand. System quality is 

the degree to which the IT services/products provide systems to their users with usability, availability, reliability, 

friendly, and stability. Service quality is the degree to which the overall support which delivered by the service 

provider. According to the ECT, confirmation is defined as users’ perception of benefits they have gained from 

their actual usage experience compared with their initial expectation of the IT services/products [3]. Previous 

research has examined the relationship between the quality of IT services/products and confirmation. For 

instance, Zhao et al. [32] found that IS success variables (system quality, information quality, and service quality) 

exert a positive effect on users’ confirmation within the context of mobile library apps. Liu et al. [33] posited that 

information quality, system quality, and service quality are positively related to users’ confirmation with the 

travel apps. Likewise, users’ perceptions of information, system, and service quality will likely confirm (or 

disconfirm) expectations of theme park apps. Users who find the theme park apps to be high quality with 

information, system, and service are likely to confirm expectations of the app. Therefore, we posit the following 

hypotheses: 

H1: The theme park app’s information quality is positively related to a user’s confirmation. 

H2: The theme park app’s system quality is positively related to a user’s confirmation. 

H3: The theme park app’s service quality is positively related to a user’s confirmation. 

Utilitarian value refers to the users’ evaluation of the extent to which the IT services/products are able to 

offer services in terms of purpose fulfillment and problem-solving [31]. Hedonic value refers to the users’ 

evaluation of the extent to which the IT services/products are able to offer services that create positive emotions 
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or feelings [31]. Previous research found the relationship between confirmation and utilitarian value, such as 

perceived usefulness [3, 34, 35]. In other words, after using a system, expectations of the system are confirmed or 

disconfirmed, and lead to revised and updated perceptions of usefulness regarding the system. Recent studies 

also suggested that confirmation is also linked to hedonic value, such as perceived enjoyment [33, 36]. In the 

context of tourism, Kim et al. [37] found that users’ confirmation could exert a positive influence on both 

utilitarian and hedonic value of travel-related social media usage. Similarly, in the context of theme park apps, 

when users’ expectations are confirmed, their perceptions regarding utilitarian value (e.g., solving problems) and 

hedonic value (e.g., achieving fun and pleasure), could be enhanced. Thus, we propose the following 

hypotheses: 

H4: A user’s confirmation with the theme park app is positively related to their utilitarian value with the 

app. 

H5: A user’s confirmation with the theme park app is positively related to their hedonic value with the app. 

The positive relationship between confirmation and satisfaction has been confirmed in various contexts [3, 18, 

38]. In the context of theme park apps, when individual users initially engage with an app, they are likely to have 

expectations about using it. Over time, after using the app, those initial expectations will be confirmed or 

disconfirmed. If the app does not meet users’ original expectations, users are unlikely to feel satisfied with it. In 

contrast, if users’ expectations are confirmed, they tend to be satisfied with it. Additionally, users’ revised and 

updated perceptions regarding the app, such as utilitarian and hedonic value, could also influence users’ 

satisfaction with it. When users believe that the use of the app can help them solve problems in the theme park 

(e.g., queuing virtually or finding ways), and can make them feel enjoyable (e.g., taking photos), they are like to 

be satisfied with it. The positive impacts of utilitarian and hedonic value on user satisfaction have been reported 

in prior studies, such as mobile social apps, travel social media, and smart wearable devices [37, 39, 40]. Based on 

the above discussion, it is reasonable to assume that the utilitarian value and hedonic value can also determine 

users’ satisfaction with theme park apps. Hence, we propose the following hypotheses:  

H6: A user’s confirmation with the theme park app is positively related to their satisfaction with the app. 

H7: A user’s utilitarian value with the theme park app is positively related to their satisfaction with the 

app. 

H8: A user’s hedonic value with the theme park app is positively related to their satisfaction with the app. 

The extant literature has found that utilitarian value and hedonic value have direct influences on users’ 

behavioral intention [30, 36]. For instance, Fauzi and Sheng [41] discovered that users’ perceived utilitarian value 

and perceived hedonic value strongly affect the continuance intention of the ride-hailing apps. Similarly, in our 

research context, when users perceive that the app usage could fulfill their utilitarian and hedonic needs, they 

tend to continue their use of the app. Additionally, users’ satisfaction has been reported to be a crucial 

determinant of users’ continuance intention [18, 39, 42, 43]. In the context of tourism, Liu et al. [33] found that 

satisfied users are more likely to sustain their use of travel applications. Likewise, when users feel satisfied with 

a theme park app, they tend to continue using it. Therefore, we propose the following hypothesis: 

H9: A user’s utilitarian value with the theme park app is positively related to their continuance intention. 

H10: A user’s hedonic value with the theme park app is positively related to their continuance intention.  

H11: A user’s satisfaction with the theme park app is positively related to their continuance intention. 

Finally, considering the potential influences of user characteristics, such as frequency of travel and prior 

app usage experience, as moderators, have been suggested for examining users’ behavioral intention toward 

travel technologies [2, 8]. Thus, we propose that these two factors as moderators in this study.  
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4. METHODOLOGY 

4.1 Sample and Data-collection Procedures  

This study will use the online survey method for data collection. Data will be gathered with the support of 

the online survey platform of wjx.cn, which is a leading survey service provider in China. The respondents 

should have installed theme park apps and used them when visiting theme parks. To ensure this, the following 

strategy will be implemented: the screening questions are used to record respondents’ prior use of theme park 

apps, such as “Have you installed a theme park app on your smartphone?” and “What is the theme park app you 

are using?”.  

The questionnaire consists of three parts. First, informed consent will be given to the participants in 

explaining the purpose of this research and the detailed descriptions of the survey procedures. If the participant 

agrees to start the survey, they could proceed to the next part of the questionnaire. If the participant disagrees, 

the questionnaire will be ended. Second, the participants should report their demographic background and 

previous travel experience. Finally, as most of the theme parks have their own apps, the participants will be 

asked to recall the theme park app that they have used most frequently. Then, they will be requested to evaluate 

the extent to which the initial perceptions of the theme park app quality, post-adoption utilitarian value, hedonic 

value of the theme park app, and their perceptions of confirmation, satisfaction, and continuance intention. The 

collected data will be analyzed by Structural Equation Modelling (SEM) to test the proposed research model. 

4.2 Development of Survey Measures  

All the items for measurement of the constructs in the research model are adopted from validated 

instruments used in previous literature. Measures for the theme park app’s information quality, system quality, 

and service quality are adapted from DeLone and McLean [20]. Measures for utilitarian value and hedonic value 

are adapted from Zhou et al. [31]. Finally, the items for measuring confirmation, satisfaction, and continuance 

intention are adapted from Bhattacherjee [3]. Considering the research context, some items will be reworded to 

fit the theme park app context. A seven-point Likert scale, ranging from strongly disagree to strongly agree, will 

be used to measure all items in this research. 

 

5. EXPECTED RESULTS   

This study may have some theoretical and practical implications. Firstly, this study may advance research 

on IS continuance by examining how app quality, users’ confirmation, satisfaction, and perceived value affect 

users’ continuance intention towards theme park apps jointly. Secondly, this study may contribute to 

confirmation literature by employing IS success model to unpack the antecedents to confirmation in the context 

of theme park apps. The quality of information, system, and service could be potential determinants of 

confirmation. This might extend our understanding of how the quality of apps affects users’ confirmation. Third, 

this study might extend our understanding of the multi-dimension of perceived value by examining the effects of 

utilitarian value and hedonic value on users’ satisfaction and continuance intention. The role of two dimensions 

of perceived value might vary in predicting satisfaction and continuance intention due to the context of theme 

park apps. Fourthly, this study will take the travel frequency and prior app usage experience as moderators to 

explore the influences of individual users’ features. This may deepen the understanding of individual differences 

in the theme park apps. Finally, this study may also provide practical implications for managing theme park apps 

and strengthening the relationship between theme park visitors and theme parks. 
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Abstract: User Generated Content platforms such as YouTube are emerging as popular online communities. With tons of 

content generated every second worldwide, identifying factors that influence content popularity becomes an important issue. 

The contributor experience has been studied as a predicting factor of content popularity but its relationship with popularity is 

not consistent. Drawing on a dataset from Bilibili.com, we investigate the influence of contributor experience on content 

popularity from a perspective of novelty. Further, we investigate how this effect is moderated by different contributor identities. 

Our results show that contributor experience has a negative effect on content popularity, and institutional contributor identity 

weakens this effect while personal verification strengthens it. Our research results provide important implications for both 

platform operators, content contributors, and users. 
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1. INTRODUCTION 

 Recent years have witnessed the prosperity of User Generated Content (UGC) platforms, on which users could 

create and upload content to share with other users. YouTube, one leading UGC platform worldwide, now attracts 

about 2 billion active users every month, uploading 500 hours of content every minute [1]. Due to the large userbase 

of UGC platforms, tons of content are created and shared among users. However, the attention and time that 

common users could spend on consuming UGC content are limited. This eventually leads to the uneven 

distribution of content popularities: only a small portion of content receives much attention from other users and 

becomes popular content on UGC platforms. Thus, a fundamental issue related to both UGC platforms and users 

is to identify the content that has the potential to become popular in the future [2]. 

Many contributors and content characteristics have been shown can help identify popular content and predict 

popularity. Especially, contributor experience, usually measured by how much content the contributor has 

contributed, is considered effective in predicting content popularity [2-3]. Previous studies show that content created 

by experienced contributors may be more popular, due to higher exposure brought by frequent releasing activities 

[4-5]. However, several recent studies also established a negative relationship between contributor experience and 

content popularity [6-8]. Therefore, the inconsistent results call for a detailed reexamination of the influence of 

contributor experience on content popularity. 

Drawing on a dataset from Bilibili.com, a popular online video community in China, we investigate the 

influence of contributor experience from a perspective of novelty. Novelty is the perception of unique differences 

from others [9], which can arouse consumers’ interest and thus drive content consumption [10-13]. Although 

experienced contributors may be more efficient and sophisticated in creating content, their rich experiences may 

hinder them from creating more novel content. The reason is that these experienced contributors may find it 

difficult to find more new ideas or they might simply become less enthusiastic and thus would just follow routines 

when they create new content. To the best of our knowledge, little prior literature has studied the influence of 

contributor experience from such a perspective of novelty. 

Further, the influence of contributor experience might be further complicated by other factors. In recent years, 
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UGC platforms, such as Twitter and Bilibili.com, start to allow contributors to receive official verification certified 

by the platforms to disclose their identities (certified individual or institution). Contributors with different 

identities may have different willingness and capabilities in creating novel content. It then follows that the 

influence of contributor experience on content popularities might also be differential across different types of 

verifications. Such a moderating effect is also worthwhile to investigate.  

This paper aims to supplement relevant literature by exploring the influence of contributor experience on 

content popularity and how this influence is moderated by contributor identity verifications. Our results show that 

contributor experience is negatively associated with content popularity and this relationship is stronger for 

contributors with personal identity verification while weaker for institutional contributors. 

 

2. LITERATURE REVIEW 

2.1 Content popularity 

Content popularity measures how popular a content is among users on the same UGC platform [2]. It is 

considered an important measurement and has drawn much attention from academics. Chai (2009) views 

popularity as an important dimension of the evaluation framework of content quality [14]. Typically, content 

popularity is divided into two categories: implicit and explicit popularities. Implicit popularity reflects users’ 

attention but not necessarily appreciation about certain content. However, explicit popularity indicates users’ 

appreciations expressed through favoring and donating to content, which has been less considered in literature [2].  

Many studies have focused on identifying popular content, ranging from revealing the popularity 

characteristics to predictions based on features and generative models [2]. Different content and contributor 

characteristics are usually combined to predict the exact numbers or levels of popularity, such as the experience 

and social capital of contributors [2-5]. Especially, content novelty has been found to play an important role in 

popularity [10-13]. The reason is that novelty can bring users hedonic value and further affect their behaviors, and 

then increase the popularity. For example, Malik (2020) shows that novel content is preferred on YouTube by 

platform audiences [13]. Given the influence of novelty, the effects of some specific features on popularity may 

behave differently. Our research is a detailed examination and explanation of the influence of contributor 

experience from the perspective of novelty. 

2.2 Contributor experience 

Contributor experience, measured by the quantity of content the contributor has contributed, is a dimension 

of reputation [15]. Reputation has been studied widely in different fields, including marketing and information 

systems. Research have shown it can reduce uncertainty, and then promote users’ willingness to pay and online 

purchase [16-17]. On UGC platforms such as online review communities, reputation is also shown can positively 

influence content performances [4-5,15,18].  

However, several previous studies have also revealed the negative effect of contributor experience. For 

instance, Khan (2014) shows that the total number of videos posted by a user has a negative effect on virality [6]. 

Similarly, Tafesse (2020) reveals the negative effect of the amount of content created by a contributor on his/her 

follower engagement, and this effect is due to the low level of perceived novelty [7]. Such findings call for a 

reexamination of the effect of contributor experience. Therefore, our research reexamines the role of contributor 

experience in content popularity in an attempt to reconcile the conflicts. To the best of our knowledge, we are the 

first to explore the moderating impact of contributor identity on this effect. 

 

3. HYPOTHESES DEVELOPMENT 

3.1 Contributor experience 

According to the elaboration likelihood model [19], contributor experience can influence content popularity 

via both peripheral and central routes. Under the peripheral route, users rely on simple decision cues such as the 
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credibility of the message sources and make a less cognitive effort [20]. Experience is a simple and heuristic clue 

to contributor reputation. Thus, drawn from the peripheral route, users tend to prefer content created by 

experienced contributors more. It suggests that rich experience can have a positive effect on popularity. 

The central route commands users to think about issue-related information critically and focus on the 

messages themselves [20]. For contributor experience, this route involves the novelty of content——the perception 

of unique differences from others [9]. Users are exposed to massive and similar content on UGC platforms and 

may suffer from the information overload problem. Content with high novelty, in this situation, can distinguish 

itself from other content and draw users’ attention [10]. Empirical results confirm that novel content on YouTube is 

preferred by platform audiences [13]. However, content contributing is a productive and creative process, 

contributors who have created a large quantity of content may not necessarily be novel and creative [21]. Instead, 

these contributors may find it difficult to make novel ideas or they may be less enthusiastic when creating new 

content. Given this, the central route suggests that a rich creating experience can weaken the perceived novelty of 

contributors’ content, thus may decrease other users’ engagement and appreciation [7].  

The elaboration likelihood model indicates that attitudes formed via central-route processes are higher and 

more influential than that via peripheral-route [19]. Thus, we propose that in our research context, the negative 

effect caused by contributor experience dominates and hypothesize as follows: 

H1: Contributor experience is negatively associated with content popularity. 

3.2 Contributor identity 

Content created by contributors can entertain audiences and bring them value. According to the social 

exchange theory [22], users will pay back in exchange for contributors’ efforts by clicking the “like” button, giving 

a virtual donation, and so on. This user feedback and rewards are measures of content popularity in the community. 

However, contributors’ identify may have different effects on users’ intention to reward. If the contributor is an 

organization, then uploading content is considered a kind of marketing behavior that may lead to benefits in any 

form. Social exchange theory indicates that users intend not to reward when the contributors’ behavior is not a 

cost but a gain for themselves [23]. Accordingly, users will have less incentive to reward institutional contributors, 

compared to unverified contributors. On the contrary, personal identity verification usually links to higher levels 

of historical contributing efforts, more knowledge in a particular field, and a higher number of followers in the 

community. Thus, it reflects the reputation and professionalism of the contributor, and their efforts are easier to 

be acknowledged by other users. As a returned favor, users may reward more.  

In light of the above arguments, we hypothesize as follows: 

H2a: Content produced by contributors with institutional identity verification is less popular than content 

produced by unverified contributors. 

H2b: Content produced by contributors with personal identity verification is more popular than content 

produced by unverified contributors.  

As previously argued, contributor experience influences content popularity through perceived novelty. 

However, the perceived novelty might be different for content created by contributors with different identities.  

On the one hand, institutional contributors, such as governments, media, and enterprises, may have more 

resources and capabilities in creating content. Usually, they have a professional group to maintain the account, 

produce content and monitor users’ responses. For these institutional users, keeping creativity and productivity 

can be easier than common personal contributors. Thus, we propose the following hypothesis: 

H3a: The negative association between contributor experience and content popularity is weaker for 

contributors with institutional identity verification. 

However, personal identity contributors can play a role in the opposite direction. As mentioned above, 

contributors with personal verification usually have rich experiences in a specific field. Their success often 
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induces them to repeat what has worked well in the past [24-25], which will reduce innovative behavior. They will 

choose to exploit mature experience but not explore in other directions. As a result, richer experiences of these 

contributors may reduce content novelty even in a higher magnitude. Thus, we propose as follows: 

H3b: The negative association between contributor experience and content popularity is stronger for 

contributors with personal identity verification. 

The theoretical framework of our research is shown as follows. 

 

Figure 1. Research model 

4. RESEARCH METHODOLOGY 

4.1 Data collection 

Bilibili.com is a leading online video community in Chinese. Well-known individual contributors (“web 

celebrities”) can receive a personal verification while institutional contributors can receive an institutional 

verification. A lightning icon will be added to profiles of those verified accounts. Further, “Coin” is a limited 

resource in Bilibili.com and users can express their appreciation and support for videos by giving coins to them, 

as a kind of virtual donation. Therefore, the number of coins received can measure the explicit popularity of videos. 

In addition, every video in Bilibili.com has a unique district tag that indicates the topic of the video. We collected 

all videos published with the district tag “Playing Music” from July 1st to August 31 in 2021. Then, all contributors 

of these videos are extracted and we randomly chose 1,000 from them and obtain all their contribution history.  

On Bilibili.com, videos are categorized into original videos (created by contributors) and reprinted videos 

(not created but reprinted by contributors). The mechanism of virtual donation in Bilibili.com is different for those 

two types of videos. To avoid the confounding influence of different mechanisms, we focus on content popularity 

of original videos in this study. Since users may have different tendencies to reward for videos with different 

topics and district tags, we only keep videos related to music from all contributors’ contribution history. This 

leaves us with a sample containing 18,850 videos. Variables are explained as follows.  

4.2 Measurements and model 

To test hypotheses H1, H2a and H2b, we examine the following: 

𝐿𝑛 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 𝑃𝑜𝑝𝑢𝑙𝑎𝑟𝑖𝑡𝑦𝑖𝑗  = 𝛼 + 𝛽1𝐿𝑛 𝐶𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑜𝑟 𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒𝑖𝑗  

 +𝛽2𝐼𝑛𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛𝑎𝑙 𝑉𝑒𝑟𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑖 + 𝛽3𝑃𝑒𝑟𝑠𝑜𝑛𝑎𝑙 𝑉𝑒𝑟𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑖  

 +𝛾𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 + 𝜀 (1) 

where 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 𝑃𝑜𝑝𝑢𝑙𝑎𝑟𝑖𝑡𝑦𝑖𝑗  is measured by the number of coins received by contributor 𝑖’s video 𝑗, 

𝐶𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑜𝑟 𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒𝑖𝑗  is measured by the number of videos contributor 𝑖 has uploaded at the time when 

video 𝑗 is published. The larger this number is, the more creating experiences the contributor has when creating 

and publishing the video. Thus, H1 is tested by 𝛽1. 𝐼𝑛𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛𝑎𝑙 𝑉𝑒𝑟𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑖 and 𝑃𝑒𝑟𝑠𝑜𝑛𝑎𝑙 𝑉𝑒𝑟𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑖 
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are two dummy variables to indicate whether the contributor is a verified institutional account, verified personal 

account or personal user without verification. The estimation of β2 and β3 thus can test hypothesis H2a and 

H2b. A logarithmic transformation is applied to variables 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 𝑃𝑜𝑝𝑢𝑙𝑎𝑟𝑖𝑡𝑦𝑖𝑗  and 𝐶𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑜𝑟 𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒𝑖𝑗  

because of their skewed frequency distributions. 

To test H3a and H3b, we examine: 

𝐿𝑛 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 𝑃𝑜𝑝𝑢𝑙𝑎𝑟𝑖𝑡𝑦𝑖𝑗  = 𝛼 + 𝛽1𝐿𝑛 𝐶𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑜𝑟 𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒𝑖𝑗  

 +𝛽2𝐼𝑛𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛𝑎𝑙 𝑉𝑒𝑟𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑖 + 𝛽3𝑃𝑒𝑟𝑠𝑜𝑛𝑎𝑙 𝑉𝑒𝑟𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑖  

 +𝛽4𝐼𝑛𝑠𝑡𝑖𝑡𝑢𝑡𝑖𝑜𝑛𝑎𝑙 𝑉𝑒𝑟𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑖

∗ 𝐿𝑛 𝐶𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑜𝑟 𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒𝑖𝑗 

 

 +𝛽5𝑃𝑒𝑟𝑠𝑜𝑛𝑎𝑙 𝑉𝑒𝑟𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑖 ∗ 𝐿𝑛 𝐶𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑜𝑟 𝐸𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒𝑖𝑗  

 +𝛾𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 + 𝜀 (2) 

where β4 and β5 are the coefficients of the interaction terms between contributor experience and identity 

verification, used to test H3a and H3b respectively. 

Following the approach adopted in related prior studies [6-7], we choose some relevant contributor 

characteristics as control variables, such as the 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐹𝑜𝑙𝑙𝑜𝑤𝑒𝑟𝑠  and 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐹𝑜𝑙𝑙𝑜𝑤𝑒𝑒𝑠 (who 

the contributor follows), and the 𝐶𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑜𝑟 𝐿𝑒𝑣𝑒𝑙  (an integer between 0 and 6, measuring how active a 

contributor is). Video characteristics are also controlled, including the 𝑉𝑖𝑑𝑒𝑜 𝐿𝑒𝑛𝑔𝑡ℎ  (in seconds) and 

𝐷𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑜𝑛 𝐿𝑒𝑛𝑔𝑡ℎ, 𝑉𝑖𝑑𝑒𝑜 𝐴𝑔𝑒 (measured by the duration since published till 10th December). Whether the 

video is coauthored by other contributors is also included to control the influence of multiple authors by the 

variable 𝐶𝑜𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛. 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑉𝑖𝑒𝑤 is used as the proxy of content quality and can also eliminate the 

influence of platform’s traffic distribution mechanism. All control variables except 𝐶𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑜𝑟 𝐿𝑒𝑣𝑒𝑙  and 

𝐶𝑜𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 are taken logarithms as well. 

 

5. RESULTS 

5.1 Descriptive statistics 

Table 1 reports the descriptive statistics. The variances of most variables are larger than the mean, and their 

skewness are all greater than 0, indicating a right skewed distribution, supporting our logarithmic operation above.  

Table 1. Descriptive statistics 

Variable  Obs  Mean  Std. Dev.  Min  Max 

 Content Popularity 18850 187.501 3075.917 0 245185 

 Contributor Experience 18850 186.733 323.839 1 8720 

 Institutional Verification 18850 .028 .166 0 1 

 Personal Verification 18850 .047 .211 0 1 

 Contributor Level 18850 4.218 1.387 0 6 

 Number of Followers 18850 23247.631 126700.9 0 1620350 

 Number of Followees 18850 182.194 314.753 0 2000 

 Number of View 18850 7586.97 89747.293 0 4862418 

 Video Length 18850 286.813 3932.377 4 404329 

 Description Length 18850 47.027 104.599 0 1866 

 Video Age 18850 9636.928 9217.433 .143 71734.43 

 Cooperation 18850 .009 .097 0 1 

 

5.2 Regression analysis results 

First, we conduct the multiple collinearity test of each variable and the results are shown in Table 2. All the 
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variance inflation factors (VIF) are less than 10, indicating there is no multiple collinearity in our model. 

Table 2. Test for multicollinearity 

Variable VIF 1/VIF 

Ln Number of Followers     4.720     0.212 

Ln Number of View     2.720     0.368 

Ln Contributor Experience     2.320     0.431 

Contributor Level     2.320     0.432 

Ln Number of Followees     1.570     0.635 

Personal Verification     1.380     0.725 

Ln Video Age     1.290     0.777 

Ln Description Length     1.190     0.838 

Ln Video Length     1.160     0.864 

Institutional Verification     1.120     0.892 

Cooperation     1.070     0.933 

Mean VIF 1.900  

Results of the OLS regression with clustered standard errors are shown in Table 3. Model 1 is the baseline 

model involving only control variables. Model 2 adds the main effect of contributor experience and Model 3 adds 

all main effects including identity verification, used to test H1-H2, based on Eq.(1). Model 4 involves all the 

variables including the interaction effects and is used to test H3, based on Eq.(2).  

The results of Model 2(β1  -0.161, p 0.000) and Model 3(β1  -0.160, p 0.000) show that contributor 

experience has a significantly negative effect on content popularity. H1 is strongly supported. This suggests that 

the negative effect of diminishing novelty outweighs the positive effect of contributor experience, and users are 

less motivated to reward as a result. 

Institutional verification is shown can negatively influence content popularity (β2 = −0.643 , p 0.087), 

indicating that users have lower willingness to reward verified institutional contributors. H2a is supported. 

However, H2b is not supported (β3 = 0.182 , p 0.687), indicating the difference in content popularity is not 

significant between verified personal contributors and unverified contributors. It shows that users may have 

similar willingness to reward personal contributors, whether they are verified or not.  

The results of Model 4 show that institutional verification (β4 0.311, p 0.022) can mitigate the negative 

effect of contributor experience on content popularity, while personal verification (β5  -0.393, p 0.000) can 

strengthen such negative effect. H3a and H3b are all supported. 

Table 3. Regression analysis results 

Variable Model 1 Model2 Model 3 Model 4 

Ln Contributor Experience  -0.161*** -0.160*** -0.154*** 

Institutional Verification   -0.643* -2.184*** 

Personal Verification   0.182 2.237*** 

Institutional Verification*Ln Contributor Experience    0.311** 

Personal Verification*Ln Contributor Experience    -0.393*** 

Constant -2.465*** -1.414*** -1.437*** -1.470*** 

Observations 18,850 18,850 18,850 18,850 

R-squared 0.791 0.800 0.803 0.808 

*** p<0.01, ** p<0.05, * p<0.1 
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6. CONCLUSIONS 

UGC platforms are becoming more and more popular. Due to the overwhelming volume of content created, 

identifying potential popular content is an important issue but has not been studied sufficiently. This paper studies 

how contributor experience influences content popularity from a perspective of content novelty. Further, one 

notable mechanism worthy of examination is the contributor identity verification on UGC platforms, which may 

moderate the influence of contributor experience. Drawing on a dataset from Bilibili.com, we show that 

contributor experience has a negative effect on content popularity and this effect is stronger for contributors with 

personal identity verification, weaker for institutional contributors. Our research has the following two aspects of 

implications. 

This research has certain theoretical significance. This paper is a supplement to the research on content 

popularity. It provides a new, important perspective of the negative effect of contributor experience on content 

popularity. Contributor experience can reduce content popularity due to decreased content novelty. Such effect is 

also shown to be differential for contributors with different identities. 

Our research also has practical implications for both the platforms and content contributors. UGC platforms 

can take steps to encourage contributors to produce innovative content, instead of focusing on creating a higher 

amount of content. Content contributors with different identities should also be aware of the negative effect of 

larger contribution history to keep viewers’ interests.  

Inevitably, our research has serval limitations. First, the dataset is cross-sectional, and it may not be able to 

observe the dynamic information of content. Secondly, we only use the number of coins to measure explicit 

popularity. Other measurements might be used to see if the results are consistent. At last, our sample is obtained 

from the “Play music” district on bilibili.com and thus the content mainly serves a leisure purpose. Future research 

can extend this research by examining content with an educational purpose. 
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Abstract: Currently, extended reality (XR) as one of the most important disruptive technologies has been witnessed to 

reshape consumer experience in many domains. However, little research has been conducted to explore the new paradigm 

regarding consumer experience and behaviors in XR-mediated environments. This study aims to explore emerging behaviors 

as well as new dimensions of consumer experience in different extended realities in the shopping context, by using a 

video-based comparative thematic analysis approach. Observations on the shopping behaviors of 162 participants across 

three implementations of extended realities (VR, AR, AV) and a normal brick-and-mortar comparison-point were recorded. 

Over 67 hours of video recordings were used and interpreted in metaphorical heuristics, before being analyzed by 

inter-group comparisons, to develop reflective themes. Our results lead to two themes being constructed, illustrating that XR 

users connect their behaviors from physical reality to those in XR (as formed by our sub-themes “synchronizing”, 

“attaching”, “habituating”, “responding”), but they also appear to reconstruct new behavioral schemas (demonstrated by 

sub-themes “merging”, “adjusting”, “focusing”, “experimenting”). The findings of this study help deepen our understanding 

of consumers’ behavioral similarities and divergences between physical reality and different virtual realities. 

 

Keywords: Virtual reality, Augmented reality, Mixed reality, Metaverse, Shopping 

 

1. INTRODUCTION 

Along with the maturing of XR (extended reality) technologies such as VR (virtual reality) and AR 

(augmented reality), an increasing number of retailers have started exploring the use of different XR in 

reconstructing and reshaping shopping environments [1, 2, 3] as well as providing augmented digital information [4, 

5, 6]. Typical examples of the applications of XR technologies in retail include virtual fitting rooms, AR product 

catalogs, 360 and 3D product presentations, and VR stores. Practitioners and designers are making effort to 

explore how to use these technologies to replicate, reshape, and transform the consumer experience from the 

fully physical reality to a purely virtual world ─ the ‘Metaverse’. However, behind the heightened expectations 

regarding the applications of XR technologies, retailers have shown reduced confidence in designing and 

creating XR retail environments due to the lack of understanding consumers’ shopping experiences in different 

extended realities [7, 8]. More specifically, it remains unclear whether and how extended reality technologies such 

as AR and VR, influence consumers’ shopping experiences and behaviors. 

In the majority of XR retail literature, individuals’ perceptions, emotions, and behaviors have been 

analyzed and interpreted quantitatively based on respondents’ subjective self-report answers or 

psychophysiological measures in survey-based and experimental studies (refer to the literature reviews [7, 8]). It 

is possible that among these studies mainly based on deductive approaches, some important shopping 

phenomena (especially newly emerging behavioral patterns in XR) might have been ignored and undiscussed, as 

these confirmatory studies have focused on extant aspects of consumer experience and practice rather than 
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uncovering novel phenomena. Thus, the interpretation of shopping phenomena in different XR could bring new 

insights regarding technology-mediated experiences and deepen our knowledge of shopping behaviors in 

general, which has been rarely explored in previous research. Therefore, this study employs an inductive 

approach based on video-recorded observations of consumers’ behaviors. To be more specific, three different 

XR-mediated shopping environments (VR, AR, AV) and a normal bricks-and-mortar store were constructed, and 

observations on the shopping behaviors of 162 participants were recorded and analyzed. This study provides 

implications to XR-mediated retail practices while addressing the research question of whether and how XR 

technologies influence the overall shopping experience compared to physical shopping. 

 

2. RESEARCH BACKGROUND 

2.1 Extended reality technology 

As an umbrella term, XR technology or metaverse covers such concepts as AR, VR, and augmented 

virtuality (AV) [9]. However, the concept of XR is still relatively complicated to define, with various XR 

technologies often being discussed separately due to their novelty. This paper argues that AR is the 

technological application enhancing the physical environment by superimposing virtual stimulus on the physical 

reality; thus the user’s perception consists of the information blender of two layers (the physical and the digital 

world) [10, 11, 12]. On the other hand, VR, rather than augmenting reality, refers to substituting the perceived 

reality [8, 13, 14], even if the content as a source of substitution may mimic reality. When users stay in the VR 

environment, their perception of the physical environment is mediated by computer-generated multi-sensory 

simulation [15, 7]. Lastly, AV refers to the combination of VR and AR, describing the augmentation of virtual 

reality, which provides a more hybrid experience [16, 17]. 

2.2 Extended reality retailing and shopping experience 

During recent years XR applications have been increasingly adopted in many domains of humans’ daily life 

such as tourism [18], entertainment [19], education [20], and retail [7]. Early studies on XR retail mainly focused on 

the feasibility of utilizing XR technology to realize the retail environment (see e.g. [11]) and the acceptance of 

XR retail consumers (e.g. [21]). It was not until recently that XR retail research began to explore XR shopping 

experiences (e.g. [3, 22-24]). XR shopping experience is believed to have a profound impact on consumers’ 

purchase decisions, as well as retailers’ marketing value and competitive advantage [25, 26]. 

Shopping experience is a multifaceted phenomenon which involves consumers’ subtle perceptions, 

responses, and activities in physical, emotional, cognitive, and social facets [27, 28]. It might be difficult to derive 

the nuance of XR consumer behavior based on mainstream quantitative research methods e.g. surveys gauging 

commonplace shopping interactions and experiences (refer to literature reviews [7, 8]) while neglecting the lived 

experience and interaction happening in XR-mediated shopping [29]. Therefore, before consumer XR devotes to 

confirmatory testing on whether known dimensions of consumer experiences exist similarly in XR-mediated 

shopping, we ought to investigate what novel emergent practice, interaction and experience emerge when people 

are given free reign to exercise shopping in XR-mediated spaces. Moreover, prior research lacks synthesis and 

comparison of consumer experiences in multiple and various realities; consequently failing to identify the sets of 

behavioral similarities and divergence between the physical and its digital replicas or augmentations. As a result, 

the current study aims to address this research gap in XR-mediated shopping experience through observation of 

consumers’ behaviors based on video recordings. 

 

3. METHODS 

3.1 General design 

The presented study chose shopping as the research context, one of the most commonly used scenarios in 
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XR studies (see e.g. [8]). Specifically, participants were given a 10-euro gift card and a time window of 10 

minutes to buy products (second-hand LP records) from a shop we set up specially for the research. We 

constructed altogether 4 shops in different realities (namely a brick-and-mortar shop, an AR shop, a VR shop, 

and an AV shop) representing the same music store environment (more details about the environments and 

procedures can be found in [30]). Each participant was randomly assigned to only one shopping condition. 

Researchers employed cameras and an XR programming system to record the users’ actions. We used data from 

video recordings because they offer materials of dynamic vision, bearing more comprehensive and subtle 

analysis (such as developing metaphorical heuristics) compared to static images (e.g., snapshots, or photos) [31]. 

In addition, video recordings enabled a steady and less-intrusive observation (e.g., compared to direct 

observation) for all individuals’ behaviors [31]. We then performed a comparative thematic analysis (illustrated in 

Section 3.5) based on the collected video recordings, until the hierarchy of themes and sub-themes were 

constructed. Details of the methodology are provided in the following sections. 

3.2 Setting up of different reality shops 

This study developed four versions of the same shop with almost identical elements (products, layouts, 

displays, and atmospheres) except for their different technology solutions. A simplified brick-and-mortar shop 

selling second-hand LP records (physically located in a university office room) was set up first as the prototype. 

The XR shops were then built based on this prototype, as follows: 

The AR shop. The AR shop changed the printout product information sheet placed beside the corresponding 

LP record (in the brick-and-mortar shop) to a paper-like digital page suspending on that record. Microsoft 

HoloLens AR headsets were used to display the digital information while participants looked at a physical 

product.  

The VR shop. The VR shop was constructed as a 1-to-1 scale digital replica of the brick-and-mortar shop. 

Participants used the Valve Index VR headset which exclusively afforded the virtual environment of the shop 

and its contents. Its controllers were presented as gloved hands, enabling a natural interaction with the virtual 

products and objects. 

The AV shop. The AV shop was built based on the VR solution, with one main difference. The product 

information page in VR was on the same digital layer as the products. However, in the AV shop, the virtual 

information page was displayed on a suspending layer onto the virtual products, and was triggered by the 

corresponding LP records appearing in the participant’s field of view, similarly to our AR shop mechanism. 

3.3 Participants 

The current study recruited 165 students from the same university where the shops were built. Each 

participant provided informed consent before being randomly assigned to one of the four conditions. 

Participants were then provided the necessary instructions and tutoring regarding the shopping rules and the use 

of the XR devices (if applicable). Among all recruited, 162 participants (47% females; 56.8% undergraduate 

students) completed their 10-minute shopping experience.  

3.4 Recording apparatus 

Two cameras (Mi Home Security 360° Camera) were installed on the ceiling, at the top-left and top-right 

vortexes (near the entrance) of the room, to procure recordings of participants’ in-shop actions in stereoscopic 

view. Screens of the VR and AV programs were also recorded as supplementary video materials. Thus, this study 

collected a total of 67 hours of video recordings (including both camera and screen recordings, as shown in 

Figure 1). Each participant was allocated an exclusive ID number and their faces were mosaicked in all video 

recordings during any presentations to ensure privacy and anonymity. 
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Snapshot of videos recorded by the camera: participant 

shopping in AV 

 

Screenshot of the AV program (a first-person 

perspective) 

Figure 1.  Examples of camera recordings and program screen recordings 

3.5 Comparative thematic approach 

A comparative thematic analysis was deployed to identify the XR users’ action themes appearing in the 

video recordings. We chose the thematic analysis method for subtracting thematic information (meanings 

reappearing) in our videos recording unstructured action materials [32]. Moreover, a comparative analysis was 

employed between the different groups in order to identify the behavioral schemas that are similar and divert 

between different realities [33]. Additionally, metaphorical heuristics were frequently used to interpret bodily 

actions into behavioral schemas [34]. The analysis consists of the following four stages. 

Stage 1: Identifying bodily action codes. Videos of 20 participants (5 in each shop) were first extensively 

checked for developing bodily action codes (as recommended by [31]). Then, two researchers independently 

transcribed those video recordings and reached a consensus on the codes (shown in Table 1) through discussion. 

Stage 2: Thorough examination of video recordings. Two researchers shared the total amount of 

participants and independently examined their video recordings. One researcher examined all participants with 

ID numbers 1-90, while a second researcher examined all participants with ID 81-162. Both researchers went 

through and coded participants with ID 81-90, in order to test their analysis correlation. The researchers first 

checked the existence of the above codes, and then took notes for case-specific characterizations of those codes. 

Stage 3: Comparison through metaphorical heuristics. Next, XR cases were compared to physical reality 

cases. All prominent divergence between extended reality and physical reality was identified and analyzed 

through metaphorical heuristics. During this process, themes of participants’ behavioral schema emerged 

accumulatively. 

Stage 4: Structuring themes and sub-themes. Lastly, the researchers structured themes to develop an 

analysis framework focusing on XR users’ behavioral experiences. 

Table 1.  XR user’s bodily action codes 

Categories Aspects Codes Definitions 

Self-action 

Motion in one spot 

Head-motion The participant shifts their head. 

Hand-motion The participant moves their fingers. 

Whole-body-motion 
The participant conducts actions engaging the whole body, e.g., 

dancing. 

Motion with 

locations changing 

Vertical motion 
The participant conducts actions such as stand on tipped toe, kneel, 

squat, and bend down to change their vertical perspectives. 

Horizontal motion The participant navigates in the shop. 

Product 

interaction 

Spatial-location 

emphasized 

Regular displacement 
The participant takes the product from their original position to their 

hands, cashier table. 

Irregular 

displacement 

The participant takes the product from their original position to 

another place aside from their hands and cashier table, e.g., other 
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Categories Aspects Codes Definitions 

positions on the shelf or the floor. 

Perfect return 
When a product is displaced, the participants return it to its original 

place recovering its original status. 

Imperfect return 
When a product is displaced, the participant does not return it to its 

original place or recovering its original status. 

Force emphasized 

Throwing The participant intentionally throws the product. 

Dropping The participant accidentally fails at holding the product. 

Playing 
The participant plays with the product, i.e., interacting with it but not 

to check its information. 

Surrounding 

interaction 
Touch 

Brief touch 

The participant puts their (virtual) hand on environmental elements, 

e.g., the walls, the cashier, the decoration, with a time duration < 5 

seconds. 

Long stay 
The participant put their (virtual) hand on environmental elements of 

the shop, similarly to “brief touch” but lasts > 5 seconds. 

 

4. RESULTS 

4.1 Theme: Behavior connection 

Some of the participants’ behavioral patterns appeared to be connecting physical reality actions to XR shop 

experiences. This can be seen by the emerged sub-themes “synchronizing”, “attaching”, “habituating”, and 

“responding.” 

Synchronizing 

It was not rare for the participants in the VR-mediated conditions (VR and AV) to notice their hands could 

be partly represented in the virtual world. Quite a few of the participants moved their fingers or rotated their 

palms, to see if the hands and fingers shown in the virtual world resembled their actual movements (e.g. VR 

participants with ID 117, 118, 121, and in AV-ID 134, 136, Figure 2). This behavior was usually exhibited at the 

very beginning of the shopping (during the first 2 minutes) or at the very end (during the last 1 minute, when 

participants had almost finished their shopping and purchase decisions). Most of the participants who were 

conscious of their “new” virtual body parts stopped examining them after 5-10 seconds. 

  

Figure 2.  VR-ID 117 examining the synchronicity of their virtual hands 

Attaching 

Participants in VR-mediated shops were observed to have more interactions related to their environment, 
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such as knocking on the cashier table (VR-ID 94), touching decorative LP records or posters on the walls 

(AR-ID 56; VR-ID 91, 101, 116, 119; AV-ID 129, 131, 136, 142). Their body would construct an external 

connection with the surface of objects, or “attachment” metaphorically denoted as an intimate feeling of 

something. 

Habituating 

Participants were observed to press and hold the information page (located in front of the LP records, 

shown in Figure 2) while reading the text on it, in both the brick-and-mortar and the VR shop. A virtual “touch” 

is merely an overlap of their hand position to the position of virtual objects. However, participants still appeared 

to conduct such actions multiple times. This behavior shows everyday physical reality habits were transferred 

into XR environments. 

Responding 

When encountered with unwanted information popping into their field of view (the product information 

page), participants in AR-mediated shops (AR and AV) instantly responded by shaking their heads or swinging 

their hands. In these digitized scenarios, “shaking away” and “swinging off” had no actual effect in 

manipulating the presented information. However, it demonstrates an intuitive behavior and intentionality of 

avoidance similar to our reactions in physical reality. 

4.2 Theme: Behavior reconstruction 

Reconstructions of behavioral schemas were also highly represented in XR. Once participants realized that 

the rules of physical reality do not necessarily apply in XR, and that their XR actions do not inevitably result in 

consequences identical to the ones in physical reality, their behaviors became more diverse, flexible, and 

untrammeled. Therefore, our second theme “behavior reconstruction” is represented by the sub-themes 

“merging”, “adjusting”, “screening”, and “experimenting”. 

Merging 

Participants were observed to “cut” their hands into the virtual objects’ surfaces and stayed in those objects’ 

inner space while in VR-mediated environments. The status of “merging” was metaphorically developed for 

blending something with another item to form an assemblage or a unity. In this sense, participants constructed 

an interior connection with the XR environment. 

Adjusting 

We observed two kinds of adjusting behaviors primarily employed to enhance physical and mental 

self-convenience. The first behavior was observed when participants in AR-mediated environments could not 

easily see the information about products placed on the upper or the lower shelf levels. Instead of physically 

moving (similarly to the brick-and-mortar behaviors, e.g. standing on tiptoe or kneeling down), several 

participants opted to change the position of the products, likely when they felt this would result in a lower 

physical workload. It appears that interacting with virtual products was more labor-saving than interacting with 

real ones; thus, many participants accumulatively developed a behavioral schema reducing the physical intensity 

of their workload. 

A second adjusting behavior was observed when participants developed strategies on how to employ the 

virtual space to facilitate decision making. Unlike in the brick-and-mortar shop, where the consumers’ 

decision-making took place within their mind-space, participants in VR-mediated environments created explicit 

decision zones outside of their mindset, therefore externalizing some of their mental processes. For instance, 

some participants threw the LP records they were sure not to buy onto the floor area, thus using the shelves as 

their active decision zone (AV-ID 153); while on the contrary, other participants threw on the floor only the 

records they were interested in purchasing, thus transforming the floor into their decision zone (AV-ID 136) 

(Figure 3). 
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AV-ID153 moves interesting products in one 

specific shelf, while throws other products on 

the floor 

AV-ID136 drops all the records they are 

interested in purchasing on the floor 

Figure 3.  Participants utilizing different spaces in the virtual environment as decision zones 

Screening 

We also found that, when participants accidentally knocked products off the shelf in the virtual shops, they 

would ignore them and continue browsing other products. However, in the brick-and-mortar shop, all the 

participants returned the records back to their original spots and kept their original state. Similar perfect returns 

were less frequent in the VR and AV conditions. Some participants simply ignored when they accidentally 

knocked products off the shelves (data from at least 5 participants in AV shop); others made some effort to 

return the records back on shelves, but not all the way to their original place, just a convenient shelf nearby (e.g. 

VR-ID 101, 103, AV-ID 157). We also found that several participants did return the records to their original 

shelf, but not in their original state (observed in over 17 AV participants, and over 13 in VR including ID 89 

shown in Figure 4), e.g., the records were returned upside down or backwards. One explanation for such 

behaviors relates to the availability of cognitive resources and their allocation [35-37]. It is possible that 

participants realizing there is no risk on the product’s integrity, could afford ignoring accidents for that reason. 

In such cases, the VR-mediated environments could have facilitated divided attention by enabling participants to 

screen out irrelevant tasks (or ones perceived as unimportant, e.g. perfect record returns), while allowing them 

to stay focused on their primary task (making a purchasing decision within the given time). 

  

Figure 4.  Different placement performed by ID 89 when returning a product in VR 

Experimenting 

Participants performed more creative behaviors in VR-mediated shops, e.g., they played with the virtual 

products by doing a throw-and-catch game, delivering them from one hand to the other, or throwing them to 

some hidden place (VR-ID 86, 91, 118, 119; AV-ID 124, 131, 136, 145) (Figure 5). Brief talks with those 

participants indicated they were not concerned with breaking the shop’s order or damaging the products since 

“all of these can be recovered to the original state simply by pressing a button” (quote by participant). Therefore, 

it is possible that damage-proof XR shops afford users more freedom and opportunities to reconstruct their 

behavioral schema, thus facilitate exploration of various actions and their outcomes. 
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Figure 5.  AV-ID 124 throwing and catching the product 

5. DISCUSSION 

5.1 mTheoretical contribution 

Theoretically, this study offers insights for further understanding the XR shopping environments, as well as 

in-depth understanding of XR shoppers’ behavioral experience. To begin with, our results showed that some of 

XR shoppers’ behaviors can be seen as transferred from physical reality to XR world. We also found that many 

behaviors can be reconstructed according to XR’s environmental characteristics. A distinguishment between 

behavioral transfer and behavioral reconstruction could help us reflect on the similarities and divergences 

between physical reality and XR (not only limited in retail contexts). Especially in the virtual reality, new 

dimensions of shoppers’ behaviors and experiences are emerging. For instance, virtualization of physical reality 

lacks inevitable real action consequences: it is damage-proofed from users’ actions. It is possible that this 

characteristic is a main factor cradling XR users’ experimenting behavior.  

Identifying the themes (and sub-themes) of XR shoppers’ behavioral practices helps expand our 

understanding regarding emerging XR retail phenomena. While some findings similar to ours have been 

explored in other everyday-life scenarios (e.g., creation and play [38-40]), they have seldom been explored in the 

retail context under the perspective of shoppers’ behavioral actions and responses. The current study also 

identifies XR shoppers’ behavioral experiences that prior research has not illustrated, such as attaching, merging, 

and creative adjusting. Further investigations on these behavioral experiences could provide a better 

understanding on XR shoppers’ psychology, as well as assist in development and design of XR retailing 

environments. 

5.2 Practical implication 

The behavioral experiences identified in this study can offer a practical basis for XR applications in retail 

and various other fields such as therapy, training, entertainment, and education. Understanding how the XR 

environment shapes users’ actions could help to leverage XR applications’ benefits and advantages. Retailers 

knowing that an XR user is influenced by their prior experiences in physical reality, or that a user is creatively 

adjusting to newly-imposed XR environments, may pay more attention to directly relevant aspects. For example, 

retailers could opt to enhance the spatial constructiveness so that shoppers may move and change objects with 

little physical constraints. 

 

6. CONCLUSION AND FUTURE RESEARCH 

This study adopted a video-based comparative thematic approach through metaphorical heuristics to 

subtract from XR shoppers’ dynamic, unconscious, and complex behavioral experiences resulting in eight 

sub-themes, synchronizing, attaching, habituating, responding, merging, adjusting, screening, and experimenting. 

These sub-themes show that XR shoppers are capable of transferring behavioral schemas from physical reality, 

as well as reconstructing their behavioral schemas in XR. One limitation of this study is that we only 

investigated the XR-mediated experience in the shopping context. Future research could look into other settings 
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and environments to verify if our findings regarding behavioral schemas are generalizable. Moreover, while this 

study analyzed and interpreted XR shoppers’ behavioral actions, it did not investigate how other systems related 

to perception, cognition or emotion, may influence the participants’ performance. Finally, it could also be 

valuable if future studies applied more methodological approaches such as navigation trajectory analysis or heat 

maps, to help portray a more granular view of how shoppers experience and behave in XR environments. 
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Abstract: Due to the particularity of gray privacy products, purchasing involves more privacy information of consumers, 

thus affecting value co-creation behavior.  Based on the value co-creation theory and privacy calculus theory, this paper 

takes the female bra as an example to construct the research hypothesis and model influencing the consumer value 

co-creation behavior under the circumstance that online consumers are concerned about privacy. This article in the form of 

questionnaire survey to collect empirical data, uses the structural equation model to explain privacy concern about the 

impact of perceived risk and perceived benefits and mechanisms, as well as the perceived risk and perceived benefits of 

consumer value to create the behavior and mechanism of action, and discusses the privacy transfer how to affect the 

consumer's perceived risk and perceived benefits. The results reveal the role of privacy concern and the complexity of the 

influencing factors of privacy concern and privacy transfer on consumers' value co-creation behavior. 

 

Keywords: Privacy calculus theory, Value co-creation theory, Privacy transfer, Privacy concern, Gray Privacy Products 

 

1. INTRODUCTION 

In the digital transformation, online purchase of gray privacy products has become a consumer trend. 

Compared with other products, gray privacy products involve more privacy of consumers. For example, 

women's bra involves more privacy of women. Privacy concern, privacy security and privacy protection of 

privacy sharing or sharing premise. Privacy calculus theory is the most useful framework for analyzing user 

privacy problems[1] Therefore, the following research questions are proposed: the digital transformation of bra 

companies and to explore the value of the impact of privacy transfer on perceived risk and perceived benefit, 

which have a mediating moderating effect on the purchase of digital transformation and consumer purchase 

intentions. Therefore, the following research questions are posed: 

QA1: How do privacy transfer in digital transformation affect the impact of consumer value co-creation 

behaviors? 

QA2: Are privacy concern in digital transformation valuable for perceived benefits and perceived risks? 

 

2. THEORETICAL FOUNDATION AND HYPOTHESES 

Privacy calculus theory is a classic theory that has been widely used to explore users' privacy perceptions and 

behaviors[2].There are two important branches of value co-creation theory: one is the value co-creation theory based 

on consumer experience, which believes that value co-creation is the process of creating consumer experiences 

through interaction between companies and consumers. that value is embedded in consumers' personalized 

experiences[3]. The second is based on the value co-creation theory of service-led logic, which believes that services 

are the fundamental basis of all economic exchanges, consumers are co-creators of value, consumers are owners of 

manipulative resources put their knowledge, skills and experience into the value creation process [4]. 
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3. RESEARCH METHODOLOGY AND RESULTS 

This paper uses SPSS and AMOS to conduct data analysis through empirical research. The analysis showed 

that: The results of the path coefficient analysis of the model are shown in Figure 3, Table 6. The path 

coefficient of the model privacy concern on customer engagement behavior is -0.12, with a significant p-value 

at 0.05, and H1 holds. The path coefficient of privacy concern on customer citizenship behavior is -0.15, with a 

significant p-value and H2 holds. The path coefficient for privacy concern on perceived risk is 0.67 with a 

significant p-value and H3 holds. h3, h4, h5, h6, h7 and h8. In examining the moderating effects, the regression 

coefficient of the interaction term between privacy transfer and privacy concern on perceived risk in Models 1 to 

2 is -0.0707, p < 0.001 level, and Hypothesis H9 is confirmed.; the regression coefficients of the interaction 

terms of privacy transfer and privacy concern on perceived benefits in Models 3 to 4 are -0.0790, p < 0.001 

level, and Hypothesis H10 is confirmed. 

 

4. CONCLUSION AND DISCUSSIONS 

The main findings can be summarized as follows: 

(1) Privacy concern have a significant negative effect on customer value co-creation behaviors, and 

hypotheses H1 and H2 are tested. This suggests that a higher level of privacy concern plays an important role in 

the co-creation of customer value in privacy-oriented product firms, and that fully raising the importance of 

privacy protection in privacy-oriented product firms can effectively increase customer engagement and 

citizenship behavior, leading to the development of more market-adapted gray privacy products and facilitating 

product design and development. thereby increasing the profitability and enhancing the competitive advantage 

of privacy-averse product companies. 

(2) Perceived risk mediates privacy concern and customer value co-creation behaviors, as hypotheses H3, 

H4 and H5 are tested. This suggests that in the process of digital transformation, companies need to focus on the 

impact of customer privacy concern, as well as take good security precautions to improve customer value 

co-creation behaviors, thus further improving customer experience of sharing products and accelerating the 

update and iteration of their gray privacy products. 

(3) Perceived benefits have a mediating effect on privacy concern and customer value co-creation 

behaviors, and hypotheses H6, H7 and H8 are verified. It indicates that in the digital transformation process of 

privacy-biased product companies, companies need to do a good job of securing privacy information, and also 

need to focus on customer perceived benefit factors to improve customer value co-creation behaviors.  

(4) Privacy transfer negatively moderate the relationship between privacy concern and perceived risks, and 

negatively moderate the relationship between privacy concern and perceived benefits, hypotheses H9 and H10 

are verified. The hypotheses H9 and H10 are validated, indicating that firms offer coupons and other incentives 

to make customers give up privacy appropriately, which both enhance customers' willingness to purchase gray 

privacy products and use the relevant consumer information given up by consumers to improve the product 

development and management of privacy-biased product firms.  
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Abstract: The mobile e-commerce webcast has great commercial value through the way of live streaming to sell products, 

place advertisements and create an ecosystem in conjunction with other industries to make capital available. Based on SOR 

model, multiple regression analysis and Bootstrap were used to analyze the influence of opinion leader characteristics on 

consumers' purchase intention in this context. The results show that opinion leader characteristics have a significant positive 

influence on consumers' purchase intention and flow experience; flow experience has a significant positive effect on 

consumers' purchase intention; flow experience plays a mediating role between opinion leader characteristics and consumers' 

purchase intention. Accordingly, it provides theoretical guidance for the long-term development of mobile e-commerce live 

operators. 

 

Keywords: opinion leader, flow experience, purchase intention, SOR  

 

1. INTRODUCTION 

Mobile e-commerce webcast is based on e-commerce, using mobile live streaming system to recommend, 

display and try out to consumers, thus promoting the willingness to buy[1]. Live marketing focuses on anchors’ 

personal characteristics and the traits conveyed will affect the consumer's judgment. This paper will focus on the 

influence of professionalism, trustworthiness, interactivity, and attractiveness in the information characteristics 

of opinion leaders on consumers' purchase intention. Observing people's performance in consumer service 

activities, when individuals are fully engaged in a specific situation, their whole body concentration will make 

them feel no other perceptions outside the situation and be in a state of process immersion, i.e., flow experience. 

Rodgers and Harris pointed out that when users shop online if the more pleasant the user is, it will increase the 

user's viewing time and increase purchase intentions[2]. This study adopts a quantitative analysis method and 

tries to answer two questions. First, we want to analyze and verify the influence mechanism of opinion leaders' 

traits on consumers' purchase intention; Second, we explore the inner flow experience of consumers and its 

influence on consumers' purchase behavior in the context of mobile e-commerce live streaming. 

 

2. THEORETICAL FOUNDATION AND HYPOTHESES  

Mehrabian & Russell(1974) proposed the S-O-R theory, which is used to explain the mechanism of 

influence of environmental stimuli on individual psychological and behavioral changes. Studies have 

demonstrated that opinion leaders can informally influence a variety of consumer behaviors, and play an 

important role in the entire consumer decision-making process[3]. Here, the characteristics of opinion leaders 

were classified into four dimensions: credibility, professionalism, interactivity, and attractiveness. Chunfeng Liu, 

et al. (2020) studied that the professionalism, interactivity, homogeneity, and credibility of individual 

characteristics of opinion leaders in online brand communities positively affect the flow experience, and the 

flow experience positively affects consumers' impulsive purchase intentions[4]. Manman Xu, et al. (2021) have 
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demonstrated that the flow experience generated by consumers in a live streaming scenario positively and 

significantly affects purchase intentions in a mobile live streaming scenario. According to SOR theory, this 

paper uses this theoretical model to examine the influence of opinion leaders' characteristics on consumers' 

purchase intentions. Totally, opinion leaders' characteristics affect the generation of flow experiences, and at the 

same time, flow experiences have a significant influence on consumers' purchase intentions. 

 

3. RESEARCH METHODOLOGY AND RESULTS 

This study used questionnaire survey method, and the respondents were consumers who had experience of 

watching mobile webcast. A total of 479 questionnaires were distributed and collected, of which 393 were valid, 

with an effective return rate of 82.05%. We use multiple regression analysis and bootstrap to validate the 

hypothesis.Multiple regression analysis was done on the data using SPSS 22.0. There were positive effects of 

opinion leader, credibility, professionalism, interactivity, and attractiveness on the flow experience (β=0.926, 

p<0.001; β=0.781, p<0.001; β=0.813, p<0.001; β=0.722, p<0.001; β=0.615, p<0.001), and hypotheses 1, 1a, 1b, 

1c, and 1d hold. There are positive effects of opinion leaders, credibility, professionalism, interactivity and 

attractiveness on purchase intention (β=0.866, P<0.001; β=0.732, P<0.001; β=0.770, P<0.001; β=0.666, 

P<0.001; β=0.636, P<0.001), hypotheses 2, 2a, 2b, and 2c, and 2d hold; the positive influence of flow 

experience on purchase intention is significant (β=0.640, P<0.001), and hypothesis 3 holds. The result of 

bootstrap shows that none of the five mediated paths contain 0 between LLCI and ULCI, indicating that the flow 

experience partially mediates in all five paths. That is, opinion leaders and their credibility, professionalism, 

interactivity and attractiveness can indirectly influence their purchase intention through the flow experience, and 

hypotheses 4, 4a, 4b, 4c and 4d hold. 

 

4. CONCLUSION AND DISCUSSIONS 

Based on the SOR model, this paper proposes the mechanism of influence of opinion leaders on consumers' 

purchase intention in the context of live mobile web-based e-commerce, and all hypotheses are verified with the 

following conclusions. First, the credibility, professionalism, interactivity, and attractiveness of opinion leaders 

all have a positive impact on the flow experience; Second, the credibility, professionalism, interactivity and 

attractiveness of opinion leaders all have positive effects on purchase intention. Third, the flow experience has a 

significant positive impact on purchase intention. Fourth, the flow experience mediates the effect of credibility, 

professionalism, interactivity, and attractiveness on purchase intentions at different levels. But there are also 

certain limitations, such as the scope of the research subjects, lack of discussion of the breakdown of the mediating 

variable and so on. Future research can expand the scope of the study and study each dimension of flow 

experience. 
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Abstract: Visual complexity plays a crucial role in consumer purchase behavior. However, existing research on background 

complexity in live streaming commerce is limited. Drawing on the stimuli-organism-response (S-O-R) theory, this study aims 

to explore the relationships between live background complexity, consumers’ emotion and purchase intention. A 3×2 between-

subjects online experiment was developed to collect the participants’ related emotion and intention data. The results primarily 

indicated that consumers’ emotions (i.e., pleasure and arousal) can be evoked by the visual complexity and further positively 

influence their purchase intention. Consumer emotion shows a nonlinear mediation effect between live complexity and 

purchase intention. The moderator role of gender in the relationship between complexity and consumer emotion was also 

examined. The result revealed that the difference between men and women only exists in the pleasure dimension. 

Keywords: live streaming, background complexity, emotion, purchase intention, S-O-R 

 

1. INTRODUCTION 

As an environmental signal in customer shopping process, the role of visual complexity has been widely 

investigated in the website, advertisement and other fields. Visual complexity usually refers to the visual richness 

of the whole interface. Its impact on customers’ behavioral intention has also been proven to be mediated by 

emotion. However, conclusions about how visual complexity facilitates consumer behavior in marketing are 

inconsistent. Some studies claimed that low complexity promotes fluency processing and greater efficiency[1]. 

Some scholars maintained that a stimulus with higher complexity triggers more positive responses[2]. Others found 

that their participants usually prefer moderate complexity[3]. In light of these gaps and confusions, we focus on 

exploring the relationship between background complexity on consumer emotion and intention in the emerging 

model of live streaming commerce. The first question this study addressed is: How does background complexity 

in live streaming influence consumer emotion (including pleasure and arousal) and subsequently affect 

purchase intention? According to previous research, gender is a key factor in the field of marketing. Cyr and 

Head [4] highlighted the differences in gender perception of Internet experience, and transfer these differences to 

their online shopping behavior accordingly. Consequently, the second question is: Is there a difference between 

male and female viewers in the processing of live streaming background complexity? How does it affect the 

emotion? 

 

2. THEORETICAL FOUNDATION AND HYPOTHESES  

According to the Stimulus-Organism-Response model: there are three stages in human behavior: perceiving 

external or environmental stimulus, interpreting visual information into emotional states, and then reacting toward 

the stimulus [5]. Visual complexity has been widely considered as a stimulus to explain consumers’ decision-

making in the existing research. After interacting with different levels of visual stimuli, consumers’ behaviors will 
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change accordingly. Such effects are mediated through individuals’ emotional states. Compared with low-level 

complex backgrounds that may feel monotonous, consumers get more interest and pleasure when facing complex 

backgrounds. However, when it exceeds the user’s maximum preferred level, more complexity may not bring 

pleasure, or even make people annoyed [6]. Understanding a relatively complex environment needs more time and 

effort, which stimulates higher energies to engage in, leading to higher arousal [3]. However, when its level exceeds 

the stimulus threshold, such positive effects stop [3]. Thus the background complexity has an inverted U- shape 

with the emotion. 

 
3. RESEARCH METHODOLOGY AND RESULTS  

The questionnaires were distributed through a professional online survey service platform 

(https://www.credamo.com/home.html#/), and participants were Taobao Live Streaming (the most popular e-

commerce website) users. After three weeks of collection, we summarised 432 valid questionnaires (Man=179, 

Woman=253). The relationships proposed in the model are tested by hierarchical regression analysis. It was 

verified that no severe violations of regression assumptions have existed before conducting the investigations. 

The results demonstrate that squared background complexity is negatively related to pleasure (β=-1.068, p<0.001) 

and arousal (β=-0.900, p<0.001). Thus, the inverted U-shaped effects of H1, H2 are supported. Both pleasure 

(β=0.319, p<0.001) and arousal (β=0.130, p<0.01) bear a significant positive relationship with purchase intention. 

Thus, H3 and H4 are supported. The gender difference only statistically appears on pleasure (β=-0.822, p<0.05), 

and there is no significant moderation of gender on the relationship between background complexity and arousal 

(β=-0.683, n.s). Such a result supported H5a but failed to H5b. 

 
4. CONCLUSION AND DISCUSSIONS  

This study makes some contributions to the live streaming literature and practice. From a theoretical 

perspective, this study advances understanding of the role in online purchase intention formation by integrating 

the direct and indirect effects of background complexity on purchase intention. In addition, this study highlights 

further the gender differences and discovers that gender plays a significant moderating role in consumers' 

emotions. In terms of management, managers need to be aware of the influence of visual elements design and 

optimize the complexity design in the live streaming background. Given the difference between men and women, 

live marketing practitioners can take advantage of this discovery to improve the purchase of different audience 

groups in a more targeted way. Platforms can analyze the composition of the live streaming viewers’ gender based 

on the user registration information, so as to design a customized interface to promote consumers’ willingness to 

buy. Considering that this study examined a single aspect of visual complexity, future research will explore other 

important visual features. 
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Abstract: In this paper, we introduced the perceived value (including product value, cewebrity value, service value, image 

value and economic value) and perceived trust variables to proposed an Extended TAM Model in order to identify key 

factors affecting Consumers' Purchase Intention in E-commerce Live Broadcast. We collected questionnaire data from 495 

participates who have bought goods in E-commerce Live Broadcast in China, and validate the results with structural 

equation model. The empirical results show that: All kind of perceived value in e-commerce live broadcast significantly 

and positively affects consumers' purchase intention; Perceived trust in e-commerce live broadcast significantly positively 

affects consumers' purchase intention. These findings can lead to several management strategies to improve the Consumers' 

Purchase Intention in E-commerce Live Broadcast. 
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1. INTRODUCTION 

E-commerce live broadcast provides a new type of sales model in which the cewebrity recommends 

products to consumers and interacts with consumers in the form of real-time video through the live broadcast 

platform, thereby promoting purchases. With the continuous development of social media marketing technology, 

consumers' daily habits have undergone many changes, and e-commerce live broadcasts have gradually entered 

consumers' daily lives. In 2017, China's e-commerce live broadcast turnover was 26.8 billion yuan, and it will 

rise to 1,288.1 billion yuan in 2020, an increase of 4,700% and rapid development. In 2020, the scale of Chinese 

netizens will be 904 million, and the scale of Chinese e-commerce live broadcast users will reach 309 million, 

accounting for only 29.31% of the total netizens. There is still a large room for the growth of e-commerce live 

broadcast users. Compared with the traditional online shopping mode, e-commerce live broadcast integrates the 

characteristics of e-commerce and live broadcast, and realizes the transition from pictures to real-time video. At 

the same time, the highly visual interface also increases the sense of presence of consumers from multiple senses. 

The cewebrity provides consumers with fast and convenient services and affordable products through the live 

broadcast platform to meet the needs of consumers. Whether consumers participate in e-commerce live 

broadcast is the key to the success of the e-commerce live broadcast model, and it is also the core issue of 

e-commerce live broadcast companies. Therefore, it is necessary to analyze the formation mechanism of 

Consumers' Purchase Intention in e-commerce live broadcast to provide reference for the innovative 

development of e-commerce live broadcast. 

In this paper, we explored key factors impacting Consumers' Purchase Intention to e-commerce live 

broadcast in China, which include product value, cewebrity value, service value, image value, economic value 

and perceived trust, etc. Specially, We added cewebrity value as a new dimension of perceived value. In 

e-commerce live streaming, cewebrities highlight the functions and quality of products to enrich consumers' 

product knowledge, improve their abilities to identify products, thus may enhancing consumers' Purchase 

Intention[1]. We extended the Technology Acceptance Model (TAM) method to model the factors impacting 

customers’ propensity of technology adoption in E-commerce Live Broadcast context. Data collected from 495 
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respondents (fans of E-commerce Live Broadcast) were used to test the extended TAM model. Several 

managerial implications were derived from the analysis and further studies were suggested[2]. 

 

2. LITERATURE REVIEW     

Technology Acceptance Model (TAM) is a theoretical model based on Rational Action Theory (TRA)  [3], 

first proposed by Davis (1989), which aims to study individuals' beliefs, attitudes, intentions and relationships in 

organizational environments. relationship between actual behaviors [4], arguing that consumers’ acceptance and 

use of new technologies are influenced by behavioral intentions, and behavioral intentions are influenced by 

customers’ attitudes toward the targeted new technologies [5]. The technology acceptance model is based on 

After more than ten years of development, a number of similar conceptual models have emerged, each with 

different determining variables [6], which can well explain the individual's technology acceptance behavior in the 

organizational environment, but with the development of mobile Internet and mobile With the development of 

e-commerce, KIM et al. [7] found that acceptance behavior is more a reflection of consumers' choices rather than 

organizational suggestions. In the process of voluntary consumption, consumers pay more attention to whether 

the goods can meet their own value needs, so On the basis of value theory, it is proposed to construct a 

perceived value acceptance model from two dimensions of perceived benefit (usefulness and entertainment) and 

perceived cost (ease of use and perceived cost). Judgment paradigm, which emphasizes predicting usage 

behavior through rational cognitive judgment, and relevant empirical studies show that it lacks strong final 

explanatory power for the prediction of user acceptance and continuous usage behavior. To sum up, the external 

context variables adopted by scholars mainly include individual variables , system variables and environmental 

variables [8]. At present, the model has been verified and expanded by a large number of scholars in different 

fields, and it can well explain the consumer purchase intention in the online shopping situation [7]. 

 

3. RESEARCH DESIGH AND EMPIRICAL ANALYSIS  

3.1 Extension of the TAM method 

In order to sell products successfully, two core elements in e-commerce live streaming are need: 

cewebrities and products. And E-commerce Live Broadcast is a just new form of online consumption, so various 

variables impacting Consumers' Purchase Intention are also same to online shopping such as service value, 

image value,economic value, consumer trust,etc.  

This study extends the TAM model by introducing consumer perceived value (including product value, 

cewebrity value, service value, image value and economic value) and consumer trust theories. The extended 

TAM model is a more comprehensive technology acceptance model that takes into account more factors that 

influence the acceptance and retention of innovative interactive technologies[9]. The product value, cewebrity 

value, service value, image value and economic value, and perceived trust are used as the determining variables 

to analyze their influence on consumers' purchase intention. Then, we propose the following assumptions: 

H1: Product value in e-commerce live broadcast significantly affects purchase intention 

H2: The cewebrity 's value in e-commerce live broadcast significantly affects purchase intention 

H3: Service value in e-commerce live broadcast significantly affects purchase intention 

H4: Image value in e-commerce live broadcast significantly affects purchase intention 

H5: Economic value in e-commerce live broadcast significantly affects purchase intention 

H6: Perceived trust in e-commerce live broadcast significantly affects purchase intention  
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3.2 Data collection 

This study used a questionnaire survey method. In the questionnaire design, the literature method was 

adopted to find the literature data that matched the direction, and adjusted according to the research topic to 

ensure the validity of the questionnaire data. During the questionnaire distribution stage, questionnaires were 

distributed on various social platforms such as Weibo and WeChat groups by using Questionnaire. See Table 1 

Table 1.  Analysis of sample characteristics 

Feature Index Number Proportion 

Gender 
male 126 25.45% 

female 369 74.55% 

Age 

under 20 241 48.69% 

21-30 years old 213 43.03% 

31-40 years old 16 3.23% 

41-50 years old 17 3.43% 

over 50 years old 8 1.62% 

Education level 

Junior high school and below 9 1.82% 

high school or secondary school 19 3.84% 

College or Undergraduate 428 86.46% 

Graduate and above 39 7.88% 

Average monthly 

household income 

Below 3000 yuan 405 81.82% 

3000-4999 yuan 24 4.85% 

5000-9999 yuan 44 7.47% 

10000-19999 yuan 14 2.83% 

More than 20,000 yuan 15 3.03% 

 

3.3 Scale design 

In order to achieve good reliability and validity of the questionnaire, the items of the questionnaire adopt a 

five-level Likert scale (1=strongly disagree, 5=strongly agree). The scale mainly measures product value, 

cewebrity value, service The influence of value, image value, economic value and perceived trust on consumers' 

Product Value 

Perceived Trust 

Cewebrity Value 

Economic Value 

Service Value 

Image Value 

Purchase Intention 

Figure 1. Formation Mechanism of Consumers' Purchase Intention Based on Extended TAM Model 

 

H1 

H4 

H3 

H2 

H5 

H6 
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purchase intention, a total of 27 items were designed. See Table 2: 

Table 2. Questionnaire Scale Design 

Variable Code Measurment item 

Product Value 

PV1 I prefer to buy products in the live broadcast with more guaranteed quality 

PV2 I prefer to buy products on live broadcasts with higher brand awareness  

PV3 I prefer to buy products in the live broadcast which recommended by the cewebrity   

Cewebrity Value 

 

CV1 I will buy a product because the streamer gave me a better understanding of the product 

CV2 I will buy a product because the streamer knows what products are right for me  

CV3 I will buy a product because the host has better service  

Service Value 

 

SV1 When buying products, I will give priority to well-known websites such as Tmall and JD.com 

SV2 
I think "same-day delivery" and "next-day delivery" are the major trends in the development of live streaming 

online shopping  

SV3 I often follow what other buyers have to say and comment  

SV4  "Buy anytime, real-time interaction" is important reasons for me to buy products  

Image Value 

 

IV1 I prefer to buy products in the live broadcast because the products are branded products 

IV2 I prefer to buy products in the live broadcast because the products seemed very nice 

IV3 I prefer to buy products in the live broadcast because some producer are visible for customers  

Economic Value 

EV1 Logistics costs are an important consideration when I decide whether to buy products in live broadcast  

EV2 If the price of products is higher than usual today, I will choose to buy another day 

EV3 I would give preference to cheaper produce 

EV4 If the price is the same, I will prefer to buy products on the live broadcast platform 

EV5 I think the prices of products are on the high side as a whole 

EV6 I have a good understanding of the prices of agricultural products that I buy everyday 

Perceived Trust 

PT1 I prefer to buy products in the live broadcast because the cewebrity and the platform are trustworthy 

PT2 I believe the information presented in the live broadcast 

PT3 I believe that the cewebrity will not deliberately publish false information to deceive buyers 

PT4 I believe the produce recommended by the cewebrity is of good quality 

Purchase 

Intention 

PI1 I am willing to buy products on the live broadcast platform  

PI2 I am willing to consider purchasing a product while watching a live stream 

PI3 I am willing to recommend to others to buy products on the live broadcast platform 

 

3.4 Scale design 

3.4.1 Model reliability and validity analysis 

SPSS 21.0 was used to test the scale. The results are shown in Table 3. The KMO value was 0.961>0.5, 

indicating a high correlation. It passed the Bartlett spherical significance test and was suitable for factor 

analysis.  

Table 3.  KMO and Bartlett Test Analysis 

Kaiser-Meyer-Olkin 0.961 

Bartlett Spherical Test 

chi-squared approximation 12413.396 

df 253 

Sig. 0.000 

In this study, confirmatory factor analysis (CFA) of the measurement model was used to test the convergent 

validity and discriminant reliability level of the model (see Table 4). 
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Table 4.  Model Fit Index Analysis Table 

Fit index Numerical criterion Numerical value 

Chi-square/df <5.00 4.780 

GFI >0.90 0.878 

AGFI >0.90 0.859 

SRMR <0.08 0.048 

RMSEA <0.10 0.087 

NFI >0.90 0.946 

CFI >0.90 0.954 

As shown in Table 5, the CR values of the models are all higher than the critical value of 0.70, and the 

values are distributed between 0.7 and 0.8, indicating that the internal consistency between latent variables and 

items has reached a high level. In addition, all AVE values exceed 0.50, indicating that the latent variables have 

more than 50% explanatory power, the Pearson correlation coefficients between the latent variables are all 

smaller than the AVE rooting, and the convergence validity of the measurement model reaches the standard. 

Table 5.  Composition reliability, convergent validity and discriminant validity analysis table 

Fit index 

composition 

reliability 

Convergence 

validity  
Pearson correlation and discriminant validity 

CR AVE PV PV PV PV PV PV PV 

PV 0.7510 0.5013 0.7080       

CV 0.8364 0.6303 0.7221 0.7939      

SV 0.9057 0.7066 0.7480 0.758 0.8406     

IV 0.8407 0.5693 0.7030 0.764 0.682 0.7545    

EV 0.7871 0.3847 0.5814 0.6107 0.6031 0.6081 0.6202   

PT  0.9061 0.7075 0.7313 0.7032 0.7461 0.7730 0.8021 0.8411  

PI 0.8173 0.5987 0.7534 0.7190 0.6926 0.7609 0.7201 0.7567 0.7738 

Note：The diagonal bold is the open root value of AVE 

3.4.2 Model overall significance test 

The Amos24.0 software is used to test the significance level and path coefficient. The analysis results are 

shown in Table 6: (1) The path coefficient test of product value and perceived trust in e-commerce live 

broadcast on consumers' purchase intention reaches a significant level of 0.01, so Suppose H1, H6 are supported. 

(2) The path coefficient test of the cewebrity 's value on consumers' purchase intention in e-commerce live 

broadcast reaches a significant level of 0.05, so it is assumed that H2 is supported. (3) The path coefficient test 

of service value, image value and economic value on purchase intention in e-commerce live broadcast reaches a 

significant level of 0.1, so it is assumed that H3, H4, and H5 are supported. That is to say: product value, 

cewebrity  value, service value, image value, economic value and perceived trust all have significant influence 

on purchase intention. 
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Table 6.  Estimated Parameter Results of Structural Equation Model 

Impact path Estimate S.E. C．R． P-value Hypothesis Hypothesis test 

PV→PI 0.286 0.057 5.030 *** H1 support 

CV→PI 0.139 0.055 2.519 ** H2 support 

SV→PI 0.067 0.037 1.806 * H3 support 

IV→PI 0.115 0.060 1.924 * H4 support 

EV→PI 0.101 0.056 1.810 * H5 support 

PT→PI 0.290 0.038 7.567 *** H6 support 

Note: * means p<0.1; **p<0.05; ***p<0.01. 

4. CONCLUSIONS 

Based on the Expanded Technology Acceptance (TAM) theoretical model, this study constructs a 

theoretical analysis framework that affects consumers' purchase intention, and proposes six key factors: product 

value, cewebrity value, service value, image value, economic value, and perceived trust. The extended TAM 

method examines the relationship between six factors and consumers' purchase intention [10]. The research 

conclusions are as follows: (1) The five dimensions of product value, cewebrity value, service value, image 

value, and economic value all play important roles in the formation of purchase intention, especially are the 

product value and cewebrities value. This means that consumers feel that they can create useful value, especially 

the higher the product value, cewebrities value, the more positive their willingness to purchase products in 

e-commerce live broadcasts. (2) Perceived trust has a significant positive effect on purchase intention, which 

indicates that consumers' perception of trust affects satisfaction and loyalty, which in turn affects their purchase 

intention [11]. 

 Therefore, by focusing on the key factors that motivate consumers to increase their purchase intentions, 

the marketing strategy should be more effective. E-commerce live broadcast platforms should simplify the 

interface, so that users can easily find the favorite goods and cewebrities, while the service providers must 

maximize the users’ perception of cost and effectiveness[5]. Enterprises need provide quality goods through 

careful selections to meet value appeals of consumers. And cewebrities should maintain a good relationship with 

his/her fans, focusing on long-term benefits. At the same time, establish a mature live broadcast e-commerce 

market supervision mechanism, strengthen consumer word-of-mouth management, expand the positive impact 

of positive word-of-mouth on consumers, and improve consumer trust [12]. 
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Abstract: Blockchain builds the foundation of trust services in a trustless environment, and is considered to be the future 

technology that is most likely to cross the barriers to financial innovation. This article summarizes the enabling role of 

blockchain technology in financial innovation, including payment, credit reporting, exchanges and digital currency. Combined 

with the limitations of financial innovation and the technical characteristics of decentralization, de-trust, non-tampering, and 

security of blockchain, we discuss how to break through the bottleneck of financial innovation with the help of blockchain 

technology. Based on the analysis of the technical characteristics of the blockchain, it further discusses how the blockchain 

technology can be practically applied in the financial industry. Finally, it discusses the challenges that blockchain technology 

will face to the development of financial innovation, focuses on the three-stage maturity model of blockchain, and looks 

forward to its future development trend. 

 

Keywords: Blockchain, Fintech, Financial Innovation, Blockchain Maturity Model 

 

1. INTRODUCTION 

In recent years, blockchain technology has become the focus of global attention in the wave of financial 

innovation. With the continuous emergence of technologies such as big data, cloud computing, Internet of Things 

and artificial intelligence, its huge strategic significance and commercial value have attracted global financial 

institutions. The industry is competing and the attention of governments and institutions around the world. The 

essence of the blockchain is a decentralized distributed ledger database, the purpose is to solve the problem of 

transaction trust. The origin of the blockchain can be traced back to November 1, 2008. Someone in the name of 

Satoshi Nakamoto published a groundbreaking paper on Bitcoin on the cryptography mailing list of the 

"metzdowd.com" website[1], proposing the concept of Bitcoin and mode, which describes a new currency system, 

Satoshi Nakamoto established an open source project for this mode, officially announcing the birth of blockchain 

in 2009. 

Since October 2016, the Ministry of Industry and Information Technology released the "China Blockchain 

Technology and Application Development White Paper (2016)"[2], and blockchain was first included as a strategic 

cutting-edge technology in the "State Council on Printing and Distributing" issued by the State Council in 

December 2016 [3]. Since the 13th Five-Year "Notice of National Informatization Planning", local governments 

have issued policy guidance and notification documents related to blockchain, and the domestic public has 

gradually begun to understand the technical logic and underlying value of blockchain. In April 2017, Tencent 

released the "Tencent Blockchain Solution White Paper: Building the Foundation of Trust in the Digital Economy 

Era", indicating that blockchain technology has huge application scenarios in the optimization of public services 

and social mechanisms[4]. Since 2020, the General Office of the State Council has issued the "Guiding Opinions 

on Supporting National-level New Areas to Deepen Reform and Innovation and Accelerate the Promotion of High-

quality Development", pointing out that it is necessary to accelerate the development of blockchain technology 

and industrial innovation, and explore the "blockchain+" model[5]. 

This paper briefly introduces the application of blockchain technology, summarizes the application and 

empowerment research of blockchain technology in financial innovation, including payment, credit reporting, 
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exchanges and digital currency. Then, aiming at the difficulties in the blockchain-enabled financial innovation, a 

framework driven by blockchain technology is proposed. The technical features mainly include: decentralization, 

de-trust, non-tampering traceability and security. The practical application of blockchain technology in the 

financial industry is discussed. This paper further discusses the challenges that blockchain technology will face in 

enabling financial innovation and development, and discusses future development trends and several key issues 

that should be paid attention to. 

 

2. RESEARCH STATUS AT HOME AND ABROAD 

2.1 Blockchain technology application 

Blockchain technology has the characteristics of decentralization, non-tampering and traceability of data, 

low cost and high data security, so that blockchain technology is not only limited to the field of digital currency, 

but also in economic, financial and social systems. There are a wide range of application scenarios. Based on 

blockchain technology, point-to-point value transfer can be realized. By reconstructing financial infrastructure 

facilities, the efficiency of post-financial transaction clearing and settlement processes can be greatly improved 

and the costs can be reduced, and existing payment problems can be solved to the greatest extent[6]. Digital 

currency is the most widely used and most recognized application of blockchain technology[7]. The model 

mechanism based on blockchain technology applied to credit reporting and ownership management can be used 

for the management and traceability of ownership such as property rights and copyrights[8]. In supply chain 

management, it includes collaboration and information exchange among a large number of entities such as capital 

flow, information flow, and material flow. The authority control, anti-counterfeiting, traceability and 

corresponding smart contracts based on blockchain technology can be standardized through good process 

modeling[9]. 

In addition, many scholars have made relevant research reports on the application of blockchain technology 

to the financial industry. Taking advantage of the characteristics of blockchain technology, regulatory authorities 

need accurate, timely and multi-dimensional supervision[10]. In addition to the above research directions, there are 

also many discussions in digital currency wallet research, Internet of Things, intelligent manufacturing, P2P, 

cybercrime, side chains, etc. 

In conclusion, blockchain technology has been used in all aspects of economy, market, finance, etc., and has 

also been used to improve social infrastructure, especially in the fields of payment, health, science, culture and 

art. They also believe that this is a gradual process. Not only related technologies of blockchain are not mature 

enough, but also relevant laws, regulations and social policies will take a certain amount of time to be regulated. 

The blockchain maturity model (BCMM) and its adoption process have also been discussed and presented[25]. As 

far as adoption is concerned, businesses should recognize that blockchain systems have not yet reached the optimal 

maturity level and should conduct extensive feasibility studies before implementing them. 

2.2 Blockchain Technology and Financial Innovation Research 

Blockchain-driven financial innovation has a significant impact on financial infrastructure and even the entire 

financial system, not only reshaping credit mechanisms and reducing transaction costs, but also preventing moral 

hazard[11]. Huo Xuewen believes that blockchain has become the underlying technology of financial technology, 

and various countries are strengthening the research and application of blockchain technology. Payment, credit 

reporting, exchanges and digital currency will become the most important financial application scenarios of 

blockchain technology[24]. 

Blockchain technology has a very good enabling effect in solving the information asymmetry and security 

problems in the banking industry. Banks can use blockchain technology to upgrade and transform bank payment 

clearing and credit information systems to promote the formation of a "multi-center, weak intermediary" scenario, 
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thereby improving the efficiency of the banking industry[12]. The original application is the Ripple system, which 

was established in 2012 based on blockchain technology and mainly provides cross-border payment services.  

In the field of credit reporting, blockchain technology focuses on solving the trust problem in financial 

activities, and it creates a way to solve the problem of credibility. Research shows that blockchain can automate 

the processing of contract execution, payment, and legal obligations through smart contracts[13]. At the same time, 

it can overcome obstacles such as information barriers between organizations, optimize the financial operating 

environment, and improve transaction efficiency[14]. 

In the field of exchanges, blockchain technology has played a very important role in optimizing securities 

transactions and improving the structure of the capital market. Compared with the traditional securities trading 

mode, blockchain technology can control the risks of transactions well, making transactions more transparent and 

efficient[15]. Therefore, blockchain technology can optimize its risk control system in securities trading, reduce 

risks, and promote its healthy development. 

Digital currency has the characteristics of decentralization, fast circulation and difficult to supervise[16]. The 

digital currency of blockchain technology has brought a research upsurge of digital currency by virtue of the point-

to-point transaction and decentralization design concept. Encryption technology opens up another new platform 

for financial development, and digital currency may become the development direction of future currency issuance 

and payment models. 

In various industries, the government, technology companies, and investment institutions can achieve 

effective links through blockchain, and establish a good ecological environment for the "three-in-one" technology 

and financial development model[17]. The Internet insurance industry can strengthen the protection of customer 

information, reduce the risk of information asymmetry, and reduce the cost of Internet insurance by virtue of the 

decentralization of the blockchain, the non-tampering of information, and the transparency and openness of the 

blockchain[18]. Blockchain technology removes the excessive reliance on intermediary institutions on both sides 

of the transaction, which can reduce transaction costs and speed up the completion of financial transactions, 

realizing Internet finance in the true sense[19]. In addition, blockchain also has important application value and 

development prospects in traditional financial industries such as auditing[20]and accounting[21]. 

 

3. THE ROLE OF BLOCKCHAIN TECHNOLOGY IN FINANCIAL INNOVATION 

3.1 The breakthrough of blockchain technology to the limitations of financial innovation 
Decentralization, trustlessness, immutability, and security are the four core features of blockchain 

technology[22] (Table 1). 

Table 1.  Blockchain technical characteristics and financial innovation 

Blockchain technical 

features 
Instruction 

Breakthroughs in the Limits of Financial 

Innovation 

Decentralized 
A peer-to-peer network is formed between nodes, there is no 
centralized hardware or management organization, and the 

rights and obligations of any node are equal. 

The payment system has been optimized in 

terms of building a financial credit system, 

streamlining processes, and improving 
transaction security. 

Building trust based 
on formulas 

Use a set of consensus-based mathematical algorithms to 

achieve a network of trust between machines instead of 

borrowing a third-party institution to establish credit. 

As the underlying technology of financial 
technology, it further reduces information 

asymmetry, builds a value information 

network, and establishes a unified credit 
system. 

 The information 

cannot be tampered 
with 

An irreversible database is formed based on timestamps, but if 

51% or more of the nodes in the operating system are at the 
same time, a security problem will be formed. 

Realize the digital management of securities 

registration, issuance, trading and equity. 

Security 

Based on cryptography, the public key and private key 

encryption algorithms are used to meet the security needs and 

authority verification needs of the system. The public key can 
be made public, while the private key must be kept secret. 

Scenarios such as information encryption, 

login authentication, and digital signatures. 
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Traditional settlement requires intermediate procedures such as account opening banks, central banks, 

correspondent banks, and clearing banks. Each institution has its own financial system, resulting in slow 

transaction speed and low efficiency. Through the decentralized features of blockchain technology, the payment 

system is further optimized, the transaction process is simplified, and security is improved. 

Credit is the foundation of the financial innovation industry, and a large number of intermediaries appear in 

the process of maintaining trust in financial institutions. The trust established by the blockchain through the 

consensus mechanism makes it possible to break through the boundaries between people and expand the tradable 

boundary, thereby further reducing information asymmetry and building a unified trust value system. 

The information of the blockchain cannot be tampered with and the traceability makes the transaction 

transparent. All connected nodes can verify the compliance of the operation of the financial institution by tracing 

the transaction history, which is conducive to maintaining financial stability and preventing financial risks.  

Security is the foundation and premise of blockchain development. The current basic idea of blockchain 

development is to seek a balance between decentralization and high data throughput on the premise of ensuring 

security. At the underlying data level, the support of cryptographic components such as digital signatures and hash 

functions is often required. Application scenarios such as information encryption and digital signatures can be 

realized in the field of financial innovation. 

3.2 Analysis of the application of blockchain technology in financial innovation 
Blockchain can solve the problems of high labor cost and time cost, low business processing efficiency, 

various operational risks and credit risks brought about by the traditional financial industry. It has laid the 

foundation for the intelligence, autonomy and systematization of the financial industry. The application of 

blockchain technology in financial innovation covers securities and banking business, asset management, trade 

finance, insurance business, anti-money laundering business, bill trading and other categories (Table 2). 

Table 2.  Industry pain points and blockchain technology applications 

Application 

classification 
Industry pain points Application of blockchain technology 

Securities and 

Banking Business 

Business processing needs to go through multiple 

institutions, and each institution has its own 

accounting system, resulting in slow transaction 
speed and low efficiency. 

The programmable nature of the blockchain can 
improve the efficiency of securities transactions 

and financial services. 

Asset Management 
The whole process is complex and involves data 

systems of multiple stakeholders. 

Timestamp technology and immutable features 

facilitate anti-counterfeiting and anti-

counterfeiting, intellectual property protection, 
asset authorization and control. 

Trade financing 
There are high costs and potential risks of manual 

data collection, reconciliation, and trade contacts. 

With digital encryption, peer-to-peer technology, 
distributed consensus and smart contracts, the 

rapid and transparent exchange of information is 

realized. 

Insurance business 

It is difficult to integrate and share massive 

information, information asymmetry and data 
leakage. 

The traceability, security and consensus 

mechanism of blockchain helps the insurance 
industry to achieve information sharing and 

connection among a large number of decentralized 

nodes within the industry, between industries and 
among users. 

Anti-money 
laundering business 

The efficiency of customer identification is low, 

the informatization of anti-money laundering 

work is low, the cost of anti-money laundering 
supervision is high, and the data related to 

financial institutions is not synchronized and not 

shared. 

Use digital currency to enable instant sharing and 

real-time monitoring of cross-country and cross-

sectoral data on demand. 

Bill trading 

Due to the large number of human interventions, 
there are problems such as authenticity, 

timeliness, and illegal operations in the bill 

market. 

Use digital bills to replace existing electronic bills 

to achieve point-to-point transfer of value. 
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4. CHALLENGES 

Although blockchain technology has a broad and huge application in the field of financial innovation, the 

development and application of blockchain in the financial industry at this stage face challenges in many aspects, 

such as lagging laws and regulations, technical constraints, lack of standards, and potential safety hazards. 

Due to the highly digitalized and virtualized characteristics of the financial innovation field, governments 

around the world have carried out strict management. The national-level three committees and the industry-level 

institutions have strict regulatory systems and clear legal norms. Due to the decentralization and other 

characteristics of blockchain technology, it will largely break away from the traditional regulatory system. 

However, the current laws and regulations directly related to blockchain in China are still basically in a blank 

state. In the application of blockchain, the contradiction of lack of laws and regulations is becoming more and 

more prominent. 

The blockchain is still in its early stage and is not yet technically mature. Financial products that can generate 

benefits are still in the research and development stage, and there are no mature blockchain financial products that 

can be widely used. How to break through the technical constraints is a difficult practical problem. The essential 

role of blockchain technology is also similar to basic protocols such as TCP/IP, which are used to specify the basic 

format and corresponding rules for transmitting and managing information in the network. However, various 

application standards based on blockchain technology are still in the stage of development. 

The basic security goal of blockchain system construction is to protect data security, consensus security, 

privacy protection, smart contract security and content security in the blockchain system through technical means 

such as cryptography and network security. In the application of blockchain in the field of financial innovation, 

security issues must be considered, and effective means should be used to improve security assurance capabilities 

and prevent possible risks. 

Wang H , Chen K , and Xu D put forward a safe adoption procedure comprising three stages as following[25]: 

1. Feasibility study 

Why blockchain? If four or more of the following conditions are met, then blockchain has strong potential 

to provide a solution. 1) Multiple parties share data: multiple participants need views of common information.2) 

Multiple parties update data: multiple participants take actions that need to be recorded and change the data. 3) 

Requirement for verification: participants need to trust the validity of the actions that are recorded. 4) 

Intermediaries add cost and complexity: removal of ‘central authority’ record keeper intermediaries has the 

potential to reduce cost (e.g., fees) and complexity (e.g., multiple reconciliations). 5) Interactions are time-

sensitive: reducing delays has business benefits (e.g., reduced settlement risk and enhanced liquidity). 6) 

Transaction interaction: transactions created by different participants depend on each other 

2. Development 

During this stage, the key focuses are as follows: 1) Requirement analysis and  2) Architectural design.  

3. Operation 

If the blockchain system is replacing an existing system, a progressive replacement procedure is proposed as 

follows: 1) Keep the existing system running and run the blockchain system as the backup system for a certain 

period. 2) If the blockchain system is running smoothly, let it run as the operational system and run the existing 

system as the backup system. 3) Finally, operate the blockchain system as the stand along system. 

In our understanding, there are adoption challenges to apply the BCMM to blockchain plus fintech, including 

payment ( international clearing ), credit investigation, exchange and digital currency. 

 

5. CONCLUSIONS AND PROSPECTS 

The advantages of blockchain technology are highly compatible with the technical needs in the field of 
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financial innovation, which can effectively realize financial innovation and expand applications. Blockchain 

technology has a wide range of driving financial innovation, and has played an incomparable advantage in 

securities and banking business, asset management, bill trading, etc. From the perspective of the role of blockchain 

technology in financial innovation, the technical characteristics of blockchain and concepts such as smart contracts 

and consensus mechanisms are promoting the development of financial innovation in my country. 

This paper proposes the following two research prospects: accelerating the research on the application of 

blockchain technology in the field of financial innovation, and promoting the deep integration of blockchain 

technology and financial innovation; expanding the application fields of blockchain technology, such as medical, 

logistics, notarization and other scenarios. In addition, how to fully exploit the technical characteristics of 

blockchain to promote digital transformation in more fields is also an important research direction for the 

application of blockchain technology in the context of the era of big data. 
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Abstract: Live streaming e-commerce is becoming prevalent and its new business model attracts much attention from the 

marketing and information systems fields. In this paper, we examine the role of mega-influencers on the live streaming 

e-commerce platform. Based on a large-scale dataset and a natural experiment, we explore how influencers’ performance is 

affected by mega influencers. We find that there exist significant impacts from the mega influencers. Our paper illustrates 

that the treatment effects of the mega influencers continuously affected other influencers. Based on a novel machine learning 

approach, we show that there exist heterogeneously treatment effects across influencers. Our paper has theoretical 

contributions to influencer marketing.  

 

Keywords: live streaming, mega-influencers, heterogeneous treatment effect, causal inference 

 

1. INTRODUCTION 

In recent years, with the development of the mobile internet and the pandemic background, people are more 

likely to watch live streaming shows and buy products from influencers. In Mckinsey’s report, China’s live 

streaming commerce would reach $171 billion in 2020, with a 280% increase from 2017†. By the year 2020, in 

China, the number of live influencers has reached 1.23 million and the number of live streaming viewers has 

reached 388 million, accounting for 40% of the total internet users. Nearly two-thirds of live streaming users have 

purchased after watching live streaming. Live streaming e-commerce is becoming an important business for both 

firms and users. 

The main contributions of this paper are as follows. First, unlike existing research on live streaming 

commerce, which largely focuses on viewers’ or influencers’ specific factors, we illustrate the relationships 

between influencers. Based on a rich dataset and a natural experiment, we show that influencers can be 

significantly affected by mega influencers. Second, we explore how mega influencers’ effects change over time. 

Last but not least, based on the causal forest approach, we examine the heterogeneous treatment effect across 

influencers. We show that not all influencers are treated equally. These findings are important to theoretically 

understand the ecosystems of influencers in live steaming e-commerce. Our findings also have important 

managerial implications for the live streaming platforms to manage their influencers with heterogeneous strategies. 

 

2. LITERATURE REVIEW  

The emerging live streaming commerce has attracted much attention from different perspectives. Some 

scholars explore what factors would affect viewers’ engagement and sales performance from the influencers’ 

perspective [3,5]. Some scholars show that consumers’ engagement and purchase behaviors are also attracted much 

attention from the viewers’ perspective [2,4,6]. Different from prior studies, this paper first examines the relationships 

between influencers. Based on a unique dataset and a natural experiment, we illustrate how viewers’ performance 

is affected by the mega influencer in live streaming commerce. Our paper helps to theoretically understand the role 
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†https://www.mckinsey.com/business-functions/mckinsey-digital/our-insights/its-showtime-how-live-commerce-is-transform
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of mega influencers and how influencers are affected by the top influencers in the live streaming field. 

 

3. MODEL AND RESULTS  

In our econometric models, we adopted the difference in differences (DID) model to examine the treatment effect 

of mega influencers on other influencers with two-way fixed effects, which is wildly used in natural experimental 

settings [1]. Our DID with two-way fixed effects effectively addressed the empirical challenge wherein the treated and 

control groups had some pretreatment systematic differences because it compared the challenges in the outcomes 

between these two groups after explicitly accounting for the pretreatment systematic difference. 

We first explore the overall impact of treatment on other influencers. The estimated results are shown in the 

left column of Table 2. Specifically, we find that the coefficient of -0.2486 is negative and significant, showing that 

viewers’ visits for other influencers’ significantly decrease. Meanwhile, we also find that live streaming show time 

and frequency play important role in influencers’ visits. Following Model 3 and Model 4, we explore whether 

there exists a continuous impact of treatment. The estimated results of the treatment effect on influencers are 

shown in Table 3. In Table 3, the coefficients of the interaction term  and  are -0.0873 and -0.3857 

respectively. They are both negative and significant, showing that there exist continuously significant impacts on 

other influencers’ performance.  

 

4. CONCLUSIONS 

Live streaming is becoming prevalent in our daily lives. More and more internet users tend to watch live 

streaming shows and buy products from influencers. Based on a natural experiment and a unique dataset, this 

paper takes the first step towards understanding the relationships between mega influencers and other 

influencers in the live streaming e-commerce setting. Our econometric and causal inference analysis 

theoretically provides many important findings. We illustrate the significant effects of mega influencers on 

others. Our paper also illustrates that mega influencers’ treatment effects last for a relatively long time. The 

findings in our paper have important managerial implications for live streaming platforms to manage their 

influencers and take personalized management strategies. 
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Abstract: E-commerce webcasting has developed rapidly since its emergence in 2016, and has attracted much attention due 

to its vast traffic dividend. Based on flow theory, opinion leader characteristics and SOR (stimulus-organism-response) 

model, this study determined that anchor characteristics, product promotion and external situational factors were used as 

stimulus variables. Consumers' perceived practical value was introduced as mediating variables to construct The model of 

consumers' purchase intention under the scenario of e-commerce live broadcast and research hypotheses are put forward to 

explore the factors and internal mechanisms that affect consumption intention. Taking the consumer group represented by 

college students as the research object, the study found that: the situational factors and the anchor's professionalism will have 

a positive impact on the perceived practical value and consumption intention of college students; product promotion factors 

and popularity of anchors have no direct influence on consumption intention; perceived practical value plays an intermediary 

role in the process of college students' consumption willingness. 

 

Keywords: e-commerce live broadcast, SOR theory, consumption willingness, opinion leader 

 

1. INTRODUCTION 

1.1 Research background 

As an emerging "social" marketing model, e-commerce webcasting has developed rapidly since its 

emergence. While being favored by online shopping platforms and merchants, it has also accumulated many 

user groups. According to the statistics of the 48th "Statistical Report on the Development of China's Internet 

Network" released by the China Internet Network Information Center (CNNIC), as of June 2021, the number of 

online live broadcast users in China has reached 638 million, of which the scale of e-commerce live broadcast 

users is 384 million[1]. The expansion of the scale of consumer groups, the birth and maturity of 5G technology, 

and the completion of network infrastructure construction have all provided opportunities for the rapid 

development of the e-commerce live broadcast industry. 

The Outbreak of New Crown Pneumonia in 2020 has dealt a blow to the offline physical retail industry. 

Still, it has accelerated the development of the e-commerce live broadcast industry with expanding capital 

capacity. Under the requirements of normalized prevention and control of the epidemic, many enterprises are 

working remotely, and more and more consumers choose "cloud shopping," which has boosted the maturity and 

evolution of the "e-commerce + live broadcast" model. In the blue sea of e-commerce market, effectively 

utilizing the vast traffic advantages brought by network broadcast and converting them into actual purchase 

intentions, increasing users' loyalty to the platform or enterprise, plays a vital role in upgrading the traditional 

economy and the development of enterprises. Therefore, in the context of e-commerce live broadcast, it is of 

great significance to explore the factors affecting consumers' purchase intention for the sustainable and healthy 

development of the  e-commerce live broadcast industry and to improve the diversion and transformation 

ability of enterprises. 

Contemporary college students living in the ivory tower have become one of the leading Internet consumer 
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groups. According to the 47th "Statistical Report on Internet Development in China," students account for 21% 

of the largest group of netizens. College students are not only representatives of being able to perceive and 

accept new things keenly, but also online shopping users who can transform their desire to pursue individuality 

into a specific purchasing power. As one of the main groups of Internet consumers, college students have 

experience in using Internet live broadcast platforms, and are easily influenced by opinion leaders in online 

shopping and consumption. At the same time, due to their educational experience and campus external 

environment influence, has yet to be fully involved in the social environment of the student body, did not form a 

mature and rational consumption concept, values and aesthetic view around similar reference group influence, in 

the network shopping consumer decision, prone to impulse buying behavior. Based on this, this paper explores 

to what extent e-commerce live broadcast will impact college students' consumption intention and the factors 

that have an effect, and studies the influencing mechanism of the purchase decision process. 

1.2 Research status 

1.2.1 Related research on SOR theory 

The SOR (stimulus-organism-response) theoretical model was proposed by Mehrabian and Russell and 

applied to the field of environmental psychology to explain the influence of external environmental factors on 

people's cognition, emotion and behavior[2] (1974, quoted from Jiman , 2020). The scholar Eroglu first applied 

this model to the study of online shopping in 2001[3] (2001, quoted from Jiman, 2020). Combining the 

personality characteristics of consumers, he conducts experiments on different online store environments, and 

the results show that the online store environment will affect the subjects' perception of the goods, thereby 

affecting the purchase decision. 

With the rapid development of e-commerce in recent years, the SOR model has been widely used to study 

consumers' Internet purchase behavior, exploring the influence of online shopping environment factors on users' 

purchase intention and consumption behavior. Song Zhijie and Tang Xiaoli based on the SOR model, using price 

and evaluation as stimulus variables, and consumer sentiment and perceived value as mediating variables, the 

study found that price and evaluation factors significantly affect consumers' emotions and cognition. In contrast 

pleasant emotional experience positively affects purchases Willing[4]. Zhou Yifei investigated the influence of 

e-commerce internet celebrities on the purchase intention of college girls based on the SOR model. The study 

found that through the mediating effect of flow experience and impulsiveness traits, the usefulness, product 

involvement and interaction of e-commerce internet celebrities were significantly affected by Investigator's 

inner state and purchase intention[5]. 

1.2.2 Characteristics of information sources and opinion leaders 

Information sources refer to the head of information resources. In the marketing communication model, 

information sources refer to the sender of information and the controller of information communication[6]. In 

social psychology, information sources are divided into three characteristics: credibility, professionalism, and 

attractiveness. The professionalism of the information source means that the information receiver perceives that 

the acquired information resource provides rich and reliable relevant knowledge or experience in a particular 

field. In the era of e-commerce live broadcast, the professionalism of anchors as opinion leaders means that they 

need to control the quality of the products they recommend. At the same time, they need to have rich experience 

in using products in the area, as well as the ability to anticipate and guide the direction of the field. Their 

audience groups reduce the selection risk and time cost when purchasing, and then recommend cost-effective 

products for consumers. Liu Fengjun, Meng Lu, etc. took the characteristics of Internet celebrity information 

sources as the research object, and found that the professionalism of Internet celebrities can positively affect the 

purchase intention through the perception of practical purchase value of consumers' cognitive path[7]. Therefore, 

this study takes the professionalism of anchor information source as one of the factors of stimulus variable. 
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Stern and Gould in 1988 put forward four main characteristics of opinion leaders: popularity, product 

involvement, professionalism and interaction[8]. Rogers' theory of innovation diffusion believes that every new 

product has pioneers who are keen to try and share the experience of using the new product. Innovators who 

master the way to transmit information quickly can generally lead the trend, while in the case of e-commerce 

live streaming, innovators appear as high-profile opinion leaders. The influence and leadership of opinion 

leaders will be strengthened with the increase in their visibility. Therefore, the popularity of opinion leaders is 

taken as another factor of anchor characteristic factor variable in the stimulus variable in this study.  

1.2.3 Flow Theory and Perceived practical value 

Flow is defined in psychology as: a person is completely immersed in an activity and devotes his total 

mental energy to it, while feeling great pleasure and a high sense of fulfillment[9]. (2007, quoted from Liu 

Fengjun, 2020) Perceived value is an overall subjective evaluation made by consumers after weighing the 

benefits and utility of products or services, and the degree to which they achieve their psychological 

expectations after using them, compared with the cost of acquiring them[10]. Among them, perceived practical 

value is one of the representative value classification methods. Practical shopping value refers to the ability to 

meet people's demands for functionality, usefulness, and practicality of consumer goods, and the purpose is to 

solve customers' demands, or to help consumers achieve a specific task[11]. (2016, quoted from Liu Fengjun, 

2020) CHANG et al. took the social website as the experimental situation, and found that the practical value of 

the website perceived by users would positively affect the flow experience[12]. (2014, quoted from Liu Fengjun, 

2020) Experiments by BRIDGES et al. prove that the practical value perceived by consumers to online shopping 

websites will produce a flow experience for them[13]. (2008, quoted from Liu Fengjun, 2020) 

 

2. RESEARCH MODEL AND HYPOTHESES DEVELOPMENT 

2.1 Model construction of the formation mechanism of consumers' purchase intention 

Based on the research results of previous scholars, the paper constructs a research model of consumer 

purchase intention with SOR theory. The SOR model consists of: stimulus, organization, and response: 

S stands for the independent variable, embodied in people exposed to the process of interaction with 

external environmental factors. The stimulation could be the macro stimulus, factors such as policy, economic 

situation, can also be product promotion, the host performance, etc. The external situational factors in the 

electricity business live, therefore the selected independent variable factor, referring to the research of JiMan, 

The product promotion factor and characteristic situational factor were taken as one of the stimulus variables. 

Meanwhile, according to the characteristics of the information source, anchors are opinion leaders with 

professional knowledge and ability in a particular product field. Their control and familiarity with the product 

can effectively improve consumer trust and stimulate consumption intention. Therefore, referring to Liu 

Fengjun's research, the professional anchor characteristics are another factor of the stimulus variable. Learning 

from Zhou Yifei's research, the popularity of anchor feature factors is selected as another factor of the 

independent variable factor.   

O stands for the intermediate variable organism, namely, human emotional state and cognitive state. The 

mental state refers to people's thinking response to stimuli, such as thinking, etc. Emotional state is often 

regarded as stimulation-induced emotion and evaluation of stimulation. According to the flow theory and 

customer perceived value, in the e-commerce live broadcast scenario, the anchor creates an immersive feeling 

for the audience by creating a highly interactive atmosphere. The audience has a flow experience and a good 

impression of the anchor. The audience's self-shopping pleasure and immersion are significantly improved, and 

their information acceptance and recognition levels are also improved. The trust in anchors reduces consumers' 

perceived risk of the purchase. They can get higher discounts and concessions in the live broadcast room, thus 
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improving their perceived practical value and enhancing their purchase intention of anchors' promotion of 

products. Therefore, this study takes consumers' perceived practical value as an intermediary variable. 

R represents the dependent variable, people's response of people to external stimuli. This response can be 

divided into two behaviors: approach or avoidance. Approach behavior is a positive response, such as generating 

purchase intention. Therefore, this study used purchase intention as the dependent variable. 

The hypothetical model of this paper is as follows： 

 

Figure 1.  Research model. 

 

2.2 The design of indicators for the formation mechanism of consumers' purchase intention 

2.2.1 Product promotion factors and perceived utility value 

Among the five dimensions of consumer perceived value divided by Sheth et al., functional value reflects 

the relevant attributes of products, such as performance, price, etc[14]. (1991, quoted from Jiman, 2020). The 

price characteristics are closely related to the corresponding promotions in the live broadcast room. Various 

forms of deals when selling products during e-commerce live broadcasts, such as limited-time promotions, 

discounts, etc., can make consumers feel that it is cost-effective to purchase the product in time, stimulate 

consumers' perceived utility value. Accordingly, based on the premise of the e-commerce live broadcast scenario, 

the following assumptions are put forward: 

Hypothesis 1: Product promotion factors positively affect consumers' perceived utility value 

2.2.2 Situational characteristics and perceived utility value 

The situational factors of e-commerce live broadcast are reflect of the situation in the live broadcast room. 

Such as transactions of goods, the number of real-time online viewers, etc. The study by Kauffman et al. found 

that the number of order transactions has a significant positive impact on consumer trust[15]. The increase in the 

number of purchases will make consumers feel that the purchase risk is shared, resulting in a happy mood. 

According to the theory of herd behavior and group effect, the more people who place an order in an 

e-commerce live broadcast, the stronger the ability of its live broadcast room to drain traffic, and the individual 

will be more inclined to watch and feel recognized. Based on this, it is hypothesized that: 

Hypothesis 2: Situational characteristics positively affect consumers' perceived utility value 

2.2.3 Anchor popularity and perceived practical value 

In the scenario of e-commerce live broadcast, consumers are more inclined to trust high-profile anchors. 

Opinion leaders with high reputation and fan base in the field are more trusted. Such highly influential opinion 

leaders publicize new products to consumers through internal information dissemination network. However, 

with a high sense of social presence, consumers will be more willing to enhance their sense of identity to trusted 

anchors when they perceive direct interaction with them, thus increasing their brand loyalty and purchase 

intention. As opinion leaders, the active and effective information transmission of Internet celebrity anchors can 

help attract fans with similar aesthetic views. The influence and leadership spreading among fans can help 

reduce the risk perception level of audiences and reduce their purchase concerns. For the non-fans, the audience 

can improve their expectation, trust and recognition of the product through the real-time trial and all-round 

display and introduction of the product by the host, and have a psychological tendency to try and buy, so as to 

satisfy their spiritual pleasure brought by choosing to buy cost-effective products. Based on this, the hypothesis 
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is proposed: 

Hypothesis 3: The popularity of the anchor has a positive impact on consumers' perceived utility value 

2.2.4 Host professionalism and perceived practical value 

The vast majority of consumers generally believe that opinion leaders will promote products from the 

perspective of ordinary consumers, and they agree with the information and suggestions delivered by bloggers 

they follow, because compared with the advertising and promotion of merchants, it is obvious that people they 

trust are more persuasive. Secondly, opinion leaders with higher professionalism are much more familiar with 

and good at a certain field than groups with lower product involvement. Therefore, the information transmitted 

by opinion leaders can be recognized and trusted by most consumers, arouse their perceived value of products, 

and further enhance their purchase intention. Live on electricity scenario, opinion leaders in web celebrity 

anchor, with the identity of the talent, to expand its influence and power, electricity, the host need to constantly 

improve their professional level, and earlier contact and continue to use fan group intention of new products, the 

process can improve consumer's trust in the anchor and the experience of consumers shopping process. Based 

on this, the hypothesis is proposed: 

Hypothesis 4: The professional of the anchor has a positive impact on consumers' perceived utility value 

2.2.5 The influence of consumers' perceived value of practicality on consumption intention 

Consumption willingness refers to the possibility that consumers are willing to make purchases after 

receiving external stimuli or being awakened by external factors. Perceived practical value refers to the overall 

estimation of the practical efficacy and service level that consumers may enjoy after weighing the cost of a 

product or service. The higher the practical value felt by consumers, the stronger the purchase intention may be, 

and the greater the probability of purchasing behavior. Based on this, it is hypothesized that: 

Hypothesis 5: Consumers' perceived utility value positively affects their willingness to consume 

 

3. MODEL TESTING AND DATA ANALYSIS 

This study draws on well-established scales with known dimensions. ①About product promotion factor 

scale, the main reference is the research results of Wang Qiuzhen, Ji Man and other scholars, and appropriate 

adjustments have been made in combination with this research[16] ; ②Regarding the measurement scale of the 

situational characteristic factors, it mainly draws on the mature scales of scholars such as Flanagin and Ji Man, 

such as “the number of transactions of the products in this e-commerce live broadcast is very large”; ③

Regarding the measurement scale of the anchor’s popularity, it mainly draws on Mengfei[17], Zhou Yifei and 

other scholars used the scales in their research, and the specific operation is such as "an e-commerce anchor 

with a certain reputation in the society will arouse the attention of you or your relatives and friends"; ④

Regarding the measurement scale of the anchor's professionalism, this study refers to Parasuraman (1988, 

quoted from Liu Jia, 2021) and Liu Jia and other scholars' mature scales[18]; ⑤Regarding the measurement 

scale of perceived utility value, this study mainly refers to LOIACONO (2007, quoted from Liu Fengjun, 2020) 

and Liu Fengjun scholars, such as "Do you think the products recommended by e-commerce anchors just meet 

your needs" ⑥Regarding the measurement scale of consumers' purchase intention, this study mainly refers to 

FANG (2012, quoted from Liu Fengjun, 2020) and Liu Fengjun scholars Mature scale, the item design of the 

scale includes, for example, "Are you willing to buy products recommended by e-commerce anchors". The type 

of scale used for the above questions is a five-point Likert scale, with 1-5 indicating an increase in the degree of 

agreement from low to high. 

3.1 Descriptive statistical analysis 

During the research period, questionnaires were mainly distributed through the platform of "Wenjuanxing", 

and the research objects were mainly e-commerce live broadcast users who had watched live broadcast with 
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goods or had purchase behaviors, and they must be selected as college students. A total of 121 valid 

questionnaires were obtained after cleaning the questionnaire data, and the recovery rate was 86.5%. 

Table 1. Sample demographic information. 

 

 

3.2 Reliability test 

The Cronbach's Alpha coefficient of the overall reliability of the questionnaire was calculated by SPSS 

analysis software to be 0.979, and the reliability coefficients of all variables were above 0.85, indicating that the 

reliability of the questionnaire was good. 

3.3 Validity test 

The KMO values of the overall questionnaire and each variable were greater than 0.7, and the P values in 

the Bartlett sphericity test were all equal to = 0.000 < 0.05, indicating that the questionnaire data can be tested 

for further validity. In addition, this study draws on mature scales with known dimensions and has high content 

validity, so confirmatory factor analysis is carried out. 

3.3.1  Construct validity 

The CMIN/DF is 1.507, which is ideal when it is less than 3, the RMSEA is 0.065 < 0.08, and the relevant 

indicators such as CFI and TLI are all > 0.9, indicating that the overall model has a good fit. 

Table 2. Model fit index. 

 

3.3.2  Convergent validity and combined reliability 

It can be seen from the data in the table that the AVE > 0.5, the Estimate > 0.7, and the CR > 0.8, indicating 

that the aggregated validity and combined reliability of the data are high. 
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Table 3. Related indicators of validity test. 

 

 

3.4 Path analysis 

Table 4. Path coefficient. 

 

The research hypothesis is verified by AMOS software, and the data in the table shows that: 

The normalized path coefficients of paths 1 to 5, path 7 and path 9 are all greater than 0, and the critical 

ratios (CR) of these seven paths are all greater than 2.0, and show a significance level of more than 95%. There 

is a positive relationship between the two dimensions. 

According to the path regression coefficient graph, the popularity of anchors does not have a direct and 

significant influence on consumption intention (P=0.137>0.05), but through the mediating effect of perceived 

practical value, consumers' purchase intention will be improved. Analysis of the reasons shows that as rational 

consumers, well-known anchors can indeed increase consumers' trust to a certain extent. However, only after the 

product is measured to be practical for them, the positive recognition will arouse consumers' purchase intention 
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and turn it into purchase behavior. 

3.5 The mediation of utility 

The mediation effect was tested using the Bootstrap method, and the sampling times were 5000 times. It 

can be seen from the data in the table that the lower and upper limits of the 95% confidence intervals of the four 

paths do not include 0, indicating that the mediating effects of the four hypothetical paths are significant. 

Table 5. Mediating effect. 

 

 

4. RESEARCH CONCLUSIONS 

The data collected and analysed by the survey led to the following findings: 

① Situational characteristics and the professional characteristics of anchors positively affect consumers' 

purchase intention; ② Product promotion and anchor popularity through the mediating role of perceived 

practical value, thereby increasing consumers' purchase intention. This may be because consumers have 

developed a certain tolerance and immunity to discounts and promotions. When they do not perceive that the 

product is what they really need, simple promotion cannot cause purchase behavior. In the same way, a 

high-profile anchor can increase consumers' trust in the products he brings, but it cannot directly arouse 

consumers' desire to buy. Positive trust emotions alone cannot arouse consumers' needs for all products. As a 

rational consumer, when making a purchase decision, they will weigh whether the product is needed by 

themselves, and only based on positive recognition will arouse the willingness to purchase and convert it into a 

purchase behavior. 

 

5. RESEARCH SUMMARY AND PROSPECT 

5.1 Research significance 

In theory, this study draws on the SOR theory that is currently widely used in the Internet context to 

investigate consumer purchase intentions, and combines it with the research content to enrich the related 

research on consumption intentions in e-commerce live broadcasts; in the e-commerce live broadcast scenario , 

through the mediating role of perceived practical value, situational characteristics, product promotion, and the 

professionalism and popularity of anchors will have a positive impact on consumers' purchase intentions. 

In practice, in the e-commerce live broadcast scenario, opinion leaders appear as internet celebrity anchors 

and goods-delivering experts. The products that the anchor recommends from the perspective of consumers can 

be more accepted and recognized by the audience. At the same time, e-commerce anchors need Continue to 

improve your professional level, and get in touch with new products that the fan group intends to use earlier and 

continue to use. This process can enhance consumers' trust in the anchor and the experience of consumers in the 

shopping process. The core competitiveness of e-commerce anchors comes from the grasp of audience needs 

and a high degree of understanding of their fields and products. Therefore, e-commerce anchors need to grasp 

consumers' consumption psychology, understand their aesthetic concepts, help consumers reduce 

decision-making time, reduce opportunity costs, and reduce purchase risks. In addition, creating a good 

atmosphere in the live broadcast room can help reduce consumers' perception of purchase risks, improve their 

recognition of products, and promote the conversion of purchase intentions into actual purchase behaviors. 
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5.2 Research limitations and prospects 

The data collection method used in this study is to issue questionnaires, but the sample size is small, and 

due to time and funding constraints, in-depth interviews with respondents were not possible. There may be 

shallow and superficial shortcomings. Meanwhile, the questionnaire collection method is non-probability 

sampling, which is not conducive to estimating the population compared with probability sampling. 

When designing the scale, because it did not perfectly fit the mature scale of this study, we all drew on the 

mature research results of previous scholars, and modified the scale according to the needs of this research. It 

will affect the reliability and validity of the overall scale. 

When determining stimulus variables and mediating variables, we only rely on the data feedback results of 

the small sample in the early stage and refer to relevant literature to select independent variables and mediating 

variables. At the same time, three dimensions and four factors are selected for the independent variables. We 

should avoid selecting independent variables with a large span. We can refine a single dimension into different 

factors, and try to add moderator variables and control variables to enrich the research. 
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Abstract: In the context of the normalized prevention and control of the COVID-19 epidemic, the proportion of online 

shopping has increased. In order to help consumers regain the social on-the-spot experience of offline shopping in the online 

shopping environment, and promote the digital transformation and upgrading of e-commerce platforms, this research builds a 

theoretical model based on the stimulus-organism-response model. Using the survey data of 235 online shopping consumers, 

empirically analyzes how different dimensions of social presence in online shopping affect consumer experience, and thus 

consumer behavior. The results show that: 1. Perceived presence, emotional presence and understanding presence have positive 

effects on the purchase behavior and dissemination behavior of online shopping consumers respectively; 2. The sense of trust 

and entertainment play a partial intermediary role between social presence and the behavior of online shopping consumers. 

The conclusions of the study can provide comprehensive and diversified suggestions for e-commerce platforms and sellers, 

thereby enhancing the social presence of online shopping in a targeted manner based on consumer needs, increasing consumers’ 

willingness to purchase and disseminate, and eventually promoting purchase behavior and dissemination behavior. 

Keywords: social presence, S-O-R model, intermediary role, consumer behavior, e-commerce 

1． INTRODUCTION 

Since 2013, China has been the largest online retail market in the world for eight years. The COVID-19 

epidemic has led to an increase in the stickiness of online consumption, and a large number of residents' consumer 

needs have shifted to online. Consumer needs such as online daily necessities, online medicine, and online 

education tend to be normalized. In 2020, China's online retail sales reached 11.76 trillion yuan, an increase of 

10.9% compared with 2019. By December 2020, the number of online shopping users in China reached 782 

million, accounting for 79.1% of the total netizens. It can be seen that more and more people choose time-saving, 

convenient, low-cost online shopping. With the rapid development of online shopping, many defects and problems 

are exposed, such as information security and product quality can’t be guaranteed, user experience is not as good 

as offline shopping, and so on. The factors influencing consumer behavior are diversified and personalized. Social 

presence is one of them. Nowadays, there are also many ways to enhance social presence, such as VR shopping, 

virtual supermarket, live commerce and so on. Therefore, it will be the direction that many e-commerce platforms 

need to work hard to improve by enhancing the social presence of online shopping environment to optimize 

consumers' shopping experience, thus affecting their final purchase and dissemination behavior.  

In recent years, most scholars have focused on exploring the relationship between social presence and 

consumer behavior. Some scholars have studied the intermediary role of flow experience between them [1]. Flow 

experience is a feeling when consumers are immersed in a certain activity, but it is a large-scale single-dimensional 

concept, which can’t explain all the experiences of consumers in online shopping. Studies have shown that 

consumer experiences, such as customer trust, entertainment, perceived usefulness and perceived risk, all affect 

consumer behavior [2]. Most of the previous studies only studied the purchase behavior of consumers, paying little 

*Corresponding author. Email 972697846@qq.com (Lin Ni).
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attention to their dissemination behavior [3]. In view of this, this study attempts to build a theoretical model based 

on the S-O-R model, taking the three dimensions of social presence (perceived presence, emotional presence and 

understanding presence) as independent variables, sense of trust and entertainment as intermediary variables, and 

dividing consumer behavior into two aspects: buying behavior and dissemination behavior. Using the survey data 

of 235 online shopping consumers, this study empirically analyzes how social presence of different dimensions 

in online shopping affects consumer experience and thus consumer behavior. The empirical conclusions can enrich 

the analytical framework of social presence and consumer behavior, help online sellers make up for the losses and 

respond flexibly to the risks caused by the COVID-19 epidemic. They can also provide the basis and reference 

for promoting the high-quality development of e-commerce enterprises.  

 

2.  LITERATURE REVIEW 

2.1  Social presence theory 

Since it was put forward, social presence has been applied in many fields, such as communication media, 

distance education, network marketing and information system. Different fields have different definitions and 

understandings of it. After summarizing the previous studies, scholars' definitions of social presence can be 

divided into two types: technological determinism [4] and social determinism [5]. Technological determinism holds 

that social presence is a natural feature of the media, which enables users to experience the existence of others by 

giving them vision, hearing and feeling. Social determinism holds that social presence is not only the inherent 

attribute of the media itself, but also the user's perception of others' presence in the process of using the media. At 

the same time, most scholars believe that social presence is multidimensional. Among them, Shen and Khalifa 

(2008) put forward three dimensions of perceived presence, emotional presence and cognitive presence when 

studying the multidimensional characteristics of social presence in online communities [6], which were widely 

recognized, verified and applied by subsequent scholars. 

In the field of e-commerce, most scholars tend to agree with social determinism. Rogers et al. (2005) thought 

that social presence is a sense of immersion caused by belonging and perceived identity [7]. Zhao et al. (2018), 

when studying the social impact of online user comments, thought that social presence is the degree to which the 

media makes users feel the existence of others [8]. In the dimension division of social presence, Yu Tingting et al. 

(2014) thought that social presence reflected the effect of media communication, and proposed a hypothetical 

model of social presence in online shopping behavior, which divided social presence into two dimensions: 

commodity presence and personnel presence, which were generated by the network environment and online 

interaction respectively [9]. Li Xuexin et al. (2019) divided the social presence in the platform economy into three 

dimensions: scene presence, interactive presence and emotional presence to study the influence of social presence 

on customer loyalty. The results showed that interactive presence and emotional presence have a positive impact 

on customer loyalty [10]. Xie Ying et al. (2019) took live marketing as the background, combined with social 

presence theory, herd consumption theory and social encouragement theory. After detailed hypothesis and analysis, 

they thought that social presence in live marketing of e-commerce included three dimensions: coexistence 

presence, communication presence and emotional presence [11]. 

2.2  The relationship between social presence and online shopping consumer behavior 

The research on the relationship between social presence and online shopping consumer behavior can be 

summarized as the following two aspects. One is to study the relationship between multi-dimensional social 

presence and user behavior. For example, Lu Hongbing (2012) explored the influence of social presence in three 

different dimensions of perceived, emotional and cognitive presence on customers' stickiness tendency by 

constructing a scale. The test results showed that the scale of this study was very scientific and reliable, and it also 
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showed the intermediary role of trust, utilitarian value and entertainment value [12]. Lu et al. (2016) summed up 

that the social presence of online community consists of three dimensions: others presence, web presence and 

communication presence. The three variables were taken as the social antecedents of trust, user purchase behavior 

as dependent variables, user comments, trust transfer and price fairness as control variables to build a theoretical 

model to study the influencing factors of users' purchase behavior in online social markets. The results showed 

that users' perceived presence is helpful for users to have a sense of trust in merchants, and then promote purchase 

behavior [13]. Wang Jianrong (2020) also used the S-O-R model to explore the relationship between social presence 

and online consumers. He   divided social presence into three dimensions: conscious, emotional and cognitive 

presence, and took the three dimensions of value perception as mediating variables. He finally came to the 

conclusion that social presence positively influenced purchase intention [14]. 

The other is to set social presence as a single-dimensional variable, and use it as an independent variable or 

mediating variable with other variables to study the relationship between them and consumer behavior. For 

example, in the research of Elsamari and Mignon (2016), it was considered that the important influencing factors 

of consumers' purchase intention include social presence, perceived usefulness and trust, and it was assumed that 

different product types have a moderating effect between social presence and purchase behavior. Finally, it was 

concluded that different product types need different types and degrees of social presence [15]. Yu Xin et al. (2017) 

considered the presentation of commodity information as a stimulating variable, and thought that it would 

stimulate consumers to have a sense of social presence, thus promoting the formation of trust and entertainment, 

then finally positively influencing their willingness to buy and recommend [16]. Chong et al. (2018) studied the 

relationship among social presence, consumer trust and repurchase intention with Taobao as the research object. 

The results showed that social presence enhanced the trust of Taobao consumers, thus further enhancing their 

repurchase intention [17]. 

 

3.  RESEARCH DESIGN 

3.1  Hypothesis 

S-O-R model is widely used to study the psychology and behavior of consumers. At present, online shopping 

has become an important force to promote market development, more people are inclined to it. Based on this, this 

article explores the influence path of social presence on online shopping consumer behavior and makes 

corresponding assumptions based on the S-O-R model. 

 

Fig 1. The influence path of social presence on online shopping consumer behavior 
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3.1.1  Social presence and consumer experience 

Social presence can provide a basis for the generation of consumer experience, the details are as follows. 

Perception of the existence of others is a necessary prerequisite for online virtual social behavior. If customers 

feel the authenticity of other related parties such as merchants and customer service, they can reduce their worries 

and establish a trust relationship with sellers while also improving their entertainment experience [18]. Trust is only 

generated in the social environment. A high social presence environment can promote the generation of trust 

among members. Social interaction produces emotional connection, which will more easily awaken the trust and 

entertainment of consumers [19]. Consumers and sellers can understand each other's purpose, thus bringing more 

efficient communication that is more in line with each other's psychological expectations, which helps consumers 

to better accomplish shopping goals. Finally triggering their positive psychological reactions such as sense of trust 

and entertainment. Based on the above discussion, this paper puts forward the following assumptions: 

H1a: Perceived presence positively affects consumers' sense of trust. 

H1b: Understanding presence positively affects consumers' sense of trust. 

H1c: Emotional presence positively affects consumers' sense of trust. 

H1d: Perceived presence positively affects consumers' sense of entertainment 

H1e: Understanding presence positively affects consumers' sense of entertainment  

H1f: Emotional presence positively affects consumers' sense of entertainment. 

3.1.2  Social presence and consumer behavior 

Whether consumers can perceive the existence of other related parties, such as merchants and customer 

service, is the first step to generate purchase intention. Only when you feel their existence can you carry on a 

series of behaviors such as trying to know about products, communicating with merchants and buyers, generating 

purchase intention, deciding to buy, deciding to recommend and so on. Emotional connection occurs in the process 

of communication with merchants or other related parties. The intimacy and entertainment generated by emotional 

connection greatly affect the intrinsic motivation of consumers [13], which has a great influence on consumer 

behavior. The mutual understanding between merchants and buyers leads to the improvement of communication 

quality and efficiency, which in turn contributes to consumers' satisfaction and purchase intention [10]. If consumers 

are satisfied in the purchase process, they may even recommend the store to others. The higher the social presence, 

the higher the consumer's trust level to the seller, and more likely for consumers to purchase [18]. Therefore, this 

paper puts forward the following assumptions: 

H2a: Perceived presence positively affects consumers' purchase behavior. 

H2b: Understanding presence positively affects consumers' purchase behavior. 

H2c: Emotional presence positively affects consumers' purchase behavior. 

H2d: Perceived presence positively affects consumer dissemination behavior. 

H2e: Understanding presence positively affects consumer dissemination behavior. 

H2f: Emotional presence positively influences consumer dissemination behavior. 

3.1.3  Consumer experience and consumer behavior 

Good experiential marketing can directly promote consumers' purchase intention. Customers' online 

shopping experience can make them have a positive impact on product impression, brand awareness and purchase 

intention. When consumers have feelings of trust, pleasure and love for goods, they will generate purchase 

intention and actively recommend the goods to friends [20]. Therefore, this paper puts forward the following 

assumptions: 

H3a: The sense of trust positively affects consumers' purchase behavior. 
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H3b: The sense of trust positively affects consumer dissemination behavior. 

H3c: The sense of entertainment positively affects consumers' purchase behavior. 

H3d: The sense of entertainment positively affects consumers' dissemination behavior. 

3.1.4  The intermediary role of trust and entertainment 

Merchants enhance social presence through the presentation of commodity information. Diverse and 

effective information presentation enables consumers to eliminate concerns about merchants and commodities 

and then generate trust; At the same time, the rich and interesting ways of presenting commodities make 

consumers relax physically and mentally, create a sense of entertainment, and ultimately affect consumers' 

willingness to buy and spread [16]. The research of Gefen& Straub (2004) proved that in the online trading 

environment, social presence promotes consumers to generate trust, thus contributing to the generation of purchase 

intention [21]. Lu Hongbing (2015) confirmed the intermediary role of trust and hedonic value between social 

presence and consumer stickiness [12]. Therefore, this paper puts forward the following assumptions: 

H4a: The sense of trust plays an intermediary role in the relationship between social presence and consumers' 

purchase behavior. 

H4b: The sense of trust plays an intermediary role in the relationship between social presence and consumers' 

dissemination behavior. 

H4c: The sense of entertainment plays an intermediary role in the relationship between social presence and 

consumers' purchase behavior. 

H4d: The sense of entertainment plays an intermediary role in the relationship between social presence and 

consumers' dissemination behavior. 

3.2  Variable measurement and data collection 

Based on the mature scales in domestic and foreign researches on social presence, online shopping, and 

consumer experience, the scale was compiled according to the characteristics of this study. The items were 

measured using the Likert five-point scale, with strongly disagree as 1 and strongly agree as 5. This study mainly 

used the form of questionnaires to conduct research. In order to ensure the content validity of the scale, a small 

pre-investigation was conducted before the formal investigation, and a total of 69 questionnaires were recovered. 

After the questionnaire was revised according to the feedback, the formal questionnaire was distributed in this 

study, and a total of 235 valid questionnaires were recovered. 

 

4  DATA STATISTICS AND ANALYSIS 

4.1  Descriptive analysis 

In this survey, men account for 43.83% and women account for 56.17%. Women are indeed the main force 

of online shopping. The sample size is basically the same as the gender ratio of online shopping users. In terms of 

age, young people under 30 account for the majority, which is roughly the same as the age distribution of Internet 

shopping users. In terms of monthly disposable income, since most of the respondents in this survey are young 

people who are still in school or just started work with low income, 82.55% of disposable income is below 3,000. 

96.6% of users have been online shopping for more than 2 years, and more than 90% of users have been online 

shopping for more than 2 times a month, which is in line with the development status of e-commerce in China. 

Table 1.  Basic information of respondents 

Subject Option Total number of people Proportion 

Gender 
man 103 43.83% 

woman 132 56.17% 
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Subject Option Total number of people Proportion 

Age 

Under 18 years old 5 2.13% 

18-30 years old 185 78.72% 

30-40 years old 26 11.06% 

Over 40 years old 19 8.09% 

Online shopping years 

1 year and below 8 3.4% 

2-3 years 63 26.81% 

4-5 years 81 34.47% 

More than 5 years 83 35.32% 

Monthly disposable income 

Under 1000 31 13.19% 

1000-3000 163 69.36% 

3000-5000 18 7.66% 

5000-7000 11 4.68% 

Over 700 12 5.11% 

Monthly online shopping 

frequency 

1 and below 23 9.79% 

2-3 times 103 43.83% 

4-5 times 55 23.4% 

More than 5 times 54 22.98% 

4.2  Reliability and validity analysis 

In this paper, Cronbach's alpha coefficient method was used to test the reliability. After testing, the values of 

Cronbach's α coefficient are all greater than the reference standard of 0.7, indicating that the internal structure 

consistency between variables is high, and the questionnaire has good reliability. This paper uses factor analysis 

to test the construct validity of the questionnaire, which includes convergent validity and discriminant validity. 

Before factor analysis, KMO test and Bartlett sphericity test were performed first. The results are shown in Table 

2. The KMO values of all variables are greater than 0.7, and the P value of the chi-square statistic of Bartlett 

sphericity test is less than 0.01. The next step of factor analysis can be carried out. In this paper, confirmatory 

factor analysis (CFA) is used to test the convergent validity of the model. The results are shown in Table 2. The 

factor loadings of all items are above 0.67, which is greater than the minimum standard of 0.5; the combined 

reliability (CR) is higher than 0.7, which is greater than the minimum standard of 0.6; the average coefficient of 

variation extraction (AVE) is greater than the minimum standard of 0.5; all indicators meet the requirements of 

the evaluation standard, indicating that the model has good convergent validity. 

Table 2.  Results of reliability and validity analysis 

Variable Number STD 
Cronbach's α 

coefficient 
KMO 

Bartlett spherical test 

Significance 
AVE CR 

Perceived 

presence (PP) 

pp1 0.780 

0.740 0.753 .000 0.563 0.837 
pp2 0.782 

pp3 0.674 

pp4 0.761 

Emotional 

presence (EP) 

ep1 0.890 

0.808 0.713 .000 0.726 0.888 ep2 0.802 

ep3 0.862 
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Variable Number STD 
Cronbach's α 

coefficient 
KMO 

Bartlett spherical test 

Significance 
AVE CR 

Understanding 

presence (UP) 

up1 0.875 

 

0.796 

 

0.768 

 

.000 

 

0.625 

 

0.869 

up2 0.800 

up3 0.779 

up4 0.697 

Sense of trust 

(ST) 

st1 0.877 

0.824 0.762 .000 0.658 0.885 
st2 0.801 

st3 0.781 

st4 0.783 

Sense of 

entertainment 

(SE) 

sp1 0.836 

0.843 0.810 .000 0.682 0.896 
sp2 0.846 

sp3 0.755 

sp4 0.863 

Purchase 

behavior (PB) 

pb1 0.881 

0.848 0.726 .000 0.766 0.908 pb2 0.856 

pb3 0.889 

Dissemination 

behavior (DB) 

db1 0.839 

0.818 0.711 .000 0.734 0.892 db2 0.852 

db3 0.879 

4.3  Correlation analysis 

At the same time, the Pearson coefficient was used to judge the correlation between the variables. The 

discriminant validity of the model was tested by comparing the square root of the mean coefficient of variation 

(AVE) with the correlation coefficient between variables. As shown in Table 3, the square root of AVE (diagonal 

value in the table) is greater than the correlation coefficient between perceived presence, emotional presence, 

understanding presence, trust, pleasure, purchase behavior and communication behavior (in the table Lower 

triangle area value), indicating that the scale has good discriminant validity. 

Table 3.  Correlation among variables and AVE 

 PP UP EP ST SE PB DB 

PP .750**       

UP .440** .852**      

EP .425** .676** .791**     

ST .409** .674** .648** .811**    

SE .484** .609** .695** .655** .825**   

PB .457** .591** .602** .644** .596** .875**  

DB .457** .682** .690** .630** .613** .723** .856** 

Note: * * means at 0.01 level (double tail), the correlation is significant. 

4.4  Direct effect test 

Correlation analysis shows the correlation among the variables, but if we want to verify the causal 

relationship among the variables, further analysis is needed. In this paper, we use the method of univariate linear 

regression in SPSS24.0 software for regression analysis. Perceived presence (β=0.409, P<0.01), understanding 
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presence (β=0.574, P<0.01) and emotional presence (β=0.648, P<0.01) all have significant positive effects on 

sense of trust. Perceived presence (β=0.484, P<0.01), understanding presence (β=0.609, P<0.01) and emotional 

presence (β=0.695, P<0.01) all have significant positive effects on entertainment, so assumption H1a-1f holds. 

Similarly, it can be seen from Table 4 that both assumption H2 series and H3 series are valid. 

Table 4.  Direct effect test results 

Model 
Standardized regression 

coefficient β 
Adjust the post-R 

square 
F The significance  Result 

PP → ST .409 .164 46.806 .000 support 

UP →ST .674 .452 193.964 .000 support 

EP →ST .648 .417 168.527 .000 support 

PP → SE .484 .231 71.465 .000 support 

UP → SE .609 .368 137.150 .000 support 

EP → SE .695 .480 217.311 .000 support 

PP → PB .457 .205 61.391 .000 support 

UP → PB .591 .346 125.047 .000 support 

EP → PB .602 .359 132.143 .000 support 

PP → DB .457 .205 61.398 .000 support 

UP →DB .682 .463 202.753 .000 support 

EP → DB .690 .474 211.880 .000 support 

ST → PB .644 .412 164.714 .000 support 

ST → DB .630 .395 153.636 .000 support 

SE → PB .596 .352 128.348 .000 support 

SE → DB .613 .373 140.399 .000 support 

 

4.5  Intermediary effect test 

According to the previous standards for the test of intermediary variables, when the hypothetical intermediary 

variable is added between the independent variable and the dependent variable, if the coefficient of the 

independent variable is still significant and the absolute value becomes small, there is a partial intermediary effect; 

If the coefficient of the independent variable becomes insignificant, there is a complete mediating effect. It can be 

seen from the above that the three dimensions of social presence significantly affect purchase behavior and 

dissemination behavior. After adding trust and entertainment as intermediary variables in each regression model, 

the results are shown in Table 5 and Table 6. It can be seen that in the relationship between perceived presence, 

emotional presence, understanding presence and online shopping consumers' purchase behavior, the coefficients 

of the three independent variables are still significant (P < 0.01), and the regression coefficient is significantly 

reduced (0.232 < 0.457, 0.288 < 0.602, 0.318 < 0.591). Therefore, the sense of trust plays a partial intermediary 

effect in the relationship between the three dimensions of social telepresence and online shopping consumers' 

purchase behavior, so the hypothesis H4a is established. Similarly, H4b, H4c and H4d are assumed to be true. 

Table 5. Test of mediating effect of trust 

 PB DB 

variable 
Standardized regression 

coefficient β 
significance 

Standardized regression 
coefficient β 

significance 

PP .232 .000 .239 .000 

UP .288 .000 .313 .000 

EP .318 .000 .486 .000 
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Table 6. Test of mediating effect of entertainment 

 PB DB 

variable 
Standardized regression 

coefficient β 
significance 

Standardized regression 

coefficient β 
significance 

PP .219 .000 .209 .000 

UP .363 .000 .491 .000 

EP .362 .000 .511 .000 

 

5.   CONCLUSION  

The empirical results show that the research model can effectively explain the relationship between social 

presence and online shopping consumer behavior, and all the hypotheses put forward in this study have been 

verified. The main conclusions are as follows: 

First, the test of the direct effect of social presence on online shopping consumers' behavior shows that the 

three dimensions of social presence: perceived presence, emotional presence and understanding presence have a 

significant positive impact on online shopping consumers' purchase behavior and dissemination behavior. 

Secondly, the test of the mediating effect of social presence on online shopping consumers' behavior shows 

that the promoting effect of social presence on online shopping consumers' purchase and dissemination behavior 

is partially mediated by the sense of trust and entertainment. This conclusion supports the results that social 

presence has a significant direct effect on online shopping consumers' purchase and dissemination behavior in the 

model test, the conclusion that social presence can promote consumers' sense of trust and entertainment, and that 

consumers' purchase and dissemination behavior is significantly affected by consumers' sense of trust and 

entertainment in the context of online shopping. 

 

6.   SUGGESTIONS  

Online shopping is an important force to promote market development. In order to stimulate the vitality of 

market players and create a model for high-quality development, we should adhere to the supply side structural 

reform and demand side management, create new consumption modes such as cloud shopping. Develop new 

business forms such as live e-commerce, "small program" e-commerce and social e-commerce. Create a social 

situation of immersive, experiential and interactive online shopping. Take multiple measures to improve 

consumers' sense of social presence, strengthen trust experience and pleasant experience, and promote consumers' 

behavior. According to the empirical research conclusion, the specific recommended measures are as follows: 

First of all, we should design and improve web pages, platforms, merchants, customer service, anchor and 

other parties from all aspects, enrich service formats, enhance the design expression of video, 3D and VR, pay 

attention to consumption scenes and interactive injection, and comprehensively improve consumers' perception, 

emotion and understanding of presence. At the same time, pay attention to improving product quality, accelerating 

service iteration, optimizing platform design, paying attention to customer interaction, reducing consumers' 

perceived risk of online merchants and goods, enriching the online interaction and cooperation process, and 

enhancing consumers' sense of trust and pleasure in the shopping process. By carrying out feedback activities 

such as community punch in, sharing cash back, providing points with comments, recommending and providing 

coupons, create a pleasant store and community atmosphere, let consumers have emotional sustenance for stores, 

brands and products through participation in activities. Eventually, benign interaction will be realized, and then 

promote the dissemination behavior of consumers, release consumption potential and improve business activity. 
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Abstract: Virtual Reality (VR) or Augmented Reality (AR) offers practitioners unprecedented opportunities to boom their 

businesses, such as in the e-commerce context. However, there is a lack of holistic understanding of the application of 

VR/AR in e-commerce based on the literature. To address the above research gap, the current study conducts a literature 

review on VR/AR research in the e-commerce field from the methods, theories, and devices perspectives. Based on the 77 

journal articles reviewed in this study, we found that the experimental approach has been the dominant research method to 

investigate the application of various VR/AR technology in different e-commerce contexts from different theoretical views. 

Finally, future research agendas and the research limitations are presented. 

Keywords: VR, AR, literature review, e-commerce 

1. INTRODUCTION

E-commerce companies have applied innovative immersive technologies in their business, such as Virtual

Reality (VR) or Augmented Reality (AR), which both offer practitioners unprecedented opportunities to boom 

their businesses, such as in the e-commerce context. In 2017, the furniture giant IKEA has launched its first 

version of IKEA PLACE (AR App) with over 2,000 3D virtual furniture and interior design, providing 

consumers with a vivid pre-try experience. The COVID-19 pandemic has led to the scaling of e-commerce, and 

many companies have attempted to use VR/AR to enhance consumers’ online shopping experiences. 

Mixed reality technologies, including VR and AR, are cutting-edge human interface technologies that fuse 

the virtual and real worlds seamlessly in real-time [1]. VR refers to a simulated 3D environment by mediating 

technologies, where users can interact with virtual goods [2]. VR technology can be divided into three patterns: i) 

computer-based VR; ii) projection system-based VR; and iii) VR with 3D glasses, voice monitors, and headsets 

[2]. AR refers to another 3D virtual technology that incorporates virtual components into a real-world context to 

incur alternate perceptions of reality [3]. AR technology can be divided into computer-based AR [4], 

headset-based AR [5] and mobile-based AR [2]. VR has been argued to enhance consumers’ involvement in online 

shopping and help consumers get more information about products to support their purchasing decisions [6]. 

Reference [7] investigated AR try-on systems in online stores and found that AR improves consumers’ perceived 

re-processability and the sense of ownership, which in turn positively affect consumers’ rapport experience in 

online shopping. A body of previous VR/AR literature also argued that VR/AR has advantages of interactivity, 

novelty, and vividness, which help enhance consumers’ perceived usefulness and informativeness of 

technologies and reduce their perceived risk and uncertainty of products in online shopping [8],[9].  

VR/AR has also attracted the attention of scholars and has been witnessing a continuous increase in 

research but lacks a holistic understanding of the application of VR/AR in e-commerce based on literature. It is 

necessary to make a review of literature on VR/AR in e-commerce to provide an understanding of the research 

on VR/AR in e-commerce, which might provide some new insights to the VR/AR research and practitioners. 

To address the above research gap, this study made a literature review of VR/AR in the e-commerce field 

based on the previous literature. This study analyzed the selected 77 articles based on the researched devices, the 

research methods, and the applied theories. Based on the findings from the literature review, future research 

agendas were proposed. 
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2. LITERATURE REVIEW PROCEDURE

The literature review was conducted based on the articles published in three databases: Scopus, ABI, and

EBSCO within the time range from 2000 to 2021. The search for literature in Scopus was conducted with the 

query “TITLE-ABS-KEY (VR OR "virtual reality" OR AR OR "Augmented Reality") AND TITLE-ABS-KEY 

(e-commerce OR "online shopping" OR "online store" OR "online retail" OR "online sale" OR "online 

purchase") AND SRCTYPE(j) AND DOCTYPE (ar) AND PUBYEAR AFT 1999”. The search was limited to 

peer-reviewed journal articles. The other search term is “E-commerce, online retail, online shopping, online 

purchase, or online sale”, which are synonyms in the online shopping context.  

In the ABI database, the query of search is “ab((VR OR "virtual reality" OR AR OR "Augmented Reality") 

AND (e-commerce OR "online shopping" OR "online store" OR "online retail" OR "online sale" OR "online 

purchase")) OR ti((VR OR "virtual reality" OR AR OR "Augmented Reality") AND (e-commerce OR "online 

shopping" OR "online store" OR "online retail" OR "online sale" OR "online purchase")) from 2000 to 2021 

(only peer-reviewed)”, and limited in articles in academic journals. In EBSCO, the query is “(VR OR virtual 

reality" OR AR OR "Augmented Reality") in (AB OR TI) AND (e-commerce OR online shopping OR online 

store OR online retail OR online sale OR online purchase) in (AB OR TI).  

The literature search was conducted in November 2021. A total of 264 academic journal articles were 

collected from ABI (N=31), EBSCO (N=4), and SCOPUS (N=229). All references were collected and stored in 

the reference management software Mendeley for further reading and analysis. 

Among the 264 articles, 59 articles were excluded as full access to these articles are not available, or these 

articles are not published in English. We then read the full articles of the 205 left articles to check whether these 

studies research on VR/AR in the e-commerce context. Consequently, 113 articles were excluded in the review 

as these studies do not examine VR/AR in e-commerce yet, and 92 articles were left. We also excluded 8 

literature review articles as these studies do not provide empirical findings, and 84 journal articles were left. In 

the final selected 84 articles from the three different databases, there are 7 duplicated papers. Thus, 77 journal 

articles were finally included in the literature review for analysis. Figure 1 provides more details of the article 

searching process. 

Figure 1.  The flow of literature searching 

3. FINDINGS

In the current literature review, a total of 77 academic journal articles were selected from ABI (N=4, 5.2%),

EBSCO (N=1, 1.3%), and SCOPUS (N=72, 93.5%) for review from 2000 to 2021. The distribution of these 

articles from the year 2000 to 2021 is presented in Figure 2. Obviously, there are more studies on VR/AR in 

e-commerce from 2018 when compared with research on the topic before 2018. There has been a continuous 

increase in research on these topics in the e-commerce field since that year. The articles (total number=54) 
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published from 2018 to 2021 account for more than 70 percent of the articles published in the studied years from 

2000 to 2021, indicating the increasing research interest in VR/AR application in the e-commerce context. 

Figure 2.  The distribution of publications from 2000 to 2021 

In the following, we discuss the main studied VR/AR devices, the applied research methods, and the 

applied theories based on the analysis of the 77 selected articles. 

3.1 Research methods 

Among the 77 papers, experiments have been the dominant research method (N=40, 51.9%). The 

experimental approach is a suitable method to explain and reveal psychological processes and human reactions 

that are normally hard to observe. These studies applied experiments method to examine consumers’ perceptions 

and reactions to different VR/AR devices applied in different e-commerce contexts to understand how VR/AR 

influence consumers’ perceptions and behaviors from the consumer perspective. Specifically, among these 40 

empirical studies, different experimental approaches have been applied, such as field and quasi-experiment 

(N=6, 15.0%), lab-experiment (N=25, 62.5%), web-experiment (N=7, 17.5%), and mix lab and web-experiment 

(N=2, 5.0%).  

A couple of studies have applied survey (N=3, 3.9%) method. Case study (N=4, 5.2%), design research 

(N=17, 22.1%), and interview (N=3, 3.9%) have also been applied in these reviewed articles to explore the 

effect of technological features and application environment of VR/AR on online purchase or foster the 

development and innovation of VR/AR in e-commerce field. One article has applied mixed research methods, 

including focus group interviews and questionnaires. In the selected 77 articles, 9 (11.7%) of them are 

conceptual papers developed to explain the application of VR/AR in the e-commerce field. More details about 

the research methods applied in these studied articles are presented in Figure 3. 

Figure 3.  The description of methods 

3.2 Research theories 

Theories across disciplines, such as information system, psychology, and marketing, have been applied to 
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explore the effect of VR/AR in e-commerce. For instance, telepresence theory has been applied to explain how 

technical features of VR/AR, such as vividness, richness, usefulness, and interactivity enhance consumer 

experience [2]; construal level theory has been used to explore how the technical characteristics of interactive 

VR/AR technology affect consumers’ perceived ease of use and usefulness of the technology in the online 

shopping context [10]. Some theoretical frameworks have also been employed to explain how VR/AR affect 

consumers’ cognition, affects, and related behaviors, such as technology-organization-environment (TOE) [11], 

technology acceptance model (TAM) [6], stimulus-organism-response (SOR model) [12], and the value-based 

adoption model (VAM) [5]. More details of the theories applied in the reviewed articles are presented in Table 1. 

Table 1.  List of theories applied in the reviewed articles 

Theories Explanation Articles 

Telepresence 

theory 

The psychological state of “being there” in a virtual world together with the vividness and 

interactivity generates a positive persuasion effect from VR, AR and augments consumers’ 

product knowledge and purchase intentions. 

[2, 4,13]

Media richness 

theory 

The communication media that can clarify vague affairs and tackle different perspectives 

of information timely are considered high richness. VR has the advantage of such richness 

which can influence consumers’ ease of use and perceived usefulness of VR. 

[14]

Flow theory 
People would have a high level of flow experience in AR use, which enhances purchase 

intention. 
[15]

Partially observed 

Markov  

decision process 

It explains the nature of VR/AR-human interaction partially observed due to uncertainty 

and lack of understanding of the dynamic system. After consistent interaction with the 

VR/AR application, consumers would alter their behavior to prime a diff erent 

consequence from those technologies. 

[16]

Product fit 

uncertainty 

The uncertainty occurs when consumers cannot determine whether a product meets their 

needs. AR use reduces fit uncertainty and thereby boosts sales. 
[3]

Task-technology 

fit Theory 

VR-based product presentation can improve consumers’ knowledge of the product due to 

its technology fit for product presentation tasks. 
[17, 18]

Equity theory 

The perceived augmented quality and privacy information control as high equity induce 

users’ satisfaction towards AR when they evaluate the value of output overweigh that of 

the input. 

[19]

Affective and 

cognition model 

User perceptions of the informativeness and playfulness of VR shape the purchase 

intention.  
[8]

Feelings as 

information 

theory 

The enjoyment and interactivity in AR app use ensure consumers’ confidence about the 

chosen products and induce their reuse intention of AR technology due to the cognitive 

appraisal. 

[20]

Construal level 

theory 

AR applications have a perception of proximity to virtual products and enhance purchase 

intention. 
[21]

Memory theory 
VR environment enhances consumers’ recall product locations, no matter whether products 

were targets or were incidental to the consumers’ goals. 
[22]

Transfer theory 
Consumers will transfer their excitement from AR usage to the evaluation of products and 

the intention to recommend them. 
[23]

Reactance theory 
In a make-up AR App, perceived persuasive impedes users’ purchase intention because 

they do not feel freedom or control. 
[4]

Big five 

personalities 

In VR-based shopping malls, shopper personalities including agreeableness, openness to 

experience, neuroticism, conscientiousness and extraversion, do not affect their purchase 

behaviors. 

[24]

Cue-utilization 

theory 

The more familiar are for products, the lower attention is in AR-based online shopping as 

stable cognitive flow could be interrupted by special or unexpected sensory stimuli, such 

as visual and audial stimuli in AR. 

[25, 26]

Audition 

marketing 

AR augmented sounds of products, which helps consumers infer about the power of the 

products and influences consumers’ perception about the products. 
[27]

Cue diagnosticity 

and power 

AR can augment sounds of products, which helps consumers infer about their power, 

improving the paying willingness of consumers for those louder products. 

[27]

Sensory 

marketing 

A VR-based retail environment is more suitable for instrumental touch products such as 

tools since consumers can gather touch information to support their decision about the 
[28]
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Theories Explanation Articles 

product. 

Theory of 

reasoned action 

Attitude with VR mode in medical beauty can positively predict consumers’ purchase 

intention. 
[17]

Self-evaluation 

theory 

AR try-on systems in online stores improves consumers’ perceived re-processability and 

the sense of ownership, which in turn positively affect consumers’ rapport experience in 

online shopping. 

[7]

Socially situated 

cognition theory 

Embedding a point-of-view share recommendation system in AR would enhance the 

likelihood for consumers to adopt the advice in their decision-making as consumers 

usually rely on others’ support to make decisions. 

[29, 30]

Technology-orga

nization-environ

ment theory 

Technological factors, organizational factors, and environmental factors affect AR adoption 

intention in firms. 
[11]

Technology 

acceptance model 

Perceived usefulness and ease of use affect users’ attitude and behavior towards VR and 

AR technology. 
[6, 31, 32]

Stimuli-organism

- response theory 

VR & AR presentation stimulates patronage intention and revisit via psychological 

responses, such as immersion, enjoyment, perceived product risk and confidence in choice. 
[12, 33]

The value-based 

adoption model 

Users evaluate the value of AR value in terms of social, technical, experiential, and the 

economic dimension to support their decision on AR use. 
[5]

3.3 Researched devices 

Initial VR/AR devices has been mainly used to present 3D visual images and drag users into an artificial 

real-time environment, which has been commonly shown by computers and mice. The development of input and 

output devices equipped with VR glasses and headsets make a more vivid and higher pixel panoramic view 

possible. The recent advanced VR/AR devices prime multiple sensory within visual, audio, and touch, which 

provides users with funnier and immersive experiences. Among the 77 articles, 47 of them have examined the 

visual-based (N=36, 76.7%), audio-based (N=8, 17.0%) and haptic-based (N=3, 6.3%) VR/AR devices with 

various sensory as well as input and output devices. The investigation of different VR/AR devices in the 

e-commerce context indicate the diversity of VR/AR devices applied in business as well as the improvement 

and development of VR/AR devices over the past years. 

Table 2.  VR/AR devices used in e-commerce context 

Senses Input & tracking devices Presentation devices Output styles Articles 

Visual 

(N=36, 

76.7%) 

PC HTML pages Panoramic image/text [22]

Multiple agent system 

Virtual reality modeling 

language (VRML) or Java 

3D-based browser 
Video [34]

3DIGM’s virtual reality engine, NOVA HTML/ ASP/ JavaScript/Flash Image/text [13]

Active Worlds SDK HTML and asp pages Image [35]

Vuzix ST AR 1200XLD headset / Image [36]

3D Einscan Pro+ / 
360 panoramic 

widespread view 
[37]

Web camera/a Kinect for Windows 

SDK device 
/ Image [23, 38]

HTC VIVE Headset / Image [39]

VR headsets embed website/mobile 

system  

Unity (present 2D or 3D) + 

Gamification (CoSpaces Edu) 
Image [14]

Akzo Nobel’s Visualizer application Data glove Data [29]

3D AR-based VTO (3DLook software) Google Pixel 3 Posture, animation clips [9]



The Twenty one Wuhan International Conference on E-Business－E-business Strategy & Digital Marketing 351 

Visual 

(N=36, 

76.7%) 

Marker-based AR: laptop and 

smartphones/physical card/QR on 

packages 
Unity 3D engine, Vuforia SDK Image [30]

Markerless augmented reality 

headwear/mouse 
Autodesk Maya 2012 Image [40]

3D/HD JVC projector Stereoscopic projection 
Life-size and 

photorealistic 3D model 
[6]

Visual & spatial: virtual city 3D 

models 
UML and Visio Geographic image [41]

Viola-Jones` face detection/Camshift / Data [42]

Smartphones  ́camera/active LCD 

shutter glasses or TFT-LCD/monocular 

camera/ iOS glasses try-on App 

Superimposed the shade of 

chosen products 
Image/video [3, 43, 44]

Camera with IBMR technology/camera 

and smartphone 

Garment CAD 3D technology: 

AR via website & App 
Graphics, text, & image [19, 45, 46]

AR smart glasses (ARSG) 

Virtual mirror/camera 
App & website Colorful figures/ image [5, 31]

AR laptop or computer with a webcam App & website Image [4]

Audio 

(N=8, 

17.0%) 

Microsoft Speech Engine SAPI 
Native DLL & Java Native 

Interface (JNI) 
Voice & image [34]

Headset (Vive Pro MV) / Voice & image [27]

Smartcard (scanning booth) /MR 

headset/palmtop computer 

Personal Avatar performed by 

software 

Graphic callouts with 

color and size 
[1]

iPad 2 equipped with GPS, cellular 

data/gravity sensors 
Snapshot software & AR App Audio [47]

Mobile Webcam Markbased/markerless AR APP Video/audio/images [32]

3DIGM's virtual-reality engine, 

NOVA, extending VRML 97 

HTML, Active Server Page, 

JavaScript, & Flash 
Audio & images [18]

Haptic 

(N=3, 

6.3%) 

The-weight device/head-mounted 

display Arduino Uno device/HX711 

amplifier-cellular module  

Decrypt SMS to sense the 

weight 
The sense of weight [48]

Oculus Rift headset Unity Text & image [28]

Head-mounted (HTC Vive) display & 

hand-held controllers 
Unity game engine V5.5.3f1 Image [49]

4. FUTURE AGENDAS

The literature review provides a comprehensive understanding of the VR/AR research in the e-commerce

context based on the analysis of the research theories, research methods and the VR/AR devices in the selected 

77 articles. Though prior research has applied different research methods to examine the application of various 

VR/AR devices in e-commerce field from different theoretical lens, future research needs to consider about 

extend the theories to provide deep understanding of the influence of VR/AR in e-commerce in different 

contexts with different or mixed research methods. We propose the future agenda from the perspectives of 

research theories, research method, and researched device. Prior research has mainly applied theories to explain 

VR/AR application in e-commerce from the individual consumer level with a focus on the technological 

features of VR/AR, future research should consider about the cognition and diversity of emotion reactions of 

consumers in VR/AR use in different e-commerce contexts as well as the positive and negative sides of VR/AR 

in different e-commerce context. In addition, future research should consider about investigating the impact of 

VR/AR on e-commerce from the organizational level and applying organizational theories to explore the 
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application of VR/AR in e-commerce contexts and provide insights into VR/AR application in online business 

for companies’ organizations. 

Although experiment approach has been a dominant research method to investigate individual consumers’ 

perceptions and reactions to different VR/AR devices in the e-commerce context, future research should 

consider about applying different research methods, such as panel data, longitudinal study, design science 

research, action research, as well as mixed methods, such as mixed qualitative and quantitative study, mixed 

panel data and survey/experiment data in research to understand the phenomena, which might provide deep 

understanding of VR/AR use in business. 

Prior research has examined various VR/AR devices in the e-commerce context. Future research could 

consider researching on multi-sense VR/AR devices and comparing user differences in VR/AR use in different 

online shopping settings. 

5. LIMITATIONS

This study has its limitations which should be acknowledged. First, this study provides a comprehensive

picture of the prior research on VR/AR application in e-commerce based on the research theories, research 

methods, and researched devices in these reviewed article, future research should consider about providing deep 

understanding of the prior research findings on the antecedents and consequences of VR/AR use in e-commerce 

in details based on prior literature. Second, the current study searched articles in the database of ABI, SCOPUS 

and EBSCO. Future research can consider about including articles from other academic database in literature 

review work. Third, this study only analyzed the theories, the devices and the research methods applied in the 

reviewed literature, future research could consider conducting meta-analysis of prior literature in the 

e-commerce context to provide comprehensive understanding of the findings on VR/AR use in e-commerce. 
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Abstract: Scarcity promotion are widely used by online businesses. However, various scarce promotion strategies induce 

dissimilar appeals to consumers, and the promotion effectiveness also varies in different products. Therefore, the research 

explains their impact from the perspective of visual attention. A total of 123 participants took part in this experiment using 

eye-tracking technology. The results showed that scarce promotion strategies (time- and quantity-limited: LTQ, time-limited: 

LT, quantity-limited: LQ, Control) and product types (search goods, experience goods) affected consumers' visual attention 

and purchase intention significantly. Among them, the fixation duration time of scarce information of LTQ and LT groups was 

significantly longer than that of control group, but no significant difference was found between LQ group and control group. 

Search goods gained longer fixation duration time of specifications than experience goods, and also had higher scores on 

perceived competitiveness and post-decision cognitive dissonance, but had a lower score on purchase intention than experience 

goods. More importantly, there was an interaction between scarce promotion strategies and product types. Search goods gained 

longer fixation duration time of the full advertisement except scarce message than experience goods in the LTQ group. Our 

results provided practical implications for service providers to make personalized and precision marketing plan. 

Keywords: Scarcity promotion, Product types, Purchase intention, Eye-tracking 

1. INTRODUCTION

Quantity-limited or time-limited promotion as well as other scarce promotion strategies are usually adopted 

to push up customers’ purchase intention, but the effect varies. There are evidence support that quantity-limited 

scarcity(LQ scarcity) can generate better promotional effects than that of time-limited scarcity(LT scarcity) [1]-[2]. 

Later researchers tried to combine the two kinds of scarcity, that is, LTQ scarcity, which limited time and quantity 

at the same time[3]. However, it is unclear how the promotional effect of quantity-limited and time-limited 

scarcity(LTQ scarcity) will be. In addition, there are differences in the usefulness of online reviews of search 

goods and experience goods [4]. But it is unknown whether the effect of promotion strategies vary with product 

types. So the present study aimed to investigate how purchase intention was affected by scarce promotion 

strategies and whether the effect varied with product types using eye-tracking technique. 

2. LITERATURE REVIEW AND HYPOTHESES

Scarcity promotion refers to the limited product supply quantity or acquisition time under a specific discount, 

which makes the product difficult to obtain [6]. Different scarcity strategies could lead to different degree of 

perceived scarcity, and in turn bring different promotion effects. Moreover, scarcity promotion has a significant 

impact on consumers' fixation duration time, but the impact of fixation duration time on purchase intention 

remains to be considered. In addition, products can be divided into search goods and experience goods and product 

* Corresponding author. Email: 02743@shisu.edu.cn(Caihong Jiang)
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type may have an impact on the relationship between scarcity promotion and purchasing behavior [5]. 

3. RESEARCH METHODS AND RESULTS

Before formal experiment, we carried out two preliminary experiment. The purpose of the first preliminary 

experiment is to set the equivalence of the experimental materials and the preliminary experiment 2 is to test the 

difference of scarcity under the four kinds of manipulations (LTQ group vs LT group vs LQ group vs Control 

group), to ensure the rationality of experimental stimulus manipulation. In the formal experiment, the stimuli are 

advertisements of the two products (mobile phone, tissues). A total of 123 participants (82 female) with an average 

age of 21.34±1.93 years old were recruited. The experiment adopted a mixed design of 4 (LTQ group vs. LT 

group vs. LQ group vs. Control group) × 2 (search goods vs experience goods). This experiment uses a maturity 

scale to measure related variables. 

When it comes to data analysis, heat maps are used to examine the impact of scarcity promotion and product 

type on participants’ visual attention to each stimulus. In general, the results showed that participants focused on 

the commodities’ specification, original price, and discount price of mobile phones more than that of tissues. 

Moreover, ANOVA was conducted to analyze the main and joint effects of scarcity promotion strategy and product 

types on fixation duration time and fixation count. The results show that scarce promotion strategies have a 

significant main effect on the fixation duration time of scarce information (F(3,98)=21.856, p＜0.001). However, 

the product type does not have significant main effect on the fixation duration time of scarce information 

(F(1,98)=3.673, p>0.05). In addition, scarcity promotion strategy (p=0.012) and product type (p=0.028) both had 

significant main effects on perceived competitiveness. Product type had a significant main effect on purchase 

intention and post-decision cognitive dissonance. Finally, bootstrap was used to test the mediating effect of 

perceived competitiveness in the association of perceived scarcity on purchase intention and the results showed 

that perceived scarcity had a significant indirect effect (95%CI: LLCI=0.1069, ULCI=0.3292, excluding 0) on 

purchase intention through perceived competitiveness, and the effect size was 0.2148. 

4. DISCUSSION AND CONCLUSION

Based on eye-tracking technology, this research explored the effect of scarce promotion strategies and product 

types on visual attention and purchase intention in online scenarios, enriched the research related to scarce promotion, 

established objective physiological indicators, and enriched the theoretical basis. Specifically, this research was 

helpful for companies to formulate personalized marketing plans. Scarcity promotion did have a significant influence 

on consumers’ purchase intention, but its effect varied as different products. That is, marketing strategies could not 

be “one size fits all”. The characteristics of the product itself must be taken into consideration. While unlike the real 

shopping scene, in the experiment of this research, scarce information didn’t change in real time. This may weaken 

consumers’ psychological perception and the influence of scarce information. In the future experimental design, 

researchers should try to display the dynamic change information of LT and LQ. 
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Abstract: The rapid development of the Internet, mobile and social media has brought a large number of new online 

advertising and marketing channels to e-commerce enterprises. In order to explore the combinatorial effect of multi-channel 

online advertising, according to the choice set theory, this paper proposes related research hypotheses based on the classified 

combination effects of online advertising channels, and then constructs the COX model, extracts relevant variables based on 

the channel data of individual users from an e-commerce company. Perform regression analysis on the model to obtain the 

combination effects of the specific advertising channel click order. The results show that the combination of advertising 

channels from Firm-initiated channels to Customer-initiated channels will have a positive combination effect on purchases, 

while the combination of advertising channels from brand search to generic search will have a negative combination effect on 

purchases.   

Keywords: Multi-channel online advertising, Advertising combination effect, COX model, Click path data 

1. INTRODUCTION

With the rapid development of the online advertising market, companies have to think about how to take

advantage of the diversified development of the online advertising channels, make full use of the combination 

effects of multi-channel online advertising to influence consumer’s purchasing decisions, and give play to the " 

combined force" of different advertising channels [1]. However, the diversity of online advertising channels makes 

it difficult for companies to effectively evaluate the combination effects when using different advertising channels, 

and it is difficult to support the multi-channel selection of online advertising with effective empirical results.  

According to different advertising triggers, online advertising channels can be divided into two types: 

Customer-initiated Channels (CICs) and Firm-initiated Channels (FICs). Companies often use these two types of 

channels to publish multi-channel online advertising [2]. Under the background of multi-channel online advertising, 

users may not only contact the online advertising channel once before purchasing, and these channels will affect 

consumers together rather than independently. Therefore, the combination effects needs to be considered when 

studying the effectiveness of multi-channel online advertising [3]. The combination effect here is shown as the 

combined effect of online advertising reaching users in a certain order from multiple channels, which may have 

an impact on the purchase tendency of the advertising audience [4]. Although many researchers have confirmed 

the existence of advertising combination effects through different studies, few studies have evaluated combination 

effects based on user channel click path data. In addition, the type of online advertising channels and the click 

order of specific channels may have an impact on the purchase intention [5]. Therefore, in order to better understand 

the preferences and decision-making changes in the process of transfer between different channels under the multi-

channel online advertising environment, it is worth exploring the combination effects of multi-channel online 

advertising based on the channel click path data of customers. 

Therefore, in view of the measurement of the combination effects of advertising channels, this paper explores 

the multi-channel online advertising portfolio effect from the perspective of customer online purchase click path, 
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and explores the impact of different channel click sequence combinations on customer purchase trends from the 

individual level. This paper aims to supplement the research on the combination effects of multi-channel online 

advertising to help researchers and corporate marketers better evaluate the combination effects of different channel 

orders. 

2. LITERATURE REVIEW

2.1 Research status of the impact of online advertising channel order on purchase 

In order to understand the internal mechanism of advertising combination effects, we need to pay attention 

to the impact of the order of customers' contact with online advertising channels on their purchase. From the 

perspective of the order in which consumers contact advertising channels, when consumers are exposed to a 

variety of advertisements at the same time(such as browsing the web while looking at mobile phones) will make 

the advertisements exposed at the same time, resulting in a parallel combination effect. When consumers 

successively use a variety of online advertising channels, resulting in the sequential combination effect [6]. 

In the study of the combination effects of channel order in traditional advertising, Stolyaroa [7] conducted an 

exploratory analysis on the marketing efficiency and synergy of multi-channel advertising, found that there was a 

combination effects in certain specific channel combinations. Under the exposure order of "print advertising-

negative word-of-mouth", print advertising would reduce the cognitive impact on negative word-of-mouth. Micu 

[8] examined the relationship between the 4 product promotion methods in marketing and analyzed the 

experimental data with MANCOVA. The results show that for non-technical products, advertising before publicity 

would effectively improve the customer's attitude towards the brand, while publicity before advertising is more 

effective for technical products. Micu [9] later designed a mixed experiment of 4(4 experimental conditions) ×4 (4 

product categories) for further analysis and found that the news-advertising exposure sequence was more effective 

in improving users' attitudes towards the brand. Loda [10] conducted an experiment on a sample of students from 

a university in the United States and also found that the exposure order of publicity-advertisements would affect 

the purchase intention of potential customers and promote marketing effect.  

In the study of the combination effects of channel order in online advertising, Micu [11] randomly divided the 

recruited participants into 3 groups for a control test, each receiving a different advertising exposure order. It was 

found that only the exposure sequence of news-advertisement can produce a combination effect on brand attitude. 

Based on the behavior path data before individual purchase, Danaher et al. [12] established the Probit model to 

evaluate the sequence combination effects of online advertising channels, found that 7 of the 10 advertising 

channels studied had significant impact on consumer purchase. Klapdor [13] used a nested logistic regression model 

to evaluate the combination effects of the exposure sequence between information network advertising and 

navigation network advertising by analyzing personal clickstream data. The research found that when users first 

contacted information network advertising and then the navigation network advertising, the user's purchase 

conversion rate is higher.  

In summary, the research on the combination effects of multi-channel advertising mostly focuses on the 

traditional channel combination effects, and lacks the research on the combination effects of online advertising 

channels. In addition, most researches only focus on a limited number of channels, most of the data are obtained 

from traditional questionnaires or experimental analysis, rather than the real data of companies. Therefore, the 

evaluation results of channel combination effects in previous studies may be biased. 

2.2 Research status of the influence of advertising and channel characteristics on the combination effect 

of multi-channel online advertising 

From the perspective of product type, in the formation process of multi-channel advertising combination 

effect, experience-based products do not require the order of user contact channels, while search-based  products 

need a specific channel contact order [14]. From the perspective of advertising exposure time and exposure 
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sequence, the exposure time of the combination of print advertising and online advertising will have a certain role 

in promoting the advertising combination effect [15]. In addition, in the process of marketing, allowing users 

contact publicity first and then advertising will achieve better marketing results [8]. From the perspective of 

advertising forms, differentiated advertising forms can strengthen the cognition and attitude of the audience, and 

then promote the generation of advertising combination effect [16]. From the perspective of advertising channel 

characteristics, Firm-initiate channels, such as e-mail, SMS, etc., and consumers passively accept the messages 

pushed by them. The Customer initiated channels, such as search engines, price comparison websites, etc., are 

initiated by customers [17]. Since the CICs is based on the customer's own query and is more in line with the 

customer's interest, its response rate is also higher. 

From the above research, different advertising characteristics and channel characteristics will affect the 

combination effect of online advertising. In addition, this study should also consider the individual heterogeneity 

of the audience as a control variable in order to better study the combination effect of multi-channel online 

advertising. 

3. CONSTRUCTION OF MULTI-CHANNEL COMBINATION EFFECTS EVALUATION MODEL 

BASED ON CHANNEL CLICK PATH

3.1 Hypothesis 

This paper analyzes the multi-channel combination effects of all the online advertising channels used by a 

company. Specifically, it includes 5 channels from CICs: direct type-in, brand paid search, brand organic search, 

generic paid search, generic organic search, as well as 4 channels from FICs: SMS, E-mail, WeChat, referral link. 

In order to analyze the transfer of choice among multiple channels, this paper forms several inferences about 

channel combination effects based on selection set theory. Before making a purchase decision, if a customer first 

visits the e-commerce website through FICs and then uses the CICs to visit the e-commerce website, this situation 

may mean that the customer has a certain interest after contacting the firm-initiated advertising and starts to 

actively search for new information to narrow down their selection set. Therefore, the transfer from FICs to CICs 

may indicate the enhancement of user’s willingness to buy. Similarly, expanding Rutz and Bucklin’s [18] view that 

generic search advertising can improve people's understanding of relevant brand information, switching from 

generic customer-initiated channel to brand customer- initiated channel may mean that the customer has included 

the company's product in the consideration and is looking for more detailed information. If the customer switches 

from a branded CICs to a general-purpose CICs, it may indicate that the customer is looking for alternatives to 

this product, which indicates that the purchase probability is reduced.  

Accordingly, the following hypotheses are proposed in this paper: 

H1a: Combination order of “FICs-CICs” will have a positive combination effect on purchasing; 

H1b: Combination order of “CICs-FICs” will have a negative combination effect on purchasing; 

H2a: In the CICs, the combination order of “generic search-brand search” will have a positive combination 

effect on purchasing; 

H2b: In the CICs, the combination order of “brand search-generic search” will have a negative combination 

effect on purchasing. 

3.2 Variable descriptions 

Through the review of previous studies, it is found that questionnaires or experiments are mostly used in the 

research on the effects of online advertising, while the empirical research is more objective in this paper using the 

actual business data of enterprises. Since the channels to be analyzed are keyword/link advertising marketing 

channels, this study used the number of user clicks on 9 types of online advertising channels as explanatory 

variables, whether to complete the purchase translates into the explanatory variable. 

In addition, the historical behavior of customers as well as individual heterogeneity differences also affect 
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the final purchase. Therefore, some control variables are also added to the model, which are shown in Table 1. 

Table 1.  Variable 

Type 
Level-one 
variable 

Level-two variable Description 

Explanatory 

variables 

CICBrand 

BrandSEA Current clicks of brand paid search ads 

BrandSEO Current number of brand organic searches 

Direct Current number of direct visits 

CICGeneric 
GenericSEA Current clicks of general paid search ads 

GenericSEO Current number of universal organic searches 

FIC 

SMS Current clicks of SMS ads 

EMA Current clicks of E-mail ads 

Wechat Current clicks of E-mail ads 

Referer Current clicks of referral ads 

PastCICBrand 

PastBrandSEA Past clicks of brand paid search ads 

PastBrandSEO Past number of brand organic searches 

PastDirect Past number of direct visits 

PastCICGeneric 
PastGenericSEA Past clicks of general paid search ads 

PastGenericSEO Past number of universal organic searches 

Past FIC 

PastSMS Past clicks of SMS ads 

PastEMA Past clicks of E-mail ads 

PastWechat Past clicks of E-mail ads 

PastReferer Past clicks of referral ads 

Control variables 

PastPurchase Whether the customer has purchased in the past 

PastCollect Whether the customer has collected in the past 

PastShare Whether the customer has shared in the past 

Gender Client gender 0-woman; 0-man 

Age Customer’s age 

Explained variable Convert Whether the customer finally purchases or not 

3.3 Cox Model Construction 

Through communication with partner companies, we find that advertisers usually use cookies with a 30-day 

life cycle, so 30 days are selected as the observation period to obtain complete and effective customer channel 

path data. In addition, customer's channel click behavior is continuous, the model also needs to reflect the timing 

and order of channel clicks. In view of the above data characteristics, the Proportional Hazards Model (Cox model) 

was chosen to model the data. The Cox model provides a way to process right-merge data and assume proportional 

hazards, which can introduce explanatory variables that change over time if this assumption is not met. The Cox 

model with time-varying covariates also provides an effective way to represent the online advertising channel 

click order and interaction impact during the customer journey [19], which is widely used in online marketing 

research. Therefore, this paper uses the Cox model with time-varying covariates to evaluate the combination 

effects. The Cox model in this paper is constructed based on the channel click path and purchase journey of 

individual customers. The multi-channel click order data and purchase behavior data of individual customers in 

their purchase journey are counted by day [20], and the dependent variable is the time of customer purchase event. 
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The model first constructs the risk rate(ℎ𝑖(𝑡, 𝑋)) of the customer 𝑖, which refers to the possibility of customer 𝑖

purchasing on day 𝑡. The risk rate of customer 𝑖 can be described as a product of 2 quantities, the formula is as 

follows: 

ℎ𝑖(𝑡, 𝑋) = ℎ0(𝑡) × exp(∑ 𝛽𝑋𝑖𝑗
𝑝
𝑗=1 ) (1) 

ℎ0(𝑡)𝑋𝑖𝑗  represents the benchmark risk rate, which refers to the possibility of  purchase at time 𝑡 without

the influence of other factors(X), is used to capture the time effect, 𝑋𝑖𝑗 is a covariate. Considering whether users

have purchased in the past is not in line with the proportional risk assumption, this paper should also include the 

interaction of past purchases with time in the model. 

The basic expansion of exp(∑ 𝛽𝑋𝑖𝑗
𝑝
𝑗=1 )in formula (1) is shown in formula (2): 

exp(∑𝛽𝑋𝑖𝑗

𝑝

𝑗=1

) =  exp(𝛽𝑋𝑖1 + 𝛽𝑋𝑖2 +⋯+ 𝛽𝑋𝑖𝑗 + 𝛽𝑃𝑎𝑠𝑡𝑋𝑖1 + 𝛽𝑃𝑎𝑠𝑡𝑋𝑖2 +⋯+ 𝛽𝑃𝑎𝑠𝑡𝑋𝑖𝑗 + 𝛽𝑋𝑖1

× 𝑃𝑎𝑠𝑡𝑋𝑖1 + 𝛽𝑋𝑖2 × 𝑃𝑎𝑠𝑡𝑋𝑖2 +⋯+ 𝛽𝑋𝑖𝑗 × 𝑃𝑎𝑠𝑡𝑋𝑖𝑗 + 𝛽𝐶𝐼𝐶𝐵𝑟𝑎𝑛𝑑𝑖

× 𝑃𝑎𝑠𝑡𝐶𝐼𝐶𝐵𝑟𝑎𝑛𝑑𝑖 + 𝛽𝐶𝐼𝐶𝐵𝑟𝑎𝑛𝑑𝑖 × 𝑃𝑎𝑠𝑡𝐶𝐼𝐶𝐺𝑒𝑛𝑒𝑟𝑖𝑐𝑖 + 𝛽𝐶𝐼𝐶𝐵𝑟𝑎𝑛𝑑𝑖 × 𝑃𝑎𝑠𝑡𝐹𝐼𝐶𝑖

+ 𝛽𝐶𝐼𝐶𝐺𝑒𝑛𝑒𝑟𝑖𝑐𝑖 × 𝑃𝑎𝑠𝑡𝐶𝐼𝐶𝐵𝑟𝑎𝑛𝑑𝑖 + 𝛽𝐶𝐼𝐶𝐺𝑒𝑛𝑒𝑟𝑖𝑐𝑖 × 𝑃𝑎𝑠𝑡𝐶𝐼𝐶𝐺𝑒𝑛𝑒𝑟𝑖𝑐𝑖 

+ 𝛽𝐶𝐼𝐶𝐺𝑒𝑛𝑒𝑟𝑖𝑐𝑖 × 𝑃𝑎𝑠𝑡𝐹𝐼𝐶𝑖 + 𝛽𝐹𝐼𝐶𝑖 × 𝑃𝑎𝑠𝑡𝐶𝐼𝐶𝐵𝑟𝑎𝑛𝑑𝑖  + 𝛽𝐹𝐼𝐶𝑖

× 𝑃𝑎𝑠𝑡𝐶𝐼𝐶𝐺𝑒𝑛𝑒𝑟𝑖𝑐𝑖 + 𝛽𝑃𝑎𝑠𝑡𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑖 + 𝛽𝑃𝑎𝑠𝑡𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑖 × 𝑡 + 𝛽𝑃𝑎𝑠𝑡𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑖

+ 𝛽𝑃𝑎𝑠𝑡𝑆ℎ𝑎𝑟𝑒𝑖 + 𝛽𝐺𝑒𝑛𝑑𝑒𝑟𝑖 + 𝛽𝐴𝑔𝑒𝑖)

(2)

Where, 𝑋𝑖𝑗 represents the number of current clicks of customer 𝑖 to channel 𝑗,𝑃𝑎𝑠𝑡𝑋𝑖𝑗  corresponds to the

total number of clicks in the same channel in the past. The model also includes the interaction between current 

channel clicks and past channel clicks. In addition, there are interaction items between channel categories to 

analyze the combination effects of different channels, 𝑃𝑎𝑠𝑡𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒𝑖 capture the past purchase behavior of

users, and 𝑃𝑎𝑠𝑡𝐶𝑜𝑙𝑙𝑒𝑐𝑡𝑖 capture the collection behavior of users in the past.

4. EMPIRICAL ANALYSIS

4.1 Data 

The research data comes from an Internet insurance agency company in Nanjing, which mainly includes 

network log database and business database. This paper uses the company's network log data for a total of 730 

days from January 1, 2018 to December 31, 2019, as well as customer registration, sharing, collection and 

purchase data. After data cleaning, data table association, user access channel identification and session division 

of the original data, the basic data set of this research is obtained, and the data is further sorted and extracted 

according to the research needs of this experiment. The data set covers the channel click path data of 303,301 

customers, based on which the data and are collated for subsequent analysis. 

4.2 Empirical results and analysis 

Relevant statistical software was used for COX regression calculation, and the final results are as shown in 

the table.  

Table 2.  Results of the evaluation of the multi-channel combination effects 

Classify Variable Risk rate Coefficient 95% confidence interval 

CIC Brand 

BrandSEA 1.376621 .3196322 [1.349119,1.404685] 

BrandSEO 1.232537 .2090745 [1.197678,1.26841] 

Direct 1.056594 .0550505 [1.052907,1.060294] 

CIC Generic 
GenericSEA 1.301444 .2634744 [1.25575,1.348801] 

GenericSEO 1.329769 .2850054 [1.30741,1.35251] 

FIC SMS .9470766 -.0543753 [.8908946,1.006802] 
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Classify Variable Risk rate Coefficient 95% confidence interval 

EMA 1.004699 .0046878 [.945469,1.067639] 

Wechat 1.051958 .0506528 [1.04241,1.061593] 

Referer 1.139831 .1308801 [1.111762,1.168609] 

CIC Brand 

(Past) 

PastBrandSEA 1.083197 .0799173 [1.076472,1.089965] 

PastBrandSEO 1.097897 .0933967 [1.080927,1.115134] 

PastDirect 1.033015 .0324814 [1.03083,1.035204] 

CIC Generic 

(Past) 

PastGenericSEA 1.032367 .0318545 [1.016479,1.048504] 

PastGenericSEO 1.151289 .1408821 [1.137925,1.164809] 

FIC 

(Past) 

PastSMS 1.028429 .0280325 [1.009557,1.047654] 

PastEMA 1.088255 .0845752 [1.067482,1.109431] 

PastWechat 1.013436 .0133466 [1.007474,1.019433] 

PastReferer 1.090281 .0864352 [1.074558,1.106234] 

Control variables 

Tvc(PastPurchase) 1.033202 .032663 [1.03041,1.036002] 

PastCollect 1.04909 .0479232 [.9973525,1.103512] 

PastShare .7789408 -.2498202 [.7222619,.8400675] 

Age 1.020329 .0201248 [1.019006,1.021653] 

Gender .7443692 -.2952181 [.7213648,.7681072] 

Channel 

Combination 

Interaction Terms 

CICBrandXPastCICBrand .9988527 -.0011479 [.998624,.9990814] 

CICBrandXPastCICGeneric .9913489 -.0086887 [.9876881,.9950234] 

CICBrandXPastFIC 1.000438 .0004377 [.9995748,1.001302] 

CICGenericXPastCICBrand .9913958 -.0086415 [.9903099,.9924828] 

CICGenericXPastCICGeneric .9875699 -.012508 [.9850152,.9901312] 

CICGenericXPastFIC 1.020031 .0198334 [.9886829,1.052374] 

FICXPastCICBrand .9917311 -.0083032 [.9894646,.9940029] 

FICXPastCICGeneric .9918315 -.008202 [.9773885,1.006488] 

FICXPastFIC 1.001395 .0013936 [1.00085,1.00194] 

(1) As far as the online advertising effect, the current channel effects of brand search and generic search 

channels in CICs are both positive and significant. In FICs, the current impact of SMS advertising is 

negative(β_SMS=-0.0543753), but there is a positive lagging impact(β_PastSMS=0. 0280325). The current 

advertising effects of E-mail ads, WeChat ads and referral ads channels are positive. in terms of the past online 

advertising channel effect, most channels have a certain lag and positive impact on the purchase probability. 

Among them, the past brand generic search channel is more prominent for future purchase conversion than other 

channels. Finally, from the perspective of individual heterogeneity, customers who have purchased and collected 

in the past are more likely to make purchases in the next time. With the increase of age, customers are more likely 

to tend to buy insurance products. In terms of gender, men are less likely to buy insurance products than women. 

(2) In terms of the combination effects of the same channel, it can be seen from the interaction term 

coefficient that the past same channel clicks of FICs will promote subsequent purchases 

(β_FIC×PastFIC=0.0013936), while the click of CICs have a negative impact on subsequent 

purchases(β_CICBrand×PastCICBrand=-0.0011479,β_CICGeneric×PastCICGeneric=-0.0012508).  If a customer 

repeats the same search many times in the past, it may indicate that the company's product does not meet his needs, 
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so the purchase probability may be low. For the FICs, multiple clicks may represent multiple viewings, reflecting 

customer's interest in them, so the combination effect of the same channel of such advertising channels is positive. 

Assumption 1a and Assumption 1b are verified. 

(3) In terms of cross-channel combination effects, the transformation from FICs to the CICs brings consumers 

more information, and facilitate the final purchase (β_CICBrand×PasteFIC=0.0004377) (β_CICGeneric× 

PastFIC=0.0198334). Such consumers actively search for more information, which means that they have 

developed interest and have more in-depth consideration and evaluation of the information obtained from FICs. 

For such customers, targeted advertising incentives can be given. However, those who move from brand search 

of CICs to other channels are less likely to purchase (β_CICGeneric×PasteCICBrand=-0.0086415 ，

β_FIC×PastCICBrand=-0.0083032). This order of channel combination may mean that potential customers are 

identifying a set of alternatives and products. For such potential customers who may lose, companies can combine 

telemarketing and better provide them with products that meet their needs in the form of telephone follow-up. 

Therefore, reject hypothesis 2a, accept hypothesis 2b. 

5. CONCLUSION

In order to analyze the impact of channel combination on the final purchase in the complete online advertising

channel system of companies, this paper analyzes the current and delay effect of different channels by constructing 

a COX model, and also summarizes the combination effects of specific channel order based on the classification 

of online advertising channels. The results show that 1) in terms of the same channel combination effects, the 

FICs has a positive channel combination effect, which will promote future purchases. 2) In terms of cross-channel 

combination effect, the channel combination order from the FICs to the CICs will have a positive combination 

effect on the purchase conversion, while the channel combination order from the CICs to the FICs will have a 

negative combination effect on the purchase conversion.  

The results of this paper provide some ideas for the combination marketing of enterprises. For customers 

who switch from generic search to brand search channels, companies can push them some preferential information 

to stimulate them to make faster purchase decisions. For customers who are about to churn from brand search to 

generic search channels, companies can proactively communicate by phone to understand their needs and redeem 

them. 

In addition, there are some limitations in this study. Due to resource and data limitations, this paper has no 

control over other variables that may affect the performance of customer’s purchase, including other demographic 

information such as income, family members, location, etc. Future studies could consider controlling the effects 

of these variables on advertising effects. 

ACKNOWLEDGEMENT 

This research was supported by the National Natural Science Foundation of China under Grant 71771122. 

REFERENCES 

[1] Lim J S, Ri S Y, Egan B D, et al. (2015). The cross-platform synergies of digital video advertising: Implications for cross-

media campaigns in television, internet and mobile TV. Computers in Human Behavior, 48: 463–472. 

[2] Li H, Kannan P K. (2014). Attributing conversions in a multichannel online marketing environment: An empirical model 

and a field experiment. Journal of Marketing Research, 51(1): 40-56. 

[3] Assael, Henry. (2011). From silos to synergy. Journal of Advertising Research, 51 (1): 42-58. 

[4] Naik P A, Peters K. (2015). True synergy for real effects: How to control integrated marketing successfully. GfK-

Marketing Intelligence Review, 7(1): 34-41. 

[5] Wang ping, Sun Wanling, Fan Xiucheng, et al. (2016). A literature review and outlook on advertising synergy research. 



364 The Twenty one Wuhan International Conference on E-Business－E-business Strategy & Digital Marketing 

Foreign Economics and Management, 38(11): 14-29 (in Chinese). 

[6] Enoch G, Johnson K. (2010). Cracking the cross-media code: How to use single-source measures to examine media 

cannibalization and convergence. Journal of Advertising Research, 50(2): 125–136. 

[7] Stolyarova E, Rialp J. (2014). Synergies among advertising channels: An efficiency analysis. Journal of promotion 

management, 20(2): 200-218. 

[8] Micu A C. (2005). Testing for a synergistic effect between online publicity and advertising in an integrated marketing 

communications context. Doctoral dissertation. Columbia: University of Missouri. 

[9] Micu A C， Thorson E. (2008). Leveraging news and advertising to introduce new brands on the web. Journal of 

interactive advertising, 9(1): 14-26. 

[10] Loda, M D. and Barbara C C. (2006). Sequence matters: A more effective way to use advertising and publicity. Journal 

of Advertising Research, 45 (4): 362- 372. 

[11] Micu A C, Pentina I. (2015). Examining search as opposed to experience goods when investigating synergies of internet 

news articles and banner ads. Internet research, 25(3): 378-398. 

[12] Danaher P J, Dagger T S. (2013). Comparing the Relative Effectiveness of Advertising Channels: A Case Study of a 

Multimedia Blitz Campaign. Journal of Marketing Research, 50(4):517-534. 

[13] Klapdor S, Anderl E, Schumann J H. (2015). How to use multichannel behavior to predict online conversions behavior 

patterns across online channels inform strategies for turning users into paying customers. Journal of Advertising Research, 

55(4): 433-442. 

[14] Micu A C, Pentina I. (2015). Examining search as opposed to experience goods when investigating synergies of internet 

news articles and banner ads. Internet research, 25(3):378-398. 

[15] Wu G, Sandeep B. (2007). The synergy effect of print and web advertising: A field experiment. In American Academy of 

Advertising. Conference. Proceedings (Online). Lubbock: American Academy of Advertising. 208-213. 

[16] Voorveld H A M, (2015). Valkenburg S M F. The fit factor: The role of fit between ads in understanding cross-media 

synergy. Journal of Advertising, 44(3):185-195. 

[17] Wiesel T, Pauwels K, Arts J. (2011). Marketing's profit impact: Quantifying online and off-line funnel progression. 

Marketing Science, 30(4):604-611. 

[18] Rutz, O J., Bucklin, R.E. (2011). From generic to branded: A model of spillover in paid search advertising. Journal of 

Marketing Research, 48(1): 87-102. 

[19] Hausman J A, Woutersen T. (2014). Estimating a semi-parametric duration model without specifying heterogeneity. 

Journal of Econometrics, 178:114-131. 

[20] Lambrecht A, Tucker C E. (2013). When does retargeting work? Information specificity in online advertising. Journal of 

Marketing Research, 50(5): 561-576. 



The Twenty one Wuhan International Conference on E-Business－E-business Strategy & Digital Marketing  365 

Short Research Paper 

Research on the Influence Mechanism of Consumers' Impulsive Buying 

under the Scenario of Public Welfare Live Streaming 

Jinglei Yang1*, Xinyuan Zheng 2, Linjun Huang 3 

1Commerce Academy, Wuyi University, Nanping, 354300, China

2Commerce Academy, Wuyi University, Nanping, 354300, China 

3Commerce Academy, Wuyi University, Nanping, 354300, China 

Abstract: As the most popular online shopping method at present, live streaming shopping has achieved remarkable results. 

Live streaming shopping has also been widely concerned and studied. However, few scholars have conducted empirical 

research on how to promote product sales in the context of public welfare live streaming. Based on the S-O-R theory, we 

analyze the impact mechanism of consumers' impulse buying under the scenario of public welfare live streaming through 

questionnaires, aiming to provide marketing strategy suggestions for solving the problem of live streaming, product 

promotion. The results show promotion efforts and moral elevation positively affect consumers' perceived value and 

impulsive buying intention, and the mediating effect of perceived value is significant. We enriche the research elements of 

impulse buying from live streaming commerce, promotes the integration of marketing disciplines and social sciences, and 

provide marketing strategy for solving the problem of products, which has certain theoretical and practical value. 

Keywords: public welfare live streaming, promotion efforts, moral elevation 

1. INTRODUCTION

With the continuous emergence of new forms of presentation in social media, mobile Internet culture has

begun to enter the stage of visual communication. As of December 2020, the number of netizens in China was 

989 million, and the scale of China's live streaming e-commerce market reached 1.2 trillion yuan, with an 

annual growth of 197%, China has become the world's largest online retail market. Under the background of the 

new crown epidemic in recent years, "live streaming, to help farmers" has achieved remarkable results. CCTV 

launched the "Thank you for making orders for Hubei" live streaming to help farmers sell more than 100 million 

yuan of agricultural products in just four hours. Farming live streaming, is a typical event of public welfare live 

streaming, promotion, and it has gradually become a win-win strategy that can obtain economic and social 

effects.  

In marketing practice, public welfare events and promotions are commonly used marketing methods by 

businesses. When consumers watch public welfare live streaming, on the one hand, they may be stimulated by 

product promotions and make impulsive buying, and on the other hand, they may have emotional reactions to 

make impulsive buying. Existing studies have explored the impact of promotion efforts on impulse buying, 

mainly focusing on the effect of price discounts on people’s willingness to participate in charity promotions [1], 

and there is a lack of intermediate mechanism research on the impact of public welfare live streaming, on 

consumers from an emotional level. What are the changes in consumer sentiment and behavior under the public 

welfare live streaming? By studying this issue, we can put forward more effective marketing suggestions and 

promote the better development of public welfare live streaming. 

*
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2. LITERATURE REVIEW

2.1 Public welfare live streaming 

Live streaming has a very positive effect on promoting product sales. However, few scholars directly study 

product promotion in the context of public welfare live streaming. Following e-commerce platforms such as 

Taobao, JD.com, and Pinduoduo to help promote products, live streaming, has become an effective way to 

promote product sales. The interactivity, professionalism and credibility of the live streaming of online 

celebrities with goods can significantly arouse consumers' willingness to buy [2]. The empirical results show that 

live atmosphere cues have a significant impact on consumers' impulse buying willingness. In the context of 

online celebrity live streaming, source credibility, hedonic attitude and self-product adaptability can 

significantly increase consumers' willingness to buy [3]. By enhancing live streaming traffic, entertainment, 

social interaction and recognition, consumers' willingness to actively use live streaming, can be stimulated to 

help product sales [4].  

The research on public welfare live streaming mainly focused on the discussion of its characteristics and 

strategies, and mainly focused on case and qualitative studies. Through a case study of "Little Zhu Peiqi", some 

scholars have found that mainstream media live streaming has achieved the transition from public welfare 

communication to constructive communication through role reconstruction and innovative collaboration[5]. At 

the same time, some scholars have proposed that public welfare live streaming needs to take into account 

platform traffic, product quality, and social benefits[6]. For the analysis of the communication effect, the existing 

research results are all from the perspective of the main body of communication. For example, a case study from 

the perspective of 5W in communication studies, taking "Thank you for making orders for Hubei" as the object 

of investigation, and analyzing from the perspective of semiotics, it is believed that paying for the commodities 

in Hubei is more about paying for the symbolic meaning attached to the commodities[7]. 

To sum up, there are few studies on the communication effect of mainstream media public welfare live 

streaming, and it is mostly based on qualitative research and empirical research to measure the communication 

effect from the perspective of platform communication, and no effective evaluation system has been established. 

There is a lack of research on the communication effects of receiving information from the perspective of 

consumers, changing attitudes, and finally forming behaviors. Therefore, we will use quantitative methods to 

comprehensively analyze the communication effect of public welfare live streaming and the real emotional 

attitude of consumers, explore the factors that affect the communication effect, and promote the further 

improvement of the public welfare live streaming. 

2.2 Impulsive buying 

Impulsive buying means sudden, irresistible, hedonic complex buying behavior, which belongs to 

unplanned purchases [8]. Online impulse buying mainly arises from the spontaneous behavior of consumers due 

to lack of control when they are exposed to online stimuli [9]. The process of impulsive buying behavior is 

characterized by the sudden and urgent buying desire or impulse felt by consumers when interacting with the 

website, and finally induced to produce online buying behavior [10]. During special promotional activities (such 

as the Double Eleven Shopping Festival), the hot sales performance is largely caused by impulse buying [11]. 

Regarding the research on the influencing factors of impulsive buying, most scholars have confirmed that social 

interaction is the stimulating factor that stimulates consumers to buy impulsively [12]. The strong sense of social 

presence created by online live streaming marketing has a positive impact on consumers' impulse buying 

intention [13]. 
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3. HYPOTHESES

3.1 Promotion efforts 

Promotion is an important marketing tool that affects consumers' shopping decisions. Large-scale 

promotions often lead to consumers' quick decisions and impulse buying. One of the main features of live 

e-commerce is that the host will give consumers a certain discount when recommending or selling products for 

promotion. The greater the promotion, the greater the benefits consumers can obtain.  Higher potential benefits 

can make consumers feel more positive emotions and promote consumers' perception of product value [14]. A 

positive psychological experience will effectively promote consumers' impulse buying.We put forward 

following hypotheses: 

H1 Promotional efforts positively affects consumers' perceived value 

H2 Promotional efforts positively affects consumers' impulse buying intention 

3.2 Moral elevation 

Adding charitable marketing messages will lead to more favorable consumer responses when businesses 

are advertising [15]. The moral behavior of others will stimulate the individual to have a sense of moral elevation. 

Moral elevation refers to the feeling that one's own morality has been improved when he sees the moral 

behavior of others, and a feeling of warmth, moving, and heat in the chest is generated in the heart [16], which 

further stimulates the individual to produce pro-social behaviors such as donation and participation in volunteer 

activities[17]. People who have watched videos of others’ moral behavior have a greater desire to have a more 

intimate connection with the good-doers, which makes them willing to actively participate in it and engage in 

pro-social behavior. Moral elevation plays an important role in consumer attitudes and pro-social behaviors [18]. 

This paper argues that consumers' impulsive buying behaviors during public welfare live streaming are 

pro-social behaviors. We put forward following hypotheses: 

H3 Moral elevation positively affects consumers' perceived value 

H4 Moral elevation positively affects consumers' impulse buying intention 

3.3 Perceived value 

For consumers, perceived value is their own subjective view of a product.  According to the S-O-R theory, 

external stimuli will act on consumers' final purchase behavior by triggering consumers' internal body responses. 

This article believes that in public welfare live streaming, preferential promotions cater to consumers' pursuit of 

low prices and are conducive to attracting passenger flow.  As a positive moral emotion, the sense of moral 

elevation will prompt consumers to make decisions by influencing their views on products. We put forward 

following hypotheses:  

H5 Perceived value positively affects consumers' impulse buying intention 

H6 Perceived value mediates the relationship between moral elevation and impulsive buying intention  

H7 Perceived value mediates the relationship between promotion efforts and impulsive buying intention 

4. STUDY DESIGN

4.1 Questionnaire design and variable measurements 

The questionnaire designed consists of two parts: the first part is the basic information of respondents 

participating in the public welfare live streaming, the second part includes some relevant items about promotion 

efforts, moral elevation, perceived value, and impulse buying under the public welfare live streaming scenario. 

The scale refers to the previous relevant literature and use the Likert 7-level scale, from 1 to 7, representing 

"completely disagree" to "completely agree". After the questionnaire was evaluated and revised according to the 

opinions of experts, and the initial questionnaire was formed. 

The questionnaire survey first conducts pre-investigation on 30 respondents, analyzes and revises the 
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pre-investigation results. The formal survey adopted the scenario experiment method, convened 176 college 

students to participate in the questionnaire survey, and showed the public welfare live broadcast scene (the 

introduction of a certain unsalable agricultural product, if it is sold, it can relieve the living pressure of the 

residents and promote the regional economic development).  After watching the scene, they answered some 

questions, and after excluding consumers who had no experience of live shopping and incomplete 

questionnaires, 142 valid questionnaires were finally recovered, with an effective rate of 80.68%. Some analyses 

details can be realized from Table 1. 

Table 1. Confirmatory factor analysis and reliability analysis results of variables 

Variable Measurment S.t CR AVE CA 

Moral 

elevation 

M E1 I am very moved by the public welfare this product is involved in 0.853 

0.871 0.693 0.779 

M E2 I am inspired by the good cause this product is involved in 0.876 

M E3 The good cause this product is involved in makes me believe that the 

world is beautiful and full of kindness and generosity 
0.901 

M E4 This charitable cause this product is involved in makes me want to 

be a person of high moral character 
0.861 

M E5 The public welfare this product is involved in makes me want to 

help him/her more 
0.899 

Promotiona

l efforts 

PE1 The product promotion of public welfare live streaming, is relatively 

strong 
0.830 

0.943 0.846 0.909 
PE2 The price of the products of public welfare live streaming, is relatively 

low.   
0.900 

PE3 Small gifts are often given when purchasing products of public 

welfare live streaming, 
0.761 

Perceived 

value 

PV1 I think the price paid for this promotion is worth it 0.900 

0.923 0.800 0.875 PV2 I think the promotional product is of good quality 0.876 

PV3 I think it is wise to buy the promotional product 0.906 

Impulse 

buying 

IB1 I want to own this product now 0.900 

0.944 0.771 0.926 
IB2 I have a strong desire to buy 0.947 

IB3 I didn't plan to buy it before, but now I see the product information 

and want to buy it 
0.912 

5. DATA  ANALYSIS

5.1 Reliability and validity test 

The reliability of the questionnaire is firstly analyzed by spss23.0. The results show that the Cronbach's α 

values of moral elevation, promotion efforts, perceived value and impulse buying intention are all greater than 

0.7, indicating that the reliability of the scale is good. The overall KMO value is 0.836, which is greater than 0.7, 

and the Bartlett's sphericity test Sig. value is 0.000, which is less than 0.001. The two test results show that the 

correlation between variables is strong, which is suitable for factor analysis. 

Table 2. Reliability and validity test 

Variable Cronbach's α KMO Bartlett's sphericity test Sig. value 

ME 0.874 0.836 0.000 

PE 0.878 

PV 0.850 

IB 0.885 
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5.2 Multicollinearity test 

The variable inflation factor (VIF) was used to measure the multicollinearity among the model variables, 

and the results are shown in the Table 3.  It can be seen from Table 3. that the VIF value of each variable is less 

than the critical value of 5, indicating that the collinearity problem between the model variables is not serious. It 

can be seen that the collinearity problem will not cause adverse effects on the estimation of the path coefficients 

of the model structure. 

Table 3. Multicollinearity test results of structural model 

variable PE IB 

PE 2.640 2.069 

PV 2.727 

ME 2.506 2.069 

5.3 Model goodness of fit analysis 

Through the coefficient of determination of endogenous latent variables, the contribution degree of each 

latent variable and the degree of model interpretation are analyzed.  According to the analysis standard in 

general research, when the coefficient of determination of endogenous latent variables (variance explanation R²) 

is greater than or equal to 0.67, the model fitting degree is good; when it is at 0.67 to 0.33, the model fitting 

degree is moderate; When it is less than or equal to 0.19, the model fit is poor. Using SmartPLS 2.0 software as 

a data analysis tool, the quality criterion of the inner life of the model is as follows, and its variance 

interpretation is in the range of 0.67 to 0.33, and it is close to 0.67, which proves that the model is well 

explained, and the fit high degree. 

Table 4. Model goodness of fit analysis 

variable R² Adjusted R² 

PV 0.633 0.628 

IB 0.596 0.588 

5.4 Hypothesis Testing 

In this paper, SmartPLS2.0 is used to test the significance and path coefficient of the direct causal relationship 

between variables. The data analysis results of the structural equation model are shown in the Table 5. It can be 

seen from Table 5. that moral elevation (β=0.726, p<0.001) and the promotion efforts (β=0.738, p<0.001) both 

have a significant positive effect on perceived value, assuming that both H1 and H3 are established. Both moral 

elevation (β=0.661, p<0.001) and promotion efforts (β=0.629, p<0.001) have significant positive effects on 

impulse buying intention, assuming that H2 and H4 are both valid. Perceived value has a significant positive effect 

on impulsive buying behavior (β=0.836, p<0.001), assuming H5 holds. Since the path coefficients of moral 

elevation and promotion efforts on perceived value are 0.749 and 0.810 respectively, it indicates that the influence 

of the two on perceived value is greater than that of moral elevation. The path coefficients of moral elevation and 

promotion efforts on impulse buying intention are respectively 0.765 and 0.773, indicating that the influence of the 

two on impulse buying intention is greater than that of moral elevation. 

Table 5. Test results of direct relationship between variables 

path Estimatc Std.Estimatc R² T P Conclusion 

ME→ PV 0.749 0.726 0.524 12.921 0.000 H1 established 

ME → IB 0.765 0.661 0.434 10.798 0.000 H2 established 

PE → PV 0.810 0.738 0.542 13.408 0.000 H3 established 

PE→ IB 0.773 0.629 0.392 9.911 0.000 H4 established 

PV →IB 0.836 0.746 0.554 13.733 0.000 H5 established 
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Bootstrap is used to test the mediating path between moral elevation and promotion efforts and impulse 

buying intention, and the results are shown in Table 6.  It can be seen from the table that both moral elevation 

and the promotion efforts can affect the impulsive buying intention through perceived value. It is assumed that 

both H6 and H7 are established, and the two variables of moral elevation and promotion efforts have an indirect 

influence on the impulse buying intention of consumers, which were 0.473 and 0.562 respectively.  It can be 

seen that the indirect influence of moral elevation and the promotion efforts on consumers' impulse buying 

intention is that the promotion efforts is greater than moral elevation. 

Figure 1. Research Model 

Note: ** and * represent p<0.01 and P<0.05, respectively; dashed arrows indicate that the path does not hold. 

Table 6. Bootstrap analysis results for the significance test of the mediation effect 

mediation path Effect size SE 
Bootstrap95%CI Mediation test 

Lower Upper 

ME→ PV → IB 0.473 0.090 0.310 0.655 

PE →PV→ IB 0.562 0.097 0.365 0.749 

6. CONCLUSIONS AND RECOMMENDATIONS

6.1 Research conclusion 

We construct a theoretical model of promotion efforts and moral elevation on impulse buying. The research 

results show that: in the context of public welfare live streaming, consumers' impulsive buying intention is 

affected by promotion efforts and moral elevation, and perceived value is directly related to promotion efforts 

and morality. There is a mediating effect between promotion efforts and impulse buying intention, and the effect 

of promotion efforts on perceived value and impulsive buying intention is more significant. 

6.2 Implications to Management and practice 

Previous studies have mainly focused on the impact of price discount factors on consumers’ purchase 

intentions under promotions. We combine the effects of consumers’ reactions (promotional efforts, moral 

elevation) in public welfare live streaming scenarios on perceived value to conduct a more comprehensive 

discussion, and expand research scope of live streaming marketing and provides a new perspective for public 
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welfare live streaming promotion. 

6.3 Research limitations and future research 

We select the typical live streaming, consumer group college students as the research object, but there are 

many types of consumer groups in real life, and other types of consumer groups can be considered in the future. 

This paper uses the scale to measure consumers' impulse buying intention without measuring the actual impulse 

buying behavior. In the future, on-site laboratory experiments can be set up to simulate real live shopping 

scenarios to record the actual impulse buying behavior of the subjects. Finally, we conduct research in the 

context of public welfare live streaming, but does not explore boundary conditions. In the future, we can 

continue to explore the boundary conditions that affect consumers' impulse buying in the context of public 

welfare live streaming. 
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Abstract: Value co-creation is the key for enterprises to obtain sustainable competitive advantage in the network environment. 

Based on value co-creation theory, psychological ownership theory, social exchange theory and S-O-R theory, this study 

constructs a research model of the impact of customer experience in virtual brand community on participation in value co-

creation behavior. Through questionnaire survey and structural equation model analysis, the results depict that: Customer 

experience and psychological ownership have a positive impact on willingness to participate in value co-creation; customer 

experience is positively correlated with psychological ownership; customer psychological ownership plays an intermediary 

role between customer experience and willingness to participate in value co-creation; customers’ willingness to participate in 

value co-creation promotes their participation in value co-creation; reciprocity norms have a significant positive moderating 

effect on the willingness and behavior of participating in value co-creation. 

Keywords: Virtual brand community, Customer experience, Participation in value co-creation behavior, Psychological 

ownership, Reciprocity norms 

1. INTRODUCTION

In recent years, the way enterprises create value has gradually changed from individual value creation to co-

creation. Value co-creation has become a crucial research topic in current marketing management because it 

breaks through the traditional value creation view. Virtual brand community has gradually become a typical 

platform for enterprises and customers to co-create value. The participation of community members in value co-

creation has been proved to play an important role in new product development and service innovation, brand 

equity and maintaining brand loyal customers [1]. Therefore, enterprises need to consider from what aspects to 

make efforts to stimulate the virtual brand community customers positive value co-creation behavior. 

Value co-creation is the result of the joint efforts of both enterprises and customers. Enterprises not only 

need to provide the most basic experience environment conducive to the development of value co-creation 

activities, but also need to establish various behavioral norms to restrict the opportunistic behavior of customers 

and stimulate customer value co-creation behavior. In addition to the stimulation of external factors, an important 

internal reason for the increase of customer participation in value co-creation is the change of their self-ability 

consciousness and thoughts and emotions as the other side of value co-creation. It can be seen that the process 

mechanism of customer experience promoting customer participation in value co-creation is profound and 

complex, and the lack of any link is not conducive to the achievement of the final behavior results. Therefore, it 

is necessary to further explore and use scientific methods to verify to clarify the reasons. 

Based on this, this study attempts to draw on the existing research results in the field of value co-creation at 

home and abroad. Taking the virtual brand community initiated by enterprises as the background, the customers 

involved in value co-creation activities in the community as the research object, the psychological ownership as 
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the mediating variable, and the reciprocal norm as the moderating variable, this study constructs the research 

model of the influence of customer experience in the virtual brand community on the participation in value co-

creation behavior, and makes an empirical analysis of the whole influence process, so as to provide marketing 

decision-making reference for enterprises to encourage customers in the virtual brand community to participate 

in value co-creation practice. 

2．THEORETICAL BACKGROUND 

2.1 Value co-creation 

Value co-creation is defined as the process of value co-production by multi-economic actors in the value 

creation system, which includes suppliers, customers, partners and other stakeholders [2]. The virtual community 

user value co-creation refers to the platform to provide experience and interactive basis, users according to their 

own needs and platform to create value. Under the service-oriented logic, enterprises put forward value 

proposition, and provide customers with various co-creation conditions such as platform, information technology 

and good experience environment. The value co-creation studied in this paper is based on the service-oriented 

logic of value co-creation, that is, from the perspective of enterprises, to study what kind of support enterprises 

provide for customers in virtual brand communities can promote customers to actively participate in value co-

creation, and how to interact with customers, how to integrate and use customer resources to successfully develop 

new products and improve services oriented by customer needs, so as to achieve the sustainable development of 

enterprises. 

2.2 Psychological ownership 

Psychological ownership is a kind of psychological state that an individual regards a target as belonging to 

or partly belonging to his own, and this target can be material or non-material, which reflects the internal 

relationship between the individual and the target. When Pierce et al. [3] studied the root causes of the formation 

of psychological ownership, they believed that when the three motivations of self-efficacy, self-identity and spatial 

demand were met, the individual’s psychological ownership was easily stimulated. In the field of marketing, the 

traditional concept of the role of enterprises and consumers has been deconstructed in the past decade. In this 

process of change, enterprises generally begin to regard customers as insiders and partners of value creation, and 

consumers’ participation in co-creation of value can also be regarded as a self-investment of consumers in 

products and services. 

2.3 Social exchange theory 

The social exchange theory relies on “economic man hypothesis”, which means that the performance or 

behavior of organizations or individuals is inseparable from rewards, and the value maximization is the most 

direct and fundamental driving force for them to carry out social exchange. Homans [4] proposed that all human 

activities are social exchanges, reciprocity is common in human social life, and it is reflected in each node of 

social relations. Social exchange is sustainable because people have a belief in reciprocity. Therefore, reciprocity 

is regarded as the core of social exchange theory, which is the fundamental mechanism to explain the generation 

of social exchange between people and the change of attitude and behavior of exchange parties. However, 

reciprocity norms often rely on social exchange theory, which refers to a set of socially accepted trading rules, in 

which one party provides resources to the other and the other party is obliged to repay. 

2.4 S-O-R theory 

The existing literature has rich research results on consumer behavior. In the early stage, it is mainly based 

on the input-output model. In the second-generation research hypothesis, consumers’ response will be affected by 

various stimulus factors in the market. On this basis, Mehrabian and Russell proposed a more perfect S-O-R model 

in 1974. They found that various environmental stimuli can lead to emotional changes, and then cause consumers’ 

behavioral responses. The S-O-R model is composed of “environmental stimulus factors-body psychological 

state-behavioral response results”. With the development of S-O-R theory, environmental stimuli include not only 



The Twenty one Wuhan International Conference on E-Business－E-business Strategy & Digital Marketing 375 

the social network environment in which individuals live, but also the experience gained by individuals in a 

particular atmosphere. The body’s performance is no longer confined to pleasure and conscious awakening. As 

long as it involves the individual’s emotional state or inner cognition, it can be regarded as an organism variable. 

The final behavioral response results can be either a certain behavioral tendency and attitude induced by the state 

of the organism or a specific behavioral output of the target orientation. 

3. STUDY HYPOTHESIS AND STUDY MODEL

3.1 Customer experience and psychological ownership 

More and more enterprises strengthen their contact with customers by creating their own virtual community. 

Customers spend time and energy browsing community content, participating in comments on posts issued by 

enterprises or other community members, publishing their own experience of product use, and experiencing strong 

community information function and interactive fun, and the acquisition of this comprehensive experience further 

enhances customer familiarity with businesses and brands. In the context of this study, customer psychological 

ownership is a kind of inner cognition and emotional state that customers regard brands or products as belonging 

to or part of their own. Its formation depends on one of the three paths of controlling the goal, understanding the 

self and investing in oneself. Whether the customer contact and participate in the virtual community interaction 

of self-investment, or through a variety of experience process to promote the familiar understanding of brand and 

product, all meet the basic conditions of customer psychological ownership formation. Therefore, this study 

proposes the following hypothesis: 

H1 Customer experience has positive effect on psychological ownership. 

Based on the research of Sha et al. [5], this study divides the customer experience of virtual brand community 

into three dimensions: information experience, entertainment experience and interactive experience. Information 

experience is the experience that customers feel valuable to themselves when they acquire and share information 

in virtual communities. This functional experience can not only help customers understand the product and solve 

the problems encountered in the process of product use, but also meet the sense of control of customers who 

actively participate in information sharing [6]. Once control-based self-efficacy is stimulated, the customer’s sense 

of psychological ownership is easily improved. Entertainment experience is a relaxed and pleasant feeling for 

customers to participate in virtual brand communities, such as community interfaces, videos, music, pictures, and 

emoji. These most intuitive contents are indispensable factors to attract customers to participate in virtual brand 

communities. When customers feel that the entertainment atmosphere of the community is good, they will produce 

a friendly emotion, which will bring about a sense of belonging to cyberspace. However, once the demand for 

space belonging is met, customers’ psychological desire for brand ownership will be stronger [7]. Interactive 

experience is the friendship and social support that customers obtain when communicating with other customers 

in the community. Interaction with people who share the common interests and hobbies can not only fully express 

themselves, but also construct themselves from the support of others and obtain certain social status, so as to have 

more influence in social interaction, and will be more recognized in the heart. When individuals produce such 

self-identity and self-worth cues, psychological ownership also arises. In addition, as customers’ social motivation 

grows stronger, customer centrality in community social networks may increase, which will further lead to an 

increase in customer psychological ownership of brands. Therefore, this study proposes the following hypothesis: 

H1a Customer information experience has positive influence on psychological ownership. 

H1b Customer entertainment experience has positive influence on psychological ownership. 

H1c Customer interaction experience has positive influence on psychological ownership. 

3.2 Customer experience and willingness to participate in value co-creation 

The willingness to participate in value co-creation is a subjective state that customers are willing to pay time 

and energy to actively interact with enterprises on products or services in virtual brand communities to achieve 

the value co-creation. Customers feel that the virtual brand community brings them rich social network experience, 
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which means that their various needs (such as cognitive, enjoyable, and social integration needs) are met to some 

extent. That is to say, taking care of the community and participating in interaction can bring them certain material 

or non-material interests, which is in line with the value expectation of customers’ participation in the virtual 

brand community, conducive to improving their subjective possibility of participating in corporate value co-

creation activities [8]. Therefore, this study proposes the following hypothesis: 

H2 Customer experience has a positive effect on willingness to participate in value co-creation. 

Information acquisition is one of the main purposes for customers to participate in virtual community 

interaction. Strong information experience means that the quality of information in the community is high. A 

information exchange with brand and product as the topic can bring knowledge growth and substantive helping 

to customers, which is conducive to customer motivation to remain active in the community for a long time, and 

then show higher willingness to participate in co-creation activities such as product upgrading and replacement 

of enterprises to capture more useful information [9]. Entertainment is one of the most direct motivations for 

consumers to participate in social media. When customers browse the community attracted and infected by 

multimedia elements, they will feel physical and mental pleasure. Entertainment experience can enhance the 

curiosity and pleasure of customers to participate in community interaction. Driven by the spirit of exploration 

and proactive personality, customers are likely to have a strong willingness to accept and tolerate new things, so 

they are more willing to participate in product innovation activities advocated by enterprises. Interaction is the 

essence and soul of value co-creation, the stronger the sense of interactive experience is, the deeper the customer 

embeds in social networks, the more resources and interpersonal relationships accumulate. In order to gain more 

personal advantages in the future, customers are likely to invest more interest in corporate value co-creation [10]. 

Therefore, this study proposes the following hypothesis: 

H2a Customer information experience has a positive impact on willingness to participate in value co-creation. 

H2b Customer entertainment experience has a positive influence on the willingness to participate in value 

co-creation. 

H2c Customer interaction experience has a positive impact on willingness to participate in value co-creation. 

3.3 Customer psychological ownership and willingness to participate in value co-creation 

Customer psychological ownership reflects the highest form of relational connection between customers and 

the brand or product, connecting the most stable customers. When a customer feels that a brand or product belongs 

to himself or herself and becomes an extension of his or her self-concept, it tends to trigger two outcomes: First, 

to increase customer satisfaction and improve customers’ evaluation of brand products. Second, customers are 

more concerned about the status of target results, resulting in responsibility for the results. Zhao et al. [11] believes 

that the expectation of virtual brand community members on their own behavior results is strongly related to their 

willingness to participate in co-creation, that is, the more optimistic customers’ expectations of behavioral 

outcomes, the more willing they are to engage in value co-creation activities. Psychological ownership stimulates 

people’s desire to protect the target. People feel responsible to take some measures to make these targets develop 

in a good way as they are expected, and hope that others also have this sense of responsibility to safeguard their 

common interests and reduce the possibility of failure. According to this logic, the responsibility consciousness 

of brand or product inspired by customer psychological ownership makes customers more willing to contribute 

their time and energy, knowledge resources and other cooperation with enterprises in value creation, so as to 

maintain their expectation of brand or product. Therefore, this study proposes the following hypothesis: 

H3 Positive correlation between psychological ownership and willingness to participate in value co-creation. 

3.4 The mediating role of customer psychological ownership 

S-O-R theory believes that the external environment stimulation will lead to changes in the body’s state, and 

changes in the internal state will bring individual behavioral responses. Virtual brand community is an 

environment for customers to participate in interaction, and its release, transmission, sharing and use of 

information make customers have a unique information experience. Its beautiful interface, interesting content, 
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vivid music video, so that customers have a wonderful entertainment experience. Its various forms of interaction 

and participants make customers have an unforgettable interactive experience. These external experiences are 

conducive to strengthening customers’ understanding and control of the brand and product, enhancing their 

emotional connection with the community, and promoting the identification of self-concept in the whole 

interaction process. All these may trigger customers’ sense of psychological ownership, that is, the brand or 

product “as their own”. However, customers with this psychological cognition and emotional state are easy to 

actively evaluate brands or products, and also easy to form a responsibility from the owner, so they are more 

willing to participate in enterprise value co-creation practice to achieve common goals. Therefore, this study 

proposes the following hypothesis: 

H4 Customer psychological ownership mediates the relationship between customer experience and 

willingness to participate in value co-creation. 

H4a Customer psychological ownership mediates the relationship between information experience and 

willingness to participate in value co-creation. 

H4b Customer psychological ownership mediates the relationship between entertainment experience and 

willingness to participate in value co-creation. 

H4c Customer psychological ownership mediates the relationship between interactive experience and 

willingness to participate in value co-creation. 

3.5 Customers’ willingness to participate in value co-creation and participation in value co-creation 

behavior 

Customer participation in value co-creation is the actual behavior of customer resource interaction and 

integration in the process of value co-creation. In this study, the main content is to participate in the collection, 

evaluation and marketing promotion of new products. However, behavioral tendencies are not equal to the 

behavior itself, and will is the forerunner of behavior. The transformation of “willingness-behavior” is reflected 

in the technology acceptance model and the planned behavior model and has been widely confirmed. Similarly, 

whether the virtual brand community customer participation in co-creation behavior occurs depends on the level 

of customer participation willingness. Higher willingness indicates that customers are more likely to implement a 

certain behavior at a certain time. Then when enterprises publish activities related to new product development in 

communities at certain times, customers with higher willingness to participate in co-creation are more likely to 

actively contribute their creativity and experience, and assist enterprises to push new products to the forefront of 

public opinion [12]. Therefore, this study proposes the following hypothesis: 

H5 Customers’willingness to participate in value co-creation is positively correlated with their behavior. 

3.6 The moderating role of reciprocity norms 

Virtual communities often lack the clear structure, institutional constraints and incentive mechanisms of 

traditional organizations, coupled with the instability and ambiguity of community members, which makes the 

behavior of individuals in the community at a certain opportunistic risk. At this time, enterprises are more required 

to assume management responsibilities and establish appropriate interaction rules in the community to ensure that 

the exchange of community members is not unbalanced. The more perfect the community reciprocity system, the 

more fair the communication between customers and enterprises, customers and customers [13], customers respond 

positively to the posts of enterprises and other members and contribute their knowledge. According to the social 

exchange theory, these behaviors should receive equal returns in the near future. These returns may be similar 

helping behaviors, or material rewards and spiritual support, which can motivate customers with certain 

willingness to participate in co-creation. In addition, based on such reciprocity, customers will also have a higher 

level of satisfaction and trust in the whole community, which is conducive to promoting the transformation of the 

real value co-creation behavior of willing customers. Therefore, this study proposes the following hypothesis: 

H6 Reciprocity norms positively affect the relationship between customer willingness to participate in value 

co-creation and co-creation behavior. The higher the reciprocity norms are, the stronger the positive relationship 
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between “willingness” and “behavior”. 

3.7 Study model 

Based on the above research hypothesis, we can construct the study model as shown in Figure 1. 

Figure 1.  Study model 

4. STUDY METHOD

4.1 Data collection 

The data of this study are collected by questionnaire survey. The respondents are customers of Meizu 

Community, Weiphone Community, OPPO Color OS, Xiaomi Community and Huawei Pollen Club Community. 

Refer to Li [14], Peng and Shen [15] two ways of issuing questionnaires, one is to register as a community member, 

by posting in the popularity plate to show their research purpose, and attach a questionnaire link to ask other 

members to help fill in, but also contact the publishers and service personnel, ask them to help spread; second, 

recommend sampling, that is, in relatives and friends, colleagues, classmates ask people with relevant experience, 

through them to recommend similar groups they know, and help online forwarding questionnaire. A total of 282 

questionnaires and 245 valid questionnaires were collected, and the effective recovery rate was 86.88 %. 

4.2 Measurement of variables 

The variable measurement scale was designed based on the content and purpose of this study, the research 

object and the opinions of relevant experts. Customer experience is divided into three dimensions: information 

experience, entertainment experience and interactive experience. Referring to Sha et al. [5], three items are set up 

to measure the scale of virtual brand community development in China. Psychological ownership variable is based 

on the scale of Pierce et al. [3], combined with the views of Fuchs et al. [16] by feeling that the target object belongs 

to “mine”, having a sense of intimacy with the target object and feeling that others have the target object to 

measure four items. The measurement of participatory value co-creation behavior is mainly based on the scale 

developed by Zwass [17] and Li [14], and three kinds of target value co-creation behaviors initiated by customer 

participation enterprises, namely new product development, evaluation and promotion, are selected in this paper. 

The variable of willingness to participate in value co-creation refers to Yi and Gong [18] on the amount of value 

co-creation behavior Table, designed with “I would like to......” (the ellipsis refers to the specific behavior of 

customers participating in co-creation matching this study). Reciprocity norms refer to Pai and Tsai [19] for online 

brand community reciprocity norms research, through others reward me and I reward others two aspects of a total 

of four items to measure. A total of 23 items of all research variables are measured by the Likert 5 scale, namely, 

very disagree, disagree, uncertain, agree and very agree. 

5. DATA ANALYSIS

5.1 Demographical characteristics of samples 

In the gender of the respondents, males accounted for 61.63%, and female accounted for 38.37%, so the 

proportion of men was significantly higher. According to the age distribution, the proportion of young people 
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aged 18-25 (45.31%) and 26-30 (21.63%) was more than half, and the proportion decreased gradually. In terms 

of educational level, undergraduate (37.96%) and master’s degree (33.47%) were the majority, followed by 

college (12.65%) and high school and below (11.02%). In the occupations of the respondents, the occupations 

except students (57.14%) are evenly distributed. In the most commonly used virtual brand community, Huawei 

pollen club (41.63%) is the highest, followed by Weiphone community (25.71%). The survey found that more 

than half of the respondents (64.49%) have participated in the target virtual brand community for six months to 

two years, and the frequency of participation is mainly concentrated in 3-5 days (29.80 %) or once a week 

(24.49%). 

5.2 Reliability and validity analysis 

The reliability of the scale was tested by Cronbach’s α reliability coefficient method. The results showed that 

the overall Cronbach’s α coefficient of the scale was 0.888, and the Cronbach’s α coefficients of each variable 

were between 0.841 and 0.9, which indicated that the scale had good construct reliability. Exploratory factor 

analysis results showed that the KMO value was 0.859, Bartlett’s sphericity test approximate chi-square was 

3246.082, and the significant level was 0.000 (very significant). The above results showed that factor analysis of 

the scale was appropriate. SPSS22.0 was used for principal component analysis, A total of seven factors were 

extracted and the total interpretation rate of cumulative variance reached 77.638%. The standardized load of each 

observation item was greater than 0.742 (>0.5), and all the observation items had only one factor load, indicating 

that the characteristic validity passed the test. 

Since the measurement of research variables in this study is based on existing mature scales at home and 

abroad, and make appropriate adjustments combined with the research situation, so it has good content validity. 

This study also tested the convergent validity and discriminant validity of variables. Confirmatory factor analysis 

results showed that the factor load of 23 measurement items was more than 0.7, the AVE of 7 research variables 

was more than 0.6, and the CR was more than 0.8, indicating that the measurement model had good convergence 

validity. It can be seen from Table 1 that the correlation coefficients of each variable are significantly different 

from 1, and the correlation coefficients are less than the square root of AVE both horizontally and vertically, so 

the discriminant validity is verified.  

5.3 Structural equation modeling analysis 

5.3.1 Initial model fitting and path analysis 

The absolute fitting effect index, relative fitting effect index and alternative index are used to determine the 

fitting degree of the initial structural equation model. The fitting results are shown in table 2. From each index of 

the initial overall model fitting evaluation, each index has reached a good fitting standard, so the model is effective. 

Table 1.  Correlation coefficient matrix 

Variable 1 2 3 4 5 6 7 

1.Reciprocity norms 0.834 

2.Participation in value co-creation behavior 0.421*** 0.800 

3.Willingness to participate in value co-creation 0.482*** 0.448*** 0.804 

4. Psychological ownership 0.214** 0.196* 0.537*** 0.814 

5. Interaction experience 0.070* 0.102* 0.302*** 0.491*** 0.817 

6. Information experience 0.218** 0.142* 0.556*** 0.512*** 0.349*** 0.817 

7. Entertainment experience 0.053* 0.154* 0.426*** 0.371*** 0.335*** 0.254** 0.834 

Note: * represents P<0.05, ** represents P<0.01, *** represents P<0.001. 
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Table 2.  Fitting results of initial structural equation model 

Adaptation indicators Adaptation indicators Initial fitting index of model Fitting result 

Absolute fitting index 

CMIN/DF 1<CMIN/DF<3 1.084 Coincidence 

GFI >0.9 0.941 Coincidence 

AGFI >0.9 0.920 Coincidence 

RMSEA <0.08 0.019 Coincidence 

Relative fitting index 

NFI >0.9 0.942 Coincidence 

IFI >0.9 0.995 Coincidence 

RFI >0.9 0.929 Coincidence 

TLI >0.9 0.994 Coincidence 

CFI >0.9 0.995 Coincidence 

Alternative index 
PNFI >0.5 0.776 Coincidence 

PGFI >0.5 0.821 Coincidence 

The maximum likelihood estimation method is used to estimate the parameters of the model, and C. R. 

(critical ratio) is used to conduct the explicitness test. Table 3 shows the path analysis results of the initial structural 

equation model. It can be seen that except the path of the influence of interactive experience on the willingness to 

participate in value co-creation is not obvious, its path passes the test of obviousness. Information experience, 

entertainment experience and interactive experience, the three dimensions of experience had a significant positive 

effect on psychological ownership, assuming that H1a, H1b, H1c and H1 were supported. The effects of 

information experience and entertainment experience on participation intention were 0.356 (P<0.001) and 0.243 

(P<0.001). Both of them improve the willingness of customers to participate in value co-creation. It is assumed 

that H2a and H2b are valid. Interactive experience had no significant effect on willingness to participate (P=0.548), 

assuming that H2c was not passed and H2 partially supported. The path coefficient between psychological 

ownership and willingness to participate in value co-creation is 0.283 (P<0.001), indicating that there is a 

significant positive impact between the two, and H3 is supported. The path coefficient of willingness to participate 

in value co-creation to participate in value co-creation behavior was 0.432 (P<0.001), indicating that the 

willingness of virtual brand community customers to participate in value co-creation positively affects their 

participation behavior, and H5 is supported. 

5.3.2 Modification of structural equation model 

According to the path analysis results of the initial structural equation model, the model needs to be 

corrected.The unobvious path is deleted from the structural equation model, and the model is fitted and tested 

again by AMOS24.0. Compared with the initial model, the overall fitness of the modified structural equation 

model is slightly improved. 

After adjusting the structural equation model, the results of path coefficient analysis based on table 4 show 

that they are all obvious. The change is partly reflected in the slightly increased path coefficient of information 

experience to psychological ownership (0.361, P<0.001). The path coefficient of information experience, 

entertainment experience and psychological ownership to the willingness to participate in value co-creation (0.351, 

P<0.001; 0.235, P<0.00; 0.265, P<0.001) decreased. 

Table 3.  Path analysis results of initial structural equation model 

Variable relationship Estimate S.E. C.R. P 
Verifie 
results 

Psychological ownership <--- Information experience 0.360 0.059 5.191 *** Found 

Psychological ownership <--- Entertainment experience 0.177 0.061 2.676 0.007 Found 

Psychological ownership <--- Interaction experience 0.306 0.063 4.328 *** Found 

Willingness to participate in value co-creation <--- Information experience 0.356 0.065 4.565 *** Found 
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Variable relationship Estimate S.E. C.R. P 
Verifie 

results 

Willingness to participate in value co-creation <--- Entertainment experience 0.243 0.063 3.476 *** Found 

Willingness to participate in value co-creation <--- Interaction experience -0.046 0.066 -0.601 0.548 False 

Willingness to participate in value co-creation <--- Psychological ownership 0.283 0.084 3.354 *** Found 

Participation in value co-creation behavior 
<--- Willingness to participate in 

value co-creation 
0.432 0.079 5.862 *** Found 

Note: *** represents P<0.001. 

Table 4.  Path Analysis Results of Modified Structural Equation Mode 

Variable relationship Estimate S.E. C.R. P 
Verified 
results 

Psychological ownership <--- Information experience 0.361 0.059 5.209 *** Found 

Psychological ownership <--- Entertainment experience 0.177 0.061 2.684 0.007 Found 

Psychological ownership <--- Interaction experience 0.306 0.063 4.327 *** Found 

Willingness to participate in value co-creation <--- Information experience 0.351 0.065 4.537 *** Found 

Willingness to participate in value co-creation <--- Entertainment experience 0.235 0.062 3.439 *** Found 

Willingness to participate in value co-creation <--- Interaction experience 0.265 0.077 3.39 *** Found 

Willingness to participate in value co-creation <--- Psychological ownership 0.432 0.079 5.858 *** Found 

Participation in value co-creation behavior <--- 
Willingness to participate in value co-

creation 
0.361 0.059 5.209 *** Found 

Note: *** represents P<0.001. 

5.4 Mediating effect analysis 

Bootstrap method is used to test the mediating effect of psychological ownership. As shown in Table 5, the 

deviation correction interval of the 95% confidence level corresponding to the indirect effect of information 

experience, entertainment experience and interactive experience on the willingness to participate in value co-

creation is located on the right side of the zero point, indicating that the explicit psychological ownership mediates 

the influence of various dimensions of customer experience on the willingness to participate in value co-creation. 

Therefore, hypotheses H4a, H4b, H4c and H4 are supported. 

5.5 Moderating effect analysis 

Hierarchical regression analysis is used to test the moderating effect of reciprocal norms. According to the 

Table 6, the coefficient of the interaction term between the willingness to participate in value co-creation and the 

reciprocal norm is 0.236, which is significantly indigenous at the confidence level of 0.01. The change of the R 

side also passes the significant indigenous test, indicating that the reciprocal norm has a significant moderating 

effect between the willingness to participate in value co-creation and the behavior of participating in value co-

creation. In order to present the regulatory mechanism of reciprocal norms more clearly, this study draws the 

regulatory effect diagram shown in Figure 2. According to the slope of the regression line, it can be seen that 

under different degrees of reciprocity norms, the willingness to participate in value co-creation has a positive 

impact on the behavior of participating in value co-creation, and with the increase of reciprocity norms, the 

willingness to participate in value co-creation has a greater impact on the behavior of participating in value co-

creation. Therefore, reciprocal norms play a positive moderating role in the positive relationship between these 

two variables, and H6 is supported. 
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Table 5.  The mediating effect test results of psychological ownership 

Hypothesis relationship  
Direct 

effect 
P 

95% confidence interval 
Indirect effect P 

95% confidence interval 

Lower limit Upper limit Lower limit Upper limit 

Willingness to participate in value co-creation <-

- Information experience 
0.351 ** 0.159 0.457 0.096 * 0.030 0.162 

Willingness to participate in value co-creation <-

- Entertainment experience 
0.235 ** 0.094 0.341 0.047 * 0.011 0.103 

Willingness to participate in value co-creation <-

- Interaction experience 
0.000 … 0.000 0.000 0.081 * 0.020 0.150 

Note: * represents P<0.05, ** represents P<0.01. 

Table 6.  Results of moderating effect analysis 

Participation in value co-creation behavior 

Variable Model 1 Model 2 

Willingness to participate in valueco-creation .268*** .358*** 

Reciprocity norms .265*** .341*** 

Willingness to participate in valueco-creation * Reciprocity norms .236** 

R2 .202 .239 

△R2 .196 .229 

△F 30.697*** 11.519** 

Note: ** represents P<0.01, *** represents P<0.001. 

Figure 2.  Moderating effect of reciprocal norms 

6. CONCLUSIONS AND FUTURE RESEARCH

6.1 Study conclusions 

This study explores the evolution mechanism of customer experience to participate in value co-creation 

behavior, and selects the customers of virtual mobile phone brand community as the research object. Through the 

empirical analysis of the path of customer experience in virtual brand community affecting participation in value 

co-creation behavior, and the test of the mediating effect of psychological ownership and the moderating effect 

of reciprocal norms, the following conclusions are drawn: Virtual brand community customer experience 

significantly positive impact on psychological ownership; the stronger the customer information experience and 



The Twenty one Wuhan International Conference on E-Business－E-business Strategy & Digital Marketing 383 

entertainment experience are, the higher the willingness of customers to participate in value co-creation is, and 

psychological ownership partially mediates the relationship between the two. The influence of interactive 

experience on the willingness to participate in value co-creation is not obvious, but it can promote the willingness 

to participate in value co-creation through the complete intermediary role of psychological ownership. In addition, 

the higher the reciprocal norms of virtual brand community, the stronger the positive relationship between the 

willingness to participate in value co-creation and the behavior of participating in value co-creation. 

6.2 Theoretical contributions 

This study investigates the influence mechanism of customer experience in virtual brand communities on 

customers' participation in value co-creation behavior, which not only explores the important internal and external 

links affecting the relationship between the two, but also better explains the complex process of how the two 

evolve, making this influence mechanism more perfect and reasonable, enriching the results of studying value co-

creation in virtual brand communities from the perspective of enterprise management strategy, and providing 

some theoretical complement to the existing studies. It also provides some theoretical supplements to the existing 

studies. At the same time, psychological ownership theory is used to dig deeper into the psychological trajectory 

of good customer experiences that stimulate their participation in value co-creation behaviors, opening the black 

box of customer participation in value co-creation. The mediating factors such as customer satisfaction, 

relationship quality, and benefit perceptions examined in previous studies do not include obvious individual 

initiative, self-efficacy, sense of competence, and close personal emotions, while psychological ownership 

integrates these connotations and fully reflects the active participation of customers as value-creating partners, 

which is more compatible with this study. Therefore, psychological ownership provides a new theoretical 

perspective for research on the relationship between customer experience and participation in value co-creation 

behavior. 

6.3 Limitations and future research directions 

This study divides the customer experience of the virtual brand community into three dimensions, namely, 

information experience, entertainment experience and interactive experience. Factors such as thinking experience 

and behavioral experience are not included in the research model for analysis, which can be improved in future 

research. Similarly, for the two influencing variables of psychological ownership and reciprocal norms, this study 

only studies them as a single dimension. In the future, it is necessary to continuously enrich its theoretical 

knowledge and make the research model more perfect and reasonable based on more detailed variable 

connotations. 
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Abstract: O2O closed-loop is an important strategy for O2O companies to gain traffic growth and users retention to achieve 

sustainable development. Information flow is an important component in the closed loop, and the development of digital 

intelligence technology is an important driving force for the closed loop. Focusing on the O2O information flow closed-loop 

strategy enabled by digitalization and intellectualization, this paper first explains the connotation of information flow in O2O 

commerce. Then, the closed-loop path of O2O information flow is analyzed, which is consists of six units, and a theoretical 

model is proposed. Furthermore, taking Koubei as the case study object, the digital measures of Koubei in implementing the 

closed-loop strategy are analyzed. Finally, this paper points out that academic research on O2O closed-loop is still relatively 

limited and deserves further attention from scholars. 

Keywords: O2O closed-loop, information flow, digitization, intellectualization 

1. INTRODUCTION

In recent years, with the rapid development and in-depth application of mobile Internet technologies,

e-commerce models such as B2C, C2C and O2O have been emerging and becoming an important part of the 

digital economy and the real economy. Among them, the concept of O2O (Online to Offline), the idea of which 

is to find consumers online and bring them into physical stores, was first proposed by Alex Rampell in 2010. By 

integrating online and offline channels and synergizing online and offline advantages, O2O commerce brings a 

better shopping experience to consumers and creates greater value for merchants. Within the past ten years, O2O 

commerce has been popular worldwide. With the help of new technologies such as big data, artificial 

intelligence, and the Internet of Things, changes occurred in the traditional retail industry in terms of business 

philosophy, business model and payment scenarios. The shift from traditional manual operation to full-link 

digital operation has greatly enriched consumption scenarios, improved consumption experience, and effectively 

promoted the upgrading of consumption quality and social value. The deep integration of online and offline 

services and experience has gradually become the mainstream consumption mode and has provided consumers 

closed-loop services based on their diversified and personalized need in various fields such as entertainment, 

transportation, education, medical care and elderly care. 

The underlying logic of O2O commerce is to provide online services such as information search, order 

payment and post-purchase review for consumers on O2O platform, and guide consumers to physical stores for 

offline experience, thus forming a closed-loop service and experience process. O2O closed-loop is an advanced 

form of O2O application in which closed-loop construction is critical to the success. Information flow is an 

important component in closed-loop construction. Information exchange platforms are provided by O2O 

platforms that focus on information flow to connect merchants and consumers, which effectively solves the 

problem of information asymmetry or opacity. With information flow, operation strategies and supply chains can 

be properly adjusted by merchants in a timely manner by collecting and analyzing consumption data and user 

behavior [1] . Meanwhile, consumers can experience a more convenient and high-quality O2O experience with 

*
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the support of the information flow closed-loop and big data technology. In addition, O2O platforms can achieve 

traffic growth and user retention in the above process. 

Theoretical research on O2O closed-loop and O2O information flow has attracted academic attention. Xia 

and Chen[2] argued that the O2O closed-loop process is that the platform conducts online marketing and 

promotion, consumers pay online, experience offline, and finally give feedback online. Wang and Zhang[3] 

analyzed the operation mechanism of agricultural products O2O and proposed that an integrated closed-loop 

system，the supports of information-based system as well as data integration and processing technology，

effective synergy strategies between online and offline，are the foundation of agricultural products O2O. Zhang 

and Hu[4] choosed rural tourism O2O as research context, and explored the formation mechanism of O2O 

closed-loop through empirical analysis. Zhang et al.[1] interpreted the O2O closed-loop from the perspective of 

value chain and proposed that the O2O closed-loop is composed of information flow, commodity flow and 

capital flow. 

From the review of the above literature, it can be found that scholars have explored the connotation, path, 

and formation mechanism of the O2O closed-loop, but the current theoretical research is still very limited. In 

particular, there is a lack of in-depth and systematic theoretical explanations on issues such as the path and 

formation mechanism of the O2O information flow closed-loop. Accordingly, this paper attempts to construct a 

closed-loop theoretical model of information flow in the context of digitalization and intelligence. The possible 

contributions of this study are: (1) The closed-loop theoretical model of information flow is proposed, which can 

fill the gap of theoretical research in this field and further expand the research work related to O2O commerce; 

(2) The exploration of how digital technology can empower O2O commerce in the context of digital 

e-commerce can enrich academic research in the field of e-commerce in digital economy research; (3) The 

theoretical research on the information flow closed-loop can guide the direction of O2O enterprise practice. 

2. INFORMATION FLOW CLOSED-LOOP

2.1 Information flow in O2O commerce 

Information flow, along with capital flow and logistics, constitute the basic content of O2O operation. The 

information flow includes platform information and merchant information related to the operation of the O2O 

platform; interaction information, behavior information and comment information related to consumers; and 

order, inventory, payment, delivery and other information generated by transactions. Data-driven information 

flow management will comprehensively improve user experience, realize efficient transactions through online 

and offline information integration, and promote the success of the O2O model[5]. 

As an information intermediary, O2O platforms can provide consumers with more choices and help 

consumers understand the detailed information of merchants and their services and/or products. Individual needs 

and behavioral preferences of customers are obtained by the platform while customers interact with it and are 

used to make accurate pushes to customers in combination with their real-time geographic location. Meanwhile, 

the collected offline supply and demand information is presented through online and offline information 

collaboration of platforms and merchants to achieve efficient information matching and sharing, and eventually 

facilitate transactions. In the offline channel, the platform records consumers' behavior data by providing 

services such as online queuing, scanning code ordering, and online payment. Furtherly, a common system for 

both the merchants and the platforms to use the obtained data is developed based on real-time data exchange to 

better service and retain customers. Lastly, customers share their consumption experience on the O2O platform 

and interact with the platform, merchants or other consumers. 

2.2 Information flow closed-loop model 

Information flow closed-loop is a closed-loop between online and offline channels formed by the 
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circulation of information between online platforms and consumers, online platforms and offline merchants, and 

offline merchants and consumers in the O2O closed-loop process. The closed-loop involves the initiation, 

transmission, reception and feedback of information, and requires the use of technologies such as big data, cloud 

computing, and artificial intelligence. This paper summarizes the closed-loop path with six units: online traffic 

attraction — platform adoption — information collection — traffic conversion — offline consumption — online 

feedback, as introduced below. 

(1) Online traffic attraction. Online traffic attraction is the beginning of information flow closed-loop. It 

initiates and disseminates information through advertising, promotional activities and word-of-mouth marketing 

to attract consumers online. Platforms can be promoted by placing advertisements online and offline, such as 

major websites, publicity boards at bus stops. Also, consumers' attention can be attracted by promotional 

activities. Those with wide ranges and large discounts can bring huge traffic to the platform. In addition, with 

the popularity of social networks today, consumers' decision-making largely depends on the comments, 

recommendations and sharing of other consumers[6]. Therefore, many O2O platforms are actively conducting 

word-of-mouth marketing on various social media to gain the goodwill of consumers and attract consumers to 

online platforms. 

(2) Platform adoption. In e-commerce environments, scholars have widely used Technology Acceptance 

Model (TAM) in the field of information technology to study users’ behaviors[7]. In this model, two major 

determinants are perceived ease of use and perceived usefulness[8]. According to the technology acceptance 

model, perceived usefulness refers to the degree to which consumers perceive that a technology or system can 

improve their own efficiency when using it and perceived ease of use refers to the degree to which consumers 

perceive a technology or system to be easy to learn and use. Perceived usefulness and perceived ease of use 

have significant positive effects on consumers' willingness and behavior to a new system. It is more likely that 

consumers will be willing to use the platform if the website is easy to operate and provides consumers with 

useful information. In addition, the ease of use and usefulness of a website can affect how enjoyable consumers 

are to browse it. If the interface design of the platform website is beautiful and can interact well with 

consumers,With proper design in aesthetics and interaction wises, it is possible for the platforms to present more 

enjoyable using experience to consumers that they will ignore the risks of online transactions to a certain extent. 

After consumers accept the O2O platform, they may fill in personal information to register as a platform user 

which will be collected to the platform's user database, so that the platform can better provide services and 

personalized marketing to consumers in the subsequent O2O process. 

(3) Information collection. There are two sources of information collection: the information provided by 

the merchants and the feedback from other users. Since the information provided by merchants is generally for 

marketing purposes, and the amount of information is often limited, consumers will pay more attention to the 

comments, recommendations and suggestions from other users. However, only useful online feedback can help 

consumers in their decision-making. On the contrary, useless, repetitive and low-quality information will 

increase the cost of information collection. Therefore, algorithms to identify the keywords in the feedback 

information, screen and sort the feedback information according to different relevant characteristics, and filter 

out the information that is not very helpful to consumers are important, as which help consumers reduce search 

costs and improve decision-making efficiency. Then, consumers form their own evaluations of different 

merchants, which leads to appropriate selections of consumer objects from these merchants according to their 

needs or interests. In this process, the platform collects the users’ traits in the platform, categorizes the users’ 

labels such as basic information, preferences and behavioral characteristics and eventually uses technologies 

such as big data to optimize services to better meet the personalized and diverse needs of users, improve user 

experience, and keep the information flowing in the closed loop. 
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(4) Traffic conversion. After information collection, expectations for merchants' products or services are 

established for consumers, which in turn triggers their offline consumption motivation, and online traffic may be 

converted into offline traffic. Traffic conversion is a key unit in the closed-loop process and is the fundamental 

way to connect online and offline. However, it is a relatively uncontrollable part of the closed loop. Whether 

consumers come to the physical store will depend on individual factors such as the consumer's geographic 

location and schedule, which are significantly different for different individuals. In order to harvest the highest 

possible traffic conversion rate and to ensure the progress of the closed loop, it is necessary for O2O platforms 

to carry out effective traffic operation and marketing. The basic information of user registration and the behavior 

information generated by interaction with the platform are classified and stored according to different attributes, 

and the data is deposited in the CRM system, thereby establishing a more accurate and controllable traffic pool. 

Different strategies can be applied to arouse consumers' interest and make consumers Maintain offline 

consumption motivation, such as timely pushing merchant-related information to consumers based on their 

labels or tracking their movements, actively investigating the consumers’ reasons of not visiting offline stores, 

or providing consumers with merchant discounts and other measures. 

(5) Offline consumption. In the offline consumption process, merchants can bring real experience to 

consumers by playing their advantages of physical stores in terms of goods, services and environment. The O2O 

platform can provide consumers with online services such as queuing, ordering, and payment, improving the 

convenience of shopping. The order data and consumption data generated by consumers are shared between the 

platform and merchants to achieve online and offline information symmetry and improve the efficiency of 

online and offline collaboration. Through the analysis and processing of massive data through big data 

technology, the platform can grasp the preferences and behavioral characteristics of consumers, and provide 

consumers with personalized recommendations; merchants can discover problems in the process in time and 

optimize consumers' in-store experience. In this process, satisfactory user experiences are provided to 

consumers jointly by platforms and merchants. 

(6) Online feedback. With the development of social networks, it is more and more common for people to 

expressing opinions, obtaining information and sharing experiences on online platforms. Consumers' purchasing 

decisions are largely influenced by other users in the community in today's digital marketplace, resulting in 

more profit from their feedback behavior on O2O platforms than repurchase behavior[9]. Therefore, a major 

strategy of O2O commerce is to promote online through social media, thereby increasing the sales of 

brick-and-mortar stores. Productreview.com in Australia and Dianping.com in China are good examples in this 

matter, which collect user-generated content in the form of reviews of merchants, from which consumers obtain 

product information to make offline purchasing decisions[10]. Online feedback is of great significance to O2O 

platforms, offline merchants and other consumers. For O2O platforms, only when consumers provide valuable 

information feedback can the platform better support consumers and achieve user retention. In addition, the 

platform can also use the feedback information to carry out word-of-mouth marketing to further attract new 

traffic. For merchants, positive feedback from consumers can help merchants conduct online marketing and 

attract traffic, while negative feedback can help merchants improve products or services. For consumers, 

feedback from other users can provide valuable, real-time information and provide reference for purchasing 

behavior. 

The closed-loop model of O2O information flow is shown in Figure 1. O2O platforms attract consumers 

through publicity and marketing. Then, consumers collect merchants’ information on the online platform, make 

a judgment on whether the merchants meet their needs or interests, and choose a suitable merchant. After offline 

consumption, consumers feed back relevant experiences online, and this information is then fed back to offline 

merchants and displayed to other consumers. 
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Figure 1.  Information flow closed-loop model 

3. CASE ANALYSIS

This paper will take Koubei as the research object, collects the relevant information of Koubei from

Pintu.com, and explore how Koubei created an information flow closed-loop through digital measures. 

Koubei.com was established in 2004 and was invested by Alibaba in 2006. It is a company that provides users 

with information and comments on local life services, such as information query, online transaction, evaluation 

release, preferential recommendation. Its business covers offline scenes such as restaurants, supermarkets, 

beauty, fitness, movie performances. In 2018, Alibaba announced the merger of Ele.me and Koubei to form a 

local life service company. Ele.me and Koubei focus on the two main scenarios of take-out and in-store 

respectively. Combining Ele.me's local life service resources, instant delivery capabilities and Koubei’s 

merchant service system, the digital and Internet-based upgrades of the local life service market (mostly catering) 

is promoted. 

Regarding online traffic attraction, Koubei has its own independent app portal which is proper designed to 

attract traffic. Koubei has built digital "word-of-mouth streets" in various places, which presents the information 

of all merchants in a physical street on the corresponding digital list. When consumers click on any merchant on 

the Koubei app, they can not only see the merchant's information and address, but also receive exclusive 

discounts. The interaction between consumers and merchants will form word-of-mouth lists and data reports. 

Through big data and Internet technology, it helps merchants to better understand consumers, formulate more 

scientific and accurate service plans, and provide consumers with ‘private customized discounts’. In addition, 

Koubei also obtains traffic support by accessing entries from other platforms under Alibaba Group. Koubei 

belongs to Alibaba, which has a huge business system covering sales, services, entertainment and other fields 

(see Figure 2). Not only dominant applications like Taobao and Alipay, but also platforms that lead in their 

categories such as AutoNavi Maps, Youku, and Fliggy. 

Secondly, the technology and system infrastructure, marketing service and data management platform, and 

payment and financial service infrastructure (see Figure 2) of Alibaba provide strong support for Koubei such as 

cloud computing, digital marketing, and mobile payment. Koubei has the ability to show consumers a strong 

platform construction to improve consumers' perceived ease of use and perceived usefulness when consumers 

using the platform. 
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Figure 2.  Alibaba Ecological Map 

In terms of traffic operation, with Alibaba's leading domestic user numbers and strong data advantages, 

Koubei can analyze and process massive consumer data, accumulate rich user labels, and furtherly provide 

consumers with accurate and efficient services recommendations to stimulate more consumption. In addition, 

Koubei's online store provides consumers with full-process services including reservation, ordering, receiving 

discounts, and online payment. In 2017, Koubei launched the "Koubei Code" strategy, which allows traffic to 

flow freely online and offline by building a new channel of "QR code-shop-payment". Through the above 

measures, Koubei can effectively carry out traffic operation and marketing, greatly improve the efficiency of 

conversions, and guide online traffic to offline physical stores. 

Finally, in order to allow consumers to experience higher product quality and service quality in the offline 

experience process, Koubei has been committed to empowering merchants and helping them upgrade their 

digital operations. In 2017, Koubei announced the opening of its smart restaurant technology which provides 

catering merchants with full-process solutions including smart ordering, smart recommendation, service 

notification, self-service meal pickup, and automatic withholding. In 2019, Koubei launched the "new service" 

strategy, focusing on providing merchants with the ability to "digitize and intelligentize the middle platform" to 

achieve a jump in the level of digitalization. On March 16, 2020, Koubei held the "2020 Merchant Conference" 

online. On the basis of a number of previous merchants' anti-epidemic support measures, a number of new 

merchant empowerment plans were announced. For example, in the next year, Koubei will upgrade the "digital 

intelligence platform" for 1 million merchants to help them achieve the digital upgrade of the entire chain of 

operations; establish Ali Local Life University, set up eight colleges including catering, logistics, and retail, and 

1,000 high-quality courses export within 3 years; help 10 million employees to upgrade and develop their digital 

capabilities. 

4. CONCLUSIONS

O2O closed loop involves information flow, commodity flow and capital flow. This paper focuses on the

closed loop of information flow. The connotation of the closed loop of information flow is expounded and the 

path of the closed loop of information flow is explored. The main units along the online-offline-online loop path, 

such as online traffic attraction, offline consumption and online feedback, are analyzed. Lastly, Koubei is used 

as the research object to explores the specific measures in the closed loop of information flow. This study found 

that by combining digitization and intelligence, Koubei helps merchants reduce costs and increase efficiency, 
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improve service levels, and further enhance user stickiness. 

The development of O2O commerce in China has entered a stage of the fully integration of online and 

offline channels with more and more fields penetrated. However, the competition in the O2O e-commerce 

market is becoming more and more fierce at the same time. The ability to provide consumers with a satisfactory 

customer experience largely determines whether an enterprise has a competitive advantage or not. In this 

context, O2O closed-loop has become one of the important solutions for O2O companies to cope with 

competition and achieve sustainable development. The O2O closed-loop combines offline physical merchants, 

consumer geographic locations and new Internet technologies, and brings consumers a closed-loop service 

experience that seamlessly connects online and offline based on the local service market, and eventually 

achieves the purpose of user retention and profit growth for the platform. Traditional entity enterprises and 

Internet companies have deployed the O2O field through cooperation, investment, self-owned and other 

methods. They have also used big data, artificial intelligence, Internet of Things and other technical means to 

create an O2O closed loop in practice. However, academic research on O2O closed-loop is still relatively 

limited and deserves further attention from scholars. 
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Abstract: As a controversial competitive strategy of platform manufacturers, exclusive dealing is getting more and more 

attention from anti-monopoly law enforcement agency. However, considering the unique features of two-sided market such as 

cross-network externality, how to identify the competitive effect of exclusive dealing has become an important and difficult 

problem. Referring to the specific facts of the exclusive dealing agreement, we design a two-stage game framework on the 

basis of Hotelling model for duopoly e-commerce, and compare the changes of market structure, bilateral user welfare and 

platform profit at equilibrium. The results show that the exclusive dealing agreement signing between platform and sellers 

reduces the utility of single-homing and multi-homing consumers, and may also reduce the utility of the sellers in the market. 

Besides, not only does it reduce the other platform's profits, but more importantly, it doesn't make more profits for itself. 

Finally, we try to explain the results from the perspective of economics, and provide theoretical support for regulators to 

formulate platform economy anti-monopoly policy scientifically. 

Keywords: exclusive dealing, competitive effect, dynamic duopoly game, cross-network externality 

1. INTRODUCTION

The platform economy has improved the efficiency of market resource allocation, but at the same time some

controversial competitive phenomena have gradually emerged in the development process. For maximizing long-

term profits, some dominant platforms require sellers to operate only on its own platform, but not simultaneously 

enter its competitors' platforms for business, which is called exclusive dealing strategy. In 2021, the Anti-

Monopoly Guide on Platform Economy was issued in China, which pointed out that if the competitive behavior 

harms the welfare of users, it will be considered as unfair. As a result, the competitive effects of exclusive dealing 

strategy is an important boundary for enforcement. 

Compared with traditional industrial enterprises, enterprises, platform enterprises have some unique features 

of industrial organization such as cross network effect and two-sided market. We define the platform competition 

effects as the influence of competitive stratege on market structure, bilateral user welfare and platform profit. 

Accordingly, the competition effects in platform economy are more complex, and there are two mainstream views 

from different perspectives. On the one hand, exclusive dealing is considered as conducive to eliminate free-riding 

behavior in the market, achieve the purpose of protecting specific investment and improving market efficiency. 

On the other hand, exclusive dealing may cause market segmentation and increase entry barriers, which damage 

the efficiency of resource allocation [1].  

Based on the features of platform competition, we explore the competitive effects of exclusive dealing in 

duopoly markets, trying to provide a theoretical basis for China ' s anti-monopoly law enforcement in related areas. 

2. LITERATURE REVIEW

The research in the field of exclusive dealing strategy mainly starts from one-side market enterprises.

*
Corresponding author. Email: iamzzzz@163.com(Lei Zhu) 
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Bernheim proposed a basic framework about exclusive dealing in the early, in which the key point is to weigh the 

costs and benefits brought by it comprehensively [2]. However, the platform economy has typical features of 

bilateral market [3]. The particularity of the platform economy determines that the traditional industry analysis 

framework cannot be directly copied. It is necessary to establish a characteristic analysis idea according to the 

specific market structure. 

At present, academia has obtained relatively abundant research results on the competitive effects of exclusive 

agreements in two-sided market, especially on welfare changes and platform motivation [4-6]. Firstly, exclusive 

dealing agreement has two-sides effects on consumer welfare. On the one hand, exclusive dealing would limit 

consumers’ right of choice and harm consumer welfare [7]. Wang focused on the analysis framework based on 

changes in user attribution, it is found that exclusive dealing did not affect consumer attribution, but it would force 

multi-homing sellers to choose to be single-homing, which could reduce consumer welfare [8]. On the other hand, 

based on the empirical results of the quasi-natural experiments, Qu found that due to the fierce competition 

between sellers of the same category, the exclusive agreement between the platform and a specific seller would 

not lead to an increase in commodity prices and consumer welfare would not decline[9]. Secondly, the impact of 

exclusive dealing agreement on the seller is complex. Considering both price and quality factors, Tang supposed 

that in the case of consumer users with strong product differentiation preferences, exclusive dealing will damage 

consumer and seller utility [10]. On the basis of Armstrong and Wright [3], Qiao incorporated the direct network 

externality within bilateral users into the model, and found that after the implementation of exclusive dealing, 

seller utility first rise and then decline with the increase of platform investment [11]. Thirdly, the implementation 

of exclusive dealing agreement is also uncertain for platform profits. When the cross-network externality brought 

by consumers to sellers are quite different, the exclusive dealing agreement helps the platform to achieve rapid 

accumulation of consumer scale, thereby increasing the platform’s profits and improving the efficiency of resource 

allocation [12]. However, from the perspective of two heterogeneous platforms, Zhang found that when the cross-

network externalities on the seller side are strong, the platforms are motivated to implement exclusive behaviors, 

but the result of competition is to make both parties fall into a "prisoner's dilemma" [13].  

Generally, the conclusions of the competitive effect on platform exclusive transactions in existing literature 

are still unclear, but these literatures provide an important theoretical basis for our research. Different from the 

above research, it is believed that the platform forces the seller to choose one or the other, and the seller can only 

be single-homing [3,10,11,13]. We believe that the platform attracts sellers to accept exclusive dealing at preferential 

cost. If some sellers don’t accept, they can still keep multi-homing at the original cost. Therefore, it will be more 

realistic for us to explore the competitive effect of exclusive dealing in this situation. 

3. DYNAMIC GAME FRAMEWORK

3.1 Model construction 

Based on the model proposed by Armstrong and Wright [3], we construct a two-stage complete information 

dynamic game model. In the first stage, each platform formulates service prices for consumers and sellers. In the 

second stage, consumers and sellers choose platforms from their own utility maximization. From the perspective 

of cross-network externality, distribution of singe-homing and multi-homing users, platform differentiation and 

platform pricing of two-sides platforms, we compare the changes of market structure, user welfare and platform 

profit in the equilibrium state before and after the exclusive dealing. 

3.2 Key assumptions 

3.2.1 Cross-network externality 

Sellers and consumers are users on each side of the platform. Through the platform, consumers can obtain a 

lot of information about sellers, and sellers can promote their products or services to more consumers. The 
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participating behaviors of bilateral users will influence each other. This feature that the number of users on one 

side will affect the utility level of users on the other side is called cross-network externality. In general, the 

influence of the scale of consumers on sellers is greater than that of sellers on consumers. Therefore, to model this 

situation, we propose the assumption that the consumer's cross network externality coefficient is greater than 

sellers, and the cross-network externality is the same for sellers and consumers in different platforms.  

H1: 𝛼1
𝑐 = 𝛼2

𝑐 > 𝛼1
𝑠 = 𝛼2

𝑠

3.2.2 single-homing and multi-homing users 

Users on the platform are classified into single-homing and multi-homing, which is reflected in the different 

preferences of bilateral users on the platform. For sellers, as long as they can obtain positive utility on a certain 

platform, they will choose to join the platform. For consumers, individual preference for platforms is more obvious. 

In reality, some consumers only prefer to join one platform, and some other prefer to join multiple platforms. 

Therefore, it is assumed that sellers are multi-homing and consumers are partially multi-homing. 

H2: 𝑁1
𝑐 ≥ 0, 𝑁2

𝑐 ≥ 0, 𝑁1,2
𝑐 ≥ 0

3.2.3 Platform differentiation 

According to Hotelling linear model[14], it is assumed that platform 1 and platform 2 are located at both ends 

of a line segment, and consumers are evenly distributed on the line segment. In general, the quality of service 

varies from platform to platform, and the model uses transportation costs to measure the differentiation. The 

greater the cost of transportation, the greater the differentiation of platforms. Platform differentiation leads to 

differences in the scale of users on the platform, so it is assumed that the size of consumers on the platform can 

be used to represent transportation costs. For the seller, according to the conclusion of Belleflamme [15], due to its 

inherent multi-attribute characteristics, however，it is unclear to perceive the variety of different platforms, so it 

is assumed that there is no difference between different platforms for sellers. 

H3: 𝑡𝑠 = 0

3.2.4 Pricing strategy 

In reality, platforms often have different pricing strategies for bilateral users. E-commerce platforms tend to 

charge sellers for a fixed fee or a percentage of each deal, while consumers for less or even free. For simplicity, 

we consider that the marginal cost of services provided by the platform is approaching zero, and the platform 

charge sellers and consumers for a fixed fee. 

3.3 Variable description 

Table 1.  Variable declaration 

Variable Detailed description 

I For consumer i=c, for sellers i=s. 

J For paltform1 j=1, for paltform2 j=2. 

𝑈𝑗
𝑖 Utility for i from platform j. 

𝜋𝑗 The profits of platform j. 

𝑁𝑗
𝑖 The number of two-sides users on each platform. 

𝛼𝑖 Cross-network externality for i. 

𝑃𝑗
𝑖 Price for i on platform j. 

𝑡𝑗 The consumer's transportation costs on platform j. 

4. GAME EQUILIBRIUM ANALYSIS

4.1 Equilibrium state before exclusive dealing 

Consumer utility is determined by cross-network externality utility, unit service cost charged by the platform 

and transportation cost. For multi-homing consumers, they can not only get utility from the two platforms 
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respectively, but also obtain more information through the comparison of commodity price and quality on the two 

platforms. The utility of this part is expressed by the average of total utility obtained from the two platforms [13]. 

Therefore, the utility of single-homing consumers and multi-homing consumers are as follow: 

𝑈1
𝑐 = 𝛼𝑐𝑁1

𝑠 − 𝑃1
𝑐 − 𝑡1 (1-1) 

𝑈2
𝑐 = 𝛼𝑐𝑁2

𝑠 − 𝑃2
𝑐 − 𝑡2 (1-2) 

𝑈1,2
𝑐 = 𝛼𝑐𝑁1

𝑠 + 𝛼𝑐𝑁2
𝑠 +

1

2
(𝛼𝑐𝑁1

𝑠 + 𝛼𝑐𝑁2
𝑠) − 𝑃1

𝑐 − 𝑃2
𝑐 − 1 (1-3) 

Seller utility is determined by the cross-network externality utility and the unit service cost charged by the 

platform. The sellers are multi-homing before the platform implement exclusive dealing. Therefore, the utility of 

sellers from the plaform1 and plaform2 are as follow: 

𝑈1
𝑠 = 𝛼𝑠(𝑁1

𝑐 + 𝑁1,2
𝑐 ) − 𝑃1

𝑠 (1-4) 

𝑈2
𝑠 = 𝛼𝑠(𝑁2

𝑐 + 𝑁1,2
𝑐 ) − 𝑃2

𝑠 (1-5) 

The profits of oligarchic platforms come from the fees charged for providing services to sellers and consumers. 

And they respectively are 

𝜋1 = 𝑃1
𝑐(𝑁1

𝑐 + 𝑁1,2
𝑐 ) + 𝑃1

𝑠𝑁1
𝑠   (1-6) 

𝜋2 = 𝑃2
𝑐(𝑁2

𝑐 + 𝑁1,2
𝑐 ) + 𝑃2

𝑠𝑁2
𝑠 (1-7) 

In dynamic games, backward induction is usually used for analysis. According to the utility maximization 

principle, consumers will make a choice that they are single-homing or multi-homing. It is not hard to find that 

the game is in equilibrium when 

𝑈1
𝑐 = 𝑈2

𝑐 = 𝑈1,2
𝑐   (1-8) 

in which case： 

𝑡1 = 1 + 𝑃2
𝑐 − 2𝛼𝑐 (1-9) 

𝑡2 = 1 + 𝑃1
𝑐 − 2𝛼𝑐 (1-10) 

𝑡1 = 𝑁1
𝑐, 𝑡2 = 𝑁2

𝑐   (1-11) 

The distribution of consumers is 

𝑁1
𝑐 = 1 + 𝑃2

𝑐 − 2𝛼𝑐 (1-12) 

𝑁2
𝑐 = 1 + 𝑃1

𝑐 − 2𝛼𝑐 (1-13) 

𝑁1,2
𝑐 = 4𝛼𝑐 − (𝑃1

𝑐 + 𝑃2
𝑐) − 1 (1-14) 

The next step is to analyze how e-commerce platforms set prices for consumers and sellers in order to 

maximize profits. According to formula 1.12-1.14, the profit of e-commerce platforms is 

𝜋1 = 𝑃1
𝑐(2𝛼𝑐 − 𝑃1

𝑐) + 𝑃1
𝑠 (1-15) 

𝜋2 = 𝑃2
𝑐(2𝛼𝑐 − 𝑃2

𝑐) + 𝑃2
𝑠 (1-16) 

Therefore, when the platform profit maximizes, the pricing for consumers should satisfy the condition: 

𝑑𝜋1

𝑑𝑝1

= 0,
𝑑𝜋2

𝑑𝑝2

= 0                                       (1-17)

In equilibrium, the prices to consumers are 

𝑃1
𝑐 = 𝑃2

𝑐 = 𝛼𝑐                                        (1-18)

For multi-owned sellers, as long as the utility of using a platform is positive, they will join the platform. The 

platform charges the highest price the seller is willing to pay. Extremely when 𝑈1
𝑠 = 𝑈2

𝑠 = 0, the pricing of the

platform to the sellers are 

𝑃1
𝑠 = 𝑃2

𝑠 = 𝛼𝑐𝛼𝑠                                      (1-19)

Furthermore, market structure, consumer utility, merchant utility and platform profit can be obtained in 

equilibrium of the dynamic game. 

𝑁1
𝑐 = 𝑁2

𝑐 = 1 − 𝛼𝑐, 𝑁1,2
𝑐 = 2𝛼𝑐 − 1                              (1-20)
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𝑈1
𝑐 = 𝑈2

𝑐 = 𝑈1,2
𝑐 = 𝛼𝑐 − 1   (1-21) 

𝑈1
𝑠 = 𝑈2

𝑠 = 0   (1-22) 

𝜋1 = 𝜋2 = (𝛼𝑐)2 + 𝛼𝑐𝛼𝑠    (1-23) 

4.2 Equilibrium state after exclusive dealing 

According to the competition strategy implemented by Platform 1, sellers who accept exclusive dealing will 

belong to Platform 1 at a preferential price lower than the original price. For sellers who do not accept exclusive 

dealing, they will belong to both platforms as before. However, sellers who do not accept exclusive dealing can 

only join Platform 1 at the original price. Considering the above assumptions, the consumer's utility is as follows: 

𝑈1
𝑐 = 𝛼𝑐(𝑁1

𝑠 + 𝑁1,2
𝑠 ) − 𝑃1

𝑐 − 𝑡1 (2-1) 

𝑈2
𝑐 = 𝛼𝑐𝑁1,2

𝑠 − 𝑃2
𝑐 − 𝑡2 (2-2) 

𝑈1,2
𝑐 = 𝛼𝑐(𝑁1

𝑠 + 𝑁1,2
𝑠 ) + 𝛼𝑐𝑁1,2

𝑠 +
1

2
𝛼𝑐(𝑁1

𝑠 + 2𝑁1,2
𝑠 ) − 𝑃1

𝑐 − 𝑃2
𝑐 − 1    (2-3) 

Sellers who accept the platform's exclusive dealing and those who do not are as follows: 

𝑈1
𝑠 = 𝛼𝑠(𝑁1

𝑐 + 𝑁1,2
𝑐 ) − 𝑃1

𝑠̅̅ ̅ (2-4) 

𝑈1,2
𝑠 = 𝛼𝑠(𝑁1

𝑐 + 𝑁1,2
𝑐 ) + 𝛼𝑠(𝑁2

𝑐 + 𝑁1,2
𝑐 ) − 𝑃1

𝑠 − 𝑃2
𝑠 (2-5) 

Accordingly, the profits of oligarch platform 1 that implement exclusive dealing and oligarch platform 2 are as 

follow： 

𝜋1 = 𝑁1
𝑠𝑃1

𝑠̅̅ ̅ + 𝑁1,2
𝑠 𝑃1

𝑠 + (𝑁1
𝑐 + 𝑁1,2

𝑐 )𝑃1
𝑐   (2-6) 

𝜋2 = 𝑁1,2
𝑠 𝑃2

𝑠 + (𝑁2
𝑐 + 𝑁1,2

𝑐 )𝑃2
𝑐 (2-7) 

Again, backward induction was used for analysis. On the one hand, for consumers and sellers, it results in 

the same utility to be multi-homing or single-homing. On the other hand, it also results in the same utility for 

single-homing consumers to choose platform1 or platform2. Consequently, the equilibrium state is reached if it 

satisfies the following two requirements 

𝑈1
𝑐 = 𝑈2

𝑐 = 𝑈1,2
𝑐 (2-8) 

𝑈1
𝑠 = 𝑈1,2

𝑠   (2-9) 

Given the assumptions related to transportation costs 

𝑡1 = 𝑁1
𝑐, 𝑡2 = 𝑁2

𝑐 (2-10) 

in which case: 

𝑁1
𝑐 = 1 −

1

2
𝛼𝑐(3𝑁1,2

𝑠 − 1) (2-11) 

𝑁2
𝑐 = 1 −

1

2
𝛼𝑐(𝑁1,2

𝑠 + 1)   (2-12) 

𝑁1,2
𝑐 = 2𝛼𝑐𝑁1,2

𝑠 − 1   (2-13) 

The next step is to analyze how e-commerce platform1, which proposed the exclusive dealing, should set the 

new preferential prices for sellers so as to maximize its own profits. 

𝜋1 = (𝛼𝑐)2 + 𝛼𝑐𝛼𝑠 −
(𝛼𝑐)3

24𝛼𝑠
  (2-14) 

𝑁1
𝑠 =

𝛼𝑐

6𝛼𝑠
, 𝑁1,2

𝑠 = 1 −
𝛼𝑐

6𝛼𝑠
(2-15) 

𝑃1
𝑠̅̅ ̅ = 𝛼𝑐𝛼𝑠 −

(𝛼𝑐)2

4
(2-16) 

Meanwhile, the profit of e-commerce platform 2 is 

𝜋2 = (𝛼𝑐)2 + 𝛼𝑐𝛼𝑠 − (𝛼𝑐)2(
1

4𝛼𝑠 +
1

6
)  (2-17) 



The Twenty one Wuhan International Conference on E-Business－E-business Strategy & Digital Marketing 397 

Furthermore, the market structure, consumers utility and sellers utility can be obtained in equilibrium of the 

dynamic game. 

𝑁1
𝑐 = 1 − 𝛼𝑐 +

(𝛼𝑐)2

4𝛼𝑠
  (2-18) 

𝑁2
𝑐 = 1 − 𝛼𝑐 +

(𝛼𝑐)2

12𝛼𝑠
(2-19) 

𝑁1,2
𝑐 = 2𝛼𝑐 − 1 −

(𝛼𝑐)2

3𝛼𝑠
  (2-20) 

𝑈1
𝑐 = 𝑈2

𝑐 = 𝑈1,2
𝑐 = 𝛼𝑐 − 1 −

(𝛼𝑐)2

4𝛼𝑠
(2-21) 

𝑈1
𝑠 = 𝑈1,2

𝑠 = 𝛼𝑐𝛼𝑠 −
(𝛼𝑐)2

3
(2-22) 

4.3 Comparison of competitive effects 

Table 2.  Competitive effects before and after exclusive dealing 

Before exclusive dealing After exclusive dealing ∆ 

Market structure 

for sellers 
𝑁1,2

𝑠 = 1 𝑁1
𝑠 =

𝛼𝑐

6𝛼𝑠
𝑁1,2

𝑠 = 1 −
𝛼𝑐

6𝛼𝑠

∆𝑁1
𝑠 =

𝛼𝑐

6𝛼𝑠
> 0 

∆𝑁1,2
𝑠 = −

𝛼𝑐

6𝛼𝑠
< 0 

Market structure 

for consumers 

𝑁1
𝑐 = 𝑁2

𝑐 = 1 − 𝛼𝑐 

𝑁1,2
𝑐 = 2𝛼𝑐 − 1 

𝑁1
𝑐 = 1 − 𝛼𝑐 +

(𝛼𝑐)2

4𝛼𝑠

𝑁2
𝑐 = 1 − 𝛼𝑐 +

(𝛼𝑐)2

12𝛼𝑠

𝑁1,2
𝑐 = 2𝛼𝑐 − 1 −

(𝛼𝑐)2

3𝛼𝑠

∆𝑁1
𝑐 =

(𝛼𝑐)2

4𝛼𝑠
> 0 

∆𝑁2
𝑐 =

(𝛼𝑐)2

12𝛼𝑠
> 0 

∆𝑁1,2
𝑐 = −

(𝛼𝑐)2

3𝛼𝑠
< 0 

Utility of sellers 𝑈1
𝑠 = 𝑈2

𝑠 = 0 𝑈1
𝑠 = 𝑈1,2

𝑠 = 𝛼𝑐𝛼𝑠 −
(𝛼𝑐)2

3
∆𝑈1

𝑠 = ∆𝑈1,2
𝑠 = 𝛼𝑐𝛼𝑠 −

(𝛼𝑐)2

3

Utility of 

consumers 
𝑈1

𝑐 = 𝑈2
𝑐 = 𝑈1,2

𝑐 = 𝛼𝑐 − 1 𝑈1
𝑐 = 𝑈2

𝑐 = 𝑈1,2
𝑐 = 𝛼𝑐 − 1 −

(𝛼𝑐)2

4𝛼𝑠
∆𝑈1

𝑐 = ∆𝑈2
𝑐 = ∆𝑈1,2

𝑐 = −
(𝛼𝑐)2

4𝛼𝑠
< 0 

Price for sellers 𝑃1
𝑠 = 𝑃2

𝑠 = 𝛼𝑐𝛼𝑠 

𝑃1
𝑠 = 𝑃2

𝑠 = 𝛼𝑐𝛼𝑠 

𝑃1
𝑠̅̅ ̅ = 𝛼𝑐𝛼𝑠 −

(𝛼𝑐)2

4

𝑃1
𝑠̅̅ ̅ < 𝑃1

𝑠 = 𝑃2
𝑠

Price for 

consumers 
𝑃1

𝑐 = 𝑃2
𝑐 = 𝛼𝑐 

𝑃1
𝑐 = 𝑃2

𝑐 = 𝛼𝑐 ∆𝑃1
𝑐 = ∆𝑃2

𝑐 = 0 

Profit of 

platform1 
𝜋1 = (𝛼𝑐)2 + 𝛼𝑐𝛼𝑠 𝜋1 = (𝛼𝑐)2 + 𝛼𝑐𝛼𝑠 −

(𝛼𝑐)3

24𝛼𝑠
∆𝜋1 = −

(𝛼𝑐)3

24𝛼𝑠
< 0 

Profit of 

platform2 
𝜋2 = (𝛼𝑐)2 + 𝛼𝑐𝛼𝑠 𝜋2 = (𝛼𝑐)2 + 𝛼𝑐𝛼𝑠 − (𝛼𝑐)2(

1

4𝛼𝑠
+

1

6
) ∆𝜋2 = −(𝛼𝑐)2 (

1

4𝛼𝑠
+

1

6
) < 0 

4.3.1 Market structure and consumers utility 

After e-commerce platform1 implements the competitive strategy of exclusive dealing, the size of singe-

homing consumers for platform1 and platform2 increases. Specifically, singe-homing consumers for platform1 

are more than those for platform2. By contrast, the utility of single-homing consumers and multi-homing 

consumers are both less than before. And it means once the platform implements exclusive dealing strategy, all 
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consumers’ welfare would be compromised.  The exclusive dealing agreement between e-commerce platforms 

and sellers does not have a direct impact on consumers ' choices, but it affects the distribution of single-homing 

and multi-homing sellers, thereby reducing the cross-network externalities that consumers obtain from sellers and 

thus indirectly affecting consumers ' utility. 

4.3.2 Sellers utility 

Regardless of whether to accept the exclusive transaction proposed by e-commerce platform 1, sellers’ utility 

will increase when 𝛼𝑠 < 𝛼𝑐 ≤ 3𝛼𝑠 is available. In other words, the change of seller's utility is uncertain, which

depends on the coefficient of cross-network externality of consumers and cross-network externality of sellers. 

When it exceeds a certain critical value, the seller's utility will increase, otherwise it will decrease. 

4.3.3 Platform profits 

In order to attract more sellers and consumers, e-commerce platform 1, which proposed the exclusive dealing, 

charges sellers at a lower service rate. But the results of dynamic game equilibrium show that the profit of platform 

1 decreases instead. For another oligarchic e-commerce platform, its profit also declines.  

Then why would this competitive strategy be adopted? Actually, China ' s B2C e-commerce market is not 

balanced, with the top two platforms occupying more than 80 % of the market share. In this competitive situation, 

large e-commerce platforms have sufficient motivation to hijack sellers to sign exclusive dealing agreements. At 

this time, perhaps the number of sellers in the oligarch e-commerce platform has not increased, but the scale of 

consumers has increased. In the short term, the exclusive dealing agreement has excluded potential small platform 

competitors to some extent. In the long run, if another big platform competitor is excluded from the market, the 

platform that carry out exclusive dealing can gain monopoly profits to compensate for earlier losses. 

5. CONCLUSIONS

Platform competition is a hot issue in the study of modern industrial organization theory, which is also highly

valued by regulators. We construct a dynamic game of oligopoly two-sides market based on Hotelling model to 

analyze the change of the distribution of single-homing and multi-homing users, users’ welfare, platform profit. 

Here are what's novel points about the conclusions: After the introduction of the platform Anti-monopoly Law, it 

is not allowed for e-commerce platforms to directly force sellers to trade only on their own platforms or ban them. 

We redefine the situation of exclusive dealing, in which the seller can still keep multi-homing at the original rate, 

thus we get some more realistic conclusions about competition effects. Apart from this, from the economic 

perspective we explain an unusual result, that is, even if an exclusive trading strategy reduces profits, the platform 

still has an incentive to compete.  

Overall, for consumers, the exclusive dealing agreement signed between the platform and the sellers will 

reduce consumer utility, which is indirectly caused by the reduction of cross externality brought by sellers. For 

sellers, the change of utility after signing the exclusive dealing agreement with the platform is uncertain, which 

depends on the comparison between the cross-network externality of consumer and that of seller. For e-commerce 

platforms, attracting sellers to sign exclusive dealing agreements at lower fee rate will reduce their profits. At this 

point, profits on another e-commerce platform will also cause losses. However, from the perspective of the 

competitive goals of crowding out some small platform competitors in short term and crowding out the large 

platform competitor in long-term, e-commerce platforms still have the motivation to implement exclusive dealing 

in the duopoly market pattern. 

To sum up, on the one hand, anti-monopoly law enforcement agency should pay more attention to the 

exclusive dealing behavior of e-commerce platforms, because the exclusive dealing of e-commerce platforms may 

increase their market dominance and damage the welfare of consumers and sellers. On the other hand, regulators 

should analyze the impact of exclusive dealing agreements on e-commerce platforms on market competition 
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according to specific situations. In view of the particularity of China 's e-commerce platform industry, the 

asymmetry of network external externality and the dynamic uncertainty of competition situation, it is necessary 

to strengthen the pertinence and rationality of anti-monopoly monopoly law enforcement, and promote the 

management, technological progress and transformation of China 's e-commerce platform enterprises. 
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Abstract: With the continuous improvement of mobile network service quality and the continuous popularization of 

intelligent terminal products, the connection between the Internet world and the real world has become increasingly close. 

The purpose of this paper is to clarify the influence factors of consumption behavior and the relationship between them 

under the O2O business model of community group purchase. Influencing factors are extracted through literature review, 

expert interviews and other methods, and a hierarchical model of influencing factors is constructed by using interpretative 

structural model method to obtain the hierarchical relationship of influencing factors, and further analyze the consumption 

behavior of community group purchase O2O. By establishing a scientific evaluation system to evaluate the influencing 

factors of consumption behavior under the O2O business model of fresh agricultural products, improve consumers' shopping 

intention. This paper has some enlightenment for enterprises to cultivate core competence and competitive advantage. 

Keywords: community group purchase, online to offline, consumption behavior, interpretative structural model 

1. INTRODUCTION

At present, especially since the outbreak of COVID-19 in December 2019, people's living habits and

behaviors have changed greatly, and the traditional shopping mode has been greatly impacted. A business model 

of community group purchase combining online and offline shopping has gradually entered people's lives. 

This paper aims at exploring the influencing factors of O2O consumption behavior in community group 

purchase. Based on the analysis of the influencing factors of O2O consumption behavior at home and abroad, 

combined with the characteristics of community e-commerce, 15 alternative influencing factors are sorted out 

for related research, and then 12 alternative influencing factors are determined by collecting expert opinions. 

The corresponding interpretative structural model (ISM) is established to analyze the interdependence and 

constraint between the various components of the system, which provides theoretical basis for enterprises to 

seize the market under the online to offline model of community group purchase and promotes the rapid and 

effective development of enterprises. 

2. METHODOLOGY

2.1 Literature Review 

The model of community group purchase is based on the real offline community, and the consumer side 

drives the e-commerce channel of the supply chain side[1]. O2O business model of community group purchase is 

a mode of "online booking + offline self-pickup" initiated by the head of the group, relying on offline physical 

communities and using online social tools. Through the research on the current O2O mode of community group 

buying platforms (such as Mei tuan, Xing sheng, Cheng xin), its main feature is that it takes fresh products as 

the entry point, based on the acquaintance characteristics of offline physical communities, and through online 

social networks, Attract consumers with low prices and convenient services. The research focus of O2O 

business model of community group purchase mainly focuses on the introduction of superficial concepts such as 

* Corresponding author. Email: csjpwan@scut.edu.cn(Jiangping Wan),  zhangjing1999@cug.edu.cn (Jing Zhang)
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mailto:%20zhangjing1999@cug.edu.cn%20(Jing
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model, problems and operation strategies, while the literature related to the influencing factors of consumption 

behavior under this model is rare. 

Gensler et al. investigated the factors that affect consumers' online purchases when visiting offline retail 

stores but competing retailers, and found that the perceived dispersion of price and the perceived return of 

product quality when entering stores play a key role in consumers' decision to enter stores[2]. Hall et al. studied 

the decision-making and purchase intention activities of millennial online shoppers when deciding what kind of 

fashion to buy in the digital retail environment, and found that shoppers use various interactions to reach the 

purchase moment for a longer period of time[3]. Shankar et al. evaluated the intention to use mobile payment in 

India by building a technical model, and found that perceived ease of use, perceived usefulness, trust and self-

efficacy had a significant positive impact on the intention to use mobile payment[4]. Chen et al. studied 

managers' responses to online customer reviews, and found that management responses did have a significant 

and positive impact on the subsequent customer reviews, which provided management enlightenment for service 

providers to improve customer participation in the Internet environment[5]. In short, there are few researches on 

the influencing factors of consumer behavior under the O2O business model of community group purchase, and 

the perspectives are online and offline consumer evaluation, word-of-mouth communication in online social 

networks, service systems, etc., but there is no detailed research to pay attention to consumer behavior. 

2.2 Overview of interpretative structural model 

Interpretive structural modeling is a method developed in 1973 by Professor John N. Warfield. It is a 

method to model structural[6]. It is mainly used to analyze various problems in complex social and economic 

systems, so as to reveal the complex relationship structural of the system[7]. The characteristic of interpretative 

structural model method[8] is to decompose a complex system into several subsystems with different elements. 

Using people's practical life experience and related professional knowledge, combined with the help of 

computers, it is best to build a multi-level ladder structural model. Its limitation lies in that when constructing 

the relationship between the elements of the system, it depends on people's actual experience to some extent[9]. 

ISM has a wide range of applications, it is suitable for analyzing systems with many factors, interlaced 

relationships, and unclear structures, as well as for the sequencing of schemes from international issues, such as 

energy issues, bus network issues[10], environmental sanitation issues, medical system[11] and so on. Problems 

within the scope of regional economic development, enterprises, institutions and even individuals[12] can be 

systematically analyzed accordingly. 

2.3 Interpretive structural model analysis 

In this paper, the technology acceptance model and expectation confirmation theory, which are widely used 

in the research on the influence of online shopping consumption behavior in the field of e-commerce, are used 

as theoretical basis, and the related research is carried out in combination with the particularity of community 

group purchase. Davis proposed a technology acceptance model[13], which shows that consumers' online 

shopping behavior is determined by consumer behavior intention, and consumers' perceived usefulness and 

perceived ease of use determine consumers' consumer behavior intention. Expectation confirmation theory was 

put forward by Oliver in 1980[14], which is mainly used to evaluate social behaviors such as consumer 

satisfaction and post-purchase. This paper further analyzes by establishing ISM, and the specific steps are as 

follows: 

(1) Set up an implementation team. 

The subjects participating in community group purchase online to offline can be decomposed into three 

important parts: customers, core enterprises and offline entities, and network systems provide software support. 

After comprehensive consideration, it is determined that ISM team members are composed of ten experts, 

including professors from School of Management, product managers of IT enterprises, product managers of 
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three major operators, product managers of domestic mobile payment platforms, product managers of 

companies under community group purchase in online to offline and senior online and offline consumers[15]. 

(2) Identify the key problems and the main influencing factors. 

On the basis of literature research and the results of circular investigation and analysis of ten experts, the 

key issues of this study are determined as follows: the influencing factors of consumption behavior under the 

O2O business model of community group purchase. Based on the literature method and related theories, 15 

alternative influencing factors are determined, and the corresponding sets are: f = (f1, … , fi)
T, i = 15. According

to the principle of system engineering, determine the relevant comment set of each alternative influencing factor 

and the consumption behavior under the O2O business model of community group purchase, and summarize the 

number of relevant comment sets. The relevant comment set is: X = {X1, X2, X3, X4, X5} =

{Very important, Important, General, Less important, Irrelevant} = {1.0, 0.8, 0.6, 0.4, 0.2}. 

From Table 1, an importance evaluation matrix R can be obtained, in which rij = dij/da, dij is the number

of people who choose the No.j evaluation value for the No.i factor, da is the total number of people participating

in the evaluation. The evaluation value of each alternative influencing factor can be obtained by weighted 

average, and the evaluation set yi  can be obtained by solving the following formula[16]: Y = RXT =

(y1, . . . , yi, . . . , yn)
T .

R =

[

 
R1

⋮
Rj

⋮
Rn]

 
 
 
 

=

[

 
r11 … r1j … r1n
… … … … …
ri1

…
rn1

…
…
…

rij

…
rnj

…
…
…

rin

…
rnn]

 
 
 
 

, n = 15 

Table 1.  Alternative influencing factors of consumption behavior under the O2O 

business model of community group purchase 

Serial 

number 
Type Alternative influencing factors 

1 

Personal behavior attitude 

Consumer purchase habits 

2 Consumer purchase intention 

3 

Perceived usefulness 

Types and quality of products 

4 Price and promotion of products 

5 Save time and improve work and study efficiency 

6 

Perceived ease of use 

Simple and easy-to-operate design of platform shopping 

environment 

7 Transparency and convenience of transactions 

8 Network service facilities 

9 

Reputation and trust 

Consumer Sharing and Commenting 

10 Information quality of online platform 

11 
The platform fully considers the interests of consumption 

including after-sales interests 

12 

Logistics distribution 

Logistics distribution service quality 

13 Offline delivery time and delivery time arrangement 

14 Convenience of picking up goods at offline self-lifting points 

15 After-sales service Merchant after-sales service 
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Table 2.  Evaluation value of alternative influencing factors 

Combined with the law of 2-8, each factor is sorted from high to low according to the evaluation value, the 

top 80% is selected, and the alternative influencing factors are screened out. The remaining twelve factors are 

the influencing factors of consumption behavior under the O2O business model of community group purchase. 

Table 3．  Causing factors of consumption behavior under O2O business model of community group purchase 

Number Influencing factors 𝑆𝑖

1 Consumer purchase habits 𝑆1

2 Types and quality of products 𝑆2

3 Price and promotion of products 𝑆3

4 Save time and improve work and study efficiency 𝑆4

5 Simple and easy-to-operate design of platform shopping environment 𝑆5

6 Network service facilities 𝑆6

7 Consumer Sharing and Commenting 𝑆7

8 Information quality of online platform 𝑆8

9 The platform fully considers the interests of consumption including after-sales interests 𝑆9

10 Logistics distribution service quality 𝑆10

11 Offline delivery time and delivery time arrangement 𝑆11

12 Merchant after-sales service 𝑆12

(3) Enumerate the correlations of the main factors and establish the accessibility matrix. 

Considering the opinions of the team members comprehensively, determine the correlation of each 

influencing factor according to the following two principles: If Si has an effect on Sj, fill in 1, and if Si has no

effect on Sj, fill in 0; If the two influence each other, take the party with greater influence as having influence.

The resulting factor relationship is a table with 13 rows and 13 columns, each of which represents the 12 main 

causes. For each row element, if the corresponding column-level element cell value is 1, it means that the row 

element has an impact on the column element. If the cell value is 0, it means that the elements of the row have no 

effect on the elements of the corresponding column. Through the above-mentioned influencing factors, the 

corresponding reachability matrix is established as follows(Table 4), which is a 13 × 13 matrix, and each 

value in the matrix has a one-to-one correspondence with the above-mentioned relational table. 

Serial 

number 

Importance 

Evaluation value 𝑦𝑖Very 
important 

Important General Less important Irrelevant 

1 3 6 1 0 0 0.84 

2 5 1 0 4 0 0.74 

3 7 3 0 0 0 0.94 

4 9 1 0 0 0 0.98 

5 1 9 0 0 0 0.82 

6 0 9 1 0 0 0.78 

7 0 3 6 1 0 0.64 

8 6 3 1 0 0 0.90 

9 3 3 4 0 0 0.78 

10 2 7 1 0 0 0.82 

11 10 0 0 0 0 1.00 

12 6 2 2 0 0 0.88 

13 7 0 2 1 0 0.86 

14 0 3 5 2 0 0.62 

15 4 6 0 0 0 0.88 
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Table 4．  Reachable matrix R 

M13*13 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 

S1 1 0 0 0 0 0 0 0 0 0 0 0 

S2 0 1 1 0 1 0 1 0 0 0 0 0 

S3 0 0 1 0 0 0 1 0 0 0 0 0 

S4 1 0 0 1 0 0 1 0 0 0 0 0 

S5 0 0 0 1 1 0 0 0 0 0 0 0 

S6 0 0 0 0 0 1 1 0 0 0 0 0 

S7 0 0 0 0 0 0 1 0 0 0 0 0 

S8 0 0 0 0 0 1 0 1 0 0 0 0 

S9 0 0 0 0 0 1 1 0 1 0 0 0 

S10 0 1 0 0 0 0 0 0 0 1 0 1 

S11 1 1 0 1 0 0 1 0 0 0 1 0 

S12 0 0 0 0 0 1 1 0 1 0 0 1 

(4) Decompose the reachable matrix and establish the interpretative structure model. 

According to the construction principle of interpretative structure model, the reachable matrix is 

decomposed to get the highest-level element set of each level. When the next level is decomposed, the columns 

and columns of the highest-level element set of the previous level are excluded until the decomposition is 

finished or the decomposition cannot be carried out, so as to get the elements of each level. As shown in Table 5, 

we get the reachable set and antecedent set of the first level, and there are 𝑅(𝑆1) ∩ 𝐴(𝑆1) = 𝑅(𝑆1) and 𝑅(𝑆7) ∩

𝐴(𝑆7) = 𝑅(𝑆7) in the first level. Therefore, the highest-level elements in the first level can be obtained as 1 and

7, and the element set of the first level can be obtained as {𝑆1, 𝑆7}, the reachable set and antecedent set of the

second level can be obtained by striking out the corresponding rows and columns in the reachable matrix, 

eliminating the elements corresponding to the first level in Table 5 or performing operations in the matrix of 

eliminating the first-level element set. 

Table 5．   Reachable set and antecedent set of the first level 

Si Reachable set R(Si) Antecedent set A(Si) R(Si)∩A(Si) 

S1 1 1,4,11 1 

S2 2,3,5,7 2,10,11 2 

S3 3,7 2,3 3 

S4 1,4,7 4,5,11 4 

S5 4,5 2,5 5 

S6 6,7 6,8,9,12 6 

S7 7 2,3,4,6,7,9,11,12 7 

S8 6,8 8 8 

S9 6,7,9 9,12 9 

S10 2,10,12 10 10 

S11 1,2,4,7,11 11 11 

S12 6,7,9,12 10,12 12 

By decomposing the reachable matrix, The five-layer element set is obtained, and the established 

explanatory structure model is shown in Figure 1. The model is a multi-level hierarchical structure with five 
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levels. The influencing factors of each level are closely related, and each influencing factor has different 

influences and functions on the consumption behavior under the O2O business model of community group 

purchase through different ways and paths. The five-layer multi-dimensional structure can be divided into three 

different levels, namely, the decision level, the middle level and the representation level. Different levels have 

different influences, and the decision layer is related to enterprise logistics distribution, which is related to the 

particularity of community group purchase. Enterprise logistics distribution must be planned and designed, and 

delivered on time with good quality and quantity. The middle layer is mainly the design of the platform and the 

reputation of enterprises. Reasonable design of the platform can provide consumers with a good shopping 

environment and increase their perceived ease of use. The surface layer is the operation and related marketing 

strategy. Enterprises can combine different user group characteristics to carry out targeted business expansion 

and marketing promotion, and do a good job in these two aspects to maximize drainage and improve marketing 

efficiency. The connection between different levels is different, and the closer the connection is to the 

representation layer, the closer the connection between levels is also different. Relatively speaking, the 

connection between the decision layer and the middle layer is weak, while the connection between the middle 

layer and the representation layer is strong. 

Offline delivery time and delivery

time arrangement(S11)

Simple and easy-to-operate design 

of platform shopping

environment(S5)

The platform fully considers the 

interests of consumption including

after-sales interests(S9)

Network service facilities(S6)
Save time and improve work and

study efficiency(S4)

Types and quality of products (S2)

Price and promotion of

products(S3)

Merchant after-sales service(S12)

Consumer buying habits(S1)
Consumer Sharing and 

Commenting(S7)

Information quality of online

platform(S8)

Logistics distribution service

quality(S10)

Figure 1. Results of ISM 

3. RESEARCH CONCLUSION AND PROSPECT

In view of the difficulty in opening the market when the O2O business model of community group

purchase landed, this paper identifies 15 alternative influencing factors qualitatively and quantitatively by means 

of dynamic capture of consumer behavior and bibliometrics combined with corresponding theoretical 

knowledge, and on this basis, determines 12 influencing factors according to the 28-rule. By adopting the ISM, a 

more intuitive and systematic hierarchical distribution diagram is formed. We discussed the hierarchical 

structure relationship between the influencing factors, and specifically analyzed the influence and role of each 

leading factor on consumer behavior in different ways and paths. This paper provides a theoretical basis for 

enterprises to cultivate core competitiveness and realize the implementation of business models. 
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Because of the limitations in various aspects, the research of this paper can be improved from the following 

aspects: ISM method is based on subjective qualitative analysis, and the granularity of influencing factors in this 

study is large, and 12 key influencing factors are found out, but each influencing factor cannot be quantitatively 

analyzed; The follow-up research can track the relevant dynamic information and literature extensively and 

continuously, and further consider the expert degree of experts in this study, so as to ensure the evidence-based 

identification and determination of links and achieve traceability; The research did not point out the problems 

existing in the "influencing factors of consumption behavior under the O2O business model of community 

group purchase", which can be discussed in depth in the follow-up and put forward some reasonable 

suggestions. 
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Abstract: Cross-border e-commerce is a new type of international trade development method. The government's policies on 

cross-border e-commerce have importantly played an strategic support role for the development of cross-border e-commerce. 

This article will take the policy documents related to cross-border e-commerce policies issued by the Central Committee of 

the Communist Party of China, the State Council and relevant ministries and commissions from 2019 to 2021 as the object. 

Carrying out relevant content analysis and analyzing the effectiveness of policy tools, the research has drawn the following 

results: In terms of cross-border e-commerce, the government mostly adopts environmental policy tools for regulation, and 

the proportion of supply-based policy tools is moderate, and there is a lack of demand-based policy tools; the main body of 

the government tends to adopt weak normative policies. Therefore, in response to the existing problems, this article proposes 

that the internal structure of policies should be optimized and the proportion of different types of policy tools should be 

balanced; the system of policies should be strengthened to form a stable and effective government supervision system; the 

interaction of multi-dimensional policies should be formed to make up for shortcomings and maximize the effectiveness of 

the policy. 

Keywords: cross-border e-commerce; policy tools; policy strength; policy themes; text quantitative analysis 

1. INTRODUCTION

Cross-border e-commerce is a new type of international trade development. With the rapid development of

the Internet, our country's cross-border e-commerce has gradually developed. With the development of the 

Internet, the business models of cross-border e-commerce emerge in an endless stream. Cross-border 

e-commerce policies have played a key role in guiding the development of cross-border e-commerce, but our 

country started late in this area, and there have been problems such as incomplete system, lack of supervision, 

fragmented policies, and information asymmetry [1], resulting in the inability to fully match policy tools with the 

actual development progress. The key to solving these problems is to formulate cross-border e-commerce 

policies scientifically and reasonably, and gradually improve China's cross-border e-commerce policy system. 

Many domestic scholars have analyzed policies in a certain field based on policy tools, so as to obtain the 

government's regulation of a certain field and the overall development trend of the field. For example, Qing 

Qian and Li Guihua investigated the current situation and pattern of our country's provincial-level national 

reading policy from the perspective of policy tools. Based on the theory of policy tools, combined with the 

theory of actor network, they established a two-dimensional framework from the two dimensions of policy tools 

and national reading participants, using the content analysis method to analyze the policy samples, and sort out 

the evolution process of our country's provincial-level national reading policy [2]; Ma Xubu, Lv Xiaojuan and 

others used policy tools to quantitatively analyze our country's public information resources opening policy, 

using content analysis method, from supply-oriented, environmental and demand-based policy tools, they 

*
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quantitatively analyzed 310 public information resource opening policies at the national level in our country [3]; 

Zhao Xueqin, Li Tiane, and Mo Changlei analyzed the policies regarding the resumption of work and 

production of Chinese enterprises during the epidemic period from the perspective of policy tools, discovering 

policy deficiencies and putting forward optimization suggestions for policy formulation [4]. 

Regarding the analysis of various aspects of cross-border e-commerce, some domestic scholars have made 

certain attempts. For example, Zhang Weinian, Lu Xiaojing, and Li Menghua proposed five factors that may 

affect the development of cross-border e-commerce in China, namely Internet penetration rate, the number of 

direct employment in e-commerce, the level of logistics development, the number of cross-border e-commerce 

companies and national policies, and the multiple regression method is used to verify the results. The results 

show that national policies, Internet penetration rate and logistics development level are the most important 

influencing factors, and the improvement of the three can promote the development of cross-border e-commerce 

[5]; Li Qiuzheng, Jiang Lijia and Pan Yan explained the dynamic process and dynamic mechanism of the 

evolution of our country's cross-border e-commerce customs clearance supervision system and the innovation of 

supervision mode based on the platform principle of the business ecosystem under the background of the 

Internet, and proposed that a new standardized, legalized, and convenient supervision system should be 

constructed more rapidly, and we should rely on emerging technologies such as big data analysis to make 

customs clearance supervision "push forward and move backward", and continuously optimize the customs 

clearance supervision process through "micro-innovation" [6]. In addition, there are also a group of scholars 

abroad who have studied cross-border e-commerce and have sorted out relevant materials and literature. For 

example, Giuffrida Maria and others have reviewed the relevant literature in the field of cross-border 

e-commerce logistics in my country and focused on the role of other areas in Greater China in this complex 

process [7]; Taherdoost Hamed and Madanchian Mitra used methods such as content validity, exploratory factor 

analysis, constructive test and cluster discrimination to test the e-service satisfaction model in the context of 

e-commerce, so as to judge customer satisfaction with e-services [8]; In terms of international e-commerce 

cooperation, Karine HAJI discussed potential areas of cooperation between the BRICS countries in developing 

e-commerce in rural and remote areas to eradicate poverty. The study found that despite the rapid development 

of e-commerce in the BRICS countries and it created huge opportunities, there are still disproportionate 

problems in e-commerce in different regions, and the BRICS countries lack cooperation in this field, and the 

study gives relevant recommendations accordingly [9]. Kim, Thai Young, etc. investigated 721 regions of 5 

countries in EU to study the impact of distance on cross-border e-commerce, especially the importance of 

express delivery in reducing the time dimension of distance, and the results confirmed the importance of 

suppliers shortening distances by cleverly designing their delivery services to attract cross-border online 

customers [10]. Since cross-border e-commerce is a new business, scholars have relatively little research on its 

policies. This paper will quantitatively evaluate the content of cross-border e-commerce policies, sort out 

relevant literature on quantitative evaluation of policy content, and quantitatively evaluate and recognize the 

cross-border e-commerce policy system from multiple perspectives. Analyzing the use of policy tools can make 

the policy system clearer, understand the proportion of use of various policy tools, reduce the repetition and 

omission of policy tools, improve the pertinence and rationality of policy formulation for government 

departments, and provide scientific decision-making basis for optimizing the social resource allocation function 

of cross-border e-commerce. 

2. RESEARCH PROCESS

2.1 Selection of policy text samples 

In the process of collecting cross-border e-commerce policy texts, the scope of research and search is 
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locked in the policies released by the Central Committee of the Communist Party of China, the State Council 

and relevant ministries and commissions, and official policy documents are obtained and downloaded through 

the official website of the State Council. After screening, 20 policy documents on cross-border e-commerce in 

the past three years were selected. These 20 documents are all texts that are highly relevant to cross-border 

e-commerce, and all of them can obtain the full text content. The specific sample name and release time are 

shown in Table 1. 

2.2 Policy text coding and research steps 

This paper mainly analyzes our country's cross-border e-commerce policies through content analysis, 

Figure 1 is the framework of cross-border e-commerce policy text analysis. This paper sorts out the internal 

characteristics of our country's cross-border e-commerce policy system, and gives corresponding research 

conclusions and suggestions at the end.. 

Quantitative analysis of 

policy texts

Three-dimensional 

analysis framework

X-dimensionality:Policy tools

Demand type/Supply type

/Environment type

Y-dimensionality:Policy themes

enterprise/service/innovation

/construction/logistics

Z-dimensionality:Policy 

intensity

weak/middling/strong

Dimensional analysis

One-dimensional analysis

X-dimensionality

Y-dimensionality

Z-dimensionality

Cross analysis of Two-dimensional 

Cross analysis between policy tools and 

themes/Cross analysis between policy tools 

and intensity/Cross analysis between policy 

intensity and themes

Figure 1.  Cross-border e-commerce policy analysis framework 

3. WORD FREQUENCY STATISTICS AND THREE-DIMENSIONAL FRAMEWORK ANALYSIS

3.1 Building a three-dimensional analysis framework 

In the process of policy formulation and policy system development, policy tools, as an effective means of 

administrative governance, are the bridge between policy goals and policy implementation, and the way for 

policies to change from ideas to reality. Its core is to transform the value choices of policy makers into action 

measures of policy executors [11].  

This paper chooses three dimensions of policy tools, policy intensity and policy themes to construct a 

three-dimensional analysis framework model of our country's cross-border e-commerce policy. We take policy 

tools as the X dimension of cross-border e-commerce policy analysis, and subdivides them into 

demand--oriented, supply--oriented and environmental--oriented tools; take policy themes as the Y dimension, 

and selects five high-frequency themes as the classification standard of the Y dimension, which are enterprise, 

service, innovation, construction, and logistics; finally, the policy intensity is taken as the Z dimension, and the 

policy intensity is divided into strong, medium and weak. The three dimensions are combined to construct a 

three-dimensional analysis framework of cross-border e-commerce policy texts, as shown in Figure 2. 

3.2 X dimension analysis 

According to the requirements, the coded details of the 20 cross-border e-commerce policy documents 

from 2019 to 2021 are classified and sorted, as shown in Table 2. Through the analysis of the data in the table, 
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we can see that the government has a strong dependence on public service policies, and the government attaches 

great importance to the infrastructure construction of cross-border e-commerce. In addition, the government also 

pays more attention to information technology support. In terms of capital investment and human resource 

training, the government pays less attention and lacks high awareness.  

Among the environment-oriented policy tools, target planning has the highest proportion, and financial 

support and tax adjustment are ranked next. The above results show that in cross-border e-commerce, the 

government has strong target planning, but the utilization rate of financial instruments is low, and the 

government's macro-control role has not been fully demonstrated in the cross-border e-commerce industry. In 

addition, tax adjustment is also lacking in cross-border e-commerce. Insufficient tax control and lack of tax 

policies will reduce the overall service quality and economic utility of cross-border e-commerce, it will also 

directly lead to the ineffectiveness of environment-oriented policy tools in regulating the external environment 

of the cross-border e-commerce industry. 

Table 1.  Summary of cross-border e-commerce related policy documents issued by the central committee, the 

State Council and relevant ministries and commissions 

Serial number Policies and regulations 

1 
Overall Plan for the Construction of China-Shanghai Cooperation Organization Local Economic and Trade Cooperation 

Demonstration Zone 

2 
Notice of the Ministry of Transport, the Ministry of Commerce, the General Administration of Customs, etc. on the 

current work to better serve and stabilize foreign trade 

3 
Opinions of the Ministry of Transport on China Post Group Co., Ltd.'s pilot work on the construction of a strong 

transportation country such as the optimization and improvement of postal express hubs 

4 
Notice of the General Office of the Ministry of Transport on Doing a Good Job in Transportation to Promote 

Consumption Expansion and Quality Improvement 

5 

Notice of the Ministry of Commerce, the National Development and Reform Commission, and the Ministry of Finance 

on Expanding the Pilot Program of Cross-border E-commerce Retail Imports and Strictly Implementing Regulatory 

Requirements 

6 
Notice of the Ministry of Commerce on Doing a Good Job in Stabilizing Foreign Trade, Foreign Investment and 

Promoting Consumption in Response to the Novel Coronavirus Pneumonia 

7 

Notice of the General Office of the Ministry of Commerce and the Office of the Export-Import Bank of China on 

Responding to the New Coronary Pneumonia Epidemic, Supporting the Construction of Border (Cross-border) Economic 

Cooperation Zones, and Promoting the Innovative Development of Border Trade 

8 
Notice of the General Office of the Ministry of Commerce on Carrying out Comprehensive Evaluation of National 

E-commerce Demonstration Bases 

9 
Notice of the Department of Market Order of the Ministry of Commerce on Printing and Distributing the "Key Points of 

Market Order in 2019" and other documents 

10 
Notice of the Ministry of Commerce and other five departments on the further implementation of the special campaign 

for efficient urban and rural distribution 

11 

Implementation Opinions of the National Development and Reform Commission, the Central Propaganda Department, 

and the Ministry of Education on Promoting Consumption Expansion and Quality Improvement and Speeding up the 

Formation of a Strong Domestic Market 

12 
Notice of the National Development and Reform Commission on Printing and Distributing the "Key Tasks of the 

National Comprehensive Supporting Reform Pilot Zone in 2019" 

13 
Announcement of the State Administration of Taxation on Issues Concerning the Verification and Collection of Income 

Tax for Retail Exports in the Comprehensive Pilot Zone of Cross-border E-commerce 

14 
Several Opinions of the State Post Bureau, the Ministry of Commerce and the General Administration of Customs on 

Promoting the High-quality Development of Cross-border E-commerce Delivery Services (Interim) 

15 

Implementation Opinions of the State Post Bureau, the National Development and Reform Commission, and the Ministry 

of Transport on Promoting the Development of the Postal Industry in the Guangdong-Hong Kong-Macao Greater Bay 

Area 

16 

Several Opinions of the Ministry of Industry and Information Technology, the National Development and Reform 

Commission, and the Ministry of Science and Technology on Improving the System for Supporting the Development of 

Small and Medium-sized Enterprises 
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Serial number Policies and regulations 

17 
Notice of the State Administration for Market Regulation and Other Departments on Printing and Distributing the 2019 

Internet Market Supervision Special Action (Net Sword Action) Plan 

18 
Announcement No. 75 [2020] of the General Administration of Customs - Announcement on Carrying out the Pilot 

Program of Cross-border E-commerce Business-to-Business Export Supervision 

19 

Notice of the Ministry of Science and Technology, the National Development and Reform Commission, the Ministry of 

Industry and Information Technology, etc. on the issuance of the "G60 Science and Technology Innovation Corridor 

Construction Plan in the Yangtze River Delta" 

20 

Announcement No. 45 [2020] of the General Administration of Customs of the People's Republic of China - 

Announcement on Supervision Matters Concerning the Return of Cross-border E-commerce Retail Imported 

Commodities 

 Demand type   Supply type Environment type X:Policy tools

Z:Policy 

intensity

Strong

Middle

Weak

Enterprise

Service

Innovation

Construction

Logistics

Y:Policy themes

Figure 2.  Three-dimensional analysis framework of cross-border e-commerce policy 

3.3 Y dimension analysis 

Y dimension is the analysis of policy themes. In the results obtained by automatic coding, the subject 

words with the highest frequency were selected for manual coding, and the word frequency analysis results 

shown in Table 3 were obtained. It can be seen from the table data that the themes of policies on cross-border 

e-commerce in the past three years from 2019 to 2021 are mostly focused on service, construction and 

innovation, with the sum of the three accounting for 68.7%. Through the interpretation of the policy text, it can 

also be found that the construction of cross-border e-commerce demonstration zones has been a hot project in 

the past two years. The construction of the Guangdong-Hong Kong-Macao Greater Bay Area, the construction 

of the logistics and postal industry, and the construction of various e-commerce trade trading platforms all 

belong to the direction of construction, which has built a high-quality platform and laid a solid foundation for 

the development of cross-border e-commerce in our country. Innovative concepts are widely used in various 

fields. Among them, the cross-border e-commerce industry is also an innovative product of the 20th century. 

After more than 20 years of development in the 21st century, it has moved from a budding stage to a mature 

development stage. In the next stage it is necessary to explore more aspects through innovation. According to 
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the table, it can be seen that the cross-border e-commerce policy texts related to enterprises and logistics topics 

account for a relatively small proportion, of which enterprises topics accounts for 16.7% and logistics topics 

accounts for 14.6%. 

Table 2.  Statistics on the implementation of cross-border e-commerce policy tools in 2019-2021 

Policy tools Tool name Count Proportion 

Supply 

Public service 7 35% 

Construction of infrastructure 5 25% 

Information technology support 4 20% 

Capital investment 2 10% 

Human resource training 2 10% 

Demand 

Demonstration construction 8 61.5% 

Institutional management 4 30.8% 

Trade control 1 7.7% 

Environment 

Regulatory control 10 40% 

Target planning 9 36% 

Financial support 3 12% 

Tax adjustment 3 12% 

Table 3.  2019-2021 Cross-border e-commerce policy text subject heading count table 

Subject heading Coding count Percentage

Service 12 25% 

Construction 11 22.9% 

Innovation 10 20.8% 

Enterprise 8 16.7% 

Logistics 7 14.6% 

3.4 Z dimension analysis 

As shown in Table 4, in terms of policy intensity, more than 95% of the policy texts are middle or weak 

strength. Obviously, in the formulation of cross-border e-commerce policies, the main body of the government 

tends to adopt weaker normative policies. Such mandatory policies are less applied. This is because, on the one 

hand, the policy type of cross-border e-commerce is special, and it is still in the process of exploration and 

development. It is not suitable to formulate tough laws and regulations to force its development mode or process. 

On the other hand, the main body of the development of cross-border e-commerce is enterprises, and the 

government guides its development through policies, rather than determining its development. Therefore, what 

is needed is more advice and help, that is, policy documents such as opinions and measures. 

Table 4.  Analysis table of cross-border e-commerce policy intensity in 2019-2021 

Intensity level Count Percentage 

Weak 10 52.6% 

Middle 8 42.1% 

Strong 1 5.3% 

3.5 Multidimensional cross analysis 

3.5.1 Two-dimensional analysis of policy tools and policy themes 

Policy themes determine the choice of policy tools to a certain extent. From the data in Table 5, it can be 

seen that among supply-oriented policy tools, service, construction and innovation still account for more than 

half of them. Infrastructure construction, information technology support, and public services are all policy tools 
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with basic functions, and they are also the most commonly used among supply-oriented policy tools. The 

intersection of supply-oriented policy tools and services, construction, and innovation reflects the overlap of 

priorities, which is consistent with the frequency of government entities using supply-oriented policy tools in 

real life and the key development of services, construction, and innovation. The proportion of service and 

construction in the application of demand-based and environment-based tools is also larger than other themes, 

and the proportion of enterprises and innovation in the demand category is close to that of services, which can 

be found in policy documents. The policy documents for the development of enterprises all mentioned that we 

can break the traditional enterprise model and carry out transformation and upgrading in connection with foreign 

trade through innovative development. Supply-oriented policy tools are the most widely used in logistics 

policies. The construction and development of logistics is mainly through continuous improvement of basic 

physical facilities and optimization of related platforms. 

Combining Table 5 and Figure 3, it can also be seen that the construction and development of logistics at 

present stage are mainly guided by supply-oriented policy tools, and the guidance of enterprises is mainly 

encouraged and promoted through supply-oriented and demand-oriented, and the government provides financial 

support and the training and introduction of human resources. At the same time, the enterprises itself provide the 

requirement of employment and develop in accordance with the government's normative guidance, so as to 

achieve the purpose of common development. 

Table 5.  Cross-analysis table of policy tools and policy themes for cross-border e-commerce 

Policy themes Supply Demand Environment Total 

Service 11 47.83% 5 21.74% 7 30.43% 23 

Construction 9 42.86% 7 33.33% 5 23.81% 21 

Innovation 8 47.06% 4 23.53% 5 29.41% 17 

Enterprise 5 38.46% 5 38.46% 3 23.08% 13 

Logistics 5 45.45% 3 27.27% 3 27.27% 11 

Total 38 44.71% 24 28.24% 23 27.06% 85 

Figure 3.  Cross-analysis of policy tools and policy themes for cross-border e-commerce 
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3.5.2 Two-dimensional analysis of policy intensity and policy themes 

From the data in Table 6, it can be seen that the policy intensity of construction theme is relatively weak, 

accounting for 54.55%, indicating that in terms of the construction of the cross-border e-commerce industry, the 

Chinese government tends to choose loose planning and guidance, which is related to the gradual process of 

construction of comprehensive demonstration areas, infrastructure service facilities, and logistics delivery 

services. The proportion of weak and middle distribution of innovation and enterprise policies intensity is 

moderate, each accounting for 50%; service policies have middle intensity, accounting for 58.33%. 

Table 6.  Cross-analysis table of policy intensity and policy themes 

Policy theme Weak Middle Strong Total 

Service 6 54.55% 4 36.36% 1 9.09% 11 

Construction 5 50.00% 5 50.00% - - 10 

Innovation 4 50.00% 4 50.00% - - 8 

Enterprise 4 33.33% 7 58.33% 1 8.33% 12 

Logistics 3 42.86% 4 57.14% - - 7 

Total 22 45.83% 24 50.00% 2 4.17% 48 

4. RESEARCH CONCLUSIONS AND RECOMMENDATIONS

4.1 Research conclusions  

4.1.1 Environment-oriented policy tool are widely used and the structure is uneven 

The proportion of environment-oriented policy tools used is too large, and the internal structure is unevenly 

distributed, mainly focusing on legal regulations and target plannings, while the usage frequency of financial 

support and tax adjustment policy tools is too low. The excessive application of environment-oriented policy 

tools will lead to policy ambiguity, which makes it difficult to accurately grasp the direction when applying 

policies and implementing policy content. From the statistical data, the proportion of the use of 

environment-oriented policy tools has always remained above 60%, which shows that on the one hand, various 

government departments tend to guide the development of the industry by configuring the environment, and on 

the other hand, the role of indirect influence through the environment is slow to play, and from the introduction 

of the policy to the implementation, it cannot match the actual development speed, and it can only play an 

indirect leading role. In addition, the application of demand-oriented policy tools is too small, the structure is 

simple, and the demonstration construction tools are widely used, while the application of trade control and 

institutional management is very small, which tends to produce a top-heavy effect. If the demand-oriented 

policy tools are used too little, they cannot coordinate with the other two types of tools to adjust the industry 

situation. At the same time, the imbalance in the application ratio of demand-oriented policy tools will further 

reduce their pulling effect on the cross-border e-commerce industry.  

4.1.2 There are large differences in the scope of topics applied by policies of different strengths 

The thematic coverage of policies which have weak strength is relatively comprehensive, but the 

proportion of coverage of each theme tends to be unbalanced. The proportion of weak-strength policies in 

service-themed policies is relatively small, but they prefer middle-strength policies; the application of 

middle-strength policies in policy documents on other themes other than construction-related policies is 

relatively balanced; in addition, strong-strength policies do not cover the entire policy themes. Among them, 
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innovation, enterprise, and logistics policies do not involve strong-strength documents, and construction and 

service policies rarely involve strong-strength documents, indicating that the government has less intervention in 

cross-border e-commerce under different themes. The unbalanced or even missing distribution of policies with 

different strengths in different themes will affect the overall and systematic development of cross-border 

e-commerce. 

4.1.3 The government tends to adopt normative policies which have weak strength 

The administrative level of the issuing authority and the type of policy text reflect the strength of the policy. 

From the previous analysis, it can be seen that the government prefers to adopt weak-strength policies to adjust 

the situation of the cross-border e-commerce industry, which shows that the government's emphasis on 

cross-border e-commerce may be further enhanced. From a departmental point of view, the joint promulgation 

of corresponding policy documents by various departments will help improve the possible implementation 

effects of the entire cross-border e-commerce policy system. The allocation and formulation of policies with 

different strengths need to be greatly adjusted. There is still much room for improvement in the integrity and 

systematicness of the business policy system. 

4.2 Recommendations 

4.2.1 Optimize the policy structure 

The first is to reduce the use of environment-oriented policy tools and optimize the internal structure. In 

formulating policies, the government tends to directly regulate the development environment of cross-border 

e-commerce to indirectly drive the development of cross-border e-commerce. The use of environment-oriented 

policy tools provides a good living environment and legal guarantee for the development of cross-border 

e-commerce, but excessive use of environment-oriented policy tools will inevitably affect the use of 

supply-oriented and demand-oriented policy tools. Therefore, it is necessary to reasonably match 

supply-oriented and demand-oriented policy tools, avoid a single structure, and make full use of direct 

promotion of supply-oriented policy tool and pull power of demand-oriented policy tool to jointly promote the 

development of cross-border e-commerce. Regarding the structural imbalance within the environment-oriented 

policy tools, increase the application ratio of financial support and tax incentives, reduce the frequency of 

application of regulations and control, and balance various tools in order to formulate more efficient and 

reasonable policies that are more suitable for practical problems. 

The second is to expand the proportion of demand-oriented policies. Demand-oriented policy tool promotes 

the development of cross-border e-commerce by stimulating market demand. The proportion of current policy 

tools using demand-oriented policy tool is relatively low, indicating that the supply of demand-side elements 

needs to be strengthened in driving market demand. Cross-border e-commerce not only needs to be driven by 

government policies, but also needs to stimulate the needs and enthusiasm of enterprises and society, which can 

be stimulated by various means such as financial subsidies.  

4.2.2 Strengthen the systematicness and integrity of policies and form a stable and effective government 

supervision system 

Efforts should be made to strengthen the systematic and integrity of the cross-border e-commerce policy 

system. First, clarify the responsibilities of each department, accurately divide the tasks of policy formulation, 

and form a policy system and government supervision system with obvious effects. Secondly, the strength of the 

policy will also affect the effective period of the policy tools to a certain extent. It is necessary to appropriately 

strengthen the policy strength of environment-oriented and demand-oriented policies, and strengthen the 

strength of construction policies, so as to maximize the effectiveness of policies within a certain period of time. 

Finally, it is necessary to effectively play the function of the responsibility supervision system in all aspects of 

policy formulation to improve the recognition and accuracy of the policy. 
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4.2.3 Form multi-dimensional policy interaction to make up for shortcomings 

Comprehensively consider development goals, overall planning, and enhance coordination between various 

dimensions. The overall plan is subdivided into the policy objectives of each province, city, and field. All 

departments must coordinate with each other to form a good communication mechanism, so that problems can 

be detected in time and strategies can be adjusted, thereby promoting more effective and in-depth cooperation. 

Big data can be fully utilized when formulating policies. The 4V characteristics, distributed data processing and 

business intelligence analysis capabilities of big data can improve cross-border e-commerce marketing, 

customer experience, product fidelity, traceability and operations efficiency. The choice of policy tools and the 

improvement of the policy system can make full use of the big data formed in cross-border e-commerce, analyze 

the effects of the implemented policies, and predict the future policy-making direction on this basis. It helps the 

improvement process of the policy system to be targeted and improves the quality and efficiency of policy 

formulation. 
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Abstract：This article focuses on how reviews quality and community relationship influence consumers' purchase intention. 

Community users of Kaola, a cross-border e-commerce import platform, were investigated through questionnaires to 

establish the research model and hypotheses. The empirical results show that on the central path, quality of online 

community reviews positively influences reviews usefulness and reviews usefulness positively influences consumers' 

purchase intention. If the relationship between reviews’ recipients and platform is stronger, the greater the positive impact on 

reviews usefulness and consumers' purchase intention. On the edge path, reviews source credibility positively influences 

reviews usefulness. As an intermediary variable, reviews usefulness positively influences consumers' purchase intention. The 

relationship strength between reviews’ recipients and platform also positively moderates the relationship between reviews 

source credibility, reviews usefulness and consumers' purchase intention. In addition, reviews quality as the central path, has 

stronger influence than reviews source credibility of the edge path. 

Keywords: Elaboration Likelihood Model, Information Adoption Model, Social network, Online reviews, Reviews 

usefulness 

1. INTRODUCTION

Currently, studies on the influence of online reviews on consumer behavior is mainly discussed from three

dimensions: content feature, content source feature, and content recipients feature. A number of studies show 

that online reviews affect consumers' attitude towards products, perception of reviews usefulness and the 

adoption degree of reviews, which in turn affects purchase intention. However, with the rise of social commerce 

and online communities, the influence of social factors such as the social network structure of reviews’ 

recipients on shopping intention gradually emerged. Existing research on cross-border e-commerce consumers 

behavior lacks comprehensive research on how the characteristics of reviews content and the social network 

structure of reviews’ recipients affect purchase intention. 

Therefore, the main questions of this study are as follows: 

RQ1 Do reviews quality, reviewer professionalism and reviewer credibility of online community reviews 

on B2C platform of cross-border e-commerce affect consumers’ purchase intention? 

RQ2 Do degree of network centrality and relationship strength with B2C platform of online community 

reviews on B2C platform of cross-border e-commerce affect consumers’ purchase intention? 

RQ3 The path and mechanism of online community reviews on cross-border e-commerce B2C platform 

influencing consumers’ purchase intention. 

* Corresponding author. Email: wangshift@vip.sina.com(Rui Wang) , 13399166910@163.com (Chen Li) ,

yangliu199809@163.com(Liu Yang) 
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2. LITERATURE REVIEW

2.1 Research on the influence of online community reviews on purchase intention 

Purchase intention shows the change of individual attitudes, psychology and emotions after consumers 

stimulated by external factors, which affects the possibility of certain purchase behavior[1]. Mudambi and 

Schuff(2010) took online reviews on Amazon as research objects. Empirical results show that both the length 

and extremeness of reviews have positive effects on reviews usefulness for experience-oriented and 

search-oriented products, and the type of products also plays a regulatory role[2]. Racherla and Friske (2012) 

studied three types of goods (search, experience and trust) from U.S. reviews website Yelp, and examine the 

factors that influence reviews usefulness. The research found that reputation and experience of reviewers 

positively promoted reviews usefulness, while professionalism of reviewers had the opposite effects. In addition, 

there is an inverted U-shaped relationship between reviews scores and reviews usefulness. That is, extreme 

reviews (extremely positive or extremely negative) will arouse consumers' doubts about authenticity of reviews, 

and thus affect consumers' positive perception of reviews usefulness[3]. Yu Wan(2014) regarded reviews 

dissemination among consumers as the process of information dissemination and creatively discussed the impact 

of online reviews on consumers' purchase intention from three perspectives: information publishers, information 

recipients, and online reviews themselves. Results prove that information senders' professionalism has a positive 

effect on consumers' purchasing decisions, while information recipients' professionalism has a negative 

correlation with consumers' purchasing intention[4]. 

2.2 Information adoption model 

Persuasion is defined as the process of an individual’s attitude or behavioral change when receiving 

information from others. The process of persuading individuals can also be seen as an individual’s process of 

processing information. Elaboration Likelihood Model (ELM) and Heuristic method-systematic Model (HSM) 

are the two most representative dual-process models, which are widely used in researches on how to adopt 

viewpoints, information and knowledge[5].  

Sussman and Siegal (2003) built Information Adoption Model based on ELM theoretical framework to 

explain how people receive and adopt information during dissemination mediated by computers. The model 

emphasizes that process of knowledge transmission from information sources to information receiving and 

decision-making is an internalized process. There are two paths in this process: the central path is reviews 

quality, and the edge path is reviews source credibility. The survey shows that reviews quality and reviews 

source credibility are the direct factors that affect the perceived information usefulness[6]. Consumer 

involvement refers to the degree of importance and relevance that consumers perceive to goods or services 

based on expectations, concerns and values[7]. Cheung and Luo (2009) proved that consumers tend to collect 

more information and conduct detailed analysis when they are highly involved, to form their purchase intention. 

When consumers are at a low level of involvement, they will more trust authoritative information sender and 

pay attention to distribution of positive and negative reviews[8]. 

2.3 Influence of online community structure and relationship strength on purchase intention 

Burt (1992) pointed out that certain structural characteristics can affect the communication process of 

information in a social network. Susarla (2012) conducted an empirical analysis on YouTube and found that the 

more subscriptions UGC producers had, the more favorable reviews the video received, which would further 

promote the forwarding number of this video. Thus accelerate the speed and scope of its dissemination[9]. 

Guo-peng Yin (2012) took Douban 400 movie reviews as research objects of regression analysis. Yin has 

launched that length of reviews and reviews usefulness has a positive correlation, extremity of starred reviews 

and reviews usefulness is a negative correlation, and there is a U-shaped relationship between centrality of 

reviewers’ community and reviews usefulness[10]. Ruqing Wei and Fangzheng Tang (2016) took users of Little 
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Red Book, a cross-border e-commerce platform, as research objects, and proved that structural capital played a 

moderating role in the relationship between UGC reviews’ feature and consumers' purchase intention. The 

higher the network centrality, the stronger the connection strength and influence of UGC reviews’ feature on 

purchase intention[11]. 

3. HYPOTHESES DEVELOPMENT

The research takes Information Adoption Theory as theoretical basis for model construction, which

combines the characteristics of B2C cross-border e-commerce platform users, and focuses on the impact of three 

dimensions: reviews quality, reviews source(reviewers) credibility, and characteristics of reviews’ recipients on 

reviews usefulness and consumers' purchase intention. Among them, characteristics of reviews quality and 

characteristics of reviews source credibility serve as the core path and the edge path of Information Adoption 

Model respectively. The characteristics of reviews’ recipients consider online community network structure and 

relationship dimension, with network centrality and connection strength as indicators. 

3.1 Reviews quality and reviews usefulness 

Olshavsky(1985)'s results showed that when consumers perceived that information satisfied their needs and 

solved their doubts, they were willing to consider the value of products and services based on the criteria for 

making purchase decisions. Cheung, Lee, Rabjohn(2008) found in their research that when consumers chose to 

buy a certain product or service, the quality of online reviews had a significant impact on it. They believe that 

high-quality online reviews can make consumers perceive their authenticity, while further stimulating 

consumers' positive attitudes toward products or services to make purchase decisions[12]. Reviews quality refers 

to the persuasive strength of information, McLean and DeLone(2003) pointed out that consideration dimensions 

mainly focus on accuracy, relevance, comprehensibility, integrity, timeliness and flexibility[13]. 

H1: Reviews quality is positively correlated with reviews usefulness 

3.2 Reviews source credibility and reviews usefulness  

Online reviews spread among strangers in different regions, and people have almost the greatest freedom to 

put aside their real identities and express opinions about products or services on the Internet. This trait increases 

the attention of reviews’ recipients to the credibility of reviews[14]. In the process of collating literature, the 

author found that reviews source credibility had become a research factor closely related to the characteristics of 

reviewers, which directly affects the consumer's judgment on the acceptance of information presented. Reviews 

source credibility mainly includes two aspects: specialty and credibility of reviewers. Consumers will have a 

higher value perception of reviews usefulness when they believe that the review sender has a high reputation 

(that's mean he or she has a high degree of specialty and credibility). 

H2: Reviews source credibility is positively correlated with reviews usefulness 

3.3 Reviews usefulness and purchase intention 

Cheung et al., Liu and Zhang all proved that there was a direct positive relationship between reviews 

usefulness and reviews adoption[15][16][17]. Information usefulness, reliability and adoption are closely related in 

theory, which is further explained by Information Adoption Model. In virtual community, when consumers 

touch on ideas and opinions about products or services, they will always perceive whether these ideas and 

opinions have a guiding role in their purchase decisions. Therefore, when consumers find reviews useful, they 

will have a stronger behavioral tendency to adopt reviews information. This paper takes consumers' purchase 

intention as a variable to measure consumers' acceptance of online reviews information, and makes the 

following hypothesis: 

H3: Reviews usefulness is positively correlated with consumers' purchase intention 

3.4 Social network structure of reviewers and reviews usefulness 

The closer the relationship between social networks, the stronger the frequency and depth of information 
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exchange, and the more likely consumers are to accept and adopt information[18].The comments disseminated in 

strong social networks will have a greater impact on consumers’ purchasing behavior. At the same time, in 

groups with strong connection strength, behaviors of core members are more likely to be detected by other 

members, and other members are more likely to adopt imitation or identification behaviors to make purchasing 

decisions. Introversive network centrality of network is the number of friends that consumers are concerned 

about in online community, indicating how much consumers are concerned and liked by other participants in 

social network. Extroversive network centrality refers to the number of friends that consumers pay attention to 

in online communities, representing the ability of consumers to actively spread information in network 

environment. Relationship between reviews’ recipients and B2C platform represents frequency of reviews’ 

recipients using online shopping platform, degree of satisfaction and importance of platform to users. Therefore, 

this paper makes the following hypotheses: 

H4: Extroversive network centrality of reviews’ recipients positively moderates the relationship between 

reviews quality and reviews usefulness 

H5: Extroversive network centrality of reviews’ recipients positively moderates the relationship between 

reviews source credibility and reviews usefulness 

H6: Introversive network centrality of reviews’ recipients positively moderates the relationship between 

reviews quality and reviews usefulness 

H7: Introversive network centrality of reviews’ recipients positively moderates the relationship between 

reviews source credibility and reviews usefulness 

H8: Relationship strength between reviews’ recipients and B2C platform positively regulates the 

relationship between review quality and reviews usefulness 

H9: Relationship strength between reviews’ recipients and B2C platform positively moderates the 

relationship between reviews source credibility and reviews usefulness 

3.5 Research model 

The independent variables of this model are reviews quality and reviews source credibility. Reviews quality, 

consists of three observation variables: correlation, richness and accuracy. Reviews source credibility is 

measured by two observation variables: reviewers' professionalism and reviewers' credibility. Recipients' 

network centrality and strength of relationships with online community users are used as moderators. Gender, 

age and education degree of consumers are introduced into this model as control variables. Mediator is reviews 

usefulness, and purchase intention of consumers is a dependent variable. The specific research model is shown 

in Figure 1. 

Central path: 

information quality

(relevance, richness, 

accuracy)

Edge path：
information source 

credibility(reviewers  

professionalism, 

reviewers  credibility)
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Figure 1.  Conceptual model of online community reviews influencing consumers’ purchase intention 
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4. METHODOLOGY

4.1 Sample and data collection 

The questionnaire survey was carried out by sending online questionnaires. A total of 300 questionnaires 

were recovered, and a total of 243 valid questionnaires were collected, among which 86 were male and 157 

were female, aged between 18 and 40, mainly in East China, with bachelor's degree and income between 2000 

and 10000 yuan. 

According to the white paper of China's cross-border e-commerce index in 2017, women accounted for 

61.87% and men for 38.13% of cross-border shopping consumers. Compared with traditional online shopping 

users, cross-border online shopping users have higher education and income levels, as well as higher 

consumption ability and demand. The demographic distribution of this survey conforms to the current situation 

of cross-border consumption market and is representative to some extent[19]. Based on extensive literature, we 

cited the measurement items of six variables from relevant authoritative scale. 

4.2 Hypotheses testing 

The significance of regression coefficients between latent variables and observed variables was tested. As 

shown in Table 1, all C.R. and P in the modified model coefficients are greater than 2.58 and less than 0.01, so 

regression coefficients of this structural equation model are significant. 

Table 1.  The modified hypothesis path and regression coefficient 

Hypothesis path 
regression 

coefficient 

standard 

error 
C.R. 

P 

value 

standardized 
regression 

coefficient 

reviews 

usefulness 
<- reviews quality .459 .124 3.067 *** .443 

reviews 

usefulness 
<- 

reviews source 

credibility 
.413 .147 3.121 .002 .424 

Purchase 

intention 
<- 

reviews 

usefulness 
.948 .061 15.498 *** .912 

AQ1 <- reviews quality 1.000 .811 

AQ2 <- reviews quality .996 .056 17.938 *** .786 

AQ3 <- reviews quality 1.157 .073 15.771 *** .897 

SC1 <- 
reviews source 

credibility 
1.000 .831 

SC2 <- 
reviews source 

credibility 
1.047 .066 15.967 *** .853 

SC3 <- 
reviews source 

credibility 
1.023 .062 16.472 *** .872 

IU1 <- 
reviews 

usefulness 
1.000 .841 

IU2 <- 
reviews 

usefulness 
.966 .067 14.350 *** .875 

IU3 <- 
reviews 

usefulness 
.994 .071 13.919 *** .757 

PI1 <- 
Purchase 

intention 
1.000 .819 

PI2 <- 
Purchase 

intention 
1.097 .073 15.073 *** .831 

PI3 <- 
Purchase 

intention 
1.064 .079 13.491 *** .756 

http://dict.youdao.com/search?q=%5B%E6%95%B0%5D%20regression%20coefficient%0D%0A&keyfrom=fanyi.smartResult
http://dict.youdao.com/search?q=%5B%E6%95%B0%5D%20regression%20coefficient%0D%0A&keyfrom=fanyi.smartResult
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According to table 1, the direct effect of reviews quality on reviews usefulness is 0.443, and the direct 

effect of reviews usefulness on purchase intention is 0.912, so the indirect effect of reviews quality on purchase 

intention is 0.404. In addition, the direct effect of reviews source credibility on reviews usefulness is 0.424, so 

the indirect effect of reviews source credibility on purchase intention is 0.387. Thus, the mediating effect of 

reviews' usefulness is significant. Besides, the effect of central path on purchase intention is greater than that of 

the edge path, so it is reasonable to set up dual-path framework of the model in this study. 

4.3 Moderating Effect Test 

4.3.1 Moderating Effect of network centrality Test 

In this study, samples were divided into two groups according to the values of introversive and extroversive 

network centrality: high introversive network centrality group and low introversive network centrality group, 

high extroversive network centrality group and low extroversive network centrality group. Path analysis was 

carried out in turn, and results were as follows: in the groups of high introversive network centrality and low 

introversive network centrality, path coefficient between reviews usefulness and purchase intention was 

significant, but P-value of path coefficient between reviews quality and reviews source credibility and reviews 

usefulness was greater than 0.01, which was not significant. Chi-square difference in multi-group comparative 

analysis has a P-value of 0.235 on corresponding degrees of freedom, which is not significant. Therefore, 

introversive network centrality has no moderating effect on reviews usefulness. 

According to analysis results of high extroversive network centrality group and low extroversive network 

centrality group, only the path coefficient between reviews quality and reviews usefulness in high extroversive 

network centrality group, and the path coefficient between reviews usefulness and purchase intention were 

significant. P-values of other coefficients were all higher than 0.01, which was not significant. Chi-square 

difference of restricted model and unrestricted model was 16.421, and P-value of 8 degrees of freedom was 

0.037, which was not significant. Therefore, it was not believed that extroversive network centrality had a 

moderating effect on reviews' usefulness. In conclusion, network centrality had no moderating effect on the 

relationship between reviews quality, reviews source credibility and reviews usefulness. 

According to operation results, test results of moderating reviews’ recipients network centrality are 

obtained. 

4.3.2 Moderating effect of relationship strength test 

The strength of relationship between reviews’ recipients and B2C platform was studied based on the survey 

of ts1-ts4 in the questionnaire. SPSS was used to cluster samples and then the samples were divided into two 

groups: high relationship strength group and low relationship strength group. 

Path analysis was conducted for the two groups. In high relationship strength group, the path coefficient of 

reviews quality on reviews usefulness was 0.491 (P < 0.001), which was greater than the path coefficient of 

reviews source credibility on reviews usefulness 0.446 (P < 0.001), and the path coefficient of reviews 

usefulness on purchase intention 0.941 (P < 0.001). At the same time, in low relationship strength group, review 

quality acts on the path coefficient of review usefulness is 0.430 (P < 0.001), was greater than reviews source 

credibility to reviews usefulness path coefficient of 0.398 (P = 0.004), and reviews usefulness to purchase 

intention of path coefficient of 0.910 (P < 0.001). Overall, path coefficient of high relationship strength was 

greater than the low relationship strength group. After significance test, the study entered into multi-group 

comparative analysis to test fit goodness and moderating effect of restricted model and unrestricted model. 

Results showed that the indexes of fit goodness were all within an acceptable reasonable range, and P-value of 

chi-square difference 13.525 between restricted model and unrestricted model on corresponding difference of 8 

in freedom was 0.008, and the results were significant. Therefore, it could be considered that there was a 

significant difference between the two groups. Relationship strength between reviews’ recipients and B2C 



The Twenty one Wuhan International Conference on E-Business－E-business Strategy & Digital Marketing 423 

platform had a moderating effect on the relationship between reviews quality, reviews source credibility, and 

reviews usefulness. Hypothesis 8 and 9 were verified. 

5. RESEARCH CONCLUSIONS

In this study, structural equation model method was used to test all model hypotheses. Test results are as

follows: 

Table 2.  Summary of test results of research hypotheses 

Hypotheses NO. Contents of hypotheses Test results 

H1 Reviews quality is positively correlated with reviews usefulness supported 

H2 Reviews source credibility is positively correlated with reviews usefulness supported 

H3 Reviews usefulness is positively correlated with consumers' purchase intention supported 

H4 
Extroversive network centrality of reviews’ recipients positively moderates the relationship 

between reviews quality and reviews usefulness. 
not supported 

H5 
Extroversive network centrality of reviews’ recipients positively moderates the relationship 

between reviews source credibility and reviews usefulness 
not supported 

H6 
Introversive network centrality of reviews’ recipients positively moderates the relationship 

between reviews quality and reviews usefulness 
not supported 

H7 
Introversive network centrality of reviews’ recipients positively moderates the relationship 

between reviews source credibility and reviews usefulness 
not supported 

H8 
Relationship strength between reviews’ recipients and B2C platform positively regulates the 

relationship between reviews quality and reviews usefulness 
supported 

H9 
Relationship strength between reviews’ recipients and B2C platform positively moderates the 

relationship between reviews source credibility and reviews usefulness 
supported 

According to the results in table 2 above, it could be seen that nine research hypotheses were proposed in 

this study. Amos20.0 was used for calculation and test of structural equation model, a total of five research 

hypotheses were supported.  

6. THEORETICAL CONTRIBUTIONS

Most of studies on online reviews and purchase intentions have focused on the influence of content

characteristics of reviews on purchase intentions, and there is a lack of research on the influence of social factors 

of reviewers on purchase intentions, and even less research on cross-border e-commerce online community 

reviews and purchase intentions from the individual level. This study selected users of kaola online community 

as research objects to explore the mechanism of UGC online reviews on consumer purchase intention, and 

compromised basic framework of Processing Probability Model and Information adoption Model, and not only 

considered the intermediary role of reviews usefulness on consumer purchase intention, but also explained the 

moderating effect of relationship strength of recipients and platform on reviews usefulness and purchase 

intention, which supplements and improves the existing model, and explains influence mechanism of online 

community reviews on cross-border e-commence consumers purchasing intention. 

7. PRACTICAL IMPLICATIONS

Results of this research can help cross-border e-commerce platforms to build a prediction model of reviews

usefulness, scientifically sort and apply online reviews on home page, business page, and activity page, and 
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provide consumers with more accurate information search and smoother user experience. Based on the research 

conclusions and characteristics of kaola cross-border e-commerce B2C platform, the following suggestions are 

proposed: 

Firstly, establishing a professional online reviews evaluation system. Based on online reviews quality’s 

significantly positive influence on cross-border shopping consumer purchase intention, cross-border 

e-commerce platform can create a professional online reviews evaluation system to structure reviews, to rate 

and finely operate reviews quality from different dimensions, and achieve improvement of reviews quality in the 

round.  

Secondly, establishing users' hierarchy system. Online reviews source credibility also has a significant 

positive effect on cross-border shopping consumers' purchase intention, especially in two dimensions of 

reviewers’ professionalism and reviewers’ credibility. Therefore, it is an effective operation strategy for 

cross-border e-commerce platforms to collect and summarize user groups with different behavioral 

characteristics and establish a user hierarchy system.  

Third, giving positive feedback on problems identified in online comments. Online reviews continuously 

enlarge users’ frequent interaction in a virtual environment. If negative reviews can't get timely treatment, it will 

spread quickly in consumer groups, and will have a greatly serious influence on consumer expectations of 

products or services. Therefore, it is very important to deal with the real and direct suggestions and questions 

raised by consumers, especially negative issues in time. 

8. LIMITATIONS AND FUTURE RESEARCH

Subjects of this study are mainly students, employees and self-employed people distributed in east, north

and South China and consumer groups surveyed all had experience of buying cross-border goods multiple times. 

Therefore, results of this study are primarily applicable to experienced cross-border consumers. Factors 

influencing fresh cross-border consumers’ purchase intention need to be further explored. 

Due to numerous dimensions of influencing factors for online community reviews usefulness and reviews 

quality, it is necessary to pay more attention to the propagation characteristics of online reviews in future 

research, discuss influence of online WOM propagation on purchase intention, supplement and optimize 

existing models, and improve the universality of theoretical research. 

9. CONCLUSIONS

Based on experience notes on goods in online community of Kaola, an empirical analysis of the influence

mechanism of online reviews in the form of UGC on consumers’ purchase intention shared by users in 

community. It confirms that online reviews in the form of UGC influence consumers' purchasing decisions to a 

large extent. 

In the content feature dimension, reviews quality and reviews source credibility on content characteristics 

will positively affect reviews usefulness (H1, H2) and reviews usefulness positively affects consumers' purchase 

intention (H3). In the community relationship dimension, the stronger the relationship connection between 

reviews’ recipients and platform, the greater the positive impact of reviews quality on reviews usefulness and 

consumer's purchase intention (H8), strength relationship between reviews’ recipients and platform will also 

positively adjust the relationship between reviews source credibility and reviews usefulness and the consumer's 

purchase intention (H9). These research conclusions bring applicable practice for cross-border e-commerce 

enterprises to create online communities and develop social commerce to enhance consumers' purchase 

intention. 
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Abstract: The popularity of mobile internet and big data has led to the rapid development of e-commerce. As one of the most 

suitable models for fresh food e-commerce platforms, the competition in the O2O fresh food e-commerce market is becoming 

increasingly fierce. This paper provides suggestions for O2O fresh food e-commerce companies to improve the quality of 

reverse logistics services through a study of the role of reverse logistics service quality on consumer trust and consumer loyalty. 

The study shows that the four dimensions of timeliness, communication quality, reliability and empathy of O2O fresh food e-

commerce reverse logistics service quality can directly and positively influence consumer loyalty to different degrees, and 

trust also has a significant influence on consumer loyalty, and consumer trust has a mediating effect in the relationship between 

timeliness, communication quality, reliability, empathy and loyalty. 

Keyword: O2O fresh food e-commerce, Reverse logistics service quality, Customer trust, Customer loyalty 

1. INTRODUCTION

In recent years, with the continuous development of the economy and the Internet, online shopping has been

integrated into modern urban life, but the loss of consumer trust caused by the asymmetry of information on the 

Internet has also become increasingly serious. Consumer trust in e-commerce products has become an issue that 

must be addressed for the sustainable and healthy development of e-commerce. As a result, consumer trust and 

consumer loyalty have become key concerns for companies and academics. Consumer trust is influenced by 

factors such as customer service responsiveness, ability to answer questions and perceived service quality [1], and 

these influences can have an effect on consumer repurchase, word of mouth, repurchase intentions, and continued 

consumer expectations, so how to maintain consumer trust and build consumer loyalty in an intense e-commerce 

environment is of great significance to e-commerce companies. 

O2O refers to that customers can purchase and pay for goods and services online, and pick up goods or 

experience services in offline physical stores. It is a combination of payment model and offline store traffic. By 

integrating online and offline information, capital and business flows, it can not only bring opportunities for offline 

service transformation, but also further facilitate consumers [2].With the continuous improvement of the O2O 

business model, fresh produce e-commerce has been developing rapidly. As fresh produce is different from 

traditional e-commerce products, there are high storage requirements and delivery timelines, and there are returns 

and exchanges for unsatisfactory goods in daily transactions, which has led to the concept of reverse logistics 

being widely focused on by O2O fresh food e-commerce. The concept of reverse logistics has also received 

continued attention in the B2C e-commerce model. Some studies have demonstrated that improving the quality 

of reverse logistics services by formulating reasonable service policies and strengthening the training of customer 

service personnel's attitude and skills can achieve the purpose of promoting repeat purchases by consumers. 

However, both in domestic and foreign studies, research on the quality of e-commerce reverse logistics services 

*
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mostly takes the B2C model as the background to establish an evaluation system as well as to put forward relevant 

opinions to improve its quality and other aspects. There is a lack of systematic research on the combination of 

reverse logistics service quality with consumer trust and consumer loyalty under the O2O model, and the failure 

to build a relevant evaluation index system to propose corresponding countermeasures and suggestions. 

To address the shortcomings of existing research, this paper attempts to construct a research model to 

systematically analyze the mechanism of the four dimensions of O2O fresh food e-commerce reverse logistics 

service quality on consumer loyalty, so as to provide relevant suggestions for the sustainable and healthy 

development of O2O e-commerce. 

2. THEORETICAL BASIS AND RESEARCH HYPOTHESIS

2.1 O2O fresh food e-commerce reverse logistics service quality and consumer loyalty 

Service quality represents consumers' subjective evaluation of services, which is based on a comparison 

between consumers' expectations and actual feelings[3], and can be used to measure whether the level of service 

meets consumers' expectations[4]. According to Bitner's concept of service quality as presented in his research, 

service quality determines consumers' willingness to make repeat purchases after the initial purchase[5]. The social 

transaction theory holds the following view regarding the factors that determine consumers' repeat purchase 

intention: comparing relationship output and personal expectations determines an individual's satisfaction with 

the relationship, and this satisfaction is a subjective judgement. If an individual perceives that the output of the 

relationship is off expectations, the individual is dissatisfied with the relationship, whereas conversely the 

individual is satisfied and willing to remain in the relationship. The concept of the comparative level of alternatives 

is similar to that of opportunity cost, in that individuals will choose to maintain their current relationship when 

the most attractive alternative relationship is still less attractive than the one they are currently in. Applying these 

theories to business transactions, service quality, as an important factor in a firm's connection with consumers, 

can greatly influence consumers' intention to repeat a purchase. 

Due to the rapid development of third party logistics in recent years, the gap between positive service levels 

is small and in a state of competitive saturation. According to social transaction theory, the perceived attractiveness 

of consumers' positive logistics services in terms of substitutable relationships is basically the same as the 

attractiveness of current relationships, and the comparative difference between expectations and outputs is small 

and stable. Therefore the impact of positive logistics service quality on consumer loyalty is relatively stable. 

However, as reverse logistics does not yet have a standardised process, the awareness, policies and levels of return 

services provided by different merchants vary greatly. Therefore, in the process of reverse logistics services, there 

is often a gap between consumers' service perceptions and expectations, which leads to a substitutable relationship 

between the different services provided by different merchants, and the current service quality of reverse logistics 

has a greater impact on customers' repetitive purchase intention. Studies have shown that merchants' post-purchase 

guarantee policies (e.g. conditional exchanges or refunds) can increase consumer loyalty and the likelihood of 

future purchases, and that a satisfactory product reverse logistics service experience can be profitable for the 

company[6]. 

One of the most popular frameworks for exploring the specific dimensions of service quality is the 

SERVQUAL model proposed by the PZB team. Specifically, the model considers the five components of service 

quality as tangibility, assurance, reliability, responsiveness and empathy.  

Based on the SERVQUAL model, this study explores the impact of O2O fresh food e-commerce reverse 

logistics service quality on consumer loyalty through four dimensions, including timeliness, communication 

quality, reliability and empathy, respectively, by referring to Huang En-yu's (2019) and Li Yi's (2019) reverse 

logistics service quality evaluation system. 
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Accordingly, this study proposes the following hypothesis: 

H1a: The timeliness of O2O fresh food e-commerce reverse logistics service has a significant positive impact 

on consumer loyalty; 

H1b: The communication quality of O2O fresh food e-commerce reverse logistics service has a significant 

positive impact on consumer loyalty; 

H1c: The reliability of O2O fresh food e-commerce reverse logistics service has a significant positive impact 

on consumer loyalty; 

H1d: The empathy of O2O fresh e-commerce reverse logistics service has a significant positive impact on 

consumer loyalty. 

2.2 O2O fresh food e-commerce reverse logistics service quality and consumer trust 

Trust is a state of mind in which consumers believe that the other party will not do something detrimental to 

them based on a positive expectation of the firm's behaviour or intentions[7]. Although O2O fresh food e-commerce 

provides online and offline purchasing modes for customers, online shopping is still the first choice for most 

young consumers. Due to the characteristics of online shopping environment, consumers may feel uneasy because 

they can’t try products. At this time, loose and clear return policies will eliminate consumers' concerns and reduce 

perceived risks to a certain extent. Even if there are problems with returns, the quality of the reverse logistics 

service can reflect the strength of the company and help consumers determine whether the e-commerce company 

is worthy of trust again, helping to build and restore consumer trust[8]. Under the O2O model, customers 

experiencing a satisfactory offline experience will reduce the perceived risk of shopping online, which in turn will 

lead to continued trust both online and offline[9]. 

In summary, this study believes that O2O fresh food e-commerce reverse logistics service quality has a 

positive impact on consumer trust, and the following assumptions are proposed: 

H2a: The timeliness of O2O fresh food e-commerce reverse logistics service has a significant positive impact 

on consumer trust; 

H2b: The communication quality of O2O fresh food e-commerce reverse logistics service has a significant 

positive impact on consumer trust; 

H2c: The reliability of O2O fresh food e-commerce reverse logistics service has a significant positive impact 

on consumer trust; 

H2d: The empathy of O2O fresh e-commerce reverse logistics service has a significant positive impact on 

consumer trust. 

2.3 Consumer trust and consumer loyalty 

Toufaily et al. [10], in a review of the extant literature, found that the factors that have a direct impact on 

consumer loyalty can be grouped into five main categories: environment, company, goods or services, website 

and consumer characteristics. A consumer's trust in a merchant, as opposed to security and privacy, significantly 

influences emotional loyalty and repeat purchase behaviour[11]. 

Lloyd & Mark[12] developed a driving model from trust to satisfaction to consumer loyalty, suggesting that 

trust and satisfaction both have a mediating effect in the influence of service quality on consumer loyalty; 

perceived quality has an indirect effect on customer loyalty through customer trust[13]. 

In summary, this study believes that trust also has a positive impact on consumer loyalty in O2O fresh food 

e-commerce transactions, and proposes the following hypothesis: 

H3：Consumer trust has a significant positive effect on consumer loyalty. 

H4a: Consumer trust plays an intermediary role in the effect of timeliness on consumer loyalty; 

H4b: Consumer trust plays an intermediary role in the efffect of communication quality on consumer loyalty; 

H4c: Consumer trust plays an intermediary role in the efffect of reliability on consumer loyalty; 
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H4d: Consumer trust plays an intermediary role in the efffect of empathy on consumer loyalty. 

2.4 Model building 

On the basis of the relevant concepts and theories mentioned above, this paper attempts to build a research 

model to systematically analyze the influence mechanism of four dimensions of O2O fresh food e-commerce 

reverse logistics service quality on consumer loyalty, and takes consumer trust as an intermediary variable. The 

specific model is shown in figure 1: 

3. RESEARCH DESIGN

3.1 Variable measurement 

Based on the mature scale[14-15] and combined with the characteristics of O2O fresh food e-commerce, this 

study made some modifications to form a measurement scale in line with this study. All question items were on a 

5-point Likert scale, from 1-5 indicating from completely disagree to completely agree, respectively. 

3.2 Data collection 

The questionnaire of this study was mainly distributed through online channels. The respondents of the 

survey were O2O fresh e-commerce users, and they had the experience of returning and replacing goods on 

relevant platforms. A total of 243 questionnaires were collected. After deleting 23 invalid questionnaires, the 

effective questionnaires were 220, and the recovery rate was about 90.5%. Among them, invalid questionnaire 

refers to the questionnaire that did not complete the answer, the total answer time was less than 120 seconds, or 

the score of each item was almost the same. 

4. RESULTS AND ANALYSIS

As for the survey of respondents' familiarity with the existing O2O fresh e-commerce platforms, this paper

selected four popular O2O fresh food e-commerce platforms so far in the questionnaire design, and also included 

the large chain supermarkets around the community that built their own O2O platforms into the survey scope. The 

two O2O fresh e-commerce enterprises that customers patronized most often are Hema and MISSFRESH, 

accounting for 60.9% and 52.3% respectively. Secondly, the large chain supermarkets around the community with 

self-built O2O platform are also favored. 

4.1 Reliability Analysis and Validity Analysis 

In order to obtain the degree of reliability of the current study, the reliability of the scale needs to be tested 

first. In this paper, Cronbach's Alpha coefficient ( coefficient) is used to analyze the reliability of the scale by 

conducting reliability tests on the question items. It can be seen from Table 4-1 that all the scales adopted in this 

study can ensure the reliability of the collected test data. 

Timeliness 

Communication Quality 

Reliability 

Empathy 

O2O Fresh Food E-commerce Reverse 

Logistics Service Quality 
Consumer Trust 

Consumer Loyalty 

Figure 1. Research model 
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Table 4-1. The result of reliability analysis 

The validity analysis can be divided into two parts: content validity and structure validity. Based on the 

mature scale, the content validity of the prediction questionnaire in this paper is good, which need not be proved 

again. With regard to structure validity, the results of the analysis in Table 4-2 show that the scale passes the 

validity test. The scales of consumer trust and consumer loyalty variables also passed validity tests. 

Table 4-2. The result of validity analysis 

Items 

Factor Load after Rotation 

Timeliness 
Communication 

Quality 
Reliability Empathy 

A11 0.683 

A12 0.797 

A13 0.668 

A21 0.726 

A22 0.682 

A23 0.697 

A31 0.735 

A32 0.783 

A33 0.706 

A41 0.747 

A42 0.612 

A43 0.759 

Eigenvalue 2.605 1.966 1.924 1.794 

Cumulative Variance 

Interpretation Rate 
69.079% 

KMO 0.935 

Bartlett 1146.285 

Sig. 0.000 

4.2 Correlation Analysis and Linear Regression Analysis 

As can be seen from Tables 4-3, the four dimensions of O2O fresh food e-commerce reverse logistics service 

quality in this study are significantly and positively correlated with consumer trust and consumer loyalty, and 

consumer trust is also significantly and positively correlated with consumer loyalty. 

Variables Number of Items Cronbach’s α 

Overall Reliability of the Questionnaire 0.909 

O2O Fresh E-commerce Reverse Logistics Service Quality 0.935 

Timeliness 3 0.769 

Communication Quality 3 0.746 

Reliability 3 0.731 

Empathy 3 0.736 

Customer Trust 4 0.788 

Customer Loyalty 3 0.798 
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Table 4-3. The result of correlation analysis 

Variables Timeliness Communication 

Quality 
Reliability Empathy Customer 

Trust
Customer 

Trust 

Person 0.711** 0.682** 0.698** 0.691** 
/ 

p 0.000 0.000 0.000 0.000 

Customer 

Loyalty 

Person 0.716** 0.754** 0.684** 0.777** 0.723** 

p 0.000 0.000 0.000 0.000 0.000 

The regression analysis in this paper uses O2O fresh food e-commerce reverse logistics service quality and its 

sub-dimensions as the explanatory variables (X), consumer trust as the mediating variable (M) and consumer loyalty 

as the dependent variable (Y). There are three regression equations are established. The first regression equation 

examines the linear regression relationship between the explanatory and dependent variables, the second regression 

equation examines the linear regression relationship between the explanatory and mediating variables, and the third 

regression equation examines the regression relationship between the mediating and dependent variables.  

Model 1 was established, that is, consumer loyalty =a0+ a1* timeliness + a2* communication quality + a3* 

reliability +a4* empathy, and the following results were obtained through multiple linear regression analysis: 

According to Table 4-4, the F test results in model 1 show that the F value is 143.323, with a significance 

probability less than 0.05, indicating that the significance level has been reached. At least one item in the 

timeliness, communication quality, reliability and empathy will have an impact on consumer loyalty. It is 

significant to study model 1. 

In addition, the adjusted R2 of model 1 is 0.727, indicating that each factor in the service quality of O2O 

fresh food e-commerce reverse logistics can explain the 72.7% change of consumer loyalty. The value range of 

VIF in model 1 is [2.261.2.652], which is no more than 10, that is, there is no multicollinearity problem in the 

regression model. DW value is 1.946, which is close to 2, indicating that there is no autocorrelation and the model 

is well constructed. 

Table 4-4. 

Model R R2 Adjusted R2 F Sig. DW 

1 0.853 0.727 0.722 143.323 0.000 1.946 

2 0.801 0.642 0.635 96.387 0.000 2.077 

3 0.723 0.523 0.521 239.135 0.000 1.835 

Table 4-5. 

In Table 4-5, the significance probability of the t-test of the constant term in the regression model is 

0.000<0.05, indicating that the constant should enter the regression equation. The four dimensions of O2O fresh 

Model 
Unnormalized Coefficient t Significance Collinearity Statistics 

B Standard Error Tolerance VIF 

1 

(Constant) 0.562 0.155 3.634 0.000 

Timeliness 0.134 0.052 2.567 0.011 0.377 2.652 

Communication 

Quality 
0.265 0.05 5.283 0.000 0.410 2.440 

Reliability 0.138 0.051 2.719 0.007 0.442 2.261 

Empathy 0.332 0.046 7.174 0.000 0.441 2.270 

2 

(Constant) 0.732 0.178 4.116 0.000 

Timeliness 0.215 0.060 3.587 0.000 0.377 2.652 

Communication 

Quality 
0.164 0.058 2.839 0.005 0.410 2.440 

Reliability 0.248 0.058 4.252 0.000 0.442 2.261 

Empathy 0.209 0.053 3.935 0.000 0.441 2.270 

3 
(Constant) 1.117 0.196 5.686 0.000 

Customer Trust 0.721 0.047 15.464 0.000 1.000 1.000 



432 The Twenty one Wuhan International Conference on E-Business－E-business Strategy & Digital Marketing 

food e-commerce reverse logistics service quality all passed the t-value test, and the regression coefficient showed 

significance at the level of 0.05. The regression coefficient values were 0.134, 0.265, 0.138 and 0.332 respectively, 

indicating that timeliness, communication quality, reliability and empathy all had a significant positive impact on 

consumer loyalty. 

In summary, the final model 1 can be obtained: consumer loyalty =0.562+0.134* timeliness +0.265* 

communication quality +0.138* reliability +0.332* empathy. 

Similarly, the final model 2: consumer trust =0.732+0.215* timeliness +0.164* communication quality 

+0.248* reliability +0.209* empathy. And the final model 3 is obtained: consumer loyalty =1.117+0.721* 

consumer trust. 

4.3 Mediating Effect Analysis 

In this study, the model proposed by Wen was used to analyze the mediation utility. he model consists of 

three regression equations, in which X represents the independent variable, Y the dependent variable, M the 

intermediate variable, a, b, c, c’the regression coefficient, and e1, e2,e3 represent the residual. The specific equation 

is as follows: 

It can be seen from Table 4-6 that in the first step of verifying the mediating effect, timeliness, communication 

quality, reliability, and empathy all have extremely significant positive effects on consumer loyalty, and the 

regression coefficients are 0.134, 0.265, 0.138, and 0.332, respectively, with the Sig. values all less than 0.05. 

Similarly, timeliness, communication quality, reliability and empathy all have extremely significant positive 

effects on consumer trust, and the regression coefficients are 0.215, 0.164, 0.248 and 0.209, respectively, with the 

Sig. values all less than 0.05. Putting the mediating variable "consumer trust" into the regression equation, the 

regression coefficient of consumer trust to consumer loyalty is 0.138, with the value of Sig <0.05. In summary, 

all the regression coefficients of a and b in the regression equation of this study are significant, indicating that the 

mediating effect of "consumer trust" exists, which can be verified in the third step without Sobel test. 

Table 4-6. The result of mediating effect analysis 

Dependent Variable Independent Variables Beta t Sig. Adjusted R2 F Sig. 

Customer Loyalty 

(Constant) 0.562 3.634 0.000 

0.722 143.323 0.000 

Timeliness 0.134 2.567 0.011 

Communication Quality 0.265 5.283 0.000 

Reliability 0.138 2.719 0.007 

Empathy 0.332 7.174 0.000 

Customer 

Trust 

(Constant) 0.732 4.116 0.000 

0.635 96.387 0.000 

Timeliness 0.215 3.587 0.000 

Communication Quality 0.164 2.839 0.005 

Reliability 0.248 4.252 0.000 

Empathy 0.209 3.935 0.000 

Customer Loyalty 

(Constant) 0.461 2.902 0.000 

0.728 118.152 0.000 

Customer Trust 0.138 2.344 0.020 

Timeliness 0.104 1.963 0.051 

Communication Quality 0.243 4.795 0.000 

Reliability 0.104 1.986 0.048 

Empathy 0.303 6.394 0.000 

𝑌 = 𝑐𝑋 + 𝑒1 (1) 

𝑀 = 𝑎𝑋 + 𝑒2 (2) 

𝑌 = 𝑐′ + 𝑏𝑀 + 𝑒3𝑌 (3) 
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In addition, after the introduction of mediating variables, communication quality, reliability and empathy still 

have significant positive effects on consumer loyalty. Sig. values are all less than 0.05, and the regression 

coefficient is less than the data in the first step, indicating that consumer trust plays a part in mediating the 

influence of communication quality, reliability and empathy on consumer loyalty. The regression coefficient of 

timeliness was no longer significant, and the Sig. value was greater than 0.05, indicating that trust played a 

completely mediating role in the influence of timeliness on loyalty. 

5. CONCLUSIONS AND OUTLOOK

The results of this study show that the four dimensions of O2O fresh food e-commerce reverse logistics

service quality - timeliness, communication quality, reliability and empathy can have a positive impact on 

consumer loyalty to varying degrees. And consumer trust has a mediating effect in the relationship. Through the 

analysis of the above results, this study concludes that O2O fresh food e-commerce enterprises should start from 

the four dimensions of reverse logistics service quality, make targeted improvement and perfection of the reverse 

logistics system to enhance consumer trust; do a good job of summarising experience in the process of providing 

reverse logistics services to enhance consumer experience from the source and avoid secondary returns from 

consumers. 

5.1 Attaching importance to service quality of reverse logistics and promoting consumer trust 

Based on above empirical results, this study thought O2O fresh food electricity provides the high quality of 

the reverse logistics service enables consumers to enjoy the good consumer experience, is beneficial to maintain 

the good relationship between customers, thereby increasing consumer confidence in the electricity, loyalty. 

Therefore, O2O fresh food e-commerce must pay attention to the management of reverse logistics service quality. 

Fresh products themselves have the characteristics of perishable, spoiled fresh products will bring consumer 

complaints. Therefore, when consumers are faced with the situation that the quality of fresh products does not 

meet the purchase expectation, they should get timely response from the e-commerce platform after applying for 

return and replacement, which is conducive to reducing consumers' complaint. In addition, some e-commerce 

trading platforms set up cumbersome return process, so that consumers in the face of fresh products that do not 

meet the requirements will also choose not to return due to the trouble of return, by their own losses. This is likely 

to cause a backlog of consumer dissatisfaction, and even lead to the idea that the e-commerce is not worthy of 

trust again, resulting in a loss of consumers.  

O2O fresh e-commerce enterprises should also pay attention to communication quality. Firstly, in addition 

to providing online artificial/intelligent customer service and telephone communication, e-commerce enterprises 

can also add more communication channels for consumers to give feedback by opening official Weibo accounts, 

WeChat public accounts or registering official accounts on short video platforms such as Tik Tok/Kuaishou. 

Secondly, enterprises can further enhance the service awareness of customer service personnel and improve their 

service skills through regular training. Finally, an assessment and evaluation mechanism can be established. The 

implementation of this mechanism first requires O2O fresh food e-commerce to conduct reasonable supervision 

on the communication process between consumers and customer service without any privacy, such as telephone 

recording after informing consumers in advance. Based on this, the customer service staff's business ability is 

evaluated from the aspects of communication attitude and result combined with consumers' feedback, urging the 

customer service staff to truly be friendly and polite and communicate actively. 

In addition, as consumer demand is increasingly diversified and personalized, according to the empathy 

dimension, O2O fresh food e-commerce should try to give sufficient rights to staff within the scope of ability and 

cultivate a team of employees with temperature. To make it have enough space to solve different return disputes, 

such as according to the different needs of consumers, in combination with the actual situation, to provide return 
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service such as refund, refund only or refund negotiation. O2O fresh e-commerce should also strengthen the 

construction of organizational culture and create an enterprise atmosphere that truly cares for consumers. At the 

same time, follow-up visits should be made, and a special team should be set up to make return visits to consumers 

who have returned or replaced goods, so that consumers can feel the sincerity of e-commerce and the positive 

attitude of solving problems. 

5.2 Summarize the experience of handling returns and improve the consumption experience of customers 

from the source 

Although high-quality reverse logistics service is conducive to consumers' trust in O2O fresh food e-

commerce, and can promote consumers' positive attitude towards subsequent purchase and word-of-mouth 

communication, if consumers still apply for return and replacement after shopping again, the remedial effect of 

reverse logistics service may not be as good as before. Consumers are worried that the fresh products they buy 

are still not satisfactory, so they gradually lose trust in the e-commerce and turn to other O2O fresh food e-

commerce enterprises. For the e-commerce company, it will be more difficult to restore the trust of consumers, 

and it may need to spend a lot of financial and material resources, resulting in a significant increase in operating 

costs. 

Therefore, this study believes that O2O fresh food e-commerce should summarize experience in the process 

of providing reverse logistics services. They can summarize the reasons for the return described by consumers, 

the time and place of applying for return and replacement, as well as the records of the purchase and shelf of this 

batch of products, analyze and classify the various problems, and then make corresponding adjustment plans. 

Specifically, the purchasing department may be required to pay more attention to the quality control of fresh 

products and strictly select suppliers, or the R&D department may be required to improve the packaging of fresh 

products, or it may be required to strengthen the protection measures of forward logistics distribution and put 

forward higher requirements on logistics distribution personnel. In a word, it is necessary to improve consumers' 

consumption experience at the source and avoid consumers' second return, so as not to waste the customer value 

created in the previous return logistics service.  

6. RESEARCH LIMITATIONS AND PERSPECTIVES

The hypothesis of the relationship between service quality, consumer trust and consumer loyalty of O2O

fresh food e-commerce reverse logistics put forward by this research model has been confirmed, but it only 

preliminarily reveals the mechanism that O2O fresh food e-commerce reverse logistics service quality affects 

consumer loyalty through consumer trust. In addition, the influence mechanism of other possible mediating 

variables and moderating variables, such as consumer satisfaction, needs to be further studied and improved. 
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Abstract: In large-scale online promotion activities (OPAs), how to stimulate, obtain and monopolize consumers’ platform 

trust has been a key prerequisite for e-commerce platforms to stand out in the increasingly fierce and homogeneous market 

competition. We selected the Alibaba Double eleven shopping Carnival and Jingdong 6.18 shopping Carnival as the 

empirical cases and conduct fsQCA analysis on 613 valid questionnaires. The research shows that there are four 

configurations that affect consumer platform trust. Three of these configurations are composed of self-efficacy, expected 

relationship benefits, perceived festival atmosphere and perceived snap-up atmosphere. Activity satisfaction plays a 

significant role in triggering consumer platform trust. In addition, the results confirm the critical role of positioning intensity. 

The finding of the research has practical significance for network marketing planners and online shopping platform 

operators. 

Keywords: Online promotion activity, Positioning theory, Platform trust, Activity satisfaction, FsQCA 

1. INTRODUCTION

According to a set of data released by the United Nations Conference on Trade and Development, the

proportion of online retail sales in total retail sales rose from 16% in 2019 to 19% in 2020 [1]. To cope with the 

competitive business environment, various platforms have launched large-scale online promotion activity 

(OPAs). Platforms hope to attract consumers and get their feedback by holding OPAs. However, it is worth 

noting that the major promotional activities become homogeneous after years of development. We found an 

interesting phenomenon that consumers still have a preferred platform when they choose the same product at the 

same price simultaneously. This means that consumers have formed a strong trust in the platform. To explore the 

reasons behind this phenomenon, this research will start from the perspective of consumer platform trust to 

explore the internal logical mechanism of the formation of such consumption behavior. 

The existing literature on consumer platform trust have identified three categories according to the research 

contents. The first part is about the influencing factors of platform trust. Kim and Peterson[2] used meta-analysis 

method to verify the impact of perceived privacy, perceived quality of service, and other factors on trust. The 

second part is about the relationship between consumer trust and consumer behavior. It found that trust in the 

platform will significantly affect online purchase intention [3,4]. The third part is about the establishment strategy 

of platform trust. Although consumer platform trust has been widely studied [5,6], these studies only focus on the 

impact of consumer personal characteristics and platform characteristics on trust[2,7]. In the research on 

consumers’ mind, positioning theory is one of the classic theories. Few articles turn the research perspective to 

OPA situation to explore the applicability of positioning theory and no concept is used to express the effect of 

positioning.Thus, we frame our first research question (RQ) as follows: 

RQ1: Does the positioning theory apply to the promotion of OPA? How does positioning work? 

Consumer platform trust is affected by many factors. Most of the existing studies use SEM (structural 
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equation model) to test the influencing factors of consumer platform trust[7]. Although SEM can better analyze 

the linear relationship between variables, it is unable to explore the “joint effect” between conditional variables. 

It is of high research value to examine the formation of consumer platform trust from an overall perspective. 

Specifically, we propose the second research question (RQ) based on the above problems: 

RQ2: What are the driver combinations of consumer platform trust in the context of OPA? 

Based on the above research background, firstly, we will propose a new concept called “positioning 

intensity” to solve RQ1 in combination with theoretical review and practical situation. Then this paper 

introduces fsQCA method to solve RQ2. FsQCA is a suitable method to accommodate complex complementary 

and nonlinear relationships between structures and then identify relationships between different combinations of 

antecedents and results. Combined with positioning theory, social existence theory and expectation confirmation 

model, fsQCA results explain how positioning works. Results can provide some reference for the 

decision-making of e-commerce platform. 

2. THEORETICAL BACKGROUND

2.1 Activity satisfaction and consumer platform trust 

Trust is generally considered as the basic elements of a successful relationship[8-10]. Morgan and Hunt[10] 

define trust as the perception of “confidence in the exchange partner’s reliability and integrity”. In this study, 

platform trust refers to customers' confidence in the quality and reliability of services and products provided by 

the platform in promotional activities. Existing literature has verified that consumer platform trust is affected by 

satisfaction. In this study, consumers' activity satisfaction with large-scale OPAs is defined as the perception of 

the gap between prior expectations and actual experiences after participation. Harris and Goode[11] suggested 

that trust is positively and directly link with satisfaction and this relationship strongly supported. Singh and 

Sirdeshmukh[12] found that consumer satisfaction will affect their post-purchase trust in the traditional trading 

market. Shao Yeh and Li[13] combined the technical acceptance model and service quality model to explore the 

factors influencing online trust, and found that users satisfaction directly positively affects their trust. The more 

satisfied consumers are with promotional activities, the more they trust the platform. In addition, when 

consumers are satisfied with a promotional activity, they will have a certain sense of trust in the promotional 

activity. Trust in promotional activities can enhance users' trust in the hosting platform.  

2.2 Consumer attributes and consumer platform trust 

Ajzen[14] pointed out that the rule of perceptual behavior in TPB includes self-efficacy and perception 

controllable. In this study, self-efficacy is defined as the belief that consumers can participate in large-scale 

online promotion activities and achieve the expected goals. Self-efficacy can be divided into three aspects: 

participate in self-efficacy, rules understand self-efficacy and payment self-efficacy. If consumers have no 

confidence to participate in the activity, they may be attributed to the online shopping platform managers who 

fail to explain the rules of the activity well or have no reasonable arrangement. Consumers will doubt the 

platform management ability and operation ability. This doubt ultimately affect consumers' trust in online 

shopping platform.  

Expected return refers to an individual's expectation of a particular result that a certain behavior may cause. 

The expected relationship benefits in this study refer to the expected return of harmonious interpersonal 

relationships after consumers participate in promotional activities. Based on the expectation confirmation theory 

and technology acceptance model, Bhattacherjee[15] proposed an expectation confirmation model and point out that 

consumers' expectation confirmation is an important factor of trust. In social psychology, the expected relationship 

benefits capture people's desire to keep a relationship with others [16]. In other words, when an activity can bring 

more expected relationship benefits to consumers, consumers will be more likely to trust the platform. 
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Perceived atmosphere refers to the feeling created by the e-commerce platform through marketing 

promotion activities, building platform environment, creating sensory impact and triggering emotional 

resonance of consumers. Aiming at the characteristics of promotional activities, this article divides the 

atmosphere felt by consumers into the festival atmosphere and snap-up atmosphere. Festival atmosphere refers 

to the scene that the promotion activities that give people a specific feeling, such as the marketing atmosphere 

and the active participation of friends around. Snap-up atmosphere refers to the tense atmosphere created by the 

platform through holding rush buying activities such as limited time and limited sales. E-commerce platform 

extends the influence of promotional activities to real scenes by setting off the atmosphere to improve the 

platform's social presence. Short et al.[17] proposed the concept of social presence. It refers to the degree to 

which a person is regarded as a “real person” and the perception of contact with others in the process of 

communication through the media. Short et al.[17] thought that media with high social presence is considered to 

be social and humanized, and people will prefer it. Verhagen et al.[18] defined ocial presence as the personal and 

social feelings conveyed and existing in the media. Through the research, Verhagen found that social presence 

has a substantial impact on platform trust.  

2.3 Positioning and consumer platform trust 

Positioning is to determine the position and image of the brand in the customers' mind. In 1969, Jack Trout 

first proposed the concept of “positioning” [19]. Trout and Rivkin proposed to create “the first position”, because 

only the concept of “the first” can make consumers remember deeply. After entering the 21st century, 

positioning theory has entered the stage of repositioning theory research [20]. Consumers' cognition of a brand is 

often based on their needs and experiences. On the one hand, brands occupying particular positions are most 

likely to be concerned; On the other hand, familiar brands are easy to accept. 

Based on the positioning theory and reality analysis, we propose a new concept called “positioning 

intensity” and put forward three dimensions as the measurement standard. Positioning intensity refers to the 

value of OPA brand and clarity of brand image in consumers’ mind. The three dimensions are as follows. First, 

the time when the platform initially organized the promotion. The first promotion can always get the most 

attention and leave a deep impression on users. In addition, users subconsciously associate the activities with the 

hosting platform, and the exercises have gradually become the platform's brand. Second, the marketing efforts 

made by the platform. Through the constant diversity of publicity and marketing, the brand image is more and 

more profound. Third, consumer familiarity with the activity. The more frequently users participate, the more 

familiar they will be with the whole movement. The re-participation of consumers means that they trust the 

platform, which proves that the activity brand occupies a specific position in the consumer's mind. 

On the basis of literature review, this study developed a conceptual model, which is presented in Fig.1. 

Composition of independent variables

Activity satisfaction

Moderating variables

Positioning 

intensity

Self-efficacy

Expected relationship benefits

Perceived festival atmosphere

Perceived snap-up atmosphere

Platform trust

Consumer attributes

Dependent variable

Figure 1.  FsQCA model 
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3. RESEARCH METHODS

3.1 Measurement 

All measurement items and references are shown in Table 1. Most of the items are adapted from the 

existing literature, but some minor changes have been made in the wording to adapt to the background of 

large-scale online promotion activities. They are measured by seven-point Likert scales. A pilot test of the 

questionnaire was conducted prior to the release of a prominent official questionnaire. Above 30 consumers 

were recruited to participate in the pilot and finished the questionnaire. 

What’s more, three experts whose research interests are e-commerce or network marketing were invited to 

modify the questionnaire according to the feedback of the pilot. Through this way, the integrity and feasibility 

can be guaranteed before we conduct our formal large-scale survey. 

Table1.  Measurement item 

Factors Number of items Reference 

Self-efficacy (SE) 3 Taylor and Todd[21] 

Expected relationship benefits (ERB) 3 Bock et al.[22] 

Perceived festival atmosphere (FA) 3 Gefen and Straub[23]; Deng and Poole[24] 

Perceived snap-up atmosphere (SUA) 3 Gefen and Straub[23]; Deng and Poole[24] 

Activity satisfaction (SAT) 3 Wallin Andreassen and Lindestad[25]; Berraies et al.[26] 

Activity trust (AT) 3 Morgan and Hunt[10] 

Platform trust (PT) 3 Cyr et al.[27] 

Positioning intensity (PI) 3 Trout[19]; Trout and Rivkin[28]; Ries and Trout[20] 

3.2 Case selection 

The double eleven shopping carnival held by Alibaba and the big promotion on June 18 held by JD were 

selected as the empirical cases in this study. The above two promotions are selected mainly for the following 

considerations: (1) Reputation of the platform. By the end of 2020, both Alibaba and JD are among the top ten 

Internet companies globally in terms of market value. (2) Maturity of the large-scale OPAs. These two activities 

have been carried out in China for many years. (3) Time of the large-scale OPAs. These two events are held at 

the middle of the year and the end of the year respectively.  

3.3 Data collection  

The research team used interviews and questionnaires to obtain research data. In the interview section, the 

team randomly interviewed 25 consumers, including consumers engaged in promotional activities and 

consumers who had not participated. For respondents who were not involved in the activity, we mainly asked 

them why they were not involved and whether they regretted not taking part. The participants who participated 

in the activities primarily investigated the experience of the activities and the dissatisfaction or suggestion of the 

activities. In the survey section, the sample was selected from the consumers who participated in the promotion.  

A total of 641 questionnaires were collected. Therefore, in addition to eliminating questionnaires that were 

incomplete and over-focused, the research group also eliminated the completed questionnaires for less than 11 

minutes and finally got 613 valid questionnaires. There were 286 males and 327 females. The respondents were 

mainly aged from 18 to 25, accounting for 81.7%. 

4. FSQCA ANALYSIS AND RESULTS

4.1 Reliability and validity test 

The specific results are shown in Table 2. First, the reliability of the questionnaire was examined. Table 2 

shows that Cronbach's alpha and CR (composite reliability) of all factors are more than 0.7. These results 
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indicating that the questionnaire has good reliability . Then, the convergent validity of the questionnaire was 

measured. As shown in table 2, the average variance extraction values (AVE) of all variables are above 0.5, 

indicating that the questionnaire has good convergence validity. Finally, the discriminant validity of the scale 

was tested.  

Table2.  Reliability and convergent validity of the samples 

Item 
Factor 

Loading 
AVE CR 

Cronbach's 

alphas 

Self-efficacy 0.752 0.901 0.835 

SE_1: I can clearly understand the rules of the online promotion activity. 0.890 

SE_2: I can get most of the products I want in online promotion activity. 0.837 

SE_3: I can complete the payment smoothly in online promotion activity. 0.873 

Expected relationship benefits 0.852 0.945 0.913 

ERB_1: My friends and I discuss online promotion to strengthen communication and 
contact with my friends in online promotion activity. 

0.931 

ERB_2: My friends and I recommend products to strengthen communication and 

communication with my friends in online promotion activity. 
0.937 

ERB_3: My friends and I shopping together can strengthen communication and 

communication with my friends in online promotion activity. 
0.901 

Perceived festival atmosphere 0.915 0.970 0.954 

FA_1: In online promotion activity, many marketing activities let me perceive the festival 
atmosphere. 

0.954 

FA_2: In the online promotion activity, the warm social atmosphere let me perceive the 

festival atmosphere. 
0.964 

FA_3: In online promotion activity, the positive shopping mood of friends around me lets 
me perceive the festival atmosphere. 

0.952 

Perceived snap-up atmosphere 0.840 0.940 0.905 

SUA_1: In online promotion activity, the purchase time limit of many products (such as 

spikes) made me perceive the snap-up atmosphere. 
0.924 

SUA_2: In online promotion activity, the quantity limit of many products (such as a limit of 
1,000 pieces) made me perceive the snap-up atmosphere. 

0.926 

SUA_3: In online promotion activity, the price limit of many commodities (for example, the 
original price will be restored at 0:00 on November 12) made me perceive the snap-up 

atmosphere. 
0.900 

Activity satisfaction 0.868 0.952 0.924 

SAT_1: I am satisfied with the whole process of the promotion. 0.918 

SAT_2: I think participating in online promotional activity is a wise choice. 0.932 

SAT_3: I am satisfied with my experience in online promotion activity. 0.945 

Activity trust 0.918 0.971 0.955 

AT_1: I think the online promotion activity is reliable. 0.956 

AT_2: I think the online promotion activity is trustworthy. 0.964 

AT_3: In general, I trust online promotion activity. 0.954 

Positioning intensity 0.692 0.871 0.778 

PI_1: I tend to participate in the double eleven shopping carnival (the earliest online 

promotion activities). 
0.832 

PI_2: The online promotion activity I participated in made great efforts in marketing. 0.784 

PI_3: I am familiar with the online promotion activity.. 0.878 

Platform trust 0.835 0.938 0.901 

PT_1: I think the transaction process of the e-commerce platform used for online promotion 

is safe. 
0.905 

PT_2: I think the information on the e-commerce platform used for online promotion is 

reliable. 
0.921 

PT_3: I think the e-commerce platform used for online promotion is trustworthy. 0.916 
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4.2 Calibration 

Before fsQCA analysis, the continuous variables involved in the study need to be calibrated [29]. First, 

Excel software was used to average the antecedent condition variables. Then, according to the 5% (fully out), 

50% (crossover point) and 95% (entirely in) standards proposed by Ragin[29], we use the “PERCENTILE” 

function in Excel software to calculate the quartile point. Finally, we applied the “calibration” function in the 

fsQCA3.0 to calibrate (see table 3). 

Table3.  Calibration value of continuous variables 

SE ERB FA SUA SAT PI PT 

5% (Fully Out) 2.333 1.900 1.000 1.000 2.000 3.444 3.000 

50% (Crossover Point) 4.500 4.333 5.000 4.667 4.667 5.083 5.000 

95% (Fully In) 6.333 7.000 7.000 7.000 7.000 6.675 7.000 

Note: SAT=activity satisfaction; PT=platform trust; SE=self-efficacy; ERB=expected relationship benefit; FA=perceived festival atmosphere; 

SUA=perceived snap-up atmosphere. 

4.3 Necessity analysis 

Necessity analysis is used to test whether a variable's existence can be considered a necessary condition for 

the result [30]. To determine whether the six antecedents are essential for consumer platform trust, we conducted 

a necessary condition analysis (see Table 4). It is found that when the result variable is platform trust, the 

consistency level of single factor antecedents of each variable does not exceed 0.9, so there is no necessary 

condition [29].  

Table4.  Results of necessary conditions 

Outcome: Platform Trust 

SE ~SE ERB ~ERB SAT ~SAT PI ~PI FA ~FA SUA ~SUA 

Consistency 0.789 0.565 0.794 0.569 0.827 0.567 0.829 0.545 0.781 0.610 0.779 0.594 

Coverage 0.754 0.553 0.729 0.582 0.788 0.557 0.790 0.535 0.775 0.575 0.734 0.589 

4.4 Solution description 

FsQCA3.0 was used to construct 2K row truth table, where k is the number of antecedents. The proposed 

consistency measurement threshold in QCA literature is 0.8 [29]. Our study chose 0.85 as the cut-off point to 

ensure a high degree of consistency at this stage of analysis. At the same time, we set the acceptable number of 

cases as 1, and the final result is shown in Table 5. The overall coverage is 0.78, and the overall consistency is 

0.87, indicating that the eight configurations capture a large proportion of the results. By classifying the 

configurations with the same core conditions, they can be summarized into the following four trigger 

configurations of consumer platform trust behavior.  

The first configuration consists of four sub-models (C1a, C1b, C1C and C1d), in which the core element is 

positioning intensity. This configuration shows that when the activity brand has a high positioning intensity in 

the consumer's mind, users will trust the platform (C1a) when satisfied with the promotion activities. In addition, 

when users feel the cold festival atmosphere and snap-up atmosphere, high positioning intensity will trigger 

consumers' trust in the platform (C1b). C1c shows that in the intense festival atmosphere created by the 

promotion activities with high positioning intensity, consumers with low expected relationship benefits will trust 

the platform. C1d indicates that consumers with low self-efficacy will trust the platform in the solid snap-up 

atmosphere created by high positioning intensity promotional activities. 

The second configuration takes high self-efficacy and activity satisfaction as the core conditions, including 

two sub-models (C2a and C2b). Sub-model C2a takes low perception of festival atmosphere as peripheral 

condition, and its configuration is “self-efficacy * activity satisfaction * ~ perceived festival atmosphere.” 
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Sub-model C2b takes high perception of snap-up atmosphere as peripheral condition, and its configuration is 

“self-efficacy * activity satisfaction * perceived snap-up atmosphere”. In the second configuration, two 

sub-models are used to analyze the consumers with high self-efficacy and satisfaction with promotion activities. 

Research shows that a low festival atmosphere and a high snap-up atmosphere will trigger consumers' trust in 

the platform. 

The third configuration reflects a group of consumers with high expected relationship benefits and are 

satisfied with the promotion activities. When they feel the intense festival atmosphere and snap-up atmosphere, 

they will trust the platform. Therefore, the core conditions of configuration C3 are high perceived festival 

atmosphere and activity satisfaction, and the peripheral state is high expected relationship benefits and high 

perceived snap-up atmosphere. Therefore, its configuration is “perceived festival atmosphere * activity 

satisfaction * expected relationship benefit * perceived snap-up atmosphere”. 

The forth configuration shows that if platform wants to improve the trust of this kind of consumers, the 

platform should try to create a strong snap-up atmosphere when holding promotional activities. As shown in 

Table 9, the core conditions of C4 configuration are high self-efficacy, high expected relationship benefits and 

strong snap-up atmosphere. The forth configuration represents consumers that have high self-efficacy and 

expected relationship benefits. Hence, its configuration is “self-efficacy * expected relationship benefit * 

perceived snap-up atmosphere”. 

FsQCA software selects the maximum coverage by default, which will lead to the formation of similar but 

different configurations due to the slight gap being enlarged. Raw range is used to measure the interpretation 

degree of antecedent configuration for the results. The larger the basic coverage is, the stronger the 

interpretation degree of antecedent conditional configuration for the results is. After comparison, the coverage 

rate of the first configuration is higher than that of any other trigger configuration, indicating that the first 

configuration has strong explanatory power. In other words, when users perceive the high positioning intensity 

of online promotion activities, they are more likely to trust the platform. 

Table5.  Configurations leading to consumer platform trust 

Outcome: Platform Trust 

Configuration C1a C1b C1c C1d C2a C2b C3 C4 

SE  ● ●  ●

ERB    ●

FA      ● 

SUA       ●

SAT   ● ● ● 

PI ● ● ● ● 

Consistency 0.865 0.842 0.878 0.861 0.850 0.862 0.874 0.843 

Raw coverage 0.735 0.417 0.407 0.418 0.450 0.628 0.603 0.615 

Unique coverage 0.038 0.017 0.005 0.013 0.007 0.001 0.011 0.017 

Overall solution consistency 0.873 

Overall solution coverage 0.781 

Note：● represents that the condition variable exists, the large circle represents the core element and the small circle 

represents the peripheral element;  represents that the condition variable does not exist, the large circle represents the core 

element and the small circle represents the peripheral element; “Blank” indicates that the condition has two possibilities of 

existence and no existence at the same time. 
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5. DISCUSSION AND IMPLICATIONS

5.1 Discussion of the results 

This study use fsQCA analysis to study the antecedent configuration of triggering consumer platform trust. 

Comprehensive conclusions are as follows: 

Consumer activity satisfaction plays a key role in the process of forming platform trust. The results of 

fsQCA confirm the critical role of consumer satisfaction. In the second configuration (C2) and the third 

configuration (C3), activity satisfaction, as the core variable, plays a significant role in triggering consumer 

platform trust. In addition, in configuration C1a, activity satisfaction, as a peripheral variable, helps trigger 

consumer platform trust. This is consistent with the previous research results of Bendapudi[31] and Gulati[32].  

Consumer platform trust is affected by many factors. Consumers' self-efficacy, expected relationship 

benefits, perceived festival atmosphere, and perceived snap-up atmosphere play core roles in configuration 

C2, C3 and C4, and play peripheral roles in configuration C1. Configuration C2 takes high self-efficacy as 

its core condition, and two sub-models take low festival atmosphere and high snap-up atmosphere as 

peripheral conditions. In configuration C3, high festival atmosphere is the core condition, and high snap-up 

atmosphere and high expected relationship benefits are the peripheral conditions. Configuration C4 

consists of three core conditions: high self-efficacy, high expected relationship benefits, and high snap-up 

atmosphere.  

Positioning theory plays an essential role in OPA. We can find that among the four configurations 

formed by fsQCA, the configuration with positioning intensity as the core condition (C1) has higher 

coverage than any other trigger configuration, which indicates that it has high explanatory power. The 

result of fsQCA means that the promotion activities with high positioning intensity are easier to trigger 

consumers' platform trust in the hosting platform. 

5.2 Theoretical and practical implications 

The greatest theoretical contribution of our research is that we puts forward three dimensions to quantify 

the positioning performance and names the results as “positioning intensity”. The proposal of positioning 

intensity makes the positioning performance more concrete, simplifies the research on positioning. This concept 

not only helps our research verify the applicability of positioning theory in OPA, but also facilitates scholars to 

study the application of positioning theory in other fields.  

Some practical implications of this study might be helpful for prominent network marketing planners and 

online shopping platform managers. First, platform should improve consumer feedback mechanism. Planners of 

large-scale OPAs should pay attention to the education of consumers. For example, complex activity rules can 

be explained through pictures or videos to facilitate consumers' understanding. Second, strengthening marketing 

professionalism is necessary. For event planners, they can consider user portraits to define target users’ 

characteristics, according to which to determine the strength of marketing and to create the appropriate 

atmosphere. Finally, platform should establish project management mechanism. For platform managers, it is 

necessary to occasionally mention and promote activities during non-event periods to continuously deepen 

consumers’ impression. In addition, the platform can create a clear brand image for the activity through 

promotional slogans, such as the announcement of “the lowest price of the whole year” on double eleven 

carnival.  

6. CONCLUSION

This study explores the formation mechanism of consumer platform trust under the background of

large-scale OPA. At the same time, the paper provides empirical support for verifying the effectiveness of 

positioning theory by putting forward the concept of “positioning intensity”. The results can provide suggestions 
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for e-commerce platform managers, help the platform to carry out promotional activities more effectively, and 

provide theoretical support for the establishment of OPA brand. 

Although the two activities selected in this study are very representative, we must admit that consumer 

behavior shows different characteristics in different economic and cultural backgrounds. Therefore, further 

cross-cultural comparative studies can be conducted to determine the applicability of the results of this study in 

other markets. In addition, there are many different promotional activities in the market. Therefore, future 

researchers can improve or verify the results of this study by studying other promotional activities. 
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Abstract: Today, the digital international business environment opens new opportunities and challenges for businesses 

creating important effects on their global distribution strategies. In line with this, the present study makes a theoretical 

contribution developing a research model in the e-commerce field to analyze the relationship among e-service quality factors 

and the overall e-service quality, and, in turn, the latter with the hedonic value dimension. Data were gathered from a survey 

of 152 online consumers. Confirmatory factor analysis was conducted to analyze the reliability and validity of the 

measurement model and regression technique was used to test the research model. The analytical results showed that, as 

predicted, the dimensions of fulfillment/reliability, web site design, customer service and security privacy affect overall 

online service quality. In addition, the e-service quality shows to have an impact on the hedonic value. 

 

Keywords: international business, e-commerce, e-service quality, hedonic value 

 

1. INTRODUCTION 

In the Industry 4.0 era, the international business is changing identifying many challenges and 

opportunities given the digital transformation. Today, information and communication technologies (ICT) 

accelerates the speed at which businesses have to make decisions in all the steps of their value chain deleting 

obsolete approaches toward a more consumer-oriented culture. Indeed, today consumers create new demands, as 

for instance self-service solution, fast deliveries and attractive online sales platforms [1]. This implies an overall 

business models rethinking. In other words, this new ecosystem requires companies, especially in the 

international context, to review their strategies to survive in an increasingly competitive environment.  

The result of the current digital revolution is a new and digitalize supply chain to provide the right product 

at the right time to better satisfy the customer’s need. In fact, the key in some sectors, as the fashion retail one, is 

to leverage new distribution approaches to create a differentiated value for the final consumers. The exponential 

growth of e-commerce has a deep impact on the supply, as well as, on the demand side. The e-commerce 

influences how, where, and when consumers buy, and, indirectly, the way they live. Therefore, both online and 

offline features (such as delivery) will affect consumers’ e-shopping behavior. At the same time, the overall 

performance of a business is influenced by reaching a sufficient strategical number of customers in the most 

efficient way especially in sectors such as the fashion which is strongly customer oriented. In the fashion sector, 

the e-commerce gained an increasingly attention in the last years and, in some cases, it becomes the main 

purchase channel deleting traditional approaches such as the retail distribution.  

The role of the e-commerce as a strategical element of a global business is much clearer and fundamental 

with the COVID-19 pandemic. In fact, the widespread of the COVID-19 destroyed many businesses, especially 

those that were not ready to reach directly their customers; while, those that present an efficient e-commerce 

channel could respond quickly to the pandemic situation showing often even a better performance than the 

pre-COVID-19 period. This happened because the majority of the consumer is also a computer user which 

implies that the e-commerce represents a new ground for several sectors and industries that cannot be avoided. 



The Twenty one Wuhan International Conference on E-Business－Digital Platform and Digital Innovation                 447 

However, e-commerce should be implemented as a winning strategy in our todays digital, competitive and 

globalized environment. Given this, various businesses are investing in the e-commerce and its implementation 

should take into consideration different dimensions as well as the hedonic value to make the customer shopping 

experience unique and valuable in the long term. Therefore, the customer behavior in the e-commerce setting is 

a strategical element to study as it is a direct impact on the final performance of a company in terms of sales and 

turnover as well as in term of survival. In line with this, a bunch of researches have investigated the e-shopping 

behavior. However, understanding it is difficult due to the strong changes on the main entities involved: 

businesses and consumers. In other terms, the main determinants of success or failure are not merely web site 

presence and lower price but mainly the electronic service quality [2]-[3].  

Therefore, the goal of this paper is to examine the role of online service quality providing more granular 

insights toward consumer online shopping enjoyment experience, considering also the impact of the shopping 

time available. This paper wants to study the relation between e-service quality and the potential enjoyment 

value to analyze deeper the shopping activity in the virtual setting to explore it as a strategical feature for an 

international business. Consequently, the main research questions are: Which dimensions impact the overall 

service quality in the e-commerce strategy? Which is the role of the hedonic value in the making the purchase 

experience valuable from a business perspective? In other words, this paper contributes to the theoretical sphere 

covering the gap in the literature referring to the eTail framework incorporating the hedonic value which is an 

element to consider in strategizing the e-commerce business. In addition, the findings provide some practical 

implications for those businesses interested in the e-commerce to better win the international competition.  

This study is focused on the fashion sector where the service quality is critical. This research relies on 

quantitative evidence gathered through a survey. The article is structured as follows. Section 2 presents the 

theoretical background of the paper. Section 3 introduces the methodology and the research model used. Then, 

Section 4 discusses the main findings. Finally, Section 5 concludes analysing the limitations and presenting 

inputs for further researches. 

 

2. LITERATURE REVIEW  

E-commerce provides new international opportunities for several companies such as in the retail field since 

they can reach easily a higher number of customers at national and international level while reducing some costs 

[4]-[5]. A growing number of retailers face an interesting growth in foreigners’ markets using ecommerce 

platforms [6]-[7]. Therefore, digital technologies promote a rapid improvement for several businesses especially in 

terms of the possibility to have an international reach. However, as the literature suggested, a number of key 

drivers should be considered that contribute to a more satisfying customer e-commerce experiences [8]-[9]. The 

majority of the scientific contributions in this field cover three crucial features: characteristics of e-shopping, 

consumer characteristics and product characteristics.  

Among these, the first two have been extensively debated among scholars, confirming their critical role in 

understanding consumer behavior toward the e-commerce channel which give numerous hints to better 

understand this revolutionary distribution strategy for several industries and contexts. For example, some 

researches dealt with the advantages of this channel in a general way, such as relative advantage[10]. Others 

showed specific measurements as quickness [11], time saving and ease of ordering[12]. In other words, a business 

that have to implement an e-commerce channel should consider the so- called e-service quality. The latter is 

defined as the overall customer evaluations and judgments regarding the excellence and quality of e-service 

delivery in the virtual marketplace[13].  

Still today in a technologic driven culture, there is a need to investigate such complex shopping process 

which have an important impact on the performance results of a sector, in general, and of a specific business in 
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particular. This becomes much more evident in the international context ruled by a high level of competitions 

and by the need to speed the customers’ requests during their purchase experience. In fact, in this scenario, 

customers online can easily compare products and prices than through the traditional channel. 

As bunch of studies highlight service quality has an impact on consumption decisions in the e-commerce 

field [14]. For example, [15] presented a classification of service features based on the technical/functional quality 

framework to examine the e-quality [16]. Moreover, a well-known scale-model is the SERVQUAL that defined 

service quality using perceived service quality, namely, the degree and direction of discrepancy between a 

consumer’s perceptions and expectations [17]. Several researchers argued that the SERVQUAL must be reviewed 

before it can be applied in the online shopping context [13]-[15]. In addition, other scholars proposed constructs 

that involve the service quality delivered by websites [18]. Thus, the Electronic Service Quality (E-S-QUAL) 

used four quality dimensions: efficiency, fulfillment, system availability and privacy. Another important 

contribution develops and validates the eTail Quality (eTailQ) scale [19] examining customer judgments of the 

online shopping experience that are crucial predictors of overall service quality, customer satisfaction and 

attitude toward the website.  

Using an interactive procedure, both considering the exploratory and the confirmatory factor analysis, four 

quality dimensions emerged: fulfillment/reliability, web site design, customer service and security/privacy. 

Hence, the eTail Quality is given by 14 items and explains 70 percent of the variance of a total e-tail quality 

judgment. Despite the high reliability and validity of the models mentioned, the elimination of quality items 

linked to hedonic features of the Internet shopping has been often savaged. For example, as stated: “other 

experiential aspects such as fun or pleasure do not fall within the conceptual domain of service quality because 

such hedonic aspects are distinct benefits that may not be relevant in all contexts or to all customers.” [18]  

Specifically as in [20] the utilitarian and hedonic shopping value is investigated. The former is based on the 

premise that shopping is viewed as functional. While, the hedonic is more playful. It reflects the entertainment 

value and emotional worth derived from shopping as an enjoyable experience: an escape or an adventure [20]. 

The latter offered estimates of dimensionality, internal consistency and validity. Therefore, the hedonic issue 

requires still today further investigation. The hedonic side is taken from that environmental psychology 

literature and which identified the emotional side highly relevant in a retail setting. Following the flow theory, 

such feelings are disclosed also during the e-shopping [21]-[22]-[23]. In the e-commerce experience, another element 

to take into consideration is the product. Thus, the characteristics of the product greatly determine the degree to 

which they are suitable for the online channel [24]. In line with this, different classifications have been debated in 

literature. For instance, two types of qualities of a product: search qualities and experience qualities [25]. Search 

qualities look at the aspects that consumers can completely determine prior to use and experience qualities 

define those that cannot be known until using the product. While, consumers are more likely to buy products 

and services on the Internet that have greater differentiation [26]. Moreover, a product’s tangibility had a 

significant effect on consumers’ intentions toward online shopping [27]. Therefore, in the implementation of an 

e-commerce channel, the business should consider the features of its products. This means that to better capture 

consumers’ e-shopping behavior, each product has its own peculiarities.  

This implies that mixing product categories in the same research tends to yield inconsistent findings.  

Thus, the specification decreases the heterogeneity due to different product types. Consequently, it avoids 

confusion in the overall results. E-shopping is convenient compared to the traditional channel since it has not 

temporal and spatial limits. Further, as it increases search and transaction efficiency, time-conscious consumers 

are more prone to buy online [28]. 
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3. RESEARCH METHODOLOGY  

3.3 Research model and hypotheses 

The relevant literature has identified various determinants of consumers’ e-shopping behavior. These 

mainly cover three crucial features: characteristics of e-shopping, consumer characteristics and product 

characteristics. Among these characteristics, the first two have been examined extensively, confirming their 

important role in this specific context. Given that, this research objective is to analyze the dimensions of this 

channel to give a better understanding on how to implement this strategical features to improve the e-commerce 

context which can increase the number of customers and, thus, it has an impact on the sales specifically, and to 

the overall business activity, in general. Following the scientific contributions in the literature, to capture service 

quality this paper examined the four-eTail dimensions. In addition, it wants to study the relation between the 

e-service quality and the hedonic shopping value to provide a wider strategic view on the implementation of this 

channel. Moreover, to understand deeper customers toward online shopping, it considered the consumer time 

availability for shopping and some socio-demographics variables (gender, age, education and Internet mainly 

used at). The relationship among the four e-service quality factors and the overall service quality, as well as, the 

relation between the latter and the enjoyment scale are hypothesized and discussed below. Based on the 

literature review, the model proposed that e-service quality dimensions are casually linked to the performance 

measure of overall online service quality. This study proposed the eTailQ dimensions to assess to the overall 

online service quality. It includes the 14-items scale (7-point Likert- type scales) to establish the following four 

factors (see Fig.1). 

 

 Fig 1. Research model 

Fulfillment/reliability (FU) is (a) the accurate display and description of a product so that what customers 

receive is what they thought they ordered and (b) delivery of the right product within the time frame promised 

[19]. In this phase the users' quality perception depends on how efficiently (easy and quick) he is able to place an 

order into the online subscription system [18]-[19]. Therefore, the following hypothesis is proposed:  

H1: Fulfillment in an online store positively influences overall service quality. 

Web site design (WS) includes all elements of the consumer’s experience at the website (expect for 

customer service), including navigation, information search, order processing, appropriate personalization, and 

product selection [19]. Nowadays, managers and academics are increasingly focused on the cognitive computing 

issue to make sites more competitive. Cognitive computing is a new notion that is based on principles from the 

behavioral, cognitive and computer to understand the insights of consumer shopping behaviors [29]. It is a 

consumer-oriented perspective to site design: web site design is becoming crucial for online stores [30]. Hence, 

the following hypothesis:  
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H2: Web site design in an online store positively influences overall service quality. 

Customer service (CS) is responsive, helpful, willing service that responds to customer inquiries quickly 

[19].In this step, relevant criteria refer for instance to the ability to promptly respond to customer problems 

occurring after the purchase. Below, the hypothesis: 

H3: Customer service in an online store positively influences overall service quality. 

Security/privacy (SP) is defined as security of credit card payments and privacy of information  [19]. Online 

stores must provide mistake-free service and secure online transactions to make individuals more comfortable. 

Thus, this last dimension evaluates the capability to increase the security issue against the risk often perceived 

toward the online channel. Hence, the hypothesis:  

H4: Security/privacy in an online store positively influences overall service quality. 

The scales as in [20] show the degree to which consumers derived the hedonic and the utilitarian dimension 

from a shopping trip. For the former, these authors presented 11 items. This paper is going to use this hedonic 

scale structure fitted for the online setting. Therefore, only 10 over 11 items could be presented in the 

questionnaire on a 7-point Likert- type scales. The following hypothesis emerged to deal with the impact of 

online service quality (OSQ) on the hedonic value (HV).  

H5: Overall online service quality positively influences the hedonic value for shopping. As the literature 

states the importance of the time available (TA) for shopping, a hypothesis is presented below and tested. 

H6: Time available for shopping online positively influence the hedonic value for shopping.         

3.4 Data collection and analysis 

The construct definitions of the instruments and the related literature were discussed above. This paper 

used the measures analyzed to operationalize the constructs from relevant studies and it tailored these measures 

to the online shopping context for fashion products. The eTailQ model of 14 items is applied to measure 

fulfillment/reliability (3 items, question 14 to 16); web site design (5 items, question 20 to 24); customer service 

(3 items, question 17 to 19) and security/privacy (3 items, question 25-27) [19]- [31]. The Hedonic construct by is 

provided and fitted for the online setting [20]. Therefore, only 10 of the 11 the original items are presented in the 

questionnaire (question 1 to 10). In addition to the quality items, the questionnaire included statements on time 

available for the shopping activity (3 items, question 11 to 13). All items were measured using a seven-point 

Likert-type scale (ranging from 1 strongly disagree to 7 strongly agree). The final questionnaire is presented in 

the Appendix section. The empirical validation of the eTail scale and Hedonic scale were performed by 

confirmatory factor analysis [32]. Cronbach's alpha was employed to evaluate each dimension. The research 

model (Figure 1) was analyzed using the SPSS software. The corresponding measures suggest a good fit of the 

extracted four quality dimensions of the eTail, as well as, of the Hedonic construct. The paper takes into account 

some demographic variables: gender, Internet mainly used at, education and age. The quantitative data used to 

extract the dimensionality of a process-based e-service quality (eTail) scale was gathered by means of a 

structured questionnaire.  

The study was conducted in this way. First, it was asked to the participants to recall a recently used online 

shopping provider for fashion goods. Then, it considered respondents that completed a product purchase to 

assure that subjects had sufficient online shopping experience. Finally, irrelevant questionnaires were identified 

and were not considered. This resulted in 152 fully usable questionnaires.  

 

4. RESULTS 

4.1 Descriptive statistics 

The first issue to study in the data analysis is to look at the descriptive statistics to report all the measures 

of the items that are going to delineate each construct (Table 1). In this research, the completed instrument 
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consisted of 27 questions that measured the four factors of overall e-service quality (OSQ), time available for 

shopping (TA) and the hedonic value (HV). The descriptive statistics of the metric scales are shown in Table 1. 

This examination confirms that there are not missing value (N=152).  

To check if respondents are reading the questionnaire two of the three items for TA were negatively 

presented and, thus, have been reversed (TA1 changed and TA2 changed). The last four questions are, 

respectively, for classificatory variables: gender (coded: 1=female, 2=male); Internet mainly used (coded: 

1=home, 2=others, 3=work); education (coded: 1=graduated, 2=others, 3= post graduated, 4= post-secondary, 

5= secondary) and age. As Table 2 shows below, the sample (N=152) is balanced between female and male (73 

versus 79); the respondents are mostly well-educated people (Post-graduate 52 and Graduate 55 subjects) and 

they use Internet mainly at home (108 over 41 at work). The age variable (mean= 39.15, std. deviation=13.23) 

has been coded into three categories and the number of respondents in this pool is well widespread among the 

groups identified. 

Table 1. Descriptive statistics and Table 2. Sample profile 

 

 

 

4.2 Validity 

Following a quantitative approach, the second step is to test for validity. Due to the imperfect nature of 

validity, Factor analysis provides support to convergent and discriminant validity. Therefore, in this large 

enough instrument investigated, Factor analysis was performed to check the construct validity of items. The 

sample size (>120 responses) is large enough and it has metric variables, so Factor analysis can be used. Then, 

the multicollinearity issue is considered; so, the KMO and Bartlett’s test of Sphericity were checked. KMO 

measure of sampling adequacy is .857. This means that it is in the meritorious range. In addition, the Bartlett’s 

test results significant. This implies that the data gathered are good and Factor analysis can be run. 

Following a confirmatory approach, the analysis continued with the extraction to confirm that the data collected 

are reasonable. Firstly, six components have been extracted (FU, CS, WS, SP, TA and HV). The cumulative 
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variance explained is 69.39.  

Using Varimax method and looking at the rotative matrix, there is a clear loading of the questionnaire for 

this sample of 152 respondents using individuals as the unit of analysis (see Table 3a, below). Secondly, for the 

aim of this study and also due to a literature-based theoretical reason, three factors (OSQ, TA and HV) can be 

justified and extracted. Even now, there is a neat loading (see Table 3b, below). These results indicate that the 

scales were reliable and also valid for the factors under investigation. The items that are supposed to load 

together are actually loading together. They are distinct from items making up different constructs. They loaded 

as expected. This determines that the convergent validity and the discriminant validity of the measures are 

supported. Thanks to the above information, the fit of the data to the model is confirmed. 

Table 3a and 3b. Rotative Component Matrix 

 

4.3 Reliability 

The approach adopted is an analysis at the construct level. All the items representing each factor were 

selected. Cronbach's alpha was used to test the reliability of each factor. As defined in [33], a factor loading 

exceeding 0.7 as evidence of convergent validity. The following table displays Cronbach's alpha for each 

component of the model. All of the measures employed demonstrated excellent internal consistency, ranging 

from 0.764 to 0.934, thereby the factor loadings for all constructs exceed the recommended level of 0.7, 

indicating acceptable item convergence on the intended constructs. Only Time available for shopping (TA) 

presented a low Cronbach's alpha, even after scale item deleted check; so, it is not acceptable and should be 

eliminated. Online service quality is tested (14 items together) to directly investigate the relationship of this 

construct with the hedonic dimension (see the hypothesis section).  

Now, since reliability and validity are supported, the items loaded together can be summed up and grouped 

to create the constructs. This allows the research to “measure” the concept and to have a common acceptable 

base to make a comparison with other studies. Following the aim of this paper. Firstly, in the next outcomes 

(Table 5a), correlations among the four factors of the e-Tail model and OSQ are pointed out. Secondly, Table 5b 

shows the correlation between overall e-service quality and the hedonic value. The results of the Pearson 

correlation turned out to be all significant. 
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Table 4. Reliability statistic 

 

Table 5a. and 5b Correlations                                                                      

 

4.4 Hypothesis testing 

The next step is to test the hypotheses in the model under investigation (Fig.2). This study presented output 

metrics. The regression analysis is used to test the expected relationships. Firstly, H1, H2, H3 and H4 have been 

tested. These have as dependent variable Online Service Quality (OSQ) and respectively, as independent 

variables: Fulfillment/reliability (FU), Web site design (WS), Customer service (CS) and Security/privacy (SP). 

As predicted by the eTail model, these scales have a posit impact on the online service quality. The coefficients 

outcome (Table 6) points out that FU, WB, CS and SP are all significant (Sign. <0.05). This entails that H1, H2, 

H3 and H4 are supported. Looking at the standardized beta, WS and FU have the higher value (0.413, 0.321). 

This connotes that it has a stronger impact in the regression. The remaining service quality dimensions 

contribute rather equally to overall service quality. This support what is argued in the relevant literature. Finally, 

the multicollinearity diagnostic was computed. The collinearity statistics reports a Variance Inflation Factor 

(VIF) smaller than the maximum acceptable level (=10), highlighting no problem with multicollinearity. 

 

Fig.2 Research’ model after the reliability analysis 



454              The Twenty one Wuhan International Conference on E-Business－Digital Platform and Digital Innovation 

Table 6. Coefficients 

 

Finally, theory and the previous results confirm OSQ to be influenced by the four factors of the eTail model. 

Thus, H5 presented as dependent variable the Hedonic value (HV) and as independent variable Online Service 

Quality (OSQ). While, H6 was deleted as Time available for shopping (TA) emerged to be not reliable. In H5, 

the coefficients outcome (Table 7) proves that OSQ is significant. This leads to support H5. This finding 

confirms that the service quality issues represent a critical factor for assessing the hedonic dimension with 

online shopping activity.  

Table 7. Coefficients 

 

Lastly, the collinearity statistics reveals a Tolerance value of 1, as well as, a VIF of 1. A VIF measure of 1 

means that there are some association between predictor variables, but not enough to cause problems. So, even 

in this case, collinearity effect has not significance. 

4.5 Cross tabulations of the constructs with classificatory variables 

In the case of gender, independent sample t-test should be applied, since there are only two groups (coded 1 

for female and 2 for male). Gender appears to have no influence on the e-service quality and on the hedonic 

construct. Thus, men and females are not different in their responses. Here, a difference in gender has no effect 

on how the respondents visualize the quality and the enjoyment during the online shopping process.The second 

demographic is Internet mainly used at. It presents three categories: Work, Home and Others. The latter has few 

observations (see descriptive statistics section). In this case, leaving out this group leads to the use of an 

independent sample t-test (code: group 1 and 3), instead of an ANOVA.   

Results show that being at home or at work have no influences on the service quality and enjoyment due to 

the e-shopping for fashion goods. This highlights the advantage of this channel due to the no spatial constraints. 

The third classificatory variable collected is Age that was recoded. To group it, after the check to see how the 

data are split (mean 39.24), three groups were created, and their frequencies were computed (see descriptive 

statistics section). On the grounds that the obtained frequencies are reasonable, it can be said that the 

age-clusters go well. Then, one-way ANOVA was examined. The findings display no significant level both for 

OSQ and HV. This means that age does not tend to provide a higher mean to the overall service quality and to 

the hedonic value in the online context. In the case of education, there are five groups: Graduate, Others, 

Post-graduate, Postsecondary and Secondary. Thus, ANOVA is used. Even if the literature review showed that 

males with higher education are more prone to shop via Internet. Here, the findings point out that no one has a 

significant value less than 0.05, meaning that the level of education has no impact. For sure, this result can be 
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determined by the specificities of the product category under investigation.  

 

5 DISCUSSION AND CONCLUSION 

E-shopping behavior appears to be a complex decision process that needs to be considered in the overall 

strategy of a business with an international perspective. Many businesses are focusing an increasing attention on 

it to gain a performance which is in line with their strategies in such a competitive scenario. The globalization 

and the internationalization require several sectors, as the fashion one, to rethink about their business models 

and value chains to better answer to consumer needs and interests. The importance of being present with an 

e-commerce channel as well as of creating an enjoyable experience to consumers during their online purchases 

are both fundamental in the current environment. The crucial role of the e-commerce is clear and evident in a 

winning strategy of a business that should reach a huge sample of consumers worldwide. The latter becomes 

much more evident with the COVID-19 emergency that represents an important and compulsory test for several 

companies which pushes the discussion about the role of the digital transformation also in terms of 

e-distribution.  

As the results suggest, the eTail model scales have a posit impact on the online service quality. Thus, we 

can answer to the first RQ showing that there are dimensions that should be considered in the implementation of 

an e-commerce strategy, such as: Fulfillment/reliability (FU), Web site design (WS), Customer service (CS) and 

Security/privacy (SP) impact the Online Service Quality (OSQ). Moreover, even if a shopping decision is based 

on family needs, budget limitations, and other constraints, the e-shopping behavior has a social influence, 

especially for fashion goods, and it can have an impact on the hedonic value. The latter as the findings highlight 

has an influence on the purchase experience and, consequently, it is valuable from a business perspective which 

provide the answer to the second RQ. In other words, the Internet wide spreads the possibilities for customers to 

efficiently compare offers. At this point, the quality assessment refers mainly to the extent to which the site 

provides value to the user. This confirms what the literature suggests being important quality criteria, for 

example, the perceived fun of using the Web site and the personalization of content and features [3]. 

In order to support the importance of establishing a comprehensive and e-service quality for the businesses 

in the international context, this article applied the eTail framework incorporating it with the hedonic element. 

Conceptual support for this approach came from an extensive literature review, taking also into account 

environmental psychology and flow theory. In other words, this article confirms that a holistic perspective is 

crucial to analyze the overall online shopping activity. Accordingly, to avoid a lack of observations and to not 

limit the statistical robustness of the findings, a choice-based sampling is more appropriate in this field. 

Obviously, online consumers must be computer and Internet users, and usually are also email users. The 

advantages of the above-mentioned approach are many. First, compared to the general population, these users 

are more prone to be aware of e-shopping as an alternative. Therefore, they can represents potential future 

buyers. Second, Internet users are essentially the only ones who have the choice to do shopping online. But, 

including current non-users can leave stronger clues on the intentions side. 

Future researches can use different methodologies, such as longitudinal studies, focus groups and 

interviews, to understand the relationship between service quality and the hedonic value in online shopping 

setting. Utilitarian value should be also considered. In addition, consumers’ relevant social and psychological 

features can be analyzed. The latters mainly come from psychological theories such as Theory of Planned 

Behavior (TPB) and Technology Acceptance Model (TAM). In previous papers, favorable attitudes toward 

e-shopping result positively associated with consumers’ e-shopping intention. In conclusion, scholars, as well as, 

companies should devote valuable resources to study the challenging e-shopping consumer behavior which 

impact the annual results of many businesses worldwide. 
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Abstract: Traditional enterprises relying on platform enterprises to complete digital transformation are a good solution to 

the cold start dilemma. However, there are still problems such as an unclear transformation process, difficulty for traditional 

enterprises to eliminate their dependence on the platform, and difficulty in acquiring or complementary innovation in the 

early stage for the platform. Based on the case of Ding Talk helping ADOPT A COW to complete digital transformation, this 

paper analyzes the specific process of platform enterprises helping traditional enterprises complete digital transformation, 

explores how platforms can promote participants' innovation and obtain complementary innovation after participants' 

successful transformation from a bilateral perspective, and finally completes the mechanism of collaborative innovation. In 

the early stage of digital transformation, the platform helps traditional enterprises digitize their work processes through data 

empowerment. At this time, relying on innovation is the mainstay. After that, the platform helps traditional enterprises to 

complete the digitization of their business models, and traditional enterprises become embedded sub-platforms to provide 

complementary innovation; Traditional participations as players continue to cooperate with multiple platforms, and bilateral 

collaborative innovation will eventually transform into multilateral collaborative innovation. 

 

Keywords: Enterprise digital transformation, Case study, Collaborative innovation 

 

1. INTRODUCTION 

With the popularization of the Internet and the development of technologies such as big data and artificial 

intelligence, advanced modern information and communication technologies have driven fundamental changes 

in the entire economic environment, giving birth to the digital economy, a new economic format that has 

brought new development opportunities and motivation to all walks of life. 

The global informatization wave has prompted traditional enterprises to actively seek digital transformation. 

However, the lack of technical capabilities and resources, deep-rooted “hardware thinking” in the traditional 

industrial era, the lack of clear goals and strategic paths, and the lack of systematic thinking about 

transformation make it difficult for traditional enterprises to break through the “cold start” dilemma of digital 

transformation (Saarikko et al., 2020) [1]. The “2019 Research Report on Digital Transformation and Data 

Application of Chinese Enterprises” pointed out that approximately 40% of the surveyed companies have started 

digital transformation, but only approximately 10% of them have achieved significant results. 

Therefore, traditional enterprises’ leveraging the platform’s digital empowerment is considered to be an 

ideal path to promote digital transformation. Traditional enterprises become ecological participants by joining 

the platform ecosystem, and using platform empowerment can accelerate the digitalization process (Liang Li et 

al., 2018) [2]. However, in the process of digital transformation, if traditional enterprises, as participants, simply 

accept products and services (such as product systems, technical solutions, user portraits, etc.) launched by 

platform enterprises, then there is no essential difference from the upstream and downstream buying and selling 

relationship or service outsourcing model of the traditional value chain, and participants will face the problems 
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that digital transformation solutions are not deeply customized and need to pay high service costs (Chen Weiru 

et al., 2021) [3]. In this regard, participants need to think about how to use their own advantages, extract and 

export the accumulated industry experience, and provide complementary innovations for platform companies to 

truly realize depending on the platform and taking advantage of the momentum. 

Platform enterprises build basic blocks to support the transactions and innovation activities of multilateral 

entities. With digital empowerment and network effects (Parker et al., 2016) [4], they subvert the traditional 

business model and set off a global "Platform Revolution". The network effect, also known as the Metcalfe 

effect, refers to the fact that the actual market value of a network depends on how active users interact with each 

other, the transactions generated by those interactions, and the revenue that platform companies get from those 

interactions and transactions (Tiwana, 2013) [5]. Although platforms can take advantage of strong network 

effects to achieve "winner takes all", this does not mean that they can be done once and for all. To maintain 

ecological vitality, platform enterprises also need to innovate continuously, and platform innovation is not only 

the innovation of platform enterprises themselves but also the need to stimulate the innovation of participants 

(Wang Jiexiang et al., 2021) [6]. Through digital empowerment, it is an ideal path to help traditional enterprises 

as participants in their digital transformation to promote innovation and ultimately achieve collaborative 

innovation. 

The process and mechanism for platform enterprises to help traditional enterprises in digital transformation is 

relatively complex, and how to achieve collaborative innovation in the process to make both parties benefit 

urgently needs further research. The core research questions of this paper are “exploration of the process and 

mechanism of platform enterprises helping traditional enterprises to achieve digital transformation, and how to 

promote innovation of participants in the process of assistance” and “how traditional enterprises rely on 

platform enterprises to complete digital transformation and how to reversely promote the platform to achieve 

complementary innovation”. Using the causal single-case study method, we analyze the digital transformation 

process of Ding Talk (a platform company) to help ADOPT A COW (a traditional participant company). 

Research how the platform promotes the participant to innovate and obtain complementary innovations after the 

participant's successful transformation to complete collaborative innovation. From the perspectives of the 

platform and the participant, this study enriches relevant theoretical research based on the network effect. It has 

certain reference significance for the strategic choices of traditional enterprises when they rely on the ecological 

platform to achieve digital transformation and the practical actions of how platform enterprises can promote the 

innovation of participants. 

 

2. THEORETICAL BACKGROUND  

2.1 The platform promotes enterprises’ digital transformation   

In the past 20 years, scholars have carried out much research on the digital transformation of enterprises. 

With the continuous development of digital technology, the digital transformation of enterprises has changed 

from the traditional application of information technology within the enterprise to a comprehensive 

transformation involving strategic planning, corporate culture, product business, organizational processes and 

business models (Ferreira et al., 2019) [7]. This means that the role of digital technology is shifting from the 

internal organization and business of an enterprise to a broader industrial ecology, and the traditional simple 

development or introduction of digital technology is far from enough to achieve a more comprehensive digital 

transformation. Large companies can develop and deploy their own digital platforms, and with abundant 

resources and capabilities, they can coordinate internal resources to develop key capabilities that allow them to 

overcome organizational inertia and resistance to change (Chen et al., 2014; Cui & Pan, 2015) [8][10]. However, 

most traditional SMEs have to rely on third-party digital platforms (Banerjee & Ma, 2012) [9]. 
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The concept of the platform first appeared in the research literature on new product development. Currently, 

the concept of the platform is widely used by management scholars in the fields of products, technical systems 

and transactions. A platform is essentially a transactional space or venue that can exist in the real world or 

virtual cyberspace, directing or facilitating transactions between two or more parties and by charging 

appropriate fees to try to attract transactions. With the development of the Internet, platform enterprises emerge 

as the times require, build basic blocks, have a bi/multilateral structure and network effect, set interface rules, 

open architecture to attract participants to enter, and further form a platform ecosystem. 

The phenomenon of platform enterprises helping traditional enterprises to digitally transform through 

digital empowerment has sparked increasing research in the past few years. Platform enterprises can use their 

infrastructure resources and capability sharing to help traditional enterprises join the ecosystem to achieve rapid 

change (Cutolo & Kenney, 2019) [11]. By joining digital platforms to become ecological participants, traditional 

enterprises can obtain the dividends of rapid ecological expansion. However, if they passively accept platform 

arrangements and lack strategic initiative, it will lead to negative effects, and even eventually be "blocked" by 

the platform (Nambisan & Co. Baron, 2019) [12]. If platform companies cannot continuously promote the 

innovation of participants and obtain complementary innovations from them, they will also fall into 

development stagnation, leading to the collapse of the platform ecosystem. 

Existing research mostly focuses on the specific technical functions provided by platform enterprises for 

the digital transformation of traditional enterprises, and there is less research on the transformation process and 

the collaborative innovation mechanism between the two, which is the focus of this paper. 

2.2 Collaborative innovation of platform enterprises and traditional enterprises 

The collaborative innovation mechanism between platform enterprises and traditional ecological 

participating enterprises is a gap in current research. After reviewing the relevant literature, it can be found that 

the main research explores how platform enterprises can promote participants’ innovation from the perspective 

of platforms. Wang Jiexiang et al. (2021) believe that platform enterprises can stimulate participants to innovate 

mainly through three strategies: open and attractive strategies, self-operated proofing strategies and data 

empowerment strategies. The platform to stimulate the innovation of complementors needs to take multiple 

measures and spiral upward, moving from “centralized management” to “decentralized management”. [15] 

In terms of how to feed back platform innovation after the digital transformation of traditional companies, 

it is mainly a study of complementarity. Complementarity was first proposed by Teece (1986) in the PFI 

framework [13], and it was used in management research. Complementarity refers to the degree to which two or 

more assets complement each other (Jacobides, 2006), and sometimes the combination of two assets will 

produce a value of 1+1>2 [14]. 

Jacobides divides complementarity into transaction complementarity and innovation complementarity. In 

the platform ecosystem, transaction complementarity refers to the fact that participants provide complementary 

goods or services to other participants in the platform, such as buyers and sellers, and promote transactions or 

innovative activities between other complementers and users, which is the embodiment of the network effect of 

platform enterprises, and the scope of action is still within the platform. Complementary innovation means that 

participants refine their own industry experience after in-depth digital transformation, build sub-platforms and 

embed them in the platform ecosystem, and the embedded symbiotic sub-platforms form a nested structure with 

the platform (Xie Fusheng et al., 2019) [16], that is, a platform within a platform. Participating enterprises can 

effectively promote the innovation of platform enterprises by providing basic blocks with cornerstone functions 

in the platform system, complementing or extending the functions of the original platform (Khanagha et al., 

2018) [17]. The scope extends outside the platform. Furthermore, by expanding cooperation with other platform 

companies, collaborative innovation of multiple ecosystems is formed. 
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3. METHODOLOGY  

This paper adopts the single-case study method, which is a research method that develops theory from the 

individual to the general and from the phenomenon. The single-case study focuses on the vertical excavation of 

the phenomenon, and the in-depth analysis of the background and development process of the case (Sun 

Yuzhong, 2021) [18]. This paper studies the digital transformation process of platform enterprises helping 

traditional enterprises and the collaborative innovation mechanism between the two. It requires in-depth analysis 

of the development process of both parties and the motivations, measures and results of different stages, so the 

case study method is suitable. In addition, the collaborative innovation mechanism in the process of digital 

transformation is a complex dynamic process. A single-case longitudinal study can deeply dig and analyze this 

process, sort out according to the timeline, explore the triggering factors of important nodes, and summarize the 

mechanism of collaborative innovation between platform enterprises and traditional enterprises. 

3.1 Case selection 

Following the case selection criteria of a single case study: case matching research problems, case 

enlightenment and rich material that can be obtained, this paper selects the case of Ding Talk helping ADOPT A 

COW digitally transform. 

As an intelligent office platform enterprise of Alibaba, Ding Talk is currently a leading office platform in 

China and actively realizes cooperation with traditional enterprises in many industries. Ding Talk not only has 

its own development tools, but also connects with third-party suppliers to meet the development needs of 

specific enterprises, and has the characteristics of the multilateral architecture of platform enterprises. 

ADOPT A COW is a dairy brand founded in 2016. It is now a leader in the dairy industry, and has achieved 

the number one sales of dairy products during the “Double Eleven” for many years. As a member of the 

traditional Chinese dairy industry, the company was actively seeking digital transformation shortly after its 

establishment. In 2018, ADOPT A COW reached a cooperation with Ding Talk, connecting more than 1,000 

people in animal husbandry and upstream suppliers to Ding Talk to complete the digitalization of the 

organization. Later, to further digitize the business, ADOPT A COW integrated the silage system with Ding Talk, 

and the workflow began to change. Safety is the biggest pain point in the food industry. In order to achieve 

quality traceability, ADOPT A COW connected the employees and processes from production to inspection and 

transportation to Ding Talk, officially realizing full-link digitalization. After that, ADOPT A COW based on the 

full-link digitization realized after cooperation with Ding Talk, launched the “Cloud Adoption Plan” and 

“Million Family Adoption Plan” so that customers can know the specific situation of their adopted dairy cows 

online at any time. ADOPT A COW expanded the company's popularity, and made full use of Ding Talk's data 

analysis tools to accurately locate customer needs, established an online self-operated channel with many fans, 

and completed the transformation of the business model. Through the integration of cloud nails, resources from 

Tmall, FRESHIPPO and other platforms have also been integrated. At present, the proportion of online 

self-support for ADOPT A COW has reached 70%, and the digital transformation has been a great success. 

ADOPT A COW made up for Ding Talk’s deficiencies in the dairy sector after the successful transformation and 

expanded the service scope of the cloud platform through cooperation with other platforms such as Tmall, 

realizing complementary innovation for Ding Talk. 

The case of Ding Talk helping ADOPT A COW to realize full-link digitalization and business model 

transformation matches the research question of this paper, and ADOPT A COW as a traditional dairy enterprise, 

its rich experience in digital transformation has a strong inspirational effect on other traditional enterprises. 

3.2 Data collection 

The data collection in this paper includes secondary data and participatory observation. Secondary data 

mainly include literature data, official corporate website information, news media reports, research reports 
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issued by major research institutions and corporate financial reports. Participatory observation means that the 

author purchases enterprise products through the official online channel of ADOPT A COW, participates in the 

enterprise's "cloud adoption" activity, and personally experiences the online display effect of full-link 

digitalization. 

3.3 Key concept recognition and description 

This research involves the three key concepts of the digital transformation of traditional enterprises, 

complementary innovation and collaborative innovation, which are specifically defined and described as 

follows. 

3.3.1 Digital transformation of traditional enterprises 

It can be divided into two stages. The initial stage is information digitization or work process digitization. 

The internal work process and organizational management of the company are greatly improved, and the 

efficiency is improved. The advanced stage is the digitization of business, and the business model of the 

company has changed from traditional offline to online-based, and profits have increased significantly. 

3.3.2 Dependent innvovation 

It means that traditional enterprises promote their digital transformation with the help of digital 

empowerment of the platform, but do not make much contribution to the platform. 

3.3.3 Complementary innovation  

It is mainly divided into transaction complementarity and innovation complementarity. Transaction 

complementarity means that participants meet the needs of other participants in the platform ecosystem and is a 

manifestation of network effects. Innovation complementation is the complementarity of participants to the 

functions of the platform enterprise. 

3.3.4 Collaborative innovation  

It is divided into bilateral collaboration and multilateral collaboration. Bilateral collaboration is a platform 

that helps participants transform and promote their innovation, and participants feed back the platform through 

complementary innovation. Multilateral collaboration occurs when participants cooperate with other platforms 

to realize multi-platform co-innovation while promoting the innovation of enterprises on the main platform. 

 

4. CASE ANALYSIS  

The main process of the digital transformation of Ding Talk to help ADOPT A COW can be divided into 

three stages: dependent innovation, complementary innovation, and collaborative innovation. These three stages 

are not separated from each other. The development of the latter stage depends on the digital transformation 

results of the previous stage. The following will follow these three stages to explore the progressive digital 

transformation process in which Ding Talk helps ADOPT A COW. 

4.1 Dependent innovation 

4.1.1 Digital transformation process 

In 2014, the founder Xu Xiaobo spent 3 million to travel around the best pastures in the world, and finally 

spent 460 million to build his own Bobo Ranch in Hebei, and introduced 6,000 pure Holstein cows from 

Australia to produce quality milk with higher than EU standards. In 2016, Wu Xiaobo and Bobo Ranch 

cooperated, and ADOPT A COW formally established. At the beginning of its establishment, due to Wu 

Xiaobo's IP effect, the company attracted the attention of a large number of Internet platform users. Xu Xiaobo 

knew that relying on IP effects alone would not last long, and he made arrangements for the digital 

transformation of the enterprise early. 

In 2018, ADOPT A COW reached a cooperation with Ding Talk, which opened the road for comprehensive 

digital transformation. This stage is mainly led by the platform unilaterally, providing a variety of customized 
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products and services for ADOPT A COW. The work process of the ranch can be divided into three main parts: 

cattle management, silage management and milk source traceability. ADOPT A COW chose to digitize its entire 

link. After the company connected more than 1,000 people in animal husbandry and upstream suppliers to Ding 

Talk to realize organizational digitization, it further integrated the silage system with Ding Talk and brought it 

into digital management. Business personnel can use the Ding Talk system to complete feed quality inspection, 

the health of the herd, and product pricing. In order to enable consumers to further trace the source of milk 

products, ADOPT A COW put the milk source traceability system on Ding Talk, so that milk production and 

canning, the process of assembly, transportation, quality inspection, and processing is standardized and online to 

achieve precise control. 

To date, with the help of Ding Talk, ADOPT A COW has completed the digitalization of the whole link 

from the production of a bottle of milk from the farm to the transportation of the final product. The enterprise 

has realized the primary digital transformation, that is, the digitalization of the work process, and the 

management efficiency has been greatly improved. The cost is reduced by 50%, and the time efficiency is 

increased by approximately 25%. 

4.1.2 Innovation results 

At this stage, Ding Talk promoted ADOPT A COW through digital empowerment to achieve various 

innovations in the workflow, but the innovative feedback provided by ADOPT A COW for Ding Talk was 

relatively limited. To a certain extent, it satisfied the demand of other dairy industry participants in the platform, 

providing transaction complementarity. Participants are highly dependent and have low complementarity, and 

traditional enterprises are generally dependent innovation. 

4.2 Complementary innovation 

4.2.1 Digital transformation process 

ADOPT A COW launched the “Adoption Plan” at the beginning of its establishment. Customers can adopt 

a specific cow, and customers can subscribe to the dairy products produced by this cow first. However, if 

customers cannot observe the specific situation of the adopted cow, they will still have doubts. After Ding Talk 

helped ADOPT A COW complete the digitalization of the entire chain, the specific situation of each cow can be 

observed online. At the end of May 2018, ADOPT A COW launched the “Million Family Adoption Plan”, with 

the concept of “drinking milk, it is better to adopt a cow”. In addition, there are three adoption models: cloud 

adoption, joint adoption, and real-name adoption. Cloud adoption is an online interactive game. After adopting a 

specific dairy cow, consumers can use WeChat or Alipay applet to feed dairy cows, engage in milking 

interactions and exchange milk. In addition, ADOPT A COW has also initiated a pasture plan, hoping to build a 

century-old pasture through open business links and co-construction with users. Users can observe the real-time 

situation of pastures and cows through Taobao Live or the official online platform. 

Through the adoption model, the company has rapidly expanded its popularity, and made full use of Ding 

Talk's data analysis tools to accurately locate customer needs, establish an online self-operated channel with 

many fans, and complete the transformation from the traditional offline to online business model. The 

proportion of online self-operated businesses has reached 70%. 

In this stage, Ding Talk helped ADOPT A COW to realize the advanced digital transformation, that is, the 

transformation of the business model, and the profit increased significantly. 

4.2.2 Innovation results 

At this stage, through digital empowerment, Ding Talk promoted ADOPT A COW to achieve various 

innovations in the business model, and established an online self-operated channel for it. ADOPT A COW 

expanded the popularity of the network platform and became a leader in the dairy industry. Therefore, Ding Talk 

has been supplemented and improved in the dairy sector, and to a certain extent, ADOPT A COW has become an 
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embedded dairy sub-platform, providing complementary innovation for Ding Talk. The platform enterprise and 

the participant have initially formed bilateral collaborative innovation. 

4.3 Collaborative innovation 

4.3.1 Digital transformation process 

The digital transformation of ADOPT A COW has been basically completed. In order to further develop, 

the enterprise integrates resources from platforms such as Tmall and FRESHIPPO through the integration of 

cloud nails, and has advertisements on Weibo, Xiaohongshu, Bilibili, Zhihu, TikTok and other platforms to 

conduct consumer drainage and successfully created a multi-ecological layout. In addition, the company actively 

seized the hot spot of live streaming, cooperated with a number of well-known anchors, and launched IP 

co-branded products. 

At this stage, Ding Talk basically helped ADOPT A COW complete the digital transformation, and the 

participant began to seek cooperation with more platforms. 

4.3.2 Innovation results 

ADOPT A COW, through cooperation with other platforms, promotes Ding Talk innovation while realizing 

multi-platform co-innovation, completing the transformation from bilateral collaborative innovation to 

multilateral collaborative innovation. 

 

5. DISCUSSION 

Based on the case of Ding Talk helping ADOPT A COW to complete digital transformation, this paper 

analyzes the specific process of platform enterprises helping traditional enterprises digital transformation, 

explores how platforms can promote participants' innovation and obtain complementary innovation after 

participants' successful transformation from a bilateral perspective, and studies the mechanism of collaborative 

innovation. Figure 1 shows the theoretical modeling diagram of this paper. 

5.1 Conclusions and contributions  

This paper analyzes the specific process of platform enterprises helping traditional enterprises in their 

digital transformation. In the initial stage, the platform is unilaterally dominated. Traditional enterprises realize 

primary digital transformation, that is, digitization of work processes, and management efficiency is greatly 

improved. After the digitization of the work process, the traditional participating enterprises will exert their own 

efforts to complete the digital transformation of the advanced stage, that is, the transformation of the business 

model, and the profits will be greatly increased. The research in this paper enriches the theory of enterprise 

digital transformation. 

The collaborative innovation mechanism of the platform and participants is explored from a bilateral 

perspective. In the initial stage, platform companies promoted multi-faceted innovation of participants’ 

workflow through digital empowerment. Participants’ feedback to the platform for innovation was limited, and 

participants were highly dependent and had low complementarity. With the in-depth innovation of participants, 

the basic blocks of the platform in the corresponding industry can be compensated and improved. To a certain 

extent, the traditional enterprise has become an embedded sub-platform to provide innovation and 

complementarity for the platform, and gradually cooperate with multiple platforms to complete the 

transformation of bilateral collaborative innovation to multilateral collaborative innovation. 

5.2 Inspirations  

Traditional enterprises can actively seek the help of the platform to complete their own digital 

transformation, but they cannot blindly accept the products and services provided by the platform. They should 

seek customized services as much as possible, and immediately output their own industry advantages after the 

transformation is completed. Only by providing transaction complementarity and innovation complementarity 
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can continue to develop together with the platform. After in-depth transformation, traditional enterprises can 

continue to yearn for cooperation with multiple platforms, expand their own advantages, and reduce their 

dependence on a single platform. 

Platform enterprises should actively promote the innovation of participants through digital empowerment 

to harvest complementary innovation in the later stage and maintain the continuous competitiveness of the 

platform. 

Figure 1. Theoretical modeling diagram 
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Abstract: On e-commerce platforms, to cope with the problem of information overload, the recommendation system is 

widely used by online sellers. Product characteristics are often used as basic features for algorithms to generate 

recommendations. However, how the interaction between product characteristics and recommendation sources, both product 

signal cues transmitting information of product quality, affect consumers decisions remains to be explored. By conducting an 

online experiment, we tried to compare the recommendation effects between different combinations of product 

characteristics and recommendation sources empirically. Our results make theoretical contributions to the research on 

signaling theory in e-commerce context and the research of content-based recommendation. Moreover, both e-commerce 

designers and sellers could benefit from the practical implications of our study.  

 

Keywords: recommendation system, product quality cue, signaling theory, e-commerce 

 

1. INTRODUCTION 

While the online market provides consumers with abundant product information, with information overload, 

consumers can’t easily inspect a product to assess its quality compared to those in the traditional market. Thus, 

more and more e-commerce companies are using recommendation systems to assist online shoppers in locating 

the products which they are likely to purchase. For the content-based recommendation system, one of the most 

widely used recommendation systems, features are needed to construct item profiles and user profiles in order to 

calculate similarity so as to generate final recommendations. In the e-commerce context, product characteristics 

typically serve as basic features. And for e-commerce platforms, an efficient recommendation system is crucial 

to enhance sales. Our first research target is comparing the effects of systems where different product 

characteristics serve as the main basis to generate recommendation. Based on signaling theory, we note that 

the other type of product quality que’s interaction with product characteristic could affect the effects of 

recommendations and raise the second research target: understanding how different matching modes affect 

user's adoption of information. Besides, previous studies generally divided users' behavior of online shopping 

into two stages [1]. Adding a cognitive stage, we expanded it to three stages and propose our third research aim: 

exploring the transformation process from adopting information to forming a consideration set. 

 

2. THEORETICAL FOUNDATION AND HYPOTHESES 

Signaling theory illustrates that some behaviors can be transmitted as signals to buyers with relative 

information deficiency and has been used as a theoretical framework in the field of e-commerce to understand 

how consumers evaluate product quality before purchasing. Based on signaling theory, product signal cues can 

be sorted into the cue of predictive value and the cue of confidence value [2]. Product characteristics are typical 

cues of predictive value, while recommendation sources are often considered as cues of confidence [3]. To the 

extent of our knowledge, the combination of two types of product quality cues may affect consumers' choice 

significantly, however, previous research has not combined them to study their interaction. Besides, adding a 
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cognitive stage, we expanded the stages of users' behavior of online shopping to: 1) preliminarily screening the 

products and judging whether they are satisfied with the recommendation, 2) forming consideration sets of 

products for possible purchase, 3) comparing the items in the sets thoroughly before making the final purchase 

decision. Previous studies focused on how recommender systems impact the process from the second to the third 

stage. The relationship between user's information adoption and their consideration set remains to be explored. 

 

3. RESEARCH METHODOLOGY AND RESULTS 

To bridge the research gaps, we designed a 3x3 factorial experiment, to conduct which 9 online shopping 

websites were built. The first influential factor was the product-related attributes including category, brand and 

price. These product characteristics are synthesized to serve as the basic features for establishing user profiles 

and product profiles to generate recommendations. But the weight of 3 product characteristics to form profiles 

was manipulated accordingly. And the second factor was recommendation sources containing other consumers, 

human experts and recommender system. 300 subjects recruited randomly were invited to surf our websites, 

after which they would be asked to fill in questionnaires designed to measure their degree of information 

adoption. The number of products in the shopping cart will be measured as the size of the consideration set.  

Statistical analysis suggested that our subjects are the main audiences of e-commerce recommendation 

systems and the reliability of the experimental data was examined. After that, analysis of variance was used and 

its results suggested that the recommendation effect of the recommendations based on product category is better 

than those based on product brand or product price in general. Meanwhile the information adoption of 9 

experimental groups was compared whose results are summarized in Table 1. Additionally, the results of linear 

regression suggested that information adoption has a significant and positive impact on the consideration set. 

Table 1. results of ANOVA on combinations of product quality cues 

The feature which system mainly based on to generate 

recommendation 

The types of recommendation source produce better effects of 

information adoption significantly 

Category Consumer 

Brand Consumer, Expert 

Price System, Consumer 

4. CONCLUSION AND DISCUSSIONS 

Our findings provide both theoretical and practical implications. By providing empirical evidence of the 

relationship between product quality cues and recommendation effects, we extend the scope of the signaling 

theory to the field of recommendation system. Meanwhile, our study explored the transformation process from 

adopting information to forming a consideration set, which supplements the research on consumers' behavior of 

online shopping. For every certain product characteristic, we managed to find recommendation sources 

matching with which bringing better recommendation effect. Our study has practical value for e-commerce 

designers to create efficient recommendation algorithms according to sales scenarios. And understanding how 

recommendation sources function in different scenes can also help e-commerce sellers choose applicable 

promotion access. In the future, we will consider cooperating with e-commerce platforms to reproduce our 

experiment so as to improve certain deficiencies of our study. 
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Abstract: 【Purpose/Significance】By analyzing the current policy status of platform economy in China, this paper finds out 

its deficiencies and provides corresponding countermeasures or suggestions for the development of platform economy. 

【Methodology/Process】 Based on the data of a series of platform economy policies already carried out in China, this study 

adopts content analysis method and quantitative analysis method, first analyzes the current situation of policies from three 

aspects: time evolution, policy sector distribution and policy types, and then constructs a theoretical analysis framework 

from two dimensions: policy tools and platform economy characteristics to conduct a multi-dimensional analysis on China's 

platform economy policies. 【Results/Conclusions】The research results show that (1)the overall number of China's platform 

economy policies is insufficient and the policy implementation is not enough; (2)the policy tools are biased towards 

environment-oriented policy tools, neglecting supply-oriented and demand-oriented documents.(3)Policies are mostly guided 

by "opinions" and "notices", lacking comprehensive and unified programmatic policy documents; (4) In the early stage, too 

much emphasis was placed on the development of the platform economic scale, while the governance of the platform was 

ignored, resulting in the serious platform monopoly. 

 

Keywords: latform economy, Policy instrument analysis, Platform governance, Content analysis 

 

1. INTRODUCTION 

Along with the gradual deepening of the integration of the Internet and industry, the platform has gradually 

developed from a commercial phenomenon to an economic form, and in order to guide the rapid and 

high-quality development of the platform economy, the government has introduced a series of policies to 

promote the development scale of the platform economy and create a healthy development environment, and 

since 2015, when China proposed the "National Big Data Strategy", policies to promote the development of the 

digital economy and digital transformation have been deepened and implemented. Since 2015, China has put 

forward the "National Big Data Strategy", and policies to promote the development of the digital economy and 

digital transformation have been deepened and implemented, and since 2017, the "digital economy" has been 

written into the government work report for four consecutive years. As a major force in the development of 

China's digital economy, the development of the Internet platform economy has achieved a double harvest in 

terms of scale and economy, and by the end of 2020, there were as many as 197 digital platform enterprises with 

a market value of over USD 1 billion in China, with a value scale of USD 3.5 trillion, an increase of 56.3% 

year-on-year[1], which has reached a leading position in the world. 

Policies related to the platform economy have pointed out the direction for the development of China's 

platform economy, provided policy support and guarantee, and created a favorable business environment. For 

example, the policies usually issued include notices, opinions, programs, approaches, plans, outlines, plans, 

regulations and announcements, which provide targeted measures, requirements and regulations respectively, 

and make the platform economy develop in a standardized manner in different degrees. Analysis of policy 

documents can clarify the current status and problems of current policies so that timely adjustments can be made, 

and therefore effective policy analysis is crucial to the formulation and implementation of current policies. 
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However，the research on domestic platform economic policy is obviously insufficient，after the authors 

conducted a statistical survey of the literature on the platform economy in China in the CNKI and WOS 

databases, the literature on this topic emerged in 2016 and rose exponentially in 2020, with more than 700 

articles included in CNKI alone in 2021. 

From the existing studies, apart from the above three main research directions, the current research on 

domestic platform economy policies is mainly a macroscopic overview and introduction of policies, with the 

majority of articles discussing theories. This expert-interpreted approach to policy analysis relies heavily on the 

experience of experts and their understanding of policy content, and is somewhat subjective and one-sided[2]. 

Therefore, in view of the above research status, this paper puts forward the following problems 

Q1: What are the priorities and current status of the relevant policies in the development of the platform 

economy in China?  

Q2: How are the various policy instruments arranged in a coordinated manner to produce effective 

administrative impact? 

Policy tool analysis is a quantitative analysis method of policy that outlines the policy framework as a 

whole by categorising, coding and econometrically analysing the policy content, thus allowing for a clearer 

representation of the focus and changes in the policy system and providing empirical support for policy 

recommendations [3]. Therefore, based on the above research questions, this paper intends to use policy tools to 

quantitatively analyse the policy text and combine the characteristics of the platform economy, analyse the 

current situation and shortcomings of the current platform economy policy from different dimensions, and put 

forward suggestions to improve China's platform economy policy system, so as to promote the healthy and 

orderly development of China's platform economy. 

 

2. STUDY DESIGN  

3. 2.1.Theoretical basis 

A policy instrument is a means and method adopted by the government to achieve a policy objective, also 

known as a 'policy measure'.Many scholars have categorised policy instruments according to different criteria, 

and different policy theories have emerged. The earliest classification of policy instruments was made by the 

Dutch economist Kirschen, who collated 64 economic policy instruments with the aim of obtaining optimal 

economic benefits, but did not make a clear and systematic classification[4]. At present, there are many 

classification theories of policy instruments. Abroad, Michael Howlett and others have categorised policy 

instruments as mandatory, voluntary and hybrid according to the degree to which they work on society[5]. 

McDonnell et al. classify policy instruments as mandatory, incentive, capacity building and organisational 

building instruments from the perspective of the degree of impact of the policy on the people it is intended to 

affect[6]. Woolttuis et al. classify policy instruments as informational, authoritative, organisational and fiscal 

instruments[7]; Rothwell and Zegveld et al. classify policy instruments as supply-based, demand-based and 

environmental instruments [8]. In China, Gu Jianguang et al. classify policy tools into regulatory, incentive and 

information transfer based on the way they are used[9]. Chen Zhenming classified policy instruments into 

market-based instruments, business administration techniques and social instruments[10].   

Among the many theories of classifying policy tools, Rothwell and Zegveld's three classification method 

are widely welcomed by scholars at home and abroad. For the platform economy policy in this study, the 

government has given support in terms of human training and information resources, and provided a large 

number of jobs and other demands, as well as creating a good platform economy environment through laws and 

regulations, requiring planning and other policies, which is fully in line with the supply-based, demand-based 

and environment-based policy classifications. Therefore,according to the nature, structure and characteristics of 
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the text ， this paper will draw on Rothwell and Zegveld's theory, to classify China's platform economy policies 

and analyse the policy tools. 

2.2. Research method 

Policy text analysis is to study and analyze the policy theme, policy status, time evolution and policy tools 

based on the currently released policies. Common methods include content analysis, case analysis, comparative 

analysis and model construction. The methods used in this study include content analysis and policy tool 

analysis. Content analysis method is to conduct quantitative analysis on the text content after preprocessing, 

dimensionality reduction, classification and coding, so as to reveal the valuable content hidden in the text and 

predict the development of things. Policy tool analysis is to collect and classify policy texts, code statistics and 

text content analysis, understand the current situation of policy implementation and find deficiencies, so as to 

put forward targeted countermeasures. 

Therefore, combined with content analysis and policy tool analysis, this study first analyzes the current 

situation of platform economic policies, including time evolution, policy issuing departments and policy types. 

Then from the perspective of policy tools and platform characteristics, this paper makes a multi-dimensional 

analysis, and finally draws the research conclusions and gives corresponding suggestions. 

2.3.Data selection and coding 

(1) Data sources 

In order to obtain the maximum amount of policy data, various search methods were used, firstly through 

the portals of various government departments to collect various policy documents related to the platform 

economy, and then through professional policy databases such as "Beida Fabao" and "White Deer Think Tank" 

to search. The key words used in the search were: "platform economy", "platform monopoly", "digital 

economy", "internet economy "; finally, the search was conducted through search engines such as Baidu and 

Google Scholar to check for gaps，the deadline for the collected policy documents is October 2021. After the 

data were collected, they were summarised and pre-processed to finally obtain 55copies of complete policy 

documents as samples. 

 (2) Text encoding 

For the analysis of the policy text data, it is necessary to text-code the policies relating to the platform 

economy in each document. The coding process starts with the coders splitting the Platform Economy policy 

text into separate, complete basic units of analysis, following the principle of "complete exhaustion and 

non-disaggregation", so that each basic unit conveys the full policy meaning. Then, the basic policy units were 

numbered according to their source, and all policy data was coded according to the "policy number - policy tool 

name - content analysis unit - key point sorting" approach, resulting in a total of 195 policies. The results are 

shown in Table 1. 

Table 1.  Examples of Platform economic policy text codes 

No. Policy name Policy Text Analysis Module Coding 

 
1 

The General Office of the State 
Council's Guidance on Promoting the 

Standardized and Healthy 
Development of the Platform Economy 

I. Optimize and 
improve market 

access conditions and 
reduce compliance 
costs for enterprises 

1. Facilitating the registration of market entities 
related to the platform economy 

1-1-1 

2.The Rationalisation of industry access 
regulations and licensing. Relaxed access 
restrictions for convergent products and 

services 

1-1-2 

 
2 

Guidance from the Ministry of 
Commerce and other 12 departments 

on promoting the development of 
platform economy in commodity 

trading markets 

II. Building a platform 
ecology and 

stimulating market 
vitality 

4.Consolidate the support system. Support 
commodity markets to increase investment in 

information infrastructure 

 
2-2-4 

......    ...... 

55 

Notice from the General Office of the 
Ministry of Commerce on Further 
Improving the Work of E-Commerce 
Demonstration Enterprises 

IV.Main management 
systems and technical 
measures for 
e-commerce platforms 

2.Practices and effectiveness in improving 
trading rules, enhancing the quality and level of 
trading services and protecting the rights and 
interests of users 

55-4-2 
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2.4.Research and analysis process 

This study aims to analyse the current situation and inadequacy of China's current platform economy 

policy and provide countermeasures for it, so it needs to analyse the content of the corresponding policy text. 

The research process is as follows: (1) Acquisition and processing of policy data: the government portal is used 

as the main data source, combined with policy databases such as "Beida Fabao" and "White Deer Think Tank", 

and Google and other search engines to obtain the most complete policy data possible, and the data is 

pre-processed and coded for specific content; (2) Construction of a theoretical framework for the analysis of 

policy tools: Rothwell and Zegveld's classification method is used to classify the dimensions of policy tools, and 

based on the characteristics of the platform economy, a "policy tool - policy tool" is constructed. (3) Overall 

analysis: analysis of the overall situation of policy implementation, including the distribution of policy sectors, 

analysis of time evolution and 

analysis of policy types; (4) 

Two-dimensional analysis of "policy 

instruments - characteristics of the 

platform economy "(iv) 

Two-dimensional analysis: the coded 

policy data are analysed in multiple 

dimensions using the constructed 

two-dimensional analysis framework, 

and conclusions and corresponding 

recommendations are finally drawn，

Fig.1 shows the research framework. 

 

3.CURRENT SITUATION ANALYSIS  

In order to provide an overall picture of China's platform economic policies, this chapter seeks to provide a 

statistical analysis of the policies in three areas: the temporal evolution of the policies, the issuing departments 

and the types of policy documents. These three aspects are analysed in detail below. 

3.1.Time evolutionary distribution 

As shown in the Fig.2, from the perspective 

of the timing of policy issuance, the 

development of platform economy policies can 

be divided into 3 stages. The first stage, from 

2009-2014, was the budding stage of platform 

economy policy implementation. China's 

platform economy policy began with the "Notice 

of the General Office of the Ministry of 

Commerce on Further Improving the Work of 

E-Commerce Demonstration Enterprises" issued 

by the Ministry of Commerce in 2013, which made initial requirements for the platform economy from the 

perspective of e-commerce, before which there was a clear lack of government policies in this area. Phase 2: 

2015-2017, the development phase of the platform economy, during which the government supported the 

development of the platform economy, with relevant policies being introduced one after another and the 

implementation of the platform economy being promoted jointly by various departments, which was regarded as 

the policy growth period. During this time period, the growth of relevant platforms was mainly driven by the 
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rapid development of the Internet. Phase 3: 2018 to the present, regarded as the emergence phase of the platform 

economy, a total of 38 relevant policies were issued in this phase, accounting for 69.1% of the entire timeline. 

During the period, the government vigorously developed the platform economy, actively built the platform 

industry ecology and developed new economic forms. For example, in the Guiding Opinions of the Ministry of 

Commerce and Other 12 Departments on Promoting the Development of the Platform Economy in Commodity 

Trading Markets, the State Council required multiple departments to jointly promote the development of the 

platform economy, with commodity markets and joint innovation development as the focus of the platform 

economy. However, with the development of the platform economy, the phenomenon of platform monopoly has 

emerged one after another. The government has also begun to focus on the governance of the platform economy 

and has introduced a number of policies to combat platform monopolies, such as the Anti-Monopoly Committee 

of the State Council's Anti-Monopoly Guidelines on the Platform Economy and the General Office of the State 

Council's Guiding Opinions on Promoting the Healthy Development of the Platform Economy. 

3.2.Sectoral analysis of policy introduction 

The policy issuing department is the main body of policy formulation and issuance. The distribution of the 

core departments of China's platform economy policy issuance is shown in the figure3, which, upon analysis, 

presents the following characteristics. (1) The State Council is the main department that issues policies on 

China's platform economy. The State Council alone and 

jointly issued a total 27 of policy documents, accounting 

for 49% of the total number of policies. (2) Moreover, the 

policies issued by the State Council serve as a guide, while 

the policies of other departments are mainly focused on the 

practice of their respective management areas. For example, 

the Ministry of Commerce, the Ministry of Land and 

Resources, the Ministry of Housing and Urban-Rural 

Development and other departments have issued guidelines 

on promoting the transformation and upgrading of 

commodity trading markets, and the Ministry of Commerce and other5 departments have issued a notice on the 

13th Five-Year Plan for the Development of Trade and Logistics. (3) It is noteworthy that although timely 

guidance documents were issued, the number of policies was generally insufficient. Since the initial release of 

relevant policies in 2013, only 55 relevant policies have 

been issued in nine years, which is clearly insufficient in 

terms of quantity and weak in terms of policy 

implementation. In addition, even though some 

departments have responded positively to the central 

government's policies, there is still a shortage of sectors 

involved, with only the Ministry of Land and Resources, 

the Ministry of Agriculture, the Ministry of Logistics 

and the Ministry of Industry and Commerce having 

issued relevant policies in the data analysed, and the 

number of policies issued is relatively small. 

3.3.Analysis of policy types 

There are many types of policy documents, and different types of documents have different requirements 

and effects. Among the policy documents issued by the government, they generally include notices, opinions, 

programmes, measures, plans, outlines, plans, regulations and announcements, etc. From the sample collected, 
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as shown in Figure 4, there are six types of platform economic policies in China, including opinions, circulars, 

outlines, measures, plans and regulations. The number of other types of documents is relatively small. Opinions 

and circulars are both guidance and directional documents. This shows that the relevant policies in China are 

biased towards guiding the economic development of the platform, while lacking comprehensive and specific 

programmatic policy documents. 

 

4. TWO-DIMENSIONAL ANALYSIS OF PLATFORM ECONOMIC POLOCIES  

4.1.Dimension X: Analysis of policy instruments 

This study takes policy instruments as the basic dimension of analysis and adopts Rothwell and Zegveld's 

classification of policy instruments, i.e. policy instruments are classified into three categories: supply-based, 

demand-based and environment-based. Among them, (i) supply-based policy tools refer to the government's 

platform economic policies, public resources, platform technologies and information resources around the 

market, resources, technologies, talents and other elements, combined with various policy tools directly. (ii) 

Environment-based tools, which refers to the government's efforts to create an environment for the development 

of the platform economy through legal prohibitions, regulatory controls and strategic measures. (iii) 

Demand-based policy tools, which refers to the government's policy measures to create social demand for 

various aspects of the platform economy. The meaning and classification of various policy tools are shown in 

Table 2. 

Table 2. Specific connotations of our platform economic policy tools 

Policy tools 
Type 

Breakdown of policy 
instruments 

Meaning and explanation 

Supply-based 
Policy tools 

Infrastructure Build and improve the infrastructure needed to carry out the platform economy. 

Financial input The government provides financial support for the development of the platform economy. 

Talent cultivation 
The government, through the community and universities, trains talent related to the 

development of the platform economy. 

Platform construction Platform building through policy measures 

Demand-based 
Policy tools 

Industrial upgrading 
Encourage social enterprises to actively develop a platform economy to promote industrial 

upgrading, expand consumer markets and, above all, increase employment. 
International 
cooperation 

Innovative research collaboration with overseas institutions on the platform; developing overseas 
markets for open data services 

Market Shaping 
Support the development of innovation and entrepreneurship on the platform to drive market 

demand 

Environmental 
Policy tools 

Target planning 
The government relies on administrative means as well as policy planning to formulate specific 
plans for the construction and development of China's platform economy, such as the guiding 

opinions of the Ministry of Commerce and other 12 departments on promoting the development 
of the platform economy in commodity trading markets. Regulatory control 

The government uses laws and regulations to regulate the healthy development of the platform 
economy, such as the Anti-Unfair Competition Law, the Anti-Monopoly Law and the 

anti-monopoly guidelines on the platform economy. 
Strategic measures 

The government provides administrative tools to influence the participants of the new small 
platform to achieve the desired results 

Policy concessions A range of government incentives to encourage the development of the platform economy 

In order to analyse the policy texts in terms of the dimension of policy instruments, the 195 policy units 

coded in Chapter 2 were grouped according to the policy instrument dimension, and the results are shown in 

Table 3. The statistical results show that China's platform economic policy has the following characteristics: 

(i)supply-based, demand-based and environment-based policy instruments are all used, but policy 

implementation is uneven. From the data, there are 103 coding points for environment-based policies, 

accounting for 53% of the total, which has an absolute numerical advantage over supply-based (32%) and 

demand-based policies (15%). This indicates that the government has focused more on the market environment 

of the platform economy and neglected demand-based policies and supply-based policies, especially the number 

of demand-based policy instruments is grossly inadequate. (ii)In terms of specific types of policy instruments, 

among environment-based policy instruments, StrategicMeasures and regulatory controls have more of a data 

advantage, accounting for 22.6% and 14.4% respectively. In contrast, there is relatively little TargetPlanning. 

This indicates that the government is more focused on guiding the participation of new and small platforms with 
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the intention of expanding the scale of the platform economy, but there is insufficient target planning and a lack 

of specific, comprehensive and unified programmatic policy documents.  

Table 3. Distribution of various policy instruments 

Types of policy 
instruments 

Tool name Frequency Specific gravity (%) Total 

Supply-based 
policy tools 

Infrastructure 18 9.2% 

62(23%) 
Financial input 10 5.1% 

Talent Development 13 6.7% 

Platform construction 21 10. 8% 

Environmental 
policy tools 

Target planning 19 9.7% 

103(35%) 
Regulatory control 28 14.4% 

Strategic measures 44 22. 6% 

Policy concessions 12 6.2% 

Demand-based 
policy tools 

Industrial upgrading 9 4.6% 

30 (15%) International cooperation 4 2.0% 

Market Shaping 17 8.7% 

Total  / 195 100% 100% 

 

4.2.Dimension Y: Analysis of the economic characteristics dimension   

In order to fully demonstrate the characteristics and effects of the policy, it is also necessary to analyse the 

policy according to the different characteristics of the platform economy. Yin Zhentao believes that the 

characteristics of internet operation make the platform economy significantly different from the traditional 

economic model in terms of market operation mode, and he summarises the characteristics of the platform 

economy as scale effect, efficient connection, network effect and lock-in effect[11]. (i) The scale effect of the 

platform economy refers to the fact that the platform economy is not limited by geography, time and natural 

resources compared to the traditional economic model, and can generate huge economic scale. (ii) Efficient 

connectivity means that platforms use information and data as a link to connect users and markets together, 

resulting in efficient business processes, resource allocation and personalised business models. (iii) The network 

effect means that the platform will use the network 

to acquire users and capture the market with 

various "offers". (iv) The lock-in effect refers to 

the fact that in order to prevent users from 

transferring, platforms increase the cost of 

transferring users by establishing social 

communication services, online payments and 

other operations, locking them in the platform and 

preventing them from freely transferring to other 

platforms. Analysing policy instruments in terms 

of the characteristics of the platform economy provides a more comprehensive understanding of the 

characteristics of policies and their effects on different economic characteristics. 

It is important to identify the different characteristics of the platform economy in order to target policies 

according to their characteristics and facilitate the implementation of policies to better effect. In order to analyse 

the policy texts in terms of the platform characteristics dimension, the 195 policy points coded in Chapter 2 

were classified according to their characteristics dimension, and the results are shown in figure.5. As can be seen 

from the figure, in terms of platform characteristics, China's policies on the platform economy mainly focus on 

"scale effect" and "efficient connectivity", with 41% and 28% of the coded units respectively. This indicates that 

the government is promoting the development of the platform economy with a particular focus on scaling up the 

platform economy, which is easier to scale up than traditional economic models, and the efficient connectivity of 

the platform, which allows users to integrate well with the market, so the development of the platform economy 
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must first adapt to these two characteristics. 

The 'network effect' and the 'lock-in effect', at 20% and 11% respectively, are clearly not numerically 

dominant. The network effect and lock-in effect of platforms refers to the rapid acquisition of customers and 

locking them into the platform in order to capture the market and achieve expansion. The lack of policy in these 

two areas has led directly to a series of monopolistic problems in the development of platforms. 

4.3.X-Y two-dimensional cross-tabulation analysis 

To further analyse the policy impact of the 

policy instruments and economic 

characteristics of the platform, the X and Y 

dimensions were combined to form a 

two-dimensional analysis framework for the 

policy text, as shown in the figure.6. 

In the figure.6., the X-axis is the type of 

policy instrument and the Y-axis is the 

economic characteristics of the platform. All 

policy coding units are then classified according to the X and Y dimensions, and if the policy instrument coding 

unit involves several characteristics, the characteristic with the highest similarity is taken, and if it does not fall 

within the following four characteristics, it is classified as "other". The final results are shown in the table4. 

Table4.Distribution of codes for two-dimensional analysis of the platform economy 

 
Size 

Effect 
Efficient 

Connections 
Network 

Effect 
Locking 
Effect 

Others Total Percentage 

Supply-based 
policy tools 

Infrastructure 7 5 3 2 1 18 9.2% 

Financial input 5 3 2 0 0 10 5.1% 

Talent Development 6 3 2 0 2 13 6.7% 

Platform construction 8 5 3 0 5 21 10.8% 

Demand-based 
Policy tools 

Industrial upgrading 5 1 2 0 1 9 4.6% 

International cooperation 2 0 0 0 2 4 2.0% 

Market Shaping 6 4 2 0 5 17 8.7% 

Environmental 
Policy tools 

Target planning 7 5 3 0 5 19 9.7% 

Regulatory control 10 7 6 4 0 28 14.4% 

Strategic measures 16 12 4 5 5 44 22.6% 

Policy concessions 4 3 0 0 4 12 6.2% 

Total 76 50 29 11 29 195 / 

Percentage  39% 26% 15% 10% 15% / 100% 

As can be seen from the table, scale effects, efficient linkages and network effects are covered for 

supply-based instruments, demand-based instruments and environment-based policy instruments, but are most 

represented in environment-based policy instruments and less numerous in demand-based policy instruments. 

For the lock-in effect, there are very few quantities in general and no demand-based policy instruments, and 

only two coding points exist for supply-based policy instruments. This suggests that current policy, regardless of 

policy instrument, mostly reflects the scale, connectivity and network effects of the platform economy, and lacks 

the application of the platform lock-in effect. In the supply-based policy instruments, there is no investment in 

capital investment and platform construction to address the lock-in effect of platforms, and the governance of 

platforms is neglected. There is only a small amount of policy implementation on the environmental type and 

the policy intensity is grossly inadequate. After cross-analysis of policy instruments and platform characteristics, 

it is found that China's platform economy policy focuses on strategic guidance in terms of platform size, 

favouring guidance on market environment and expansion of market size, while neglecting the governance of 

platforms. 

Y 
X 
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5. SUMMARY AND RECOMMENDATIONS 

5.1.Research findings 

This study has successively conducted a general status analysis and a two-dimensional cross-sectional 

analysis of the platform's economic policy texts, resulting in the following conclusions. 

(1) Analysis of the temporal evolution shows that China's platform economy can be divided into three 

stages so far: the nascent, the developmental and the emergence stages. Relevant policies have continued to 

increase over time, with the third stage being a boom period for policies. However, the overall number of 

policies is still insufficient. Each phase has a different focus. 

(2) The distribution of policy issuing departments shows that the State Council is the main department for 

issuing policies on China's platform economy, and the State Council issues relevant leading policies, while other 

departments develop policies around the practice of their respective management fields, but in general, the 

industries involved are still insufficient and the number of policies issued is relatively small. 

(3) The current distribution of the types of policy documents shows a serious imbalance, with nearly 70% 

being opinion and circular type documents, heavily biased towards guiding policy documents and lacking 

comprehensive and specific programmatic policy documents. 

(4) From the policy instrument dimension: the application of policy instruments is disproportionate, with 

an emphasis on environmental policies and an emphasis on supply- and demand-based policies. From the 

perspective of policy type instruments, the focus is more on shaping the market environment of the platform 

economy, while neglecting demand- and supply-based policies, especially the implementation of demand-based 

policy instruments is seriously inadequate and the structure is relatively homogeneous. 

(5) From the dimension of economic characteristics: excessive pursuit of development scale and neglect of 

the governance of the platform. Among the four main characteristics of the platform economy, the scale effect 

and efficient connectivity account for 69% of the policy coding points, resulting in a policy bias towards the 

development of platform scale, while the "network effect" and "lock-in effect", which are likely to cause 

platform monopoly, are seriously This has led to the emergence of platform monopolies in recent years. 

5.2.Suggestions for countermeasures 

(1) Increase the implementation of economic policies for the platform, while focusing on overarching 

and guiding documents and developing comprehensive programmatic policy documents. 

In terms of quantity, China's platform economy policies are still inadequate. The policies that have been 

issued are mainly of the "opinion" and "notice" type. Firstly, there is a need to increase the number of policies 

on the platform economy in China as a whole to change the phenomenon of insufficient policies. Secondly, it is 

necessary to strengthen specific programmatic documents while guiding the market, starting with the types of 

policy documents. In other words, in addition to the guiding documents such as "opinions" and "notices", the 

number of programmatic documents such as "programmes, measures, plans, outlines, plans" and other concrete 

measures should be increased. From the central to the local level, a complete, comprehensive and specific 

programme policy system should be formed. 

(2) Adjust the ratio of policy instruments and strengthen supply-based and demand-based policy 

documents. 

The healthy development of the platform economy cannot be achieved without the rational and coordinated 

application of various policy tools. The roles, functions and advantages of various types of policy tools at 

different stages of the platform economy should be utilized so that the advantages[13] of each policy complement 

each other.In contrast, the proportion of our platform economic policy instruments is heavily skewed towards 

environmental policies, while supply- and demand-based policies are neglected. Therefore, the proportion of 

policy instruments applied should be adjusted to increase supply-based and demand-based policy documents. In 
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particular, the pulling effect of demand-based policy instruments on the platform economy should be 

strengthened. 

(3) Improve the governance system of the platform economy and strengthen the innovation of the 

governance system. 

In the current relevant policies, they focus on the development of platform scale and ignore the governance 

of platform, which leads to the frequent phenomenon of platform monopoly in recent years. Therefore, to 

strengthen the governance of the platform, we need to improve the platform economic governance system and 

strengthen the innovation of governance system from a strategic perspective. That is to introduce more targeted 

regulations and policies, strengthen the supervision department and cultivate supervision talents; And improve 

the lack of the existing system and innovate the anti-monopoly supervision tools as soon as possible. 
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Abstract: Neighborhood elements have been considered important for the accommodation industry, which not only affects 

the demand for accommodation but also affects the experience of consumers. This effect is more pronounced for 

accommodation-sharing platforms as they try to display the whole surrounding environmental information to attract more 

consumers. However, current research focuses on the impact of tourist attractions, transportation hubs, and business districts, 

which has ignored the influences of healthcare-related factors on incidental accommodation demand. This study develops a 

theoretical framework based on aggregation externalities theory and tests the associate hypotheses with data from a large city 

to explore how hospital distribution influences the operation of accommodation-sharing platforms. The study indicates that 

distance to the hospital has positive and significant effects on the distribution of listings, the number of reservations, and 

consumer satisfaction. Hospital ranking strengthens the effects on distribution and reservations. This paper presents a novel 

study that brightens the gap between accommodation sharing and healthcare resources, providing recommendations for the 

operation of shared accommodation platform operators and landlords. 

Keywords: Accommodation-sharing, hospital distribution, externality, consumer satisfaction, hospital ranking 

 

1. INTRODUCTION 

Accommodation-sharing has received increased recognition and has become a common accommodation 

option for many consumers. For an accommodation-sharing platform, the purpose of the operation is to improve 

the service, develop more users and obtain greater benefits. Therefore, as essential indicators to measure 

landlord engagement behavior and consumer accommodation choice and experience, the distribution of listings, 

the number of reservations, and consumer satisfaction are critical to platform operations. [1]. A suitable location 

allows listings to attract more consumers and deliver better services. Although existing studies have explored the 

effects of listing locations to a certain extent, most of them focus on the transportation hub and tourist 

attraction[1]. Few studies have investigated the effects of healthcare-related infrastructure on platform operations. 

According to statistics, as a major part of traveling, seeking healthcare services also brings many patients to 

large cities [2], which can further benefit accommodation-sharing. Therefore, this study fills this gap. We propose 

the first research question: How does the hospital distribution influence the operation of 

accommodation-sharing platforms? The top hospitals provide the best medical and health services in the region, 

attracting more patients, especially patients from other cities who are potential consumers of the platforms. Thus, 

the second research question leading this study is: Whether the effects of hospital distribution are contingent 

on hospital ranking? 

 

2. THEORETICAL FOUNDATION AND HYPOTHESES 

Marshall proposed that physical advantages are important reasons that companies might choose a particular 

location [3]. Physical advantages, also defined as exogenous externalities, are advantages created by city size, 

transportation infrastructure, public service facilities, entertainment/dining options, tourism resources, et al.. 

Heightened demand, reduced search costs, information sharing, and resource spillover are some of the cited 

externalities. Moreover, Agglomerated firms will benefit from externalities, and geographical proximity of 

inter-related industries often stimulates stronger externalities [4]. Healthcare-related infrastructure, as an 

                                                           
*
 Corresponding author. Email: xiaofeizhang@nankai.edu.cn(Xiaofei Zhang), yangyefei@bjtu.edu.cn(Yefei Yang) 



480               The Twenty one Wuhan International Conference on E-Business－Digital Platform and Digital Innovation 

important public service facility, creates advantages that conform to the definition of exogenous externalities, 

which may attract surrounding hosts to join the sharing behavior and attract more consumers. Based on this 

theory and previous studies, we developed a research model associated with six hypotheses. We hypothesize that 

hospital distribution positively affects the distribution of listings, the number of reservations, and consumer 

satisfaction. And the effects of hospital distribution are moderated by hospital ranking. 

                                                          

3. RESEARCH METHODOLOGY AND RESULTS 

The study setting is Beijing which is the capital of China. As China's political and cultural center, Beijing 

has a large number of accommodation-sharing listings and leading medical resources, which provides a good 

foundation for our research. We chose xiaozhu.com as the research context of our empirical study, which is one 

of the leading accommodation-sharing platforms in China. Using automated Python scripts, we first collected 

basic information on 6,352 listings in Beijing on xiaozhu.com and 34,856 reviews. Then, we collected Beijing 

hospital information on data.beijing.gov.cn.  

We used independent-samples T-test and multi-linear regression (MLR) analysis to test hypotheses. The 

results show that the number of listings around the hospital (22.3984, p<0.01) is significantly larger than that of 

the control point (7.6758, p<0.01). Hospital is significantly and positively related to order volume (0.1282, p 

<0.01) and sentiment value (0.1201, p <0.05). These results support hypotheses H1, H2, and H3. We also 

confirmed the moderation effects of hospital ranking. The number of listings around the top hospital (31.0370, 

p<0.05) is significantly larger than that of the control point (20.0891, p<0.05). Moreover, hospital ranking 

strongly moderates the relationship between hospital distribution and the number of reservations (0.1553, p 

<0.05). Thus, hypotheses H4 and H5 are supported. However, the interaction term of hospital*top is positively 

but not significantly related to the sentiment value(0.1212, p＞0.10). Therefore, hypothesis H6 is not supported. 

 

4. CONCLUSION AND DISCUSSION 

These findings make the following theoretical and practical contributions. Theoretically, to the best of our 

knowledge, this study is one of the first that brightens the gap between accommodation sharing and healthcare 

resources. Second, this study expands the externalities theory to the field of accommodation-sharing and 

investigated the mechanism of these effects by exploring the different effects of hospitals with different rankings. 

Practically, our findings suggest platform managers motivate landlords around the hospital to join the sharing 

behavior through incentive policies, which will autonomously attract more consumers. For hosts, we suggest 

highlighting the geographical characteristics in the listing introduction or label module to attract more 

consumers and pay attention to consumers' travel purposes and provide the corresponding assistance to improve 

satisfaction. This study also has some limitations. Geographical factors are complicated. Although this study 

randomly selected control points and control variables, which alleviated the effects of other environmental 

factors to a certain extent, it could not completely eliminate these effects.  
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Abstract: Low-calorie products are increasingly popular with consumers. To demonstrate the low calorie advantages, 

companies often advertise “product calorie lower than an apple” or “lower than a banana”. Current research argues that when 

the calorie counts of comparison objects is fixed, comparison with vices（vs. virtues）can increase consumer purchase 

intention to the low-calorie products. This is because consumers categorize low-calorie products as virtues based on the 

heuristic belief that "healthy = low-calorie". So we expect consumer will perceive more calorie discrepancy when compared 

with vices, which resulting in lower calorie estimation and higher purchase intention. Currently through two study, we 

verified the main effect and found this effect is mediated by calorie perceived discrepancy. Our research has strong practical 

implications. We found a better way to promote the low-calorie food. It also shows that currently some corporate practices 

(informing products calorie content when comparing) may be inappropriate. 

 

Keywords: Low-calorie products, vices, virtues, calorie perceived discrepancy 

 

1. INTRODUCTION 

With the increase of per capita income and the awakening of public health awareness, people's 

requirements for food are no longer just to satisfy their appetite, so “high-sugar, high-calorie” products can no 

longer meet people's needs, and eating “healthily” has become a new pursuit for more and more consumers. In 

order to meet the needs of different market segments, businesses have launched many “functional” snacks for 

different groups. For example, "low-calorie" products are launched for people who lose weight, "milk 

substitute" products for people with lactose intolerance, and "sugar-free or low-sugar" foods for people with 

sugar control. In short, there are so many low-calorie products on the market right now and low-calorie label is 

one of its important advantages. How to skillfully display product information and highlight the advantage of 

low- calorie has become a concerned issue for marketers.  

For most consumers who need to control their weight and keep fit, knowing foods caloric content become 

paramount. In order to deliver calorie information more clearly, companies are very fond of highlighting 

products low calorie characteristics through comparison. For example, a low-calorie cookie, marketers will 

emphasize that its calories are less than the calories of an apple. Almost all marketers use “apple” as a 

comparison object in their ads. Which makes us wonder, is this the best marketing method at all times? The 

current research posits that the promotion of light calorie snacks using appeals that highlight lower calorie than 

apples, although popular and perhaps intuitive among marketers, is not always the best comparison. Namely, 

when the calorie count of the comparison object is fixed, vices with the same calorie is a better comparison 

object than virtues, and can play a better marketing effect. This is because low-calories products are often 

classified as virtues. Then when compared to the difference category vice food, consumers will perceive more 

calorie discrepancy, which resulting in higher purchase intentions. 

Since reducing calorie intake is key to tackling obesity, previous research about calorie focused on the 

effect of calorie count labeling on scheduled and final calorie intake [1]. Actually, the way that consumers 
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process information is diverse. Consumers know the pros and cons of products through comparison. That is to 

say, consumers will make a value judgment of a commodity based on certain comparison objects [2]. But little 

attention has been paid to the fact that calorie perception is subjective and that calorie estimation is susceptible 

to differences in comparison objects. We found that a lot of marketers are trying to highlight the fact that new 

products have fewer calories by comparing them to virtues products (e.g. apples), trying to convey the idea that 

light foods with fewer calories are healthier and worth buying. But can the calorie comparisons of target 

products with virtues really increase consumers' willingness to buy? When the calorie comparison between the 

target product and the vices is carried out, can it cause a greater calorie perceived discrepancy, and then think 

that the target product has lower calorie and is more worth buying? In response to these research gap, we will 

carry out a series of studies to explore the internal mechanism of consumers' calorie information processing. The 

purpose of this paper is to investigate the effect of the comparison objects type (vices vs. virtues) on low-calorie 

product evaluation and purchase intention. Whether the type of comparison objects will influence the calorie 

perceived discrepancy which resulting purchase intention to low-calorie products be enhanced or weakened? 

This paper also explores one boundary condition: the presence of calorie counts label.  

Our research contributes to the literature in three ways. First, we clearly suggest that caloric comparison 

with indulgent products is more likely to increase consumers’ purchase intention for low-calorie products, rather 

than for self-regulated products such as Apple. Second, this study provides a valuable contribution to the larger 

body of research on magnitude and subjective valuation by proposing a novel factor that influences the 

magnitude sensitivity and the concavity of the value functions: the type of calorie comparison objects (vices vs. 

virtues). Third, this study demonstrates that the type of comparison objects(vices vs. virtues) affects purchase 

intention to the low-calorie products mainly by influencing individuals’ perceived discrepancy; that is, vice as 

comparison object increase individual' calorie perceived discrepancy more than virtue as comparison object 

does.  

 

2. THEORETICAL FRAMEWORK  

2.1 Different comparison objects: vices vs. virtues 

Comparison is a common method used by companies when marketing low-calorie products. For example, 

when it is emphasized that food contains high protein, the company will compare the nutrient content of the 

product with that of milk. When expressing calorie information, company will compare it with 

“calorie-equivalent exercise data” [3], which represents the amount of exercise required to burn off the calorie 

content of the food. In addition, when highlighting a product's low-calorie message, businesses usually compare 

the calorie content of a product with apple. 

But we don't think this is the best way to compare. We proposed that comparative information conveys the 

magnitude difference in calories, and such difference can be expressed by comparison with vices or virtues. In 

the food field, people usually classify food according to the dichotomy of vices and virtues [4]. Virtues are 

generally defined as choices that are consistent with long-term self-control goals (e.g., weight loss) but do not 

necessarily provide immediate gratification. In contrast, vices are defined as choices that were consistent with 

short-term goals (e.g., eating chocolate cake) but inconsistent with long-term self-control goals (e.g., losing 

weight). Vegetables and fruits are often considered inherently healthy and thus are classified as virtues. In 

contrast, “indulgent” foods (e.g., chocolate, burgers) are considered inherently unhealthy and thus are classified 

as vices. For simplicity, in this research, we treat the vice/virtue descriptors as a binary attribute; in reality, these 

could be considered endpoints of a continuum characterizing the degree of “virtuousness” and “viceness” of an 

option. 

Existing researches have shown that when individuals face the same decision-making problem, they will 
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make completely different choices because of different reference objects. For example, in advertising, reference 

can be used to influence the reference price that people use when constructing a comparison standard, thereby 

affecting the perception of cost (e.g., "Our new product only needs the price of a cup of coffee..."). We believe 

that when making calorie comparisons, different comparison objects also serve as different reference points, 

which affect consumers' calorie perceived discrepancy. We thus formally propose the following hypotheses: 

H1. Vice as comparison object increase individual' calorie perceived discrepancy more than virtue as 

comparison object does.  

2.2 Calorie comparison objects and purchase intention to low-calorie products 

According to the consumer satisfaction theory, consumer satisfaction or not and the level of satisfaction 

always depends on the comparison of actual and expected performance results. Similarly, consumers' 

understanding of the advantages and disadvantages of some attributes of a commodity should also be generated 

through comparison. That is to say, consumers will make a value judgment of a commodity based on certain 

comparison objects. Consumers can not only refer to the attribute of other similar goods but also refer to the 

lowest personal psychological standards of this attribute. But we know that calorie is a very specialized attribute. 

The average consumer has no idea about how much calorie they should intake per day and how to make a food 

calorie count [5]. Specifically, the same 100 calories, for different individuals there are different magnitude of 

calorie estimation. Some people think 100 calories is high and some people think 100 calories is low. In other 

words, when consumers need to estimate the calorie of the target food, it is difficult to make a quick and 

accurate judgment based on their limited cognition of calorie and the lack of knowledge. So consumers always 

rely on some information related to the caloric assessment task to make a caloric judgment. Because of this, the 

form of information presented can have an impact on consumers' calorie assessment. 

Consumers have different degrees of calorie perception for virtue products and vice products. Compared 

with vice products, consumers generally believe that virtue products have lower calories, and eating more virtue 

food can reduce calorie intake [6]. Even though the nutritional fact labels are mandatory for packaged food, 

calorie information is not always available for food. Consumers tend to use food-related cues to infer calories. In 

other words, consumers always perceive the magnitude of food calorie instead of make an accurate numeric 

estimation (except for some fitness people). 

Consumers always make a caloric estimation of target food based on the calorie perception of some 

familiar food. Product promotion in the real scene will highlight the low-calorie advantage of the target product 

by comparing it with other types of products about the magnitude of calorie. Type and quantity are two key 

properties of target food. When estimating calories, type is considered primary as it is evaluated more quickly 

and automatically than quantity [7]. Consumers quickly categorize the type of food, for example, by making a 

judgment about whether the food is healthy or unhealthy. Meanwhile, research shows that when consumers are 

motivated to arrive at a conclusion (e.g., estimate the food have fewer calorie), they are likely to rely on 

heuristics that help them arrive at the desired conclusion and ignore those that suggest otherwise. Consumers 

tend to use food-related cues to infer calories. One commonly used heuristic is perceived healthiness of food.  

Specifically, healthy food is perceived to be low in calories, and unhealthy food high in calories. Given the 

“healthy = low-calorie” heuristic, we expect consumers to rely on this heuristic in calorie estimation and 

estimate fewer calories. 

Virtues are often associated with healthy nature because virtue food provide consumers with longer 

long-term and more self-beneficial satisfaction. According to the “healthy = low-calorie” heuristic information 

processing, when the calorie level of the target food were compared with those of the virtues, consumers are 

likely to have a lower perceived calorie of target food. According to the category theory [8], when the low-calorie 

attribute of the target food is emphasized, consumers will reclassify the target food category based on whether it 
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is healthy or not, so as to facilitate the calorie estimation. Previous research have shown that people are more 

likely to underestimate the caloric content of main dishes and to choose higher-calorie side dishes, drinks, or 

desserts when fast-food restaurants have a healthy halos. Target foods that reduce their total calorie content 

through certain technologies are generally perceived by consumers as healthier than more general snacks and 

drinks [9]. 

When the virtues and the target food are classified as the same category with healthy nature, people always 

think the target food and the comparison objects have less calorie perceived discrepancy. This is because 

consumers often infer similarity from category membership even when it is not accurate to do so. Two things 

are judged to be more dissimilar when they belong to different categories compared to the same category [8]. For 

example, consumers estimate two locations in different states to be further apart than equidistant locations in the 

same state, and the same people are judged to be more different when they are members of different groups 

rather than the same group. Even colors appear more or less similar depending on whether one’ s language puts 

them in the same category or different ones. Therefore, when low-calorie products are classified as virtues, they 

will think the target food and the comparison objects have less calorie perceived discrepancy. 

Consumers are likely to estimate more calories when inferring the calorie count of the target food. We 

know that low-calorie foods on the market today tend to cost more than general foods with higher calorie. Only 

when consumers receive and fully understand the low-calorie information, they will have a higher evaluation of 

the product value, and thus are more willing to pay more for target food. We thus formally propose the following 

hypotheses: 

H2: The calorie comparison between low-calorie products and vices products (vs virtues products) leads to 

more positive evaluation and purchase intention to the low-calorie products. 

2.3 The moderating role of the presence of calorie counts label 

We know that reducing daily calorie intake is one way to control weight, and estimating total daily calorie 

intake by self-measuring the calorie content of foods consumed is a potentially effective strategy for weight loss. 

Calorie counts on restaurant menus have been advocated in the early days of Europe and the United States [10]. 

However, there is controversy over whether providing calorie counts actually reduces an individual's total 

calorie intake. One study assessed whether labeling restaurant menus with information on the nutrient content of 

menu items would cause customers to alter their ordering patterns. The results have shown that not all customers 

choose to order fewer calories, but providing nutrition information on restaurant menus may encourage a subset 

of restaurant patrons to significantly alter their food choices. The subject of previous research about the 

presentation of calorie information across multiple Disciplines is whether calorie counts reduce calories ordered 

and, if so, by how much. Across multiple disciplines has found little effect of providing calorie counts on 

calories ordered. The literature has commonly proposed that calorie labels on menus are ineffective because 

consumers lack the knowledge and/or motivation to use calorie information to make lower calorie food choices. 

However, the effect of calorie count labels on calorie ordered is related to how the information is presented to 

consumers. When making food choices, consumers attach different importance to food information and pay 

attention to it in different order. Most of the time, multiple attributes about food are presented to consumers (e.g. 

product name, ingredients, nutrients, calorie count, product type, origin). With a large amount of product 

information and limited individual cognitive load, consumers often ignore a lot of product information. One 

study shows that for American consumers, display calorie counts to the left of food items decreased calories 

ordered by 16.31% Because Americans read from left-to-right, which lead to the neglection of calorie 

information [11]. 

In most advertisements of low-calorie products, marketers always convey the food advantage of "low 

calorie intake" to consumers in various ways, so that consumers feel the value of the product and are willing to 
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pay a premium for it. But having a good understanding of calories or making a clear judgment about calorie 

intake requires a lot of cognitive ability and expertise. A large number of studies have shown that most 

consumers' evaluation of calories is biased, such as “averaging bias” [12] According to cognitive theory, the 

information we are exposed to every day is not only huge, but also chaotic. Only after sorting and classification 

can we form a clear and orderly understanding and make our own judgment. For consumers, when faced with 

the product information that requires their professional knowledge, such as calories and nutritional ingredients, 

consumers are more likely to evaluate the information based on subjective perception rather than making 

rational judgment through accurate calculation or wealthy expertise about nutrition [13]. It is a typical way to 

process product information with comparison objects. The properties and the calorie counts of the comparison 

object can help consumers to perceive the caloric level of the target food more deeply. When consumers can 

identify the calorie discrepancy between the target product and the comparison product through simple 

calculation of calorie counts, the sensitivity to product value will be weakened or even disappear. We thus 

formally propose the following hypotheses: 

H4: when the calorie counts of target product are available for consumer, the main effect of comparison 

objects type on low-calorie products purchase intention will be weaken and the calorie perceived discrepancy 

will disappear 

 

Figure 1.  Conceptual Framework 

 

3. STUDY1 THE IMPACT OF COMPARISON OBJECTS CATEGORY ON LOW-CALORI E 

PRODUCTS PREFERENCE 

Study1 tested H1, the basic proposition on the effect of comparison object on consumers’ purchase 

intention to low-calorie snacks. One hundred and forty participants joined the online study. We eliminated the 

data from ten participants who failed attention test. Thus, the final valid sample of this study was 130 

participants (92 females, Mage = 28.72). 

3.1 Method 

Participants were randomly assigned to one of two (vices vs. virtues) between-subjects conditions. We 

selected a new low-calorie potato chip, "Xiaolingyou", as the experimental material, and told all participants 

that "this is a delicious, low-calorie snack with no added fat, non-fried and light burden". Then two group 

participants were shown two different advertisements.The vice group was shown that a pack of snacks has fewer 

calories than an apple and an apple has 118 calories (a true calorie count of 100 grams of apple). The vice group 

saw the calorie comparison between Xiaolingyou and chocolate, and also told participants that the calorie of 

chocolate was 118 kcal1. Immediately after reading the experimental materials, participants were asked to 

estimate Xiaolingyou’s calorie in a range of 0 to 118Kcal. Then participants score two items, “I'd love to try 

Xiaolingyou” and “I am willing to buy Xiaolingyou”, which measure consumer’ purchase intention with a 

7-point scale (1 = strongly disagree, 7 = strongly agree). Next, they were asked to rate their caloric perceived 

discrepancy along an item “I think there is a big difference between the calories of Xiaolingyou and an apple/a 
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piece of chocolate”. Considering that different comparison objects may not only affect participants' calorie 

evaluation, but also affect health and deliciousness perception. We measured participants' ratings of how healthy 

and delicious snacks, apples, and chocolate were. Finally, we asked whether participants had a weight/fat loss 

plan recently, their usual level of attention to calorie information, and other demographic variables. 

3.2 Results 

Health and deliciousness. A one-way ANOVA confirmed that the two groups did not differ in their 

evaluations of health and deliciousness of Xiaolingyou (Health: M virtue = 5.06, SD virtue= 1.021; M vice = 5.06, , 

SD vice = 1.193; F(1,128) = 0.000, p = 0.992； Deliciousness: M virtue = 5.42,SD virtue=1.151; M vice= 5.38, SD vice= 

1.315; F(1,128) =0.052, p = 0.821). In addition, participants rated apples as healthier than chocolate, with no 

difference in taste((Health: M virtue = 6.47, SD virtue=0.661；M vice = 3.81, SD vice = 1.390；F(1,128) =192.523, p < 

0.000; Deliciousness: M virtue = 5.71, SD virtue=1.200；M vice = 5.47, SD vice = 1.333；F(1,128) =1.199, p = 0.276). 

Perceived discrepancy and purchase intention. A one-way ANOVA results showed that perceived 

discrepancy in the virtue group were lower than those in the vice group(M virtue = 4.14, SD virtue= 1.239； M vice = 

5.03, SD vice = 1.333 ； F(1,128) = 15.732, p < 0.000). In addition, another one-way ANOVA results showed that 

the calorie estimates of Xiaolingyou in the virtue group were lower than those in the vice group(M virtue = 78.45, 

SD virtue= 25.304；M vice = 69.81, SD vice = 24.994；F(1,128) = 3.836, p= .052),which means when the comparison 

object is vices, participants estimates lower calorie of the product. As expected, a one-way (exclusion vs. 

inclusion) ANOVA showed that vice group participants reported higher purchase intention than virtual group (M 

virtue = 5.61, SD virtue= 1.135；M vice = 5.94, SD vice = 0.906；F(1,128) = 3.372, p = .069). 

Mediation analysis. We conducted a mediation analysis with purchase intention as the dependent variable. 

We regressed comparison objects on purchase intention, with calorie discrepancy as the mediator. Hayes’s (2015) 

PROCESS Model 4 (5,000 bootstrap) analysis returned an almost significant index of mediation (95% CI 

(-0.0292, 0.2253). The mediation result is close to not including 0, may be that the result of DV is not significant 

enough. Although not quite there, we think this result is acceptable. 

3.3 Discussion 

Through study 1, we found that different comparison objects do affect consumers' purchase intention. 

When the comparison object is vices (vs. virtues), consumers estimate lower calories of the product and express 

higher purchase intention. This preliminarily verified the main effect. Study 1 also confirmed our proposed 

mechanism by showing that participants in vice group perceived greater discrepancy in calories than virtue 

group. In addition, we excluded the effect of comparison objects on the health and taste of the product. Next, we 

will further explore the moderating role of product calorie information in study 2, and select different main 

products and comparison objects to repeatedly verify the main effect. 

 

4. STUDY2 MODERATING ROLE OF CALERIO CONTENT LABEL 

Study 2 is to verify the moderating effect of product calorie information, and at the same time to verify the 

main effect again. We believe that when informing product calorie information, participants do not need to rely 

on comparison object to infer the calorie content of the product, but due to the reference role of comparison 

object, consumers perceive lower calorie values when compared with virtues.204 participants joined the online 

study We eliminated the data from 5 participants who failed attention test . Thus, the final valid sample of this 

study was 198 participants (134females, Mage = 28.35). 

4.1 Method 

Participants were randomly assigned to conditions in a 2(comparison objects: vice vs. virtue) x 2 (Whether 

to inform product calorie information: inform vs. not inform) between-subjects design. This time we chose a 

low-calorie milk tea “Yanzhi” as the experimental material and same as study1,we told all participants that "This 
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is a delicious and low-calorie drink, low-sugar, low-fat and light burden". Following this, the participants were 

shown the ad either compare with an apple (virtue condition) or Coke (vice condition) and label apple or cola as 

126 calories. Alongside the manipulation of comparison objects, Participants either completed the material 

reading or saw another picture with the product's calorie information (see Appendix). After seeing the ad, 

participants were asked to similar questions in study1.First, participants were asked to estimate Yanzhi’s calorie 

in a range of 0 to 126Kcal. Then participants score two items, “I'd love to try Yanzhi” and “I am willing to buy 

Yanzhi”, which measure consumer’ purchase intention with a 7-point scale (1 = strongly disagree, 7 = strongly 

agree).Different from Study 1, here we measured one more item, they were asked to rate how high they think 

126Kcal is (1=very low; 7=very high). Next, they were asked to rate their caloric perceived discrepancy along 

an item “I think there is a big difference between the calories of Yanzhi and an apple/a bottle of Coke”. We 

measured participants' ratings of how healthy and delicious snacks, apples, and Coke were. Finally, the same 

demographic variables were measured as study1. 

4.2 Results 

Purchase intention. In fact, we found marginally significant product calorie information × comparison 

object interaction on customer purchase intention (F(1, 194)=3.104, p=0.080). But the results were not 

consistent with our expectations. 

A simple effects test revealed that participants in the inform product calorie information condition were less 

likely to purchase when the comparison object was Coke (M vice =5.60) versus when it was apple (M virtue=6.02; 

F(1, 94)=4.568, p=.035). The results of how high they think 126Kcal is(1=very low; 7=very high) shows that, in 

the virtue condition, 126Kcal represents lower calorie(M virtue = 3.74), while the vice condition is the opposite(M 

vice = 5.17;F(1,94) = 27.838,p < 0.000).Due to different comparison objects, although participants in the two 

conditions know that Yanzhi's calorie is 109Kcal, they have different perceptions of the calorie level represented 

by this value, resulting in different purchase intentions, which is consistent with our expectations. 

In not informed product calorie information condition, there was no significant difference in purchase 

intention between virtue and vice condition (Mvirtue = 6.00; M vice = 6.02; F(1,100) = 0.015,p = 0.903), that is, the 

main effect was not significant. However, by analyzing the data for the calorie estimation item, we found that 

different comparison objects still caused calorie perceived discrepancy (M virtue = 4.38; M vice = 5.19; F(1,100) 

=13.803,p < 0.000).Figure 2 presents an illustration of means. 

 

Figure 2.  The effect of product calorie information and comparison objects on purchase intention 

4.3 Discussion 

The results of study 2 did not fully meet expectations, we think it is because inappropriate selection of 

experimental materials. We chose a new light milk tea from HEYTEA and changed its name. In fact, this milk 

tea is very popular in the market. So participants may know this milk tea and rate purchase intentions based on 

its popularity or previous experience. This interferes with our experimental results. Different comparison object 
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do contribute to consumer calorie perceived discrepancy. 

 

5. CONCLUSION AND FUTURE PLAN 

Low-calorie foods are gaining in popularity, and to show their products are low in calories, companies 

often advertise “lower than an apple” or “lower than a banana.” In public perception, apples, bananas, etc. are all 

virtue food which is low-calorie and healthy, and such advertisements can effectively attract consumers' 

attention. Current research argues that when the calorie of comparison object is fixed, compared with vices with 

the same calorie is a better comparison object than virtues. So far, two experiments have been completed in this 

paper. In Study 1, we manipulate comparison object and find that customers display higher purchase intention 

when the comparison object is vice versus when it is virtue (consistent with H1a).In addition, this study 

provides evidence that this effect is driven by calorie perceived discrepancy (H2).Due to the choice of 

experimental materials, the results of Study 2 did not meet expectations. Therefore we plan to have the 

following improvements in the follow study. First, we will re-select experimental materials, and avoid products 

that consumers already use. Second, In addition to product calorie information, we believe there are other 

moderating variables. Females are more conscientious than are males about their own diets and health, consume 

more healthful foods, and rate such foods as tastier. Kaitlin [7] proposed that how consumers estimate calories 

can systematically bias their calorie assessments. Magnitude estimates— when consumers judge whether 

something has “very few” to “many” calories — and numeric estimates — when consumers estimate a number 

of calories. We believe that Women pay more attention to caloric information than men, and are more likely to 

use deliberative thinking, so gender may be one of the moderating variables. In addition, we think the 

consumer's own professional knowledge of calorie information may also be one of the moderating variables. 

Although our research is not yet complete, we will continue to improve it in the future. While conducting 

this research, we find many interesting conclusions that may not be recognized by marketers today. For example, 

a large number of advertisements will give calorie content of the product when comparing, but according to our 

logic, this approach may be wrong. When conducting the experimental design, we found that due to the smaller 

portion, many vice food are actually much lower in calories than the virtues, so we proposed vice products with 

the same calorie can be practiced. Our findings also suggest that it’s not that blindly comparing with low-calorie 

products can achieve better marketing effects. Possibly it is more important for marketers to let consumers 

perceive a greater calorie discrepancy. 

 

6. APPENDIX 

Study 2 Experimental Materials 

Inform calorie information & virtue condition   Inform calorie information & vice condition 
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Not inform calorie information & virtue condition Not inform calorie information & vice condition 
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Abstract:The high correlation and low distinction degree in the same low-level category of Chinese Library Classification 

lead to a high-cost of manual classification. The classification task of such similar texts requires more attention from 

researchers. Aiming at the difficulty of classifying the highly similar text content in the lower-level data of Chinese Library 

Classification, this paper proposes a Bidirectional Encoder Representations from Transformers(BERT) with Muti-Layers 

Dynamic Fusion based on Attention (BERT-MLDFA). The model dynamically integrates the parameters of different levels of 

BERT through a multi-level attention mechanism, which can capture the subtle semantic information of the text so as to 

distinguish texts of similar categories better. Its superiority is verified by comparing with baseline models such as Long 

Short Term Memory (LSTM), Convolutional Neural Network(CNN), BERT, etc. Taking E271 and E712.51 in Chinese 

Library Classification as the classification targets, our results show that the classification effect of baseline models such as 

LSTM, CNN and BERT is better than that of traditional machine learning methods such as k-nearest neighbor (KNN), naive 

bayes (NB) and support vector machine (SVM), among which the put forward BERT-MLDFA model performs the best and 

the Macro_F1 score reaches up to 0.983. As a result, the put forward model can effectively improve classification efficiency, 

reduce misclassification, and save large classification task costs.  

 

Keywords: Chinese Library, Classification, Similar content, Deep learning, BERT 

 

1.  INTRODUCTION 

With the rapid development of the Internet and the proliferation of digital resources, the low efficiency of 

manual classification in Chinese Library Classification(CLC) has led to the suspension of some digital resource 

gateways, which urgently needs to be provided effective and efficient automatic classification technology to 

solve the problem[1]. There are a large number of subdivisions by analogy and imitation in the CLC, that is, the 

contents of many subordinate categories under the same low-level category are very similar, the semantic 

correlation degree is large, and the distinction degree is small, which is not only the key and difficult point of 

manual classification but also the difficulty of the automatic classification task. However, the objects in existing 

research are mainly in small correlation degree and large distinction degree, which lacks applicability for the 

classification of similar contents. Therefore, this paper studies the efficiency optimization of automatic 

classification of similar categories through improving classification accuracy. 

In reality, there are a large number of classification tasks with high correlation and low distinction. Some 

researchers point out that the difficulty of microblog emotional classification is that there are some highly 

similar but subordinate emotional words. The same word expresses opposite emotions in different semantic 

environments, which brings great challenges to automatic classification[2]. Actually a key point of emotional 

analysis is the automatic classification of similar text. 
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There are also a large number of low-level categories with similar contents in CLC. For example, although 

the bibliographic information of E271 (Chinese Army) and E712.51 (U.S. Army) is the subject of the army, most 

of the words used do not explicitly mention the concepts of China or the United States, just can be correctly 

distinguished through the subtle semantic differences of concepts such as "guerrilla warfare" and "field warfare", 

"use of grenades in tunnel warfare" and "use of grenades in jungle warfare". The difficulty of similar contents 

classification leads an urgent need for an efficient automatic classification method to reduce the cost of manual 

classification in the maintenance of digital resources in CLC. 

Therefore, this paper takes E271 (Chinese Army) and E712.51 (U.S. Army), two low-level categories of 

bibliographic information, as the classification objects of similar categories. Considering the characteristics that 

BERT can not use all the semantic information learned for automatic classification, an improved BERT with 

Muti-Layers Dynamic Fusion based on Attention (BERT-MLDFA) model is proposed. The model can better 

learn the subtle semantic differences between two categories with similar content, and promote the automatic 

classification between three or more categories with similar content. Therefore, the research on automatic 

classification of categories with similar content in CLC has strong practical popularization value and research 

significance. 

 

2. LITERATURE REVIEW 

The classification task of CLC is often a multi-classification task. Since the multi-classification problem of 

three or more categories can be transformed into a binary classification problem through one-to-one 

decomposition, binary classification becomes the basis of automatic classification. And it has been successfully 

and efficiently applied to the classification of three or more categories[3]. Therefore, for the research on 

automatic classification of categories with similar contents, binary classification is the primary solution at 

present[4]. 

In most of studies classifying the CLC, the correlation degree between different categories is small, and the 

distinction degree is large. For example, under the classification system of CLC, traditional machine learning 

classification algorithms such as k-nearest neighbor (KNN), naive bayes (NB), support vector machine (SVM) 

are used to automatically classify books, web pages, or other types of documents[5,6]. Some also use deep 

learning methods, such as Long Short Term Memory (LSTM) is used to classify the literature of University 

books[7], Convolutional Neural Network(CNN) is used to classify the literature in the national newspaper index 

[8], BERT is applied on classifying the literature discipline[9]. In summary, the objects of these classifications are 

generally the books and web pages of the upper-level categories or the subject documents of the middle-level 

categories. They do not focus on the difficult classification with high semantic similarity in the low-level 

categories. 

The huge classification system of CLC and its unique subdivsions by analogy and imitation mechanism 

make many subordinate classes with high semantic relevance and low distinction under the same low-level 

category. The topics between these subordinate classes are very close and difficult to distinguish, causing great 

difficulties for automatic classification. In terms of classification of similar categories in CLC, there are few 

relevant studies based on traditional machine learning methods, such as classification of similar categories based 

on KNN, NB and SVM[10], or combining KNN classification algorithm with the mutual information feature 

selection method[4]. But a few relevant researches are using the deep learning method. 

BERT performs well in classification tasks with similar semantics, but there is still room for optimization. 

Some microblog emotion analysis studies have obtained the semantic information of the text through deep 

learning models such as LSTM, CNN and BERT, which has achieved good classification results and BERT 

performs the best among them[11-13] . BERT with 12 hierarchical structures of bottom, middle and top layers can 
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use the top structure to learn the semantic feature information of the text well[14]. However, when performing 

classification tasks, BERT only connects the fully connected layer on the last layer parameters for classification, 

ignoring the semantic information learned by the bottom and middle layers. To fully use the semantic 

information learned from all layers of BERT for automatic classification tasks, the BERT-MLF model was put 

forward to connect the 12 layer structure of BERT through CNN, and has achieved better classification results 

than BERT[15]. However, the CNN structure in BERT-MLF cannot assign different weights to the semantic 

information learned by different layers of BERT. When dynamically fusing the parameters of different layers of 

BERT, the key semantic information may be lost while removing some noise semantic information, resulting in 

the degradation of classification performance. To fill the gap, this paper assigns different weights to the 12 layer 

parameters of BERT through multi-level attention mechanism, which can make adaptive weight allocation for 

key semantic information and noise semantic information, so as to improve the classification effect. 

To sum up, the existing research lacks using effective and efficient deep learning model to optimize the 

classification efficiency of categories with similar contents in the same low-level category of books, documents, 

or literature. This paper selects two categories with similar contents in the CLC to research the binary 

classification problem. It puts forward the BERT-MLDFA model that dynamically integrates the parameters of 

different layers of BERT through the attention mechanism so as to optimize the classification efficiency of text 

classification task in the low-level categories with similar content. 

 

3. MODEL CONSTRUCTION 

3.1 Automatic classification based on LSTM and CNN 

The LSTM model has a particular cyclic neural network structure. It uses three gate functions of forget gate, 

input gate and output gate to obtain the temporal sequences relationship of text. It can obtain context 

information between text features. CNN is mainly composed of the input layer, convolution layer and pooling 

layer. The convolution layer gets local information between features through the convolution kernel. LSTM 

ignores local information between features, and CNN ignores context information between features, so both 

have advantages and disadvantages in automatic classification. In automatic classification, LSTM and CNN are 

usually combined with Word2Vec word embedding model to obtain a better classification effect and have 

become the usual classification method . Therefore, for the automatic classification of similar categories in CLC, 

this paper first uses the typical deep learning model of LSTM and CNN, combined with the Word2Vec word 

embedding model, and design a related research framework, as shown in Figure 1. 

 

Figure 1.  Automatic classification framework based on LSTM and CNN 

The text classification process based on LSTM and CNN is mainly divided into the following four steps. 

First step: Perform word segmentation and stop word removal processing on the text of the training set and 

test set respectively, and obtain the feature set of each text; 

Second step: Use the Word2Vec word embedding model trained on the Wikipedia corpus to perform word 

embedding representation on the feature set of each text; 

Third step: Input the word embedding representation of the training set text into the LSTM and CNN neural 

network models for training, and obtain a trained neural network model; 
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Fourth step: Input the word embedding representation of the test set text into the trained LSTM and CNN 

neural network models for classification prediction, and obtain the classification results. 

3.2Automatic classification based on BERT 

BERT is a Bidirectional Encoder Representation from Transformers with muti-layers. A masked language 

model (MLM) is used to generate a deep two-way language representation In the pre-training process. The 

context of the feature is obtained through position encoding. So the dynamic vector representation of the feature 

is obtained according to the context. It has achieved better results than LSTM and CNN in automatic 

classification, and has become the current mainstream model. In order to improve the automatic classification 

effect in low-level categories with similar content in CLC, this paper adopts the BERT model and designs a 

research framework, as shown in Figure 2. 

 

Figure 2.  Automatic classification framework based on BERT 

The automatic classification process based on the BERT model is mainly divided into the following four 

steps. 

First step: Preprocess the training set and test set text according to the input format of the BERT 

pre-training model to construct the BERT input; 

Second step: Initialize the BERT pre-training model weights into the BERT model; 

Third step: Input the text of the training set according to the processing result of step one into BERT to 

obtain the text representation for training, and The model is fine-tuned on the training set to update the weights; 

Fourth step: Input the results of the test set text processing according to step into the trained BERT model 

for classification prediction and obtain the classification result. 

3.3 Automatic classification based on BERT-MLDFA 

When doing classification tasks, BERT only joins the last layer of parameters and the fully connected layer 

for classification and ignores the semantic information learned by other layers of BERT. To further improve the 

classification effect of similar categories in CLC, this paper improves the EBRT model and proposes an 

improved BERT-MLDFA model. This method fuses the features of different layers of BERT based on the 

attention mechanism.  

Different weights, updated during the training process adaptively, are given to different layer features. So 

that the semantic information learned by different layers of BERT can be fully utilized, and the feature 

representation with rich semantic information can be obtained, so that the model can better learn and distinguish 

texts of low-level categories with similar content. The automatic classification framework based on the 

improved BERT-MLDFA model is shown in Figure 3. 
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Figure 3. Automatic classification framework based on BERT-MLDFA 

Features dynamically fused by muti-layers attention in the BERT-MLDFA model is calculated as in Eq. (1) 

and Eq. (2). 

 

 

Among them,  represents the attention weight of the i-th layer of BERT,  represents the hidden 

state output of the i-th layer of BERT,  represents the output of the hidden state of the i-th layer of BERT 

through Maxpooling1D, C represents fusion muti-layers features based on attention mechanism. 

In this paper, for the attention mechanism layer, the input is the 12-layer parameters of BERT after 

maximum pooling. Different weights are given to the 12-layer parameters based on the attention mechanism to 

fuse the parameters of different layers of BERT dynamically. Combined with the text Surface features, syntactic 

features, and semantic features, fusion feature C can capture the subtle semantic differences between texts with 

high relevance and low discrimination. 

The fully connected layer mainly performs full connection and softmax calculations on the features after 

the attention mechanism layer to obtain the classification probability. In order to prevent the overfitting of the 

model, this paper adopts twice dropouts, and the probabilities of the two dropouts are respectively 0.1 and 0.2. 

And the final result takes the average value after two dropouts as the classification probability as in Eq. (3), 

where p represents the classification probability, W represents the fully connected layer matrix, and b represents 

the bias. 

 

The text classification process based on the BERT-MLDFA model is mainly divided into the following four 

steps. 

First Step: Preprocess the training set and test set text according to the input format of the BERT 

pre-training model, and construct the BERT input; 
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Second step: Initialize the BERT pre-training model weights into the BERT model and randomly initialize 

the attention weights in multi-layers of attention. 

Third step: Input the result of processing the training set text according to step one into the BERT-MLDFA 

model for training, and The model is fine-tuned on the training set to update the weights; 

Fourth step: Input the results of the test set text processing according to step one into the trained 

BERT-MLDFA model for prediction, and obtain the classification result. 

 

4. EXPERIMENTAL DESIGN AND ANALYSIS 

4.1 Experimental materials and evaluation methods 

The experimental objects of this paper are low-lever categories with similar content in CLC. In terms of 

specific category selection, this paper selects two categories, E271 and E712.51. The two categories are under 

the E category of the CLC. From the perspective of textual words, most of the words are similar because they 

are all from army themes. Therefore, E271 and E712.51 are two categories that can better represent many 

similar sub-categories under the same category that are difficult to distinguish using automatic methods. From 

the analysis of the architecture in CLC, in terms of secondary categories, the special category classification table 

of E7 is similar to E2. However, Not exactly the same (this is also the reason why the E2 classification is not 

directly imitated), but the system is very similar. Specific to the two categories of E271 and E712.51, although it 

is not a double imitation in the category system, the theme is the army. The categories are only different in 

regions such as China and the United States. Therefore, they can represent many categories generated by 

subdivision and imitation mechanisms for regions and themes in CLC. In these two categories, the automatic 

classification method of the objective test can be effectively applied to the categories generated by other 

subdivision imitation mechanisms. From the analysis of the rigor of the experiment, it is convenient to compare 

with the results of published papers that used automatic classification methods and to verify the superiority of 

the deep learning method compared to the traditional machine learning method in the aspect of classification 

effect and the effectiveness of the BERT-MLDFA model put forward in this paper. In general, the bibliographic 

information of  E271 and E712.51 are typical experimental objects for the research on automatic classification 

in low-lever categories with similar content in CLC. 

To ensure the principle of openness 

and fairness of the experiment, this paper 

extracted E271 and E712.51 under the 

classification number E (military) in CLC 

from the China Science and Technology 

Journal Database as the data source of the 

experiment. Among them, 616 documents 

in E271 and 1366 documents in E712.51 

were collected. Each document includes 

three parts of information: title, keywords, 

abstract. And there is no intersection 

between the two types of text data sets. 

The text length statistics are shown in 

Figure 4 (the text length includes the left 

endpoint and does not include the right 

endpoint). 80% of the text length is 

concentrated between 50 and 300. 

Figure 4.  Data text length statistics 
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Taking books as an example, even if a large library has 10 million kinds of books (excluding copies), 

among the more than 50,000 categories of CLC, there are on average less than 200 books in each category. The 

research on automatic classification methods with few samples must consider the amount of data that can be 

used in practical applications in the future. To ensure that the experimental results are not affected by 

randomness and unbalanced data, this paper adopts a balanced data set and divides the experimental materials 

into five groups. For each group of experimental materials, 200 documents are randomly selected from E271 

and E712.51 as the training set. To ensure that the texts in the training set and test set are not duplicated, 

randomly select 100 documents from the remaining ones as the test set. Experiments were carried out on five 

groups of experimental materials, respectively. Each group's experimental results were recorded, and the 

average of the five groups of experimental results was taken as the final experimental result. 

To verify the effectiveness of the method proposed in this paper for the classification of categories with 

similar content, this paper calculates the F1 value based on the combination of precision and recall(Sokolova 

and Lapalme, 2009). Since the number of texts in the two categories in the experimental materials is equal, the 

macro-average F1 value (Macro_F1) and the micro-average F1 value (Micro_F1) are consistent, so this paper 

uses the Macro_F1 value to represent the classification effect of the experiment. 

4.2 Experimental environment and hyper-parameter setting 

The experiment in this paper is based on the Ubuntu operating system, the size of the video memory is 16G, 

and the neural network structure is built with the Python programming language and the Torch1.8 deep learning 

framework. In the preliminary experiments, hyper-parameters based on LSTM, CNN, BERT, BERT-MLF, and 

BERT-MLDFA models were determined, including learning rate, batch size, training epochs, max sequence 

length, optimizer, etc. The hyper-parameter setting information is shown in Table 1. 

Table 1. Hyper-parameter setting information 

Hyper-parameter  LSTM,CNN BERT,BERT-MLF,BERT-MLDFA 

learning rate  1e-3 2e-5 

batch size  60 9 

training epochs  30 10 

max sequence length  512 512 

optimizer  Adam Adam 

4.3Experimental results and analysis 

For the binary classification task in low-lever categories with similar content in CLC, this paper sets up two 

groups of comparative experiments. First, E271 and E712.51 of CLC are automatically classified based on deep 

learning methods such as LSTM, CNN and BERT, and then study the advantages of deep learning methods 

compared with traditional machine learning methods such as KNN, NB and SVM; secondly, aiming at the 

failure of BERT to make full use of the semantic information learned at different layers, to capture the subtle 

semantic differences between texts with similar content and further improve the classification effect, the 

parameters of different layers of BERT are dynamically fused based on the attention mechanism. An improved 

BERT model is put forward called BERT-MLDFA model, compared with the BERT-MLF model based on CNN 

to fuse the parameters of different layers of BERT, and then analyze the superiority of the improved method put 

forward in this paper. 

The baseline experiments of the first group of comparative experiments are based on the classification 

effects of traditional machine learning classification algorithms such as KNN, NB, and SVM. Therefore, the 

best results with different parameter combinations in the literature (Li Xiangdong and Ruan Tao, 2018) are taken 

as the baseline experimental results compared with the experimental results based on LSTM, CNN and BERT, 

as shown in Figure 5. 
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Figure 5.  Comparison of the effects of different classification methods 

As can be seen from the results in Figure 5, for the binary classification task in low-lever-categories with 

similar content in the CLC, among the traditional machine learning methods of KNN, NB and SVM, SVM 

performs the best, and the Macro_F1 value is 0.963. Compared with KNN and NB, The Macro_F1 value is 

respectively increased by 0.4% and 2%; Among the LSTM, CNN and BERT, BERT performs best and the F1 

value is 0.980, the Macro_F1 value is increased by 1.4% and 1.6% compared with LSTM and CNN respectively; 

This paper adopts the three deep learning methods, and deep learning methods are overall better than the three 

traditional machine learning methods, and the Macro_F1 value of BERT is 1.7% higher than that of SVM. 

The second group of comparative experiments compares the classification effects of the BERT, BERT-MLF 

and the BERT-MLDFA model put forward in this paper. The experimental results are shown in Figure 6. 

 

Figure 6.  Comparison of classification effects of BERT, BERT-MLF, and BERT-MLDFA models 

As can be seen from Figure 6, the BERT-MLDFA model put forward in this paper performs the best with a 

Macro_F1 value of 0.983. It is 0.3% higher than that of BERT and also 0.2% higher than that of BERT-MLF. 

BERT-MLDFA further launched a sprint to 1, which is close to 100% correct classification compared with the 

effect 0.980 of BERT.At the same time, due to the huge number of CLC, for example, for a large library with 10 

million kinds of books, in the more than 50,000 categories of CLC, even a 0.3% increase may make 30,000 

books classified correctly, which can bring huge time and economic benefits, so it has strong practical 
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significance. 

The following two conclusions can be drawn from the analysis of the above two sets of comparative 

experiments. 

 In the automatic classification of categories with similar content in CLC, the classification effect of the 

deep learning method is better than that of the traditional machine learning method. 

 The improved BERT-MLDFA model put forward in this paper performs the best in the automatic 

classification low-lever-categories with similar content in CLC. When dynamically fusing the parameters of 

different layers of BERT based on the attention mechanism, it can combine the surface features of the text, 

Syntactic features and semantic features, which can capture the subtle semantic differences between texts with 

high correlation and low discrimination. So the superiority of BERT-MLDFA in solving the classification 

problem in low-lever-categories with similar content in CLC is proved. 

 

5.CONCLUSIONS 

The classification task in low-lever categories with similar content is a significant research direction in the 

classification system of CLC. Due to the high degree of correlation and a small degree of distinction between 

texts with similar content, there are only subtle differences in semantic information, which greatly hindered 

automatic classification. Based on the deep learning methods of LSTM, CNN and BERT models, this paper 

takes the bibliographic information of the two categories of E271 and E712.51 in CLC as an example to perform 

binary classifications. The experimental results show that deep learning methods have better classification 

effects than KNN, NB, SVM traditional machine learning methods. BERT performs better than LSTM and CNN 

among the deep learning methods, with a Macro_F1 value of 0.980. Since the different layers of BERT learn 

different semantic information, BERT only uses the parameters of the last layer for automatic classification, 

ignoring the semantic information learned by other layers, to capture the subtle semantic differences between 

texts with similar content and further improve the classification effect, this paper proposes an improved 

BERT-MLDFA model, which dynamically fuses the parameters of different layers of BERT based on the 

attention mechanism, and can perform adaptive weight allocation for key semantic information and noise 

semantic information. The experimental results show that BERT-MLDFA The model can obtain subtle semantic 

differences between texts with similar content, thereby improving the classification effect, and the Macro_F1 

value reaches up to 0.983. Further exploration of the application effect of the BERT-MLDFA model in 

multi-classification with similar content will become the focus of future research. 
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Abstract: Public e-participation has become the main form of triggering policy agenda setting. Accordingly, revealing the key 

factors and internal mechanism of a triggering process is conducive to improving the theoretical system of policy agenda 

setting. This study uses the public e-participation perspective to (1) construct an analysis framework of policy agenda setting 

based on theory of multiple streams, (2) introduce 40 events from 2015 to 2019, and (3) conduct qualitative comparative 

analysis to analyze the trigger factors and paths of policy agenda setting. The setting of policy agenda triggered by public e-

participation is the result of interaction among social issues, participants, and policy outputs. Formation of public opinion 

pressure is the main trigger of policy agenda setting; participation of the public, opinion leaders, and media has a positive 

impact on policy agenda setting; and implementation of policy output plays a decisive role in implementing policy agenda 

setting. Three types of typical trigger paths can be summarized: (1) from “event-driven” to “government response” of event-

driven participation, (2) from “public interaction” to “reaching consensus” of public interaction participation, and (3) from 

“public issues” to “policy outputs” of public opinion output participation. These paths reflect the main mechanism of e-

participation that triggers policy agenda setting. 

 

Keywords: Public e-participation, Policy agenda setting, Qualitative comparative analysis, Theory of Multiple Streams 

 

1. INTRODUCTION 

Policy agenda setting is the first step in transforming social issues into policy issues, and determines which 

issues can be included in the decision-making scope. Given the extensive application of Internet technology in 

public participation, theory of policy agenda setting based on the traditional background has undergone 

corresponding changes[1]. The technological revolution of the Internet has brought unprecedented opportunities 

for public e-participation. Policy agenda setting is gradually shifting from the traditional mode to that of e-

participation[2], which has become the main method for the public to participate in political life and express their 

opinion[3]. Given that the phenomenon of triggering policy agenda setting through e-participation occurs 

frequently, internal and external scholars have conducted an increasing number of studies on policy agenda setting. 

Under a changing network environment, exploring the driving factors and paths that trigger policy agenda setting 

has become a key issue. At present, domestic policy agenda research has mainly concentrated on theoretical 

research, model verification, and local experience summary[4]. The majority of scholars are convinced that policy 

agenda setting means that the government examines and identifies social problems based on the participation of 

multiple subjects, prioritizes policy issues according to a certain criteria, and eventually forms a list of policy 

issues to be solved [5]. Empirical studies have shown that the “pressure-response” mode is the most authentic 

manifestation of China’s current policy agenda setting. This mode’s essence is that pressure forces the public to 

form a consensus with the government, and policy agenda setting is gradually shifting from the pressure-response 

mode to the “consensus building” model[6] [7]. However, existing studies are insufficient in revealing the internal 

mechanisms and paths of how public e-participation triggers policy agenda setting. 

From the perspective of public e-participation, the current study uses theory of multiple streams as basis to 

(1) construct an analysis framework of the influencing factors of policy agenda setting, (2) select 40 events in 

China from 2015 to 2019 as research cases, (3) conduct crisp set qualitative comparative analysis to explore the 

process of public e-participation triggering policy agenda setting, and (4) discover the main factors and internal 

mechanism of public e-participation triggering policy agenda setting to provide reasonable suggestions for the e-

participation mode of policy agenda setting. 
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1.1 Main research perspectives of policy agenda setting 

Social issues continue to emerge, but resources that can be used to address them are limited. Before making 

decisions, the government must make choices among various issues and prioritize addressing important social 

issues. With the extension of public policy in various fields, policy agenda setting has gradually become a research 

hotspot in communication, society, management, and other disciplines. Research on agenda setting originated 

from communication, and scholars in this field have divided agenda setting into media, public, and policy agendas. 

Interaction among the three agendas is inseparable from the role of the environment. Research on policy agenda 

in communication has mainly focused on the interaction and change among the three. Sociological researchers are 

convinced of the difficulty for individuals to directly form policy output in policy agenda setting. Instead, the 

power of social groups and organizations easily attracts the attention of government, which, mainly from the 

research on the overall social structure and group behavior of policy agenda setting, reflects the interaction among 

the public, social issues, and government. Research on policy agenda in the management field has considerably 

focused on the relationship among the key factors affecting policy and overall changing process, with the aim of 

constructing a systematic analysis framework containing various internal factors.  

Studies on policy agenda setting in various fields have their respective emphasis. As the primary step of 

public decision-making, agenda setting plays an important guiding role in public management and decision-

making results. Hence, the current study will further explore the research results of the e-participation mode of 

policy agenda setting and its key driving factors from the management perspective. 

1.2 Research on the mode of public e-participation in policy agenda setting 

With the enhancement of citizens’ consciousness of participation in decision-making, public decision-

making is gradually transforming from elite decision-making to participatory decision-making[1]. The popularity 

and development of the Internet have brought unprecedented opportunities for participatory decision-making, and 

e-participation has become a means for the public to pressure political decision-making[8]. Professor Shaoguang 

Wang first proposed six agenda-setting modes: closed-door, mobilization, internal reference, borrowing, 

application, and external pressure modes[9]. External pressure mode is the most common mode of agenda setting. 

Zhang Hua used the analysis of e-participation forms as basis in summarizing several existing modes: application, 

mobilization, and external pressure modes. Among these modes, external pressure mode has the greatest influence 

on agenda setting. This mode is often caused by negative or catastrophic events, which spread rapidly on the 

Internet and considerably attract the public’s attention, thereby making the pressure reach the peak. Thereafter, 

the government responds to it under social pressure and eventually forms the policy output[10]. According to the 

characteristics of political participation in the Internet era, Jiuhao Fei proposed a markedly intuitive mode of 

netizens’ triggering in policy agenda setting. In this mode, focal events will attract the attention of netizens, whoc 

can reach a common opinion of the issue through online discussions. In the participation process, opinion leaders 

play a mobilizing role in guiding the right public opinion direction, the media track and report the event, and 

eventually form policy suggestions or policies with legitimacy. When the preceding factors happen together, 

policy agenda setting will be triggered. The triggering mode by netizens reflects the commonness of e-

participation mode and has markedly distinctive characteristics of the Internet era[11]. Compared with traditional 

agenda-setting mode, e-participation mode can change the balance of interests between diverse political situations. 

However, e-participation has a relatively negative impact on agenda setting owing to ideological differences 

between the public and government [12]. 

Thus, with the evolution of the policy agenda mode, e-participation has become the core force of policy 

agenda setting. However, there is a lack of deep discussion on how different trigger factors affect internal agenda 

setting. 

1.3 Research on the driving factors of network participation in policy agenda setting 

Qiangbin Li proposed four driving factors of policy agenda setting: events, media, power and rights. He 

found that the forces driving agenda setting are diversified, and agenda setting, in reality, is often the result of the 

joint action of multiple forces[13]. From the perspective of event attribute and attention, Yang Huang studied the 

trigger factors of policy agenda setting, and found that with the superposition effect of focus events, public 

attention to events, mainstream views, and value orientation presented by media promote the policy agenda 

setting[14]. Tianyu Jiang believed that pressure is the main trigger factor of policy agenda setting. When the public 

extensively discusses and focuses on a certain social issue, pressure will be directed at the government, thereby 
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promoting social issues to transform into policy issues and placed in the decision-making agenda[6]. Guohua Wang 

et al. found that specific interest demands are the core conditions to trigger policy agenda. The premise for the 

public and decision makers to reach a consensus depends on the interaction among the focusing ability of the 

focus event, attribute of the issue itself, and decision makers’ belief system, policy agenda setting presented the 

trend from “pressure response” to “consensus building”[7]. 

Note that the existing research has made some achievements in the mode and driving factors of triggering 

policy agenda setting. However, there is lack of deep research on the internal mechanism and paths of e-

participation in triggering policy agenda setting, particularly the lack of deep analysis on the internal mechanism 

of how different trigger factors work together to promote the process of policy agenda setting. Therefore, the 

current study takes 40 events as research object, conducts qualitative comparison analysis to study the trigger 

factors and paths of policy agenda setting, and attempts to provide a theoretical basis for the practice of e-

participation in public decision-making. 

 

2. ANALYTICAL FRAMEWORK 

Kingdon believed that the policy agenda setting is the result of the joint action of various conditions and 

factors under specific situations, rather than the result of some factors acting independently. This joint action 

means the integration of the problem, policy, and political streams. The intersection of the three streams can 

promote the opening of the policy window, thereby providing an opportunity for the policy agenda setting. From 

the e-participation perspective, this study will use theory of multiple streams as basis in analyzing the problem, 

political, and policy streams in detail; and extract the antecedent conditions of e-participation triggering policy 

agenda setting. 

2.1 Problem stream 

Problem stream is the sum of social problems that can attract people’s attention and that the government 

should solve. These social issues are the starting point of agenda-setting, but not all of them can enter the decision-

making field. Focal events can immediately expose and focus issues, attract public attention, promote public 

opinion to reach the peak, and promote the agenda setting process thereafter[7]. Focus events mainly play the role 

of focusing issues, but not all events can make the public form a common experience, thereby forming public 

opinion pressure[11]. Public opinion pressure can trigger agenda-setting by forcing decision makers to respond to 

issues. With the development and popularization of the Internet, the occurrence of focus events is easy to ferment 

into public opinion issues of public concern on the Internet. Netizens’ participation and expression of public 

opinion has become an important force in triggering social public opinion. Internet public opinion represents the 

voice of the majority of the people, which is conducive for the government to understand the public’s overall 

needs. Therefore, the majority of citizens are optimistic to express their interest demands through e-participation, 

enabling the relevant government departments to understand public opinion, thereby promoting the fair solution 

of relevant social issues. However, there will also be some negative effects owing to the limitation of public e-

participation. Therefore, focus events and public opinion pressure will be selected as antecedent conditions in the 

problem stream to trigger agenda setting. 

2.2 Political stream 

Political stream involves the interaction of relevant interest groups and participants in agenda setting, among 

which the key subjects are the public, opinion leaders and the media. Exposure of social issues, participation in 

discussion, proposal of suggestions, and publication of political opinions are the embodiment of public 

participation. Formation of public opinion pressure often requires a high degree of public participation. The public 

is the largest scope and largest number of participants, and the large-scale cluster effect it causes will lead to some 

extreme and even irrational situations. Meanwhile, the leading role of opinion leaders will help bring the public 

mood to the rational direction. Opinion leaders are at the center of social networks, have certain professional 

knowledge, and can express views with correct social value. They are the key force influencing public value and 

action direction, and their leading role in public decision-making cannot be disregarded. The public’s attention to 

issues is short-term and fragmented, which lacks depth of attention to issues. Anthony Tang once proposed in the 

“attention cycle of issues” theory[15] that the public’s attention to issues will immediately enter the subsequent 

fading stage after reaching the peak. If issues cannot be followed up continuously, then they will unconsciously 

fade out of the decision-making horizon. The media can significantly focus on the development process of issues 
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continuously and deeply, and follow up on these issues. 

2.3 Policy stream 

The public has a natural tendency to express interest demands, and the Internet provides a platform for the 

public to express political views and value preferences[15]. When issues involve public interest, the public will 

actively participate in the decision-making process related to their own vital interests and discover the essential 

interest issues from the event, thereby having an effective influence on the policy agenda setting[16]. Whether or 

not social issues can eventually be in the policy agenda setting process often depends on the approval of decision-

making authorities. However, whether or not decision-making authorities can form the approval depends on the 

variety of restrictive factors, such as enforceability of policy suggestions and legitimacy of the network public 

opinion; when all issues form a consistent answer, policy agenda setting becomes the best choice of the decision-

making authorities[11]. 

In summary, the current study extracts seven factors, namely, focus events, public opinion pressure, public 

participation, leader mobilization, media follow-up, interest expression, and decision identification, as anemic 

conditions of the analysis framework (see Figure 1). 

 

Figure 1.  Analysis framework of e-participation triggering policy agenda setting 

 

Table 1.  Case Study 

No. Year Case names  Related policy agendas 

1 2015 Civil servant salary increase   Formulate an implementation plan 

2 2015 Fujian Zhangzhou PX project deflagration  — 

3 2015 lift the two-child policy across the board  Universal two-child policy 

4 2015 Taobao vs. saic  None 

5 2015 
The proposed death penalty for trafficking in   

children is controversial 

 
Article 241 of Amendment IX of criminal Law 
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No. Year Case names  Related policy agendas 

6 2015 Left-behind children in Bijie commit suicide 
 《Opinions on Strengthening the Care and Protection of Left-

behind Children in Rural Areas》 

7 2015 Henan boy lost and starved to death relief station  Establish information linkage mechanism 

8 2015 
Female college student being blackmailed for 

helping the elderly 

 
— 

9 2015 Tianjin “8.12” explosion  — 

10 2015 Qingdao expensive prawns incident 
 《Circular on Further Regulating and Standardizing the 

Order of the Tourism Market》 

11 2016 Zexi Wei incident 
 《Provisions on the Administration of Internet Information 

Search Services》 

12 2016 
Bullying in Zhongguancun No. 2 Primary School 

in Beijing  

 《Law of the People's Republic of China on Administrative 

Punishments for Public Security》 

13 2016 Shenzhen Yixiao Luo incident  

 《 Basic Technical Specifications for Online Public 

Fundraising Information Platforms for Charitable 

Organizations》 

14 2016 
A pediatrician in Shandong province was hacked 

to death by a patient’s family 

 
— 

15 2016 
A cancer-stricken female teacher in Lanzhou 

Jiaotong University has been fired 

 
— 

16 2016 Liaoning election bribery case 
 Measures for selecting members of the special Committees 

of the 12th Liaoning Provincial People's Congress 

17 2016 
PhD student reports fraud in the National GMO 

Testing Center 

 
Rectification within 6 months 

18 2016 
Fengcheng power Plant collapse in Jiangxi 

province 

 
— 

19 2017 
Zhejiang Traditional Chinese Medicine hospital 

infected 5 people with AIDS 

 《Management Of Nosocomial Infection in outpatient and 

emergency medical Institutions》 

20 2017 Shandong degrading mother murder case  — 

21 2017 Ctrip child abuse incident 
 《Shanghai Standards for Setting up Childcare Institutions 

for Children Under 3 Years Old (Trial)》 

22 2017 
Hong Kong graduates disrespecting the national 

anthem  

 
《National Anthem Act》 

23 2017 Child abuse in Red Yellow Blue Kindergarten 
 《 Notice on Further Strengthening the Management of 

Various Kindergartens》 

24 2018 Flight attendant killed in didi taxi late at night 

 《 Notice on Strengthening and Standardizing the 

Management of The List of Targets of Joint Punishment for 

Trust-Breaking in The Taxi Industry (Draft for Soliciting 

Opinions)》 

25 2018 
Yongyuan Cui exposure star Yin and Yang 

contract 

 The Publicity Department of the CPC Central Committee and 

other departments jointly issued a notice to regulate the film 

and television industry 

26 2018 Qingqing bus accident into the river 
 《Notice on Further Strengthening the Operation Safety of 

Urban Buses and Trams》 

27 2018 Gene editing baby incident 
 Plan for The Establishment of National Ethics Committee for 

Science and Technology 

28 2018 High-speed railway “seat hog female” incident 

 《Opinions on Appropriately Restricting Certain Serious 

Trust-breaking People from taking trains within a Certain 

Period of time to Promote the Construction of social Credit 

System》 

29 2018 Experts suggest setting up fertility funds  — 
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No. Year Case names  Related policy agendas 

30 2018 Changchun Changsheng vaccine fraud incident  
 The State Medical Products Administration ordered 

rectification 

31 2018 “Yan Secretary’s daughter” incident  — 

32 2018 Dying to Survive is controversial 
 The Drug Administration Law of the People's Republic of 

China was revised 

33 2019 Zhao Yu’s justifiable defense case 
 The "Zhao Yu voluntary felon-fighting case" was written into 

the Work report of the Supreme People's Procuratorate 

34 2019 
Throwing objects from high altitude is 

punishable 

 《Opinions on Properly Hearing Cases of Throwing and 

Falling Objects from High Places according to Law》 

35 2019 
Forty-six key cities across the country tried 

garbage sorting 

 《 Regulations of Shanghai Municipality on the 

Administration of Household Garbage》 

36 2019 
Kunming University of Science and Technology 

student Li Xincao drowned 

 
— 

37 2019 Chongqing Porsche driver hit incident  — 

38 2019 Dalian “magic child” murder case 
 Draft amendment to the Law on the Prevention of Juvenile 

Delinquency is open to public comment 

39 2019 
Society appeal for legislation on personal 

bankruptcy 

 《 Plan for Accelerating the Reform of the Withdrawal 

System for Market Players》 

40 2019 Shaanxi Benz female owner rights disturbance 

 Xi 'an Market Supervision Administration issued 《The 

Special Rectification of Automobile Sales Market Operation 

Behavior》 

 

3. RESEARCH DESIGN 

3.1 Research method 

Factors that trigger agenda setting by public e-participation are often the result of mutual dependence and 

joint action. Hence, this study chooses qualitative comparative analysis (QCA) to analyze the influence of different 

factors and paths of agenda setting. Traditional linear statistical methods can only analyze the influence of 

independent variables on dependent variables and cannot explain the joint effect of interdependent factors on the 

results. QCA can combine different factors to conduct research in the form of configuration, integrate the 

advantages of qualitative and quantitative research, and help answer the complicated research questions of 

causality[17]. When studying the relationship between antecedent conditions and explained variables, this study 

does not choose the statistical analysis method with independent variables, but uses the qualitative comparative 

analysis method with configuration and aggregate thinking. This method emphasizes the aggregate relationship 

between factor configuration and results and is widely used in the research of agenda setting. QCA can excavate 

heterogeneity among cases and also analyze commonalities among different cases[17]. 

QCA research methods include three categories: clear set QCAs (csQCA), fuzzy set QCA (fsQCA), and 

multivalued QCA (mvQCA). In particular, csQCA is suitable for the analysis of dichotomous assignment type 

variables. This study will use csQCA for research. 

The analysis process of QCA should include two types of interrelated and orderly analysis: conditional 

necessity and combinatorial adequacy analyses. Some scholars have divided the QCA research steps as follows: 

selection of conditions and cases, condition coding and calibration, construction of truth table, condition necessity 

analysis, and condition combination adequacy analysis. This research will use the QCA steps to analyze the factors 

and paths that trigger policy agenda setting under e-participation. 

3.2 Case selection and condition coding 

This study analyzes agenda setting from the perspective of public e-participation, and selects cases from 

network platforms and network resource-base. Social events in the China Internet public opinion analysis report 

released by people’s.com were used as research case base. The cases were verified and supplemented by Yifang 

software, Xinhua net, CNKI, and other mainstream media websites and databases. A total of 40 typical cases from 

2015 to 2019 were selected as research samples (see Table 1) following the principles of comprehensiveness, 
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typicality, consistency, and diversity of case selection. First, cases in the last five years can relatively reflect the 

actual situation of the e-participation in policy agenda setting. Second, since the 19th CPC National Congress, the 

government has been committed to creating a good network environment, constantly enhancing the construction 

of network platform, maintaining a good network environment, creating a good front for e-participation, and 

making the selected cases markedly valuable and meaningful for research. 

Table 2.  Conditional Coding 

 Index names Coding standards Case frequency Index ources 

Antecedent 

conditions 

Focus event Focus event occurs-encoding 1 33 Problem 

stream Public opinion pressure Form public opinion pressure-encoding 1 25 

Public participation High public participation-encoding 1 27 

Political 

stream 
Leader mobilization Leader mobilization occurs-encoding 1 28 

Media follow-up Media follow up process-encoding 1 16 

Interest expression Express interest demands-encoding 1 26 Policy 

stream Decision-making identity Policy and public reach consensus-encoding 

1 

25 

Interpreted results Trigger agenda setting 
Trigger agenda setting successfully encoding 

1 
28 Case 

 

According to the results of case investigation and analysis, antecedent conditions and interpreted results are 

dichotomously assigned. Antecedent conditions are coded according to the actual occurrence (see Table 2). 

Coding standard is whether the condition occurs or exists. The occurrence or existence code is “1” and the other 

codes are “0.” Alternatively, the degree of conditional state is taken as the coding standard, and the average state 

value of 40 events is taken as the critical point. The state higher than the critical value is coded as “1” and the 

remainder are coded as “0.” The interpreted result is the policy agenda setting, and the policy setting often has no 

official document release or reputation. Referring to the coding methods of Guohua Wang, Yang Huang and others, 

this study selects the policy introduction result as the standard for coding, and the event that leads to the 

introduction or change of relevant policies, is coded as “1” and the remainder are “0.” 

 

4. RESULT ANALYSIS 

4.1 Single factor necessity analysis 

Consistency and coverage are two important indicators in explaining the correlation between antecedent 

conditions and interpreted results. Consistency is the sufficient or necessary condition to check whether the 

antecedent condition is the occurrence of results. If the consistency index determined by QCA is above 0.9, then 

it can be regarded as a necessary condition for the occurrence of the results. The consistency index is above 0.8, 

which can be regarded as a sufficient condition for the occurrence of the results. Coverage is the extent to which 

test conditions cover results. The greater the coverage value, the stronger the explanatory power of the conditions 

to the results. The calculation formulas of consistency and coverage are as follows: 

Consistency(𝑥𝑖 ≤ 𝑦𝑖) = ∑[min 𝑥𝑖，𝑦𝑖] / ∑ 𝑥𝑖,                        （1） 

Coverage(𝑥𝑖 ≤ 𝑦𝑖) = ∑[min 𝑥𝑖，𝑦𝑖] /∑ 𝑦𝑖 .                          （2） 

Through the consistency test of antecedent conditions (see Table 3), the consistency index of “forming public 

opinion pressure” is found to exceed 0.9. This result indicates that “public opinion pressure” is a necessary 

prerequisite for e-participation in triggering policy agenda setting. The consistency index of “occurrence of focus 

events” and “decision-making forming identification” exceeds 0.8. This result indicates that “focus events” and 

“decision identification” are sufficient conditions for triggering policy agenda setting. However, the consistency 

of other conditions is below 0.8. This result indicates that the other conditions are insufficient to independently 

affect the policy agenda setting, thereby also verifying that policy agenda setting is often the result of the 
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convergence of multiple streams rather than of a single factor. Therefore, the combination of conditions should 

be analyzed and how they work together to trigger policy agenda setting must be explored. 

Table 3.  Antecedent condition necessity detection 

Conditional factors Consistency Coverage 

Focus event occurs (1) 0.821429 0.696970 

Form public opinion pressure (1) 0.928571 0.742857 

High public participation (1) 0.714286 0.740741 

Leader mobilization occurs (1) 0.750000 0.750000 

Media follow up process (1) 0.464286 0.812500 

Express interest demands (1) 0.642857 0.692308 

Decision forming identity (1) 0.821429 0.920000 

 

4.2 Conditional combination analysis 

Three types of results are produced when the QCA method is used to analyze the adequacy of the combination 

of conditions: complex, intermediate, and reduced solutions. Among them, reduced solution is the solution 

including all logical remainder whose rationality is not evaluated, intermediate solution is the solution including 

the logical remainder in line with the theoretical direction expectation and empirical evidence, while the 

assumption of the logical remainder need to be based on the clear theoretical expectation and conduct appropriate 

counterfactual analysis, otherwise it will affect the judgment and selection of the result. Complex solution does 

not include any logical remainder, and only analyzes the condition combinations in actual observation cases,which 

is the solution obtained by direct analysis according to the actual selected cases and condition results, without the 

interference of the combination of logical remainder and theoretical existing conditions. Since this study has not 

conducted in-depth counterfactual analysis, by referring to relevant high-quality literature, the complex solution 

is selected as the result of combinatorial analysis (see Table 4). Overall coverage of complex solutions is above 

0.9, which indicates that the explanatory power of all combination of conditions for the occurrence of the results 

is over 90%. Moreover, this result indicates that the 40 cases selected have strong empirical research significance. 

The consistency of each combination of conditions and overall consistency are 1, indicating that all combinations 

of conditions constitute sufficient conditions for agenda setting. In-depth analysis of 11 conditional combinations 

displayed by the results of complex solutions indicated that the three conditional combination paths of 

combinations 1, 5, and 8 are relatively typical, and the cases contained in the combination have strong practical 

significance. This study selects three typical combination paths for detailed analysis. 

Typical path 1: Focus events occurs * Form public opinion pressure * High public participation * Leader 

mobilization occurs * Decision-making forming identity 

The original coverage of this path is 46%, indicating that this combination of conditions is the most common 

and representative action path of policy agenda setting, which is manifested as event-driven participation from 

“event driven” to “government response.” This type of e-participation is generally triggered by network focus 

events, and public opinions are formed through the rapid spread of the network. The government will make 

different policy responses according to the ferment degree of the event, thereby forming the mode of “network 

issue-policy issues” of e-participation. In this process, opinion leaders, as representatives of the public, play a 

mobilizing role in participation and lead the issue in the right direction. Hidden social problems behind network 

events form strong public opinion pressure in e-participation, in which network subjects are highly involved and 

form high-quality policy output. When the policy scheme in the policy stream is reasonable and executable, 

decision-making identification can be reached and policy agenda setting can be triggered. The most representative 

case in this path is the “Zexi Wei incident.” Wei’s post on ZhiHu was his experience of being cheated by Baidu 

in search and treatment, which attracted public attention and was shared on Sina Weibo and other online platforms. 

Opinion leaders issued microblogs to call attention to Baidu’s bidding ranking problem, and revealed the hidden 

problems behind the incident. The media’s real-time tracking reports triggered a continuous hot debate among the 
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public, and relevant departments immediately issued relevant laws and regulations. 

 

Table 4.  Analysis results of the combination of conditions 

Nos. Antecedent condition combinations 
Original 

coverage 

Net 

coverage 
Consistency 

1 
Focus events * Public opinion pressure * Public participation * Leader 

mobilization * Decision identity 
0.464286 0.0714285 1 

2 
Focus events * Public opinion pressure * Leader mobilization * Media 

follow-up * Decision identity 
0.25 0.0357143 1 

3 
Public opinion pressure * Public participation * Leader mobilization * 

Media follow-up *~ Interest expression *~ Decision identity 
0.0714286 0.0714285 1 

4 
Focus events * Public opinion pressure *~ Public participation * Media 

follow-up *~ Interest expression * Decision identity 
0.0714286 0.0357143 1 

5 
Focus events *~ Public participation * Leader mobilization * Media 

follow-up *~ Interest expression * Decision identity 
0.0714286 0.0357143 1 

6 
Focus events * Public opinion pressure * Public participation *~ Media 

follow-up * Interest expression * Decision identity 
0.285714 0.0714285 1 

7 

~ Focus events *~ Public opinion pressure *~ Public participation *~ 

Leader mobilization *~ Media follow-up *~ Interest expression *~ 

Decision identity 

0.0357143 0.0357143 1 

8 

~ Focus events *~ Public opinion pressure * Public participation 

*~ ;Leader mobilization *~ Media follow-up * Interest expression * 

Decision identity 

0.0357143 0.0357143 1 

9 

 Focus events * Public opinion pressure *~ Public participation * Leader 

mobilization *~ Media follow-up * Interest expression *~ Decision 

identity 

0.0357143 0.0357143 1 

10 
~ Focus events * Public opinion pressure * Public participation *~ leader 

mobilization * Media follow-up *~ Interest expression * Decision identity 
0.0357143 0.0357143 1 

11 
Focus events * Public opinion pressure * Public participation *~ Leader 

mobilization * Media follow-up * Interest expression *~ Decision identity 
0.0357143 0.0357143 1 

Coverage: 0.928571      Consistency: 1 

 

Typical path 2: Forming public opinion pressure *~ Public participation * Leader mobilization * Media's 

continuous follow-up *~ Interest expression * Forming decision-making identity. 

The combination of conditions in this path is the subject interactive participation from “subject interaction” 

to “reaching consensus.” In this type of participation mode, the government generally presents the public issues 

and, after certain guiding effect, promotes multi-subjects to participate in the discussion of issues and forms the 

situation of interaction and consensus among the multi-subjects. When some social problems exist for a long time 

and need to be changed, the government will take the initiative to guide Internet participants to actively inquire 

about politics, forming the “public issues to public issues” mode of e-participation. In the participation, the public 

gives relatively minimal attention to the issue, and opinion leaders and the media play leading roles. Opinion 

leaders can play a mobilizing role and lead the direction of issues, and the media’s continuous coverage and 

follow-up promote the policy agenda setting. Although the public gives extensive attention and exerts relative 

pressure after a problem emerges, their short-term participation could not lead to a sustained driving force, and 

their published content is mostly emotional catharsis rather than irrational participation. Media and opinion leaders 

can steer issues on the right track and facilitate policy agenda setting through the interaction of multiple actors. 

“Fully liberalizing the two-child policy” is a representative event of this model. The universal two-child policy is 

a social problem caused by the current reality of aging population and low fertility rate, and should be solved 

urgently. In the guidance process of such public issues, the government continuously promotes the process of e-

participation, attaches importance to and recognizes the role of network participants, and promotes interaction 
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among multiple subjects. Participants focus on their respective strengths to promote the continuous improvement 

of public issues and trigger the policy agenda setting. 

Typical path 3: ~ Focus events occurs*~ Form public opinion pressure * High public participation *~ Leader 

mobilization occurs *~ Media’s continuous follow-up * Interest expression * Decision-making forming identity 

This path shows public opinion output participation from “social issues” to “policy output.” The focus effect 

of real emergencies pushes social problems to the peak of public opinion. Moreover, e-participants actively 

express their interest demands, and propose reasonable policies for the realization of public interests and form 

decision-making recognition. The most representative case is the “high-altitude parabolic incident.” There have 

been constant incidents of casualties caused by high-altitude parabolic incidents. In 2019, numerous high-altitude 

parabolic casualties were reported in China. The focus effect of numerous events makes this issue the focus of 

public attention, and public opinion pressure forces the policy window to open. This social issue involved the 

interests of numerous groups. The public expressed their interest demands from an individual perspective. Experts 

and scholars also proposed representative suggestions on this issue. Government departments responded quickly 

and promoted the development of the event. When a social problem exists for a long time and involves the interests 

of social groups, it shows that the problem has certain decision-making significance. Given the reasonable policy 

suggestions and schemes, the best choice of the government is to place the problem on the agenda for decision-

making. 

 

5. CONCLUSION  

From the e-participation perspective combined with theory of multiple streams, this study constructs the 

analysis framework of e-participation triggering policy agenda setting, uses the clear set QCA to analyze the 

trigger factors in the process of e-participation, and finds the typical paths and participation modes of public e-

participation triggering agenda setting. The main conclusions are as follows. 

First, public e-participation has become the key to trigger agenda setting. Its essence is to promote the 

interaction among social issues, participants and policy output. “Public opinion pressure” is a necessary condition 

to trigger agenda setting. Moreover, “focus event” and “decision-making recognition” are sufficient conditions to 

trigger agenda setting. 

Second, event-driven participation from “event driven” to “government response” is the most common and 

representative trigger path for the current e-participation policy agenda setting. Network focus events are the most 

direct factor causing the exposure of social issues. These events can immediately receive public attention and form 

strong public opinion pressure. Multiple participants express their demands in e-participation and eventually urge 

the government to respond to it and form decision-making recognition. 

Third, subject interactive participation from “subject interaction” to “reaching consensus” highlights the 

characteristics of the current participants and the results of the interaction between subjects. The government 

guides the participation and interaction of multiple subjects. The extensive participation of the public has brought 

strong public opinion pressure to the agenda setting. Opinion leaders guide public decision-making to the correct 

value orientation. The media compensate for the fragmentation of public attention and provides sufficient power 

for the policy agenda setting. Interaction among multiple subjects continues to promote the problem into the policy 

agenda setting. 

Fourth, public opinion output participation from “social problems” to “policy output” shows the public’s 

attention to issues related to their own interests and the importance of policy output. When social issues involve 

the interests of most groups, hidden emergencies can immediately attract the attention and participation of 

stakeholders, promote the participants to produce reasonable and feasible policy suggestions, and strong interest 

appeal expression and policy output can maximize the expression of network public opinion. 

This study also has some limitations. First, the cases selected have the characteristics of heterogeneity, and 

the scope of case selection can still be expanded. Second, the collected cases and data are network second-hand 

data, and the accuracy of research variable measurement should be improved. Lastly, research on policy agenda 

setting in this study mostly starts from the e-participation perspective. However, public decision-making is the 

process of interaction between the public and government. Thus, future research should be conducted from the 

perspective of government–people interaction. 
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Abstract: Social media enables the public to learn first aid knowledge conveniently. However, factors facilitating 

individuals to adopt first aid knowledge on social media are unclear. The information adoption model (IAM) has 

been widely used as a theory to explain individuals’ information/knowledge adoption behavior. Prior studies based 

on IAM focused on the effect of cognition but neglected the impact of emotion. This study aims to investigate both 

effects of cognition (e.g., perceived information usefulness) and emotion (e.g., arousal) on first aid knowledge 

adoption and examine their corresponding antecedents. The hypothesized model was validated with a structural 

equation modeling approach using data collected from 375 social media users in China. In addition to identifying the 

antecedents of arousal, the results confirmed the critical role of arousal and its interaction effect with perceived 

information usefulness in facilitating first aid knowledge adoption. This study can extend IAM and health literature 

and suggest practitioners consider emotion during health governance and first aid knowledge popularization. 

 

Keywords: information adoption model, emotion, arousal, first aid knowledge, social media 

1. INTRODUCTION 

Social media has become a novel channel for the public to acquire all kinds of information and knowledge 

[1], including first aid knowledge. Understanding individual’s willingness to adopt first aid knowledge on social 

media will help educators and managers to facilitate first aid knowledge education, and further improve health 

conditions and health literacy of the public. The information adoption model (IAM) is one of the most widely 

used theories in information/knowledge adoption studies [2]. However, most of the existing studies based on IAM 

only focus on the impact of individuals’ cognition (i.e., perceived information usefulness) but neglect the impact 

of emotion. Arousal, an emotional response to stimulus, has been verified to influence individuals' information 

processing and behavior [3]. We propose that arousal may play a vital role in facilizing first aid knowledge adoption 

on social media. Since no research has involved such emotion into the IAM, it is unknown that how emotion and 

cognition work together to determine individuals’ adoption decisions. Moreover, it also remains unclear what 

information characteristics cause emotional arousal in a social media context. Thus, the objective of this study is 

to explore the role of emotion in IAM, explaining individuals’ first aid knowledge adoption and identifying the 

antecedents from an information characteristics perspective. 

2. THEORETICAL BACKGROUND 

The information adoption model (IAM), also named the knowledge adoption model, was proposed by 

Sussman and Siegal [4]to explain factors influencing individuals to adopt a particular message or information. The 

model consists of four core concepts (information adoption, information usefulness, argument quality and source 

credibility), which argues that for information with high argument quality and high source credibility, individuals 

are more likely to elaborate the information as useful and further adopt the information. Although the IAM has 

been extended in diverse aspects, it is limited to the principle that people’s cognition on information usefulness 

determines adoption behavior. However, to our best knowledge, no research has incorporated cognition and 
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emotion in the research model to examine the information adoption with a complete picture. As a state of 

emotional experience, arousal has been addressed playing an essential role in people’s decision-making process 

[3]. From the perspective of information processing and communication, emotional expression plays a vital role in 

stimuli. Research indicated that emotional expression includes two dimensions, verbal cues and nonverbal cues, 

which are examined as antecedents of arousal [5]. 

3. METHODS AND RESULTS 

The data were collected with an online survey delivered in a first aid knowledge learning community on 

Weibo. People who have first aid knowledge learning experience were encouraged to respond to the questionnaire. 

A total of 375 valid respondents were obtained finally. Both nonresponse bias and common method bias were 

examined. We employed the structural equation modeling (SEM) to test the research model and used the Smart 

PLS 3.0 to examine both measurement model and structural model. 

The reliability, convergent validity, and discriminant validity of constructs are all good. Consisting with prior 

research, both argument quality (β=0.264, t=4.792, p<0.001) and source credibility (β=0.516, t=9.941, p<0.001) 

have a significant positive effect on perceived information usefulness. Message vividness (β=0.382, t=10.303, 

p<0.001) and emotional tone (β=0.522, t=12.920, p<0.001) are found to be positively related to arousal 

respectively. In addition, both perceived information usefulness and arousal have significant positive effects on 

knowledge adoption, with path coefficients at 0.432 (t=8.820, p<0.001) and 0.346 (t=7.945, p<0.001), respectively. 

Further, the synergistic effect of arousal and perceived information usefulness is proven to be positively significant 

(β=0.164, t=2.677, p<0.01). Particularly, we examine the mediating effect of arousal and found that arousal 

significantly mediates the effects of message vividness and emotional tone on knowledge adoption.  

4. CONCLUSION AND DISCUSSIONS 

This research has several important implications both in theory and in practice. Theoretically, this study 

extends the information adoption model by incorporating emotional factors (i.e., arousal) and revealing the 

influencing mechanism. Moreover, this study also identifies the antecedents of emotional arousal from the 

perspective of information characteristics, complementing prior research on arousal. Focusing on the issue of first 

aid knowledge learning on social media, this study enriches the existing Information Systems (IS) literature. From 

a practical perspective, the findings can provide specific partitional suggestions on designing first aid knowledge 

on social media. For example, educators and disseminators on social media should notice that information 

usefulness may not be enough to motivate individuals to adopt first aid knowledge, and they should consider 

developing strategies to elicit individuals’ emotions. In addition, the message conveying first aid knowledge is 

expected to contain emotional tones and appear vivid. 
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Abstract: As a new form of e-commerce, live streaming commerce can easily drive consumers to buy impulsively in a short 

period of time, which brings significant benefits to business. By applying Aristotle’s rhetoric appeals, we define the concept 

of e-commerce live streamer’s persuasive ability and distinguish its four dimensions, i.e., logic, expertise, morality and 

emotional contagion. Based on S-O-R paradigm, our study constructs a theoretical model to investigate how live streamer’s 

persuasive ability influences impulsive purchase behavior in live-steaming commerce. The results demonstrate that four 

dimensions of live streamer’s persuasive ability has varying degrees of impact on consumers’ affective reactions, i.e., 

affective trust and perceived pleasure, which in turn leads to their impulsive buying intention. This investigation provides 

both theoretical implications for the literature of live streaming commerce and practical implications for e-commerce live 

streamer. 

 

Keywords: live streaming commerce, e-commerce live streamer, persuasive ability, impulsive buying intention, S-O-R 

paradigm 

 

1. INTRODUCTION 

Live streaming commerce has continued to flourish rapidly over the past few years in China. Live 

streaming commerce is a new form of e-commerce that a live streamer promots or sells products on live 

streaming platform. It represents a considerable evolution of e-commerce, as well as brings significant benefits 

to business. As of June 2021, China’s live streaming commerce users had reached 384 million, accounting for 

38% of the total netizens. Live streaming e-commerce provide consumers with not only vivid and detailed 

product information but also more opportunities for real-time interactions with live streamers. The exciting 

atmosphere in live streaming arouses consumers' positive emotions and drive them to buy impulsively. The 

reasons and mechanism behind this phenomenon have not been fully studied. Previous studies related to user’s 

purchasing behavior in live streaming are mainly carried out from the perspectives of live streaming system[1], 

viewers[2] and interaction[3]. However, most of them only focus on planned purchase behavior.  

In live streaming commerce, product promotion depends on the live streamer's shopping guide ability to a  

large extent, which is mainly reflected in streamer's persuasion ability. Specifically, live stramer’s different 

persuasion styles may result in different viewing experience of consumers. Live stramers’ persuasion could 

stimulate consumer to purchase products, thus promote product sales[4]. The reason for huge sales volume in live 

streaming commerce may lie in consumers' impulsive buying. Previous studies have confirmed that consumer 

emotional factors are an important reason for impulse buying[5]. We hold that live streamer’s persuasive ability 

are very likely to play a pivotal role in affecting consumers' emotional states and finally lead to users’ impulsive 

buying. However, live streamer’s persuasive ability has yet to be systematically defined. Current studies 

investigated the influence of linguistic style on the success rate of crowdfunding[6] and so on. However, these 
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studies merely applied text mining and analysis methods to conduct the research, seldom explored the role of 

linguistic persuasive style using empirical method. The mechanism behind which live streamer’s persuasive 

ability affecting impulsive buying through consumers' affective reactions is still unclear. Our research thus aims 

to investigate what leads to impulsive buying intentions in live streaming from the perspective of live streamer’s 

persuasive ability. 

 

2. THEORETICAL BACKGROUND 

2.1 Aristotle’s Rhetoric Appeals 

Persuasion is a kind of behavior that guides the recipient’s attitude and behavior towards the persuader’s 

intended direction. Rhetoric refers to linguistic skills and strategies for persuasion. Aristotle defined rhetoric as 

“the faculty of observing in any given case the available means of persuasion” and distinguished three modes of 

persuasion: logos (appeal to logic), pathos (appeal to emotions), and ethos (appeal to credibility)[6]. Three modes 

of persuasion represent different persuasion styles. Logos uses logical arguments in the discourse to support 

certain claims. Pathos intends to produce emotions in the audience and ethos is a way to achieve credibility by 

establishing a good personal character. Credibility can be achieved not only by showing ethical characters, but 

also another means such as competence and professionalism. Therefore, different linguistic styles result in 

different persuasion effects. 

Aristotle's rhetorical appeals have been applied to various research areas, such as e-commerce platform[7], 

politics[8], public complaints[9] and online crowdfunding[6]. However, previous studies seldom examine its effect 

in live-streaming commerce. E-commerce live streamer is main introducer of commodity and the vital channel 

for consumers to gain relevant information. They use different linguistic persuasion style to influence viewers' 

attitude, thought, and behavior, which ultimately leads to purchasing. This process fits well with the meaning of 

persuasion, thus we identify e-commerce live streamer’s persuasive ability based on Aristotelian rhetoric. 

E-commerce live streamer’s persuasive ability refers to the skills or strategies of live streamer to persuade 

consumers to buy products through different linguistic styles. We distinguish four dimensions of persuasive 

ability based on Aristotle's three modes of persuasion. Ethos focuses on moral character as well as competence 

and professionalism. Thus, we select morality and expertise correspond to these two aspects respectively. Pathos 

appeal emphasizes the importance of emotional empathy or emotional contagion. So, we take emotional 

contagion to represent Pathos appeal. In live streaming commerce context, logos appeal refers to using 

integrated demonstration structures and rigorous argument ideas to show that products are worth buying. 

Therefore, logic is used to describe this mode of persuasion. Specific definitions of persuasive ability are shown 

in the following table. 

Table 1.  Constructs of persuasive ability 

Aristotle's 

Rhetorical Appeals 
Constructs Definition 

Ethos 

Morality 
Live streamer's ability to show ethical characters and build moral images of 

themselves through linguistic expression. 

Expertise 
Live streamer’s knowledge and experience associated with the goods or 

service transaction conveyed by linguistic expression. 

Logos Logic 
Live streamer’s competence to provide integrated demonstration structure and 

clear argumentation process through logical argumentation. 

Pathos 
Emotional 

contagion 

Live streamer’s ability to activate affective reactions of consumers via 

induction of streamers’ emotion states and behavioral attitudes conveyed by 

linguistic expression. 
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2.2 The S-O-R paradigm 

S-O-R paradigm proposed by Mehrabian and Russell holds that environmental stimuli induces people’s 

internal state (organism), which directs their behavioral response[10]. S-O-R paradigm provides a theoretical 

basis for user behavior research and is widely used to investigate consumer’s impulsive buying behavior in 

e-commerce context[11-13]. 

Stimulus refers to the triggers that induce individual’s perceptions and then influence the response[5]. 

Common stimulus in live streaming include price discount, real-time interaction, etc. Live streamer related 

stimulus have not been fully studied. We select live streamer’s persuasion ability as stimulus variable, which 

contains four dimensions — logic, expertise, morality and emotional contagion. 

The organism is an internal state of an individual which is regarded as an intermediary state between the 

stimulus and responses[5]. It is divided into cognitive reactions and affective reactions. Perceived pleasure and 

affective trust are two common affective reactions that may exert impact on unrational behaviors[14]. 

E-commerce live streaming is a form of online transactions where trust in sellers is a necessary condition to 

facilitate a deal. Online trust refers to consumers' confidence in the ability of online sellers to deliver products or 

services as promised, as well as their subjective expectations for seller’s satisfactory after-sales service. Higher 

level of affective trust leads to higher possibility of consumers adopting seller’s product recommendations[15]. 

The role of affective trust cannot be ignored when considering consumers’ purchasing decisions. During the 

process of online shopping, individual’s positive emotion is a decisive antecedent of users' impulsive purchase 

behavior[16] and pleasure is one of the most typical positive emotions. Therefore, we adopt perceived pleasure 

and affective trust as organism variables in this research. Affective trust is defined as the reciprocal interpersonal 

care and concern or the emotional bond between the consumer and the live streamer[17], while perceived 

pleasure is defined as the extent to which the process of viewing the live streaming and purchasing goods is 

perceived to be enjoyable. 

Response refers to the outcome of consumers’ reactions toward the stimuli and their internal evaluations[5]. 

Previous studies adopted the impulsive buying intention as an alternative to actual impulse purchase behavior[11, 

12]. We also adopt the impulsive buying intention as response variables rather than actual impulse buying.  

 

3. RESEARCH MODEL AND HYPOTHESES 

3.1 Research hypotheses 

3.1.1 Persuasive ability and affective reactions 

Logic refers to live streamer’s competence to provide integrated demonstration structure and clear 

argumentation process through logical argumentation. Logic is an effective way to weed out false information 

and an effective means to dispel rumors[18]. Logical persuasive style help the consumers to gain detailed product 

information such as the price advantage, and grasp sufficient reasons to purchase. It can relieve consumers’ 

anxiety due to information uncertainty and strengthen their preference for the live streamer. By using concise 

expressions to introduce commodity information, live streamer can ensure logical clarity, thus, improve the 

readability of information, and reduce the cognitive efforts of consumers to understand information accurately. 

In this way, consumers will be delighted with relaxing watching experience. Thus, we have the following 

hypotheses: 

Hypothesis 1a. Logic is positively associated with affective trust in live streamer. 

Hypothesis 1b. Logic is positively associated with affective consumers’ perceived pleasure. 

Morality refers to live streamer’s ability to show ethical characters and build moral images of themselves 

through linguistic expression. Leader’s morality is the basis for employees to have emotional trust in him/her[19]. 

In the context of live streaming commerce, moral qualities such as honesty shown in live streamer’s linguistic 
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expression increase consumers’ psychological safety. Consumers believe that live streamers would attach great 

importance to consumers’ benefit and spare no efforts to help them in a sincere manner[20]. These conduce to 

establish an emotional connection between consumers and live streamer, which in turn enhance consumers’ 

affective trust towards the live streamer. Xu et al. confirmed that kindness and sincerity of sellers have a positive 

impact on consumer’s satisfaction[21]. Thus, kindness, sincerity and other moral characters shown by live 

streamer’s linguistic expression could increase consumers’ satisfaction and bring them pleasure. Therefore, we 

have the following hypotheses: 

Hypothesis 2a. Morality is positively associated with affective trust in live streamer. 

Hypothesis 2b. Morality is positively associated with affective consumers’ perceived pleasure. 

Expertise refers to live streamer’s knowledge and experience associated with the goods or service 

transaction conveyed by linguistic expression. Professional knowledge and expertise conduce to build a good 

relationship and increase users’ satisfaction[22]. It may raise relationship quality between users and live streamers 

and strengthen their affective association. Professional introduction of products could improve information 

richness and validity, thus save consumers’ time and efforts on searching goods. It could create a relaxing and 

pleasant shopping experience for consumers. Moreover, accurate and consumer-related commodity information 

will attract consumers’ attention and get them involved in shopping with delight[23]. Hence, we have the 

following hypotheses: 

Hypothesis 3a. Expertise is positively associated with affective trust in live streamer. 

Hypothesis 3b. Expertise is positively associated with affective consumers’ perceived pleasure. 

Emotional contagion refers to live streamer’s ability to activate affective reactions of consumers via 

induction of streamers’ emotion states conveyed by linguistic expression. In order to create appealing 

atmosphere, e-commerce live streamer are likely to display an active and cheerful emotional state through 

linguistic expression. In such climate of high spirits, consumers are easily infected, forming emotional empathy 

and generating positive emotions similar to those of live streamer[24]. In addition, live streamer tends to 

emphasize the pleasant using experience and good efficacy of commodity. Consumers would image the positive 

emotional reward of using product due to live streamer’s description, thus feel pleasant. When consumers view 

live streaming, online celebrities will emphasize his/her close attention to consumer’s demand as well as 

genuine concern for them, in order to gain instant favor and fondness from viewers[25]. Live streaming viewers 

will further strengthen the emotional relationship with the live streamer through care and benevolence they 

perceived, which also ultimately enhances emotional bond between consumers and the live streamer and 

promote affective trust. Therefore, we propose that 

Hypothesis 4a. Emotional contagion is positively associated with affective trust in live streamer. 

Hypothesis 4b. Emotional contagion is positively associated with affective consumers’ perceived pleasure. 

3.1.2 Affective reactions and impulsive buying intention 

The impulse buying literature indicates that positive emotions trigger the unplanned purchase behavior[11, 13, 

16]. Individuals are more likely to conduct impulsive buying or excessive consumption in positive affective 

state[26]. Affective trust reflects a positive emotional relationship in live streaming. If users have emotional 

dependence and connection with the streamers, there will be more satisfaction of the relationship between users 

and live streamers[21]. Users will enjoy the shopping process and be more willing to buy the products 

recommended [25]. Hence, we have the following hypotheses: 

Hypothesis 5. Affective trust in live streamer is positively associated with impulsive buying intention. 

Hypothesis 6. Consumers’ perceived pleasure is positively associated with impulsive buying intention. 

Hypothesis 7. Affective trust in live streamer is positively associated with consumers’ perceived pleasure. 

3.2 Research model 
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Based on the above discussion, the model shown in Figure 1 is constructed to investgate the impact of live 

streamer’s persuasion ability on consumers’ impulsive buying in live streaming commerce. Drawing on S-O-R 

paradigm, we propose that live streamer’s persuasion ability (i.e., logic, expertise, morality and emotional 

contagion) acts as a stimulus that influences the consumer’s affective reactions (i.e., perceived pleasure and 

affective trust), which ultimately affect impulsive buying intention (i.e., the response). 

 

Figure 1. Research Model 

 

4. METHODOLOGY 

4.1 Data collection and demographic analysis 

Our study was not limited to a specific live streaming commerce platform. We chose experienced users as 

the research objects from mainstream platforms in China, such as Taobao, TikTok, Kuaishou, Jingdong, etc. The 

sample was randomly collected through the well-known online survey platform wjx(https://www.wjx.cn/) in 

China. The survey hyperlink was placed online, and only those experienced users were targeted for data 

gathering. Screening questions were included to ensure that all respondents used more than one platform. The 

data were collected in April 2021. A total of 307 respondents participated in this survey, and 13 were excluded 

owing to incomplete or invalid answers, which resulted in a valid sample size of 294. 

Table 2.  Sample Demographics 

Measure Item Frequency Percentage 

Gender 
Male 128 43.5% 

Female 166 56.5% 

Age (years) 

18-25 82 27.9% 

26-35 164 55.8% 

36-45 37 12.6% 

>45 11 3.7% 

Education 

High school or below 4 1.4% 

Two-year or four-year 

College 
270 91.8% 

Graduate or above 20 6.8% 

Live streaming platforms 

Taobao 275 93.5% 

Kuaishou 139 47.3% 

Jingdong 114 38.8% 

TikTok 87 29.6% 

Xiaohongshu 49 16.7% 
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Table 2 shows the demographic information of the subjects. Among them, 57.6% were female and 83.7% 

were aged below 35. The sample profile is consistent with findings from iiMedia Research that users of 

e-commerce live streaming platforms are generally younger and there are more women than men watching the 

livestream. As for the choice of platforms, 93.5% of the respondents used Taobao, followed by Tik Tok (77.6%) 

and Kuaishou (47.3%), which coincides with the current market share of live streaming commerce applications. 

4.2 Measurement development 

The questionnaire contained 7 constructs made up of 22 items. Most measurement items were identified 

from previous literature with minor modifications to fit the context of live streaming commerce. The 

measurements of morality adopted and amended by Zhou[27]. Expertise commitment was measured with items 

adapted from Devon[28]. The measurements of emotional contagion adopted from Shen et al[29]. We have adapted 

items for affective trust from McAllister[30], and items for perceived pleasure from Mehrabian[10]. Impulsive 

buying intention was measured using items adapted from Parboteeah[11]. The measurement of logic was 

formulated by extracting key information through text analysis of online interviews with users. A five-point 

Likert scale ranging from “1-strongly disagree” to “5-strongly agree” was used to measure the items. 

 

5. RESEARCH RESULTS 

We use SmartPLS Version 3.0 for data analysis. Partial Least Squares approach was employed in this study 

as it is a component-based statistical technique for causal modeling. As a structural equation modeling technique, 

PLS analyze the measurement model and the structural model simultaneously in one operation. Why we have 

chosen PLS was also due to the fact that PLS has less stringent sample size and indicator distribution 

requirements than the traditional SEM, such as LISREL approaches. This study conducted a two-step approach 

to conduct data analysis. First, we used confirmation factor analysis (CFA) to assess the reliability and construct 

validity. Second, we used the structural equation model analysis to empirically test the research hypothesis. 

5.1 Assessment of measurement model  

 We assessed the composite reliabilities (CR) of all constructs to evaluate the internal consistency of the 

indicators measuring a given factor. In Table 3, the CR and Cronbach’s alpha of all constructs is above 0.7, 

indicating that the proposed model measures possess sufficient construct reliability. Table 3 showed that the 

standardized factor loadings for different measurement items are above the suggested threshold of 0.70(range 

from 0.756 to 0.936) and average variance extracted(AVE) for all constructs are above the suggested threshold 

of 0.50 (range from 0.663 to 0.837). The results indicate good convergent validity of the measurements. 

Discriminant validity was assessed by comparing the squared root of the AVEs of each construct with the 

correlations between the constructs, which suggest that the proposed model possesses sufficient convergent 

validity. As is presented in Table 3, the squared root values of the AVEs for constructs were greater than the 

correlations between constructs. The results demonstrate satisfactory discriminant validity, which means that all 

of the constructs differ from each other. 

The research data were collected through a single self-reported survey, thus common method variance 

(CMV) was deemed a potential concern in this study. Therefore, we adopt the Harman’s single-factor test. The 

results suggest that no single factor explained most of the variance, suggesting common method bias was 

unlikely to be a serious threat in our study. 

5.2 Analysis of structure model 

The results of the analysis are depicted in Figure 2, which presents the overall explanatory power, the 

estimated path coefficients (all significant paths are indicated with asterisks) and the associated t-value of the 

paths. It is indicated that all our hypotheses were supported with the exception of H2a (morality affects affective 

trust). Impulsive buying intention, affective trust and perceived pleasure was explained by 25.8%, 31.8%, and 
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45.0% variances, respectively. 

The results show that live streamer’s persuasive ability has significant impact on consumers’ affective state. 

Logic is positively associated with affective trust (β = 0.232, p < 0.01) and perceived pleasure(β = 0.114, p < 0.05); 

morality is positively associated with perceived pleasure(β = 0.14, p < 0.05); expertise is also positively associated 

with affective trust (β = 0.164, p < 0.05) and perceived pleasure(β = 0.214, p < 0.001); and so is emotional 

contagion (affective trust: β = 0.210, p < 0.01; perceived pleasure: β = 0.249, p < 0.01). Whereas, the effect of 

morality on affective trust was not statistically significant. Therefore, our results show that the four dimensions of 

live streamer’s persuasive ability each positively impact on consumers’ affective state to varying degrees in live 

streaming commerce. Furthermore, affective trust (β = 0.191, p < 0.01) and perceived pleasure (β = 0.387, p < 

0.001) is positively associated with impulsive buying intention, these findings respectively support H5 and H6. The 

influence of affective trust on perceived pleasure was also supported (β = 0.171, p < 0.01).  Therefore, the results 

confirmed that consumers’ affective state is positively associated with impulsive buying intention. 

In addition, the goodness-of-fit (GOF) measure was employed to measure the model fit degree. GOF is the 

square root of the product ofaverage communality and average R2. The GOF in this study was 0.422, exceeding 

the medium criterion, which demonstrated a satisfactory model fit. 

Table 3.  Results of reliability and validity analysis 

Construct Item 
Standardized 

factor loadings 
Cronbach’s α CR AVE 

Logic (LO) 

LO1 0.860 

0.745 0.855 0.663 LO2 0.806 

LO3 0.774 

Morality (MO) 

ME1 0.821 

0.746 0.855 0.663 ME2 0.792 

ME3 0.829 

Expertise (PR) 

PR1 0.876 

0.846 0.907 0.765 PR2 0.865 

PR3 0.883 

Emotional contagion (EC) 

EC1 0.861 

0.760 0.861 0.674 EC2 0.756 

EC3 0.842 

Affective trust (AT) 

AT1 0.854 

0.841 0.893 0.677 
AT2 0.822 

AT3 0.790 

AT4 0.825 

Perceived pleasure (PP) 

PP1 0.885 

0.902 0.939 0.837 PP2 0.922 

PP3 0.936 

Impulsive buying intention (IBI) 

IBI1 0.873 

0.831 0.899 0.747 IBI2 0.856 

IBI3 0.864 

Table 4.  Results of discriminant validity analysis 

Construct LO MO PR EC AT PP IBI 

LO 0.814       

MO 0.529 0.814      

PR 0.447 0.349 0.875     

EC 0.540 0.517 0.440 0.821    

AT 0.477 0.399 0.398 0.465 0.823   

PP 0.500 0.472 0.492 0.557 0.482 0.915  

IBI 0.299 0.351 0.424 0.468 0.378 0.479 0.864 

Notes: Diagonal elements of the matrix are the square root of AVE, and the lower half of the matrix is the correlation coefficient. 
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 *P<0.05, **P<0.01, ***P<0.001. 

Figure 2.  Results of model evaluation 

 

6. DISCUSSION AND CONCLUSION 

6.1 Conclusion 

Drawing on S-O-R paradigm, this reaserch attempts to make explorations into how e-commerce live 

streamer’s persuasion ability influences consumers’ impulsive buying intention in terms of their affective 

reactions. The results supported most of the proposed hypotheses. The key findings are sumerized as follows. 

E-commerce live streamer’s persuasion ability has a significant impact on consumers’ affective reactions 

including affective trust and perceived pleasure. The effect of emotional contagion is the most remarkable. It 

indicates that presenting a happy and excited state with strong emotional words in live-streaming is the most 

effective way to promote impuluse buying. Morality has no significant effect on affective trust. It implies that 

moral characteristics like integrity are posteriori truths, live streamer can’t gain consumers’ trust in their moral 

characters only by linguistic expression. Although live streamers emphasize their good moral characters such as 

honest, these expressions are not convincing when lack of factual basis. Consumers would believe a live 

streamer indeed have good morals only when they confirm the fact that he/she can provide good products and 

after-sales service. Consumers’ affective trust in live streamer and perceived pleasure all have positive impacts 

on their impulsive buying intention, which confirms that impulsive buying behaviors are mainly driven by 

consumers’ positive emotions and is consistent with findings of Adelaar[13]. Besides, we find that the association 

between affective trust and impulsive buying intention is partially mediated by perceived pleasure. This result 

reveals the intrinsic mechanism of affective trust’s influence on impulsive buying intention, which further 

refines Chen’s study[14] and expands its research scenarios.  

6.2 Implications for theoretical research 

This study may contribute to the existing literature in the following two important ways. First, we apply 

Aristotle’s rhetorical appeals to the e-commerce live-streaming, propose the concept of e-commerce live 

streamer’s persuasive ability and distinguish its four dimensions, including logic, expertise, morality and 

emotional contagion. It extends the application scenarios of Aristotle’s rhetorical appeals and provides a more 

diversified perspective for further studies on e-commerce live streaming user behaviors. Second, we investigate 

consumers’ impulsive buying behavior in live-streaming commerce from the perspective of live streamer’s 

persuasive ability based on S-O-R paradigm. It reveals the triggering mechanism of consumers' impulse buying 

behavior in live-streaming commerce, extends the influencing factors research in e-commerce impulse buying, 
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and provides a new way for researchers to understand comsumer impulse buying. 

6.3 Implications for practice 

The findings of this research provide some valuable guidance for the cultivation of e-commerce live 

streamer’s persuasive ability. First, in view of the significant impact of emotional contagion on consumers' 

affective response, it is recommended that e-commerce live streamers strengthen their emotional appeal through 

rhetorical skills such as metaphors parallelism, etc. and create a cheerful live-streaming atmosphere with 

emotive tone. Second, due to the positive influence of logic and expertise to the consumers’ affective reaction, 

live streamers should prove necessity of purchasing based on commodity information like quality and so on, so 

as to ensure an integrated argument structure. They should also use concise expressions to introduce the 

products to ensure a clear argumentation process. Live streamers ought to learn more about commodity, such as 

brands and components. Furthermore, a professional selection team is needed to conduct a comprehensive 

analysis of commodity features so as to help live streamers to provide more abundant, complete and effective 

commodity information. At last, morality exerts the least impact on affective response. E-commerce live 

streamers should reduce the frequency of showing moral characteristics through linguistic expression and avoid 

using reputation to guarantee the quality of products.  

6.4 Limitations and future researches 

The research has several limitations to be improved. First, we only took the impact of consumers’ positive 

emotions on impulsive buying behavior into consideration without any negative emotions such as sadness, 

empathy, fear, etc. Second, we used the questionnaire survey, so the impulsive buying intention couldn’t 

translate into the actual behavior in reality. The further research can adopt consumer laboratory experiments to 

further verify the intrinsic mechanism of impulsive buying behavior in live-streaming commerce. 
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Abstract: The rapid development of social media services has broadened the way people share emergency information 

during a social crisis. However, this also raised an issue of unverified and emotional rumors mongering. This paper extracted 

discrete emotions based on the Pleasure-Arousal-Dominance (PAD) emotional state model, and examined the differential 

effects of eight discrete emotions (sadness, disgust, fear, anger, gratitude, joy, surprise, like) on rumor-mongering during the 

COVID-19 crisis. We empirically tested the hypotheses by analyzing data collected from online citizens' engagement of 

rumor events on Sina Weibo. The findings show that emotions such as fear, anger, disgust, and surprise significantly affect 

rumor-mongering. In addition, the impact of sadness, like, joy and gratitude on rumor-mongering, is not significant. These 

findings contribute to a better understanding of the vital role of emotions in rumor-mongering during a social crisis. 

 

Keywords: COVID-19, Rumor Theory, Discrete Emotion, PAD emotional state model, Social Crisis 

 

1. INTRODUCTION 

The rapid development of social media services and mobile devices has drastically changed the way people 

create, distribute, and share emergency information during a social crisis [14]. Social media is superior to 

mainstream media in the convenience, speed, and breadth of information dissemination during social crises. For 

example, when coronavirus disease 2019 (COVID-19) broke out, many people shared their emergency 

information on their mobile devices, which spread quickly and gained wide attention on social media. However, 

this raised another issue: the uneven quality of information generated by online citizens on social media may 

contain many emotional unverified rumors. For example, on January 31, 2020, some media reported a rumor 

that the Shuanghuanglian oral liquid has an inhibition effect on the novel coronavirus. This rumor evokes public 

emotions (e.g., anger, disgust, and fear), leading to a wide range of rumor spreading. Subsequently, 

Shuanghuanglian-related products in domestic pharmacies were quickly sold out online and offline. The spread 

of emotional rumors caused public panic and market chaos, disturbed the normal life order, and even affected 

the stability of society [6]. Therefore, it is essential to explore how emotions impact rumors mongering on social 

media services during a social crisis. 

The majority of literature examining the factors of rumors diffusion on social media focus on the following 

three aspects: user-based factors (e.g., verified identity, numbers of followers and followees, and registration 

time), propagation-based factors (e.g., number of comments, retransmission, network, and temporal feature of 

information diffusion), and content-based factors (e.g., embedded URLs, videos, pictures, hashtags) [8][10]. 

Recently, sentiment in the message is also considered an essential factor that may affect the transmission 

process[15]. Several studies have utilized sentiment factors of posts (positive and negative) to investigate rumors 

diffusion on social media.  

However, the transmission of emotional content may not be driven solely by polarity; apart from being 

positive or negative, emotions also differ on the level of physiological arousal or activation they evoke. 

According to Berger and Milkman, even two emotions with the same valence may have different effects on 
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sharing if they induce different arousal levels [2]. Take anger and sadness for example, although the valance of 

both emotions is negative, anger might increase diffusion (because it is featured by high arousal), while sadness 

might actually decrease diffusion (because it is featured by low arousal). During a social crisis, a variety of 

public emotions may lead to widespread rumors. Therefore, it is meaningful and important to explore whether 

the effects of different discrete emotions on rumor-mongering exist subtle differences.  

For these reasons, the current work attempts to fill this research gap by addressing the following research 

question: 

RQ: How do discrete emotions affect rumor-mongering on social media during a social crisis? 

This study has several contributions to both theory and practice. First, we enrich the literature on emotion 

and rumor by highlighting the vital role of discrete emotions based on the Pleasure-Arousal-Dominance(PAD) 

emotional state model in rumor-mongering on social media during a social crisis. Second, the findings provide 

insights into discrepancies in the effects of discrete emotions on rumor-mongering around pleasure, arousal, and 

dominance dimensions of emotional states. Third, our findings can also provide guidelines for the platform 

supervisor to identify and control rumor diffusion on social media. 

The rest of this work is organized as follows. Section 2 provides a literature review, including 

misinformation sharing and the existing emotion research. Section 3 presents the research model and proposes 

our research hypotheses. Section 4 depicts our methodology, including data collection, data coding, and data 

analysis. Section 5 describes the discussion. Section 6 discusses the conclusion and future work. 

 

2. LITERATURE REVIEW 

2.1 Rumor theory and social crisis 

Rumor-mongering is a collective and impromptu behavior of seeking and exchanging information among 

citizens to control social tension and solve crises. It represents a collective, cooperative action by community 

members to provide, evaluate and interpret information to reach a consensus on uncertain situations, reduce 

social tensions, and solve collective crisis problems. In the early literature on social psychology, Allport and 

Postman defined a rumor as a specific (or topical) proposition for belief, passed along from person to person, 

usually by word of mouth, without confirmation or certainty with respect to their facticity [1]. According to 

Rosnow, rumors are public communications that reflect private assumptions about how the world works and an 

effective way to help us cope with our anxieties and uncertainties. In this paper, we rigorously define a rumor as 

the unverified information during circulation that is officially confirmed to be false after a period of time. Since 

its birth, rumors have included the dynamics of communication around common issues in the community; In 

practice, the generation and dissemination of rumors are inseparable. Therefore, this paper uses rumor, rumoring, 

and rumor-mongering interchangeably to highlight the relevance and dynamic nature of rumor. 

The early study about rumor-mongering can be traced back to the World War II period. In their seminal 

work on rumor transmission from mouth to mouth, Allport and Postman formulate the number of rumors in 

circulation as the importance of the subject to the person concerned times the ambiguity of the proof with 

respect to the topic at issue, in other words, importance and ambiguity are the two main drivers of rumor 

transmission. Later, many studies focus on the improvement of this rumor transmission formula[1]. For example, 

Chorus showed that individual characteristics are also an important factor in disseminating rumors, so critical 

sense is added to the formula. Rosnow systematically summarizes the four main factors that affect the 

generation and spread of rumors: general uncertainty, personal anxiety, outcome-related involvement, and 

credulity, which further promote the development of rumor theory. 

By analyzing Twitter data from three different crisis events, Oh O et al. introduce anxiety, source ambiguity, 

content ambiguity, personal involvement, and directed messages to explain rumor-mongering on Twitter during 
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social crises [10]. Clearly, anxiety and personal involvement reflect the level of importance, source ambiguity, 

and content ambiguity reflect the level of ambiguity, while directed messages are regarded as a proxy for social 

influence, it further emphasizes that these two factors play an important role in rumor transmission. Based on 

this work, Liu et al. modified the model slightly, kept anxiety, personal involvement, content ambiguity 

unchanged, increased two extra variables sender's credibility and attractiveness in the new model, to interpret 

rumors retransmission on tweets [8]. Kwon et al. investigated the propagation of the rumors on Twitter from the 

perspective of the user, linguistic, network, and temporal feature, specially, they found that linguistic features 

are powerful and stable predictors of rumor. 

However, these studies mainly focus on the cognitive factors of rumor-mongering. Although a few studies 

have found that some emotions, such as anxiety, have an important impact on rumor-mongering, there is a lack 

of systematic research on the relationship between discrete emotions and rumors mongering on social media 

during a social crisis. Thus, the present work aims to provide new insight into rumor-mongering by examining 

the effects of discrete emotions. 

2.2 Emotion literatures on social media 

Emotion represents a number of psychological states that contain subjective experience, expressive 

behavior (e.g., facial, bodily, and verbal), and peripheral physiological responses (e.g., heart rate and respiration). 

Emotion can refer to not only a feeling or mood, but also an attitude or viewpoint. There are two main research 

streams proposed to classify various emotions. One regards emotions as distinct states, such as Ekman's six 

basic emotions, such as joy, surprise, anger, fear, disgust, sadness [5]. The other conceptualizes emotions as 

different dimensions, such as pleasure (also called valance), arousal (also called activation), and dominance, like 

the Pleasure-Arousal-Dominance emotional state model [9] or Russell's circumplex model of emotion [11]. 

Specially, eight basic emotions were defined in Plutchik's wheel of emotions model, and their relationship was 

described. Last but not least, based on the previous studies [13], Ekkekakis defined an integrated framework 

called emotion's hierarchical structure model by combining the state-based and dimension-based classification 

methods of emotions. 

Nowadays, sentiment analysis methods are increasingly applied to social media content analysis to analyze 

emotions. According to Pang and Lee, sentiment analysis is also called opinion mining, which copes with the 

computational treatment of opinion, sentiment, and subjectivity, especially in text. So far, most studies about 

sentiment analysis mainly focus on a bipolar level, namely, computing the emotional polarity (e.g., positive, 

negative, and neutral) in the text. For example, Bollen et al. studied whether the collective mood states derived 

from the large-scale Twitter feed are related to the value of the Dow Jones Industrial Average (DJIA) over time 

by using two mood trace tools, namely OpinionFinder that measures positive vs. negative mood and 

Google-Profile of Mood States (GPOMS) that measures mood's six dimensions (calm, alert, sure, vital, kind, 

and happy). Stieglitz and DangXuan examined whether sentiment in social media content correlates with users' 

information sharing online behavior under the background of political communication. Likewise, by estimating 

a dynamic panel data model[15], Rui et al. found that the positive Twitter WOM is associated with higher movie 

sales, whereas the negative Twitter WOM is correlated with lower movie sales. Although the bipolar analysis 

(positive or negative) method is likely sufficient for some studies. However, treating emotions in more 

fine-grained way provides us with a more nuanced perspective to increase our understanding of the phenomena 

to be studied. Recently, there have been several literature based on the discrete emotions method, such as online 

content virality[2]; perceived helpfulness of online review[18][3]; but it is relatively limited.  

In conclusion, existing studies have proposed some systematic classification frameworks for emotions, but 

the empirical research on emotions on social media mainly focuses on the dimension of pleasure (positive and 

negative), and there is less research on the dimensions of arousal and dominance. Furthermore, during a social 
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crisis, a variety of public emotions may lead to widespread rumors. However, limited research utilizes different 

discrete emotions to examine rumors spread on social media during a social crisis. So this paper aims to fill this 

gap by examining how discrete emotions based on the PAD emotional state model affect rumor-mongering on 

social media. 

 

3. RESEARCH MODEL AND HYPOTHESIS 

3.1 Identifying discrete emotions during social crisis 

The Pleasure-Arousal-Dominance(PAD) emotional state model, proposed by Mehrabian and Russell [9], is a 

model to express diversification emotions. It has three dimensions, including pleasure (Pleasure-unpleasure, 

representing the positive and negative states of emotions), arousal (Arousal-non-arousal, representing the level 

of physiological activation), and dominance (Dominance-non-dominance, representing the dominance of the 

environment). Using the PAD emotional state model can effectively measure and explain people's emotional 

states [12]. 

Based on the basic emotional model of Ekman and Plutchik, we selected eight basic discrete emotions 

(sadness, disgust, fear, anger, gratitude, joy, surprise, like) during social crises, which correspond to eight 

different emotional states in the three-dimensional emotional space of the PAD emotional state model. For 

instance, fear includes low pleasure, high arousal, and low dominance; surprise includes high pleasure, high 

arousal, and low dominance; anger includes low pleasure, high arousal, and high dominance. Table 1 shows our 

selected independent variables. 

Table 1.  Independent Variables of Discrete Emotions 

Pleasure/Arousal/Dominance P (Low) P (High) 

A (Low) 
Sadness (P-A-D-) Gratitude (P+A-D-) 

Disgust (P-A-D+) Joy (P+A-D+) 

A (High) 
Fear (P-A+D-) Surprise (P+A+D-) 

Anger (P-A+D+) Like (P+A+D+) 

Notes: +, - represents the high or low levels of the dimension. For example, P-A+D- means that fear is an emotion with 

low pleasure, high arousal, and low dominance. 

3.2 Discrete emotions on rumor-mongering 

Sadness is viewed as a negative emotion that evokes uncertainty about the situation and perceives no 

control over the consequences. It reflects an extremely unpleasant state of being, such as the feeling of loss, 

despair, grief, helplessness, and sorrow. According to Berger and Milkman, although sadness and anger are all 

negative emotions, anger may increase spread (because anger is characterized by a high-arousal emotion), while 

sadness may actually decrease spread (because sadness is characterized by a low-arousal emotion)[2]. In the 

context of the COVID-19 crisis, one may reveal sadness when his friends or relatives suffer from the epidemic. 

The more sadness a message contains, the less likely it is transmitted. This leads to the following hypothesize: 

H1: The level of sadness contains in messages during a social crisis has a negative effect on rumors 

(mongering). 

Disgust is an emotional response of revulsion to something considered offensive, distasteful, or unpleasant. 

It is experienced primarily in relation to the sense of taste (either perceived or imagined), and secondarily to 

anything which causes a similar feeling by sense of smell, touch, or vision. Based on the literature on rumor, 

Bell and Sternberg found that urban legends are more likely to be spread if they evoke great disgust. Vosoughi et 

al. indicated that false information that evokes fear, disgust, and surprise spread significantly farther, faster, 

deeper, and more broadly than actual stories that reflected sadness, joy, and anticipation [16]. The more disgusted 

a message is, the more likely it is shared. Consequently, we hypothesize: 
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H2: The level of disgust contains in messages during a social crisis has a positive effect on rumors 

(mongering). 

From the point of emotional dimension, Allport and Postman suggested that rumor is a justification process 

to alleviate one's emotional tension by telling a story to gain acceptance from the audience. Therefore, the more 

fear a person is, the more likely he/she is to spread rumors. The conclusion is consistent with the pioneer rumor 

study on the social crisis, after the great earthquake, fear was aroused to an intense degree, which further caused 

people's emotional instability, when this emotional instability reached a certain degree, a large variety of rumors 

grew with remarkable rapidity and spread widely. This is also the case with the situation of the COVID-19 crisis. 

Based on these findings, and considering the uncertain and apprehensive nature of the COVID-19 crisis, we 

hypothesize the following: 

H3: The level of fear contains in messages during a social crisis has a positive effect on rumors (mongering).  

Anger is often seen as an emotion that triggers engagement. For example, by analyzing the data set of all 

online New York Times's most emailed articles over a three-month period, Berger and Milkman find that articles 

that evoke high-arousal positive (awe) and negative (anger, anxiety) emotions are more likely to be shared than 

low-arousal (sadness) emotion. In another study about the emotion sharing of the cancer community on Twitter, 

the authors find that the presence of anger increased the likelihood of retweeting. Following these findings, we 

hypothesize that: 

H4: The level of anger contains in messages during a social crisis has a positive effect on rumors 

(mongering).  

Finally, we expect the emotion of gratitude is also associated with information sharing. Gratitude is 

featured by a feeling of thankfulness, gratefulness, and appreciation for life in response to either someone 

helping you or simply toward the positive things in your life. Septianto et al. show that the emotional appeals of 

pride and gratitude increase consumers' willingness to spread word-of-mouth about sustainable luxury brands on 

social media. During the COVID-19 crisis, the messages that express gratitude can promote the 

self-enhancement of an individual and behave prosocially in the future. The more gratitude a message contains, 

the more likely it is shared, thus, we suggest the following hypothesize: 

H5: The level of gratitude contains in messages during a social crisis has a positive effect on rumors 

(mongering). 

Joy usually refers to happiness, a general positive emotion, and emerges from cheerful situations 

(Fredrickson 2009). The studies conducted by [2]; Eckler and Bolls indicate that, in a more concrete way, content 

that conveys pleasant emotion (e.g., joy) increases the chance of virality. More recently, Wang and Wei found 

that joy is positively related to retweeting about the emotional content of the cancer community. In the context 

of the COVID-19 crisis, the share of joyful messages can effectively alleviate the psychological tensions of 

people. The more joyful a message is, the more likely it is retweeted. Thus, we suggest the following 

hypothesize: 

H6: The level of joy contains in messages during a social crisis has a positive effect on rumors (mongering). 

Surprise occurs when a startle response is experienced by people as a result of an unexpected event. In a 

study of identification and emotions experienced after a celebrity cancer death, the authors found that if an 

individual reported a high degree of identification, surprise, or anger, they are more likely to participate in social 

sharing than those who did not. In another study, the authors indicated that, in the Benign dataset, for every 

increase in the emotion surprise, the tweets were more likely to be shared than tweets without surprise, while in 

the Malicious dataset, the tweets that contain surprise were less likely to be retweeted than tweets without 

surprise. In the context of the COVID-19 crisis, surprise can motivate people to explore the situation, this could 

usually take the form of seeking relevant information that can help them have a better understanding of the 
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situation and the epidemic through various channels (e.g., TV, broadcast, social media, etc.). The more surprise a 

message contains, the more likely it is to spread. Consequently, we hypothesize: 

H7: The level of surprise contains in messages during a social crisis is positively associated with rumors 

(mongering). 

The literal meaning of like is a fondness for something or someone. In this paper, the emotion of like is 

defined as the set of other common positive emotions except for joy and gratitude, such as like, love, hope, etc. 

Take hope for example, in a work on cancer information diffusion on Sina Weibo, the authors showed that the 

effect of hope emotion on virality was significant, besides, the emotion of fear, hope, personal 

experience-relevant content, and the number of followers were positive and significantly associated with the 

number of comments received. Myrick et al. applied a content analysis method to examine the relationship 

between emotional expression and online social support in tweets about cancer. They showed that hope had a 

positive effect on information giving. Under the background of the COVID-19 crisis, despite the epidemic has 

caused a heavy psychological blow to the public, they also hope and believe that the fight against the epidemic 

will be successful and everything will get better in the end. This is also the case with other positive emotions 

that are classified as like. The more like a message contains, the more likely it is shared. Based on these findings, 

we hypothesize: 

H8: The level of like contains in messages during a social crisis is positively associated with rumors 

(mongering). 

3.3 Control variables 

To make the estimation more convincing, we added control variables that may affect the dependent variable. 

We include the following three categories:  

(1) user features, including gender, verified identity, Weibo number of followers and followees', member 

level, Weibo level, social ties, and personal involvement [10];  

(2) propagation features, including retransmission, equipment, time span (Stieglitz and Dang-Xuan 2013);  

(3) content features, including hyperlink [14], plaintext, hashtags, quote, source ambiguity, and content 

ambiguity [10]. 

The research model of our study on rumor-mongering is represented in Figure 1. 
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Figure 1. Research Model 
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4. Research Methodology  

4.1 Data collection 

Since we focus on rumor-related messages engaged by online citizens on Sina Weibo during the COVID-19 

crisis, it is necessary to select an influential rumor. We selected one of the most influential rumors "Does 

drinking alcohol protect you against COVID-19? (喝酒能预防新型冠状病毒？)", because it was refuted by the 

following four major Rumor Verification Platform at home and abroad: China internet rumor refuting platform1; 

Myth busters of world health organization2; Tencent's jiaozhen platform3; Dingxiangyuan4. We apply python 

web crawler to collect Weibo messages by using the keyword "New coronavirus (新型冠状病毒)" and "alcohol 

(酒)" from January 21, 2020, to September 1, 2020. We collected a total of 24927 Weibo messages and removed 

the unrelated data. Finally, 1487 Weibo messages were left for subsequent analysis. 

4.2 Coding scheme 

The manual coding method was a mainstream method for measuring emotions and rumors [2]. Given we 

needed to measure the more fine-grained discrete emotions, the accuracy of manual identification is higher than 

that of machine identification [4]. Thus, we used the manual coding method in this paper. We invited two native 

Chinese-speaking, well-trained coders to encode each Weibo message (N=1487) independently to examine the 

effects of sadness, disgust, fear, anger, gratitude, joy, surprise, and like on rumor-mongering.  

According to Oh O et al.[10], we coded the dependent variable rumors mongering. If the meaning of Weibo 

messages backed the rumor "Does drinking alcohol protect you against COVID-19", we coded supported as "1" 

(rumor-mongering occurred), while if the meaning of Weibo messages refuted the rumor, we coded supported as 

"0" (rumor-mongering did not occur). We also coded the independent and control variables according to our 

coding scheme. Two well-trained coders who are native Chinese speakers independently coded all Weibo 

messages to examine the intercoder reliability. Cohen’s kappa Values was reported as 0.92 (rumor-mongering), 

0.89 (sadness), 0.74 (disgust), 0.99 (fear), 0.80 (anger), 0.92 (gratitude), 0.73 (joy), 0.76 (surprise), 0.82 (like), 

0.70 (source ambiguity), 0.83 (content ambiguity), 0.89 (personal involvement), 0.91 (hyperlink), 0.80 

(plaintext), which were acceptable.  

4.3 Data analysis and results 

Due to the dichotomous nature of most variables, we used logistic regression to test our model. Firstly, we 

performed the Spearman rank test on all independent and control variables. The results showed that the 

coefficients between some variables were more than 0.7, indicating collinearity that may severely distort model 

estimation and subsequent prediction. We gradually removed the redundant variables until the coefficient 

between any two variables was less than 0.7. We then formulated the logistic regression equation as follows; as 

shown in this equation, we compared those Weibo messages that supported rumor with that messages that did 

not monger the rumor. Among the control variables, followees' number, member level, Weibo level, 

retransmission, and time span are continuous variables, other variables are all binary variables. We finally run 

logistic regression to test our hypothesis. The results are presented in Table 2. 

 

                                                           
1 http://www.piyao.org.cn/ 
2 https://www.who.int/emergencies/diseases/novel-coronavirus-2019/advice-for-public/myth-busters 
3 https://vp.fact.qq.com/home 
4 https://ncov.dxy.cn/ncovh5/view/pneumonia_rumors 
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As shown in Table 2, the results of the regression analysis indicate a good model fit, as  = 740.01 

( ), the hypotheses related to disgust (H2), fear (H3), anger (H4), and surprise (H7) are supported. A 

comparison of the regression coefficients shows that disgust is the most important factor, anger is the next most 

important factor. However, the effects of sadness, gratitude, joy and like on rumor-mongering are insignificant 

(H1, H5, H6, H8).  

Table 2. Results for hypothesize testing 

Variables B Std. Error Sig. Exp(B) Hypothesis 

IVs 

sadness 1.005 1.669 .547 2.732 H1 Not Supported  

disgust 3.838 .351 0 46.413 H2 Supported 

fear 1.318 .535 .014 3.734 H3 Supported 

anger 3.632 1.218 .003 37.797 H4 Supported 

gratitude .947 1.151 .41 2.579 H5 Not Supported 

joy -.985 .53 .063 .374 H6 Not Supported 

surprise 1.373 .459 .003 3.947 H7 Supported 

like .228 .293 .436 1.256 H8 Not Supported  

CVs 

content ambiguity -.535 .534 .316 .585   

personal involvement -2.232 .348 0 .107   

hyperlink 1.364 .364 0 3.911   

hashtag .281 .208 .178 1.324   

quote 1.221 .213 0 3.39   

gender -.209 .173 .227 .811   

verified 1.333 .243 0 3.794   

followees’ number 0 0 .541 1   

member level .137 .041 .001 1.147   

weibo level .012 .006 .046 1.012   

retransmission 0 .002 .983 1   

equipment -.868 .244 0 .42   

location -.797 .357 .026 .451   

time span -.027 .005 0 .974   

constant -11.522 2.602 0 0   

Model Fit =740.01, df = 22 (p < .001) 

Notes: IVs = Independent Variables; CVs = Control Variables; O = Opposite. 

 

5. DISCUSSION 

5.1 Key findings 

Our results support four of our hypotheses. Specially, the emotions of disgust, anger, fear, surprise are all 

the vital contributing factors that caused rumors (mongering). This implies that, during a social crisis, Weibo 

messages filled with high-arousal emotions such as fear, anger and surprise are more likely to be 

rumor-mongering. The results are consistent with the previous research [2][16]. From the three dimensions of the 

PAD emotional state model, individuals with low pleasure and high arousal emotion are more likely to 

rumor-mongering, which is also consistent with previous studies [2]. However, the effects of emotions with high 

dominance on rumor-mongering are uncertain. 
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5.2 Theoretical and practical contributions 

This study mainly develops a discrete emotional model to explain the driving factors of rumor-mongering 

on social media during the COVID-19 crisis, which has important implications for research. Existing research 

on rumor seldom considers emotional factors, while this study enriches previous rumor-mongering literature by 

illuminating the importance of discrete emotions. Our model explains how different discrete emotions based on 

the PAD emotional state model affect rumor-mongering within social media during the COVID-19 crisis. Our 

empirical tests show different emotions have differential effects on rumors (mongering) across pleasure, arousal, 

and dominant dimensions. Our study also provides a novel insight for future studies to examine 

rumor-mongering.  

After the COVID-19 crisis, the propagation of various rumors on social media may generate many negative 

effects on our society. For example, it may quickly spark people's panic, change public opinion, weaken public 

trust in governments, so it is meaningful and necessary to figure out why rumors monger. Our study results 

provide a novel perspective for platform supervisors to control rumors during a social crisis, that is, to identify 

the emotional content embedded in messages. If a message is charged with low pleasure and high arousal, 

especially for disgust, anger, fear, and surprise, it is more likely to be a rumor-mongering. This result provides 

guidelines for the platform supervisor to identify and control rumor diffusion on social media. 

 

6. CONCLUSION & FUTURE WORK 

Based on the theory of rumor spread and the PAD emotional state model, we developed and empirically 

tested a model of rumor-mongering on social media during the COVID-19 crisis. From the discrete emotional 

perspective, we found subtle differences between the effects of different discrete emotions on rumor-mongering, 

which further deepened our understanding of the critical role of emotions on information diffusion. 

To improve the generalization of our study, it makes more sense to verify whether our research results can 

be replicated in other social media platforms, such as Twitter, Facebook, etc. In addition, we only study the 

emotional expression of a type of rumor event; future work can focus on the relationship between different 

discrete emotions and rumor-mongering across various rumor events. Finally, we mainly employ a manual 

coding method to measure our variables, machine learning methods can also be adopted to verify the results in 

the future. 
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Abstract: This article aims at investigating the influence mechanism of central route factors which guided by negative 

emotions and peripheral route factors that reflect social environment on the willingness of social media users to disclose 

negative emotions. By applying the Elaboration Likelihood Model (ELM), combined with use and satisfaction theory, a 

theoretical model to investigate social media users' willingness to disclose negative emotions is developed and an empirical 

analysis is conducted. The findings indicate that disclosure of negative emotions in social media is the result of joint 

decision-making through dual (personal and social environmental) persuasive paths and is mediated by two psychological 

needs, in which need for negative emotional expression shows a positive effect while need for impression management 

exhibits a negative effect. Among the central route factors, the intensity of negative emotions gives positive impact on need 

for negative emotional expression and negatively affects the need for impression management, in turn promoting negative 

emotional disclosure intention, while the negative emotion regulation ability has the opposite effect. As the peripheral route 

factor, social support positively affects the need for negative emotional expression, negatively affects the need for impression 

management, and finally lead to negative emotional disclosure intention. The influence of emotional support is relatively 

more significant. Limitations and implications for both research and practice are discussed. 

 

Keywords: negative emotional disclosure, need for negative emotional expression, need for impression management, social 

support, negative regulation ability 

 

1. INTRODUCTION 

In recent years, social media has all developed rapidly, the total number of global social media users has 

reached 4.2 billion [1]. With the widespread use of social media, self-disclosure on social media has become 

more and more frequent. As a special form of self-disclosure, emotional disclosure is more concerned with the 

expression and communication of personal emotional experience. As "Microblog Tucao" has become annual hot 

word, people tend to disclose their emotions on social media platforms instead of talking to relatives and friends 

around them. The negative emotional disclosure behavior in social media is considered to be closely related to 

psychological health problems such as depression and anxiety [2]. Understanding the behavioral rules of negative 

emotional disclosure in social media is helpful to find anxiety, depression and other psychological problems in 

time by social media. Besides, it also guides us to make use of social media to help people with frequent 

negative emotions.  

Currently, many researchers have studied the behavior of self-disclosure [3]. However, emotional disclosure 

is an irrational behavior as it is under the effect of emotions. So, compared with general self-disclosure behavior, 

negative emotional disclosure is driven by emotional characteristics, thus existing research findings cannot be 

directly applied to explain the negative emotional disclosure behavior. Empirical studies on emotional disclosure 

are still limited. Only a few researchers have studied it but they didn’t distinguish the factors of positive and 

negative emotional disclosure [4][5]. Thus, the factors that play a leading role or have a key influence on users' 

negative emotional disclosure in social media have not been explored in depth. In addition, most of the existing 

studies use a single perspective to conduct researches, either from a individual level [6] or a social level [5]. The 
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factors and mechanisms that trigger the negative emotional disclosure are still not clear. The willingness to 

disclose negative emotions will inevitably be affected by emotional factors at the individual level. And the 

climate of social media will also assist the formation of the willingness to disclose negative emotions to some 

extent because in a friendly and warm atmosphere people tend to be more willing to express and communicate. 

In addition, user’s behavior in social media is driven by certain psychological needs [7], and use and gratification 

theory may help us to understand these behaviors from the perspective of needs and motivations. Besides, an 

individual's psychological needs are affected by multiple factors, especially emotion-related factors. Negative 

emotional disclosure is a behavior under negative emotion state. Currently, no existing studies have conduct 

study on how emotional states affect users’ needs and motivations and thus to promote emotional disclosure 

behaviors. The needs and motivations in negative emotional states lack of accurate definitions and the paths of 

how they affect negative emotional disclosure remain unclear. Thus, we adopt Elaboration Likelihood Model 

(ELM), use the dual (individual and social environmental) persuasive paths and combined with use and 

gratification theory to investigate users’ negative emotional disclosure in social media. 

 

2. LITERATURE REVIEW  

2.1 Negative emotional disclosure in social media 

Emotional disclosure behavior was explored originally in psychology. Many studies in psychology focus 

on the relationship between emotional expression and stress, well-being and interpersonal relationship, and 

indicate that emotional disclosure behavior is closely related to personal life status and need for interpersonal 

relationship [7][8]. Negative emotion as it has great significance for mental health, especially attract lots of 

attention in psychological research area [2][7]. 

Some researchers have conducted studies on emotional disclosure behavior in social media. H.Lin et al [5] 

discussed the influence of social network characteristics on emotional disclosure behavior through the impact of 

psychological needs. But they didn’t consider the differences of expression needs when people are under 

different emotion states. Pentina et al [4] investigated the influence of social support and personality on positive 

and negative emotional disclosure in Facebook and real life. However, they didn’t consider the particular factors 

in negative emotion situation. Cho et al [6] found the influence of unexpected negative events, the state of 

negative emotions and personalities on negative emotional disclosure intention, and pointed out that negative 

emotional disclosure is a behavior of seeking help. Although these scholars have studied the user's negative 

emotional disclosure behavior, its influence path is relatively simple, and the path of how personal and social 

factors affect users' negative emotional disclosure is still unclear. All above, it needs us to further explore the 

behavioral mechanism of negative emotional disclosure in social media. 

2.2 Use and gratification theory 

 Use and gratification theory explains people's behavior of using media from the perspective of people's 

psychological motivations and needs [9]. It was widely applied in the studies of user behavior in web media such 

as social network and virtual community [10]. Based on the use and gratification theory, users won’t disclose 

themselves actively in social media unless they are driven by certain needs and motivations, such as social 

identity, self-expression, entertainment and so on [10]. The study of H.Lin et al [5] Indicated that users' emotional 

disclosure on social network sites is driven by need for emotion expression and need for impression 

management. Use and gratification theory helps us understand users’ behavior in social media from the 

perspective of personal needs and motivations. In our study, negative emotional disclosure in social media could 

be understood as the behavior of users in order to satisfy their needs in negative emotional state. According to it, 

we consider that the related psychological motivations and needs are the precursors of negative emotional 

disclosure intention.  
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3. RESEARCH MODEL AND HYPOTHESES  

The Elaboration Likelihood Model (ELM) was originally developed to understand the processing of 

persuasive messages from a social psychology perspective [11]. It states that individual processes information and 

changes attitude follows two routes, the central route and the peripheral route [11]. Some researches indicate that 

users' behaviors in virtual communities are influenced by dual routes [11]. The motivation of social media users 

to disclose negative emotion not only comes from the core factors that directly related to negative emotion, but 

also is affected by auxiliary environmental factors related to disclosure experience. Therefore, Elaboration 

Likelihood Model is also suitable for our research scenario. 

Based on the Elaboration Likelihood Model, we classify the factors that affect users' disclosure of negative 

emotions in social media into central route cues and peripheral route cues. Central route cues refer to the 

negative emotional characteristics on individual level. The peripheral route cues refer to the social factors in 

social media. Thus, a research model is developed as shown in Figure 1 to investigate the factors which may 

predict an individual’s negative emotional disclosure intention in social media. In this section, the key 

components of the research model and their interrelationships are addressed. 

3.1 Psychological needs 

According to use and gratification theory, emotional disclosure is related to two psychological needs: need 

for emotional expression, and need for impression management [5]. Need for emotional expression refers to the 

tendency to share emotions with others, while need for impression management refers to the motivation to 

convey a favorable self-image to others [5]. Emotion disclosures explored in previous literature have not 

distinguished the directions of emotions, i.e., positive and negative. To fit our research scenario, we define 

emotional need for expression as the need for negative emotional expression, which refers to the tendency of 

individuals to pour out negative emotions to others, and this tendency is closely related to the individual's 

negative emotional state. In addition, impression management needs are expressed as inhibitory needs in 

negative emotional state. 

Under the effect of negative emotion, people tend to have emotion venting and desire an emotional "outlet" 

[2][7]. This impulse to vent and the desire to confide is the need for negative emotional expression. As use and 

gratification theory states, the stronger the need is, the stronger the intention of behavior accordingly to satisfy 

this need will be. Therefore, we have the following hypothesis: 

H1: Users' need for negative emotional expression is positively related to their negative emotional 

disclosure intention in social media. 

People are always concerned about impression management when they are in public. Social media is a 

public platform for self-presentation. Emotional disclosure can be used as a strategy for impression management 

[5]. Since the public always prefers positive over negative things, sharing positive emotions can lead others to 

have a good impression of oneself, while sharing negative emotions may harm self-image [5]. For example, who 

display negative emotion frequently may give others the impression that one is incapable of self-control and 

emotion regulation. People with high need for impression management are always more concerned about the 

image they convey to others, hoping to establish a positive impression, but more afraid of being known about 

something negative of them. Therefore, people with high need for impression management are less willing to 

disclose negative emotion in social media. We have the hypothesis: 

H2: Users' need for impression management is negatively related to their negative emotional disclosure 

intention in social media. 

3.2 Central variables: negative emotional factors at personal level  

Factors related to negative emotions at personal level may exert strong impact on their negative emotion 

disclosure behavior [6]. Descriptions of individuals are often combined with personal experiences and personal 
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characteristics [6]. So, we use the intensity of negative emotions that he/she is experiencing to reflect someone’s 

negative emotional experience and use the negative emotion regulation ability to measure individuals’ trait that 

related to negative emotions. Personal differences under negative emotional states bring about different 

psychological responses to negative emotions [8], which in turn lead to differences of negative emotional 

disclosure intention in social media. 

People's behaviors and psychological responses are related to their emotional state [8]. As a typical response 

to negative emotions, tendency to express negative emotions would be affected by negative emotional state [8]. 

The intensity of negative emotions is often used to reflect someone's negative emotional state at a certain 

moment [12]. The stronger the intensity of negative emotions is, the stronger the need for venting is, because 

when people are feeling particularly bad, they often need to confide in others for sympathy and support, thus 

releasing pressure and alleviating negative feelings. Therefore, we propose the hypothesis: 

H3a: Intensity of negative emotions is positively related to need for negative emotional expression. 

Psychological researches have indicated that self-esteem of individuals with severe negative emotions will 

decrease. And then it will lead to giving up self-management, and even the trend of self-abandonment [2]. For 

example, individuals with depression always tend to be unconcerned about their appearance, often look like 

unkempt and haggard. Thus, someone trapped in stronger negative emotions is more likely to get depravation, 

and have less motivation to manage self-image. In addition, people become more impulsive when they are 

caught in strong negative emotions [2], so they would be less considerate of the potential effects of negative 

emotional disclosure, such as possible damage to their image. Therefore, negative emotions can affect 

someone's need for impression management. We propose the hypothesis: 

H3b: Intensity of negative emotions is negatively related to need for impression management. 

Emotion regulation ability has been intensively studied in mental health field. In psychology, emotion 

regulation ability can weaken a series of responses to emotions, such as impulsive tendency, expressing desire 

and so on [8]. According to the definition of emotion regulation ability in psychology [13], we define negative 

emotion regulation ability under our research context as the ability of someone to control and regulate negative 

emotion in order to alleviate the psychological responses to negative emotions. People with strong ability to 

regulate negative emotions may adjust the way they think about negative situations to weaken the response of 

negative emotions like need for negative emotional expression. In addition, such people are always able to 

stabilize their mentality, consider negative experiences and deal with negative emotions correctly. Thus, they 

have a high level of life enthusiasm and self-motivation, as well as the awareness and motivation of self-image 

management. Therefore, we have the following hypotheses: 

H4a: negative emotion regulation ability is negatively related to need for negative emotional expression. 

H4b: negative emotion regulation ability is positively related to need for impression management. 

3.3 Peripheral variables: environmental factors at social level 

The social climate in social media platform would affect users’ behavior intention to some extent [14]. 

Usually, people disclose their negative emotions for help and support [4]. Social support creates a friendly and 

warm expression atmosphere on social media platform, making people more willing to disclose their negative 

emotions. Online social support commonly refers to information exchange and emotional interactions within a 

virtual space [14]. Therefore, we regard informational support and emotional support as two dimensions of social 

support on social media platforms. 

Informational support is the type of support that offers people with advice, guidance, or useful information 

to help them solve problems, generate new ideas, or make good decisions [14]. If users can often get effective 

advice and help through a social media platform，they will be more confident on others’ benevolence, integrity, 

and ability on that platform. Further, they will be more likely to believe that they will get effective help from 
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others on the platform after disclosing negative emotions. Under this belief, the tendency of users expressing 

negative emotions will be stronger. In addition, if users can often benefit from others' suggestions and opinions 

on a platform, they will be more inclined to recognize the value of the platform and believe the platform is 

helpful for them. It will also promote their needs to express negative emotions on that platform. 

Emotional support refers to the provision of empathy, concern, caring, love, understanding, or 

encouragement given by others, which let the recipient feels he/she is valued [14]. It is easy to understand that if 

users can often get cares and supports from others on a social media platform, they will subconsciously think 

that other users on the platform are kind and sympathetic, and will understand, sympathize and comfort them 

after they disclose their negative emotions. Under this subconsciousness, users will more believe that expressing 

negative emotions is necessary for them.  

Individuals with low self-esteem, self-confidence and self-identity are often not satisfied with their 

self-image, doubt themselves and are afraid of being hated or looked down upon by others. Therefore, they want 

to make efforts to convey their positive sides to others in the hope of getting recognized and praised [3]. 

Emotional support can enhance individuals' self-esteem, self-confidence and self-identity [3][15], thus reduce the 

need for impression management. In addition, users who lack a sense of belonging on social media platforms are 

also more concerned about their image and how others think of them [3]. People are always franker and more 

open in a cordial and familiar environment. Social support, both informational support and emotional support, 

can enhance users' sense of belonging on a social media platform [3], thus enhance users' need for negative 

emotional expression and reduce their need for impression management. All above, we propose the hypotheses: 

H5a: Social support (informational support and emotional support) is positively related to need for negative 

emotion expression. 

H5b: Social support (informational support and emotional support) is negatively related to need for 

impression management. 

 

Figure 1.  Research model 

 

4. RESEARCH METHODOLOGY 

4.1 Data Collection 

In recent years, disclosing emotions through Microblog has become a relatively common phenomenon. 

Some researches on social media have also shown that people are more likely to disclose negative emotion on 

Microblog than on WeChat and Qzone [16]. The monthly active users and daily active users of Sina Microblog in 

2020 reached 511 million and 224 million in China [17]. Therefore, we choose Sina Microblog as a representative 

example for investigating the negative emotional disclosure intention in social media. We first evaluated the 
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clarity and propriety of the questionnaire using a pilot test. Overall, the questionnaire was regarded as concise 

and easy to complete. The distribution and collection of questionnaires are conducted on a online platform 

called “Questionnaire Star”. The invalid questionnaires were filtered out, and the remaining 305 valid 

questionnaires were filled with personal real feelings. All 305 respondents are Microblog users, among which 

144, accounting for 47.2%, often vent their negative emotion through Microblog. 

Table 1.  Measurement scale 

Constructs Items Source 

Need for negative 

emotional 

expression 

NEE1 I need to display my negative emotions to other people. 
Han 

Lin et 

al [5] 

NEE2 When I'm experiencing negative emotion, I want to cry in front of other people. 

NEE3 I can't hide my negative emotion. 

NEE4 When I’m experiencing strong negative emotion, I need to express them outwardly. 

Need for 

impression 

management 

NIM1 I want to look like I am positive. Han 

Lin et 

al [5] 

NIM2 I want a praise. 

NIM3 I want to look better than others. 

Intensity of 

negative emotions 

INE1 I feel bothered. 

Cho et 

al [6] 

INE2 I feel angry. 

INE3 I feel irritable. 

INE4 I feel sad. 

Negative emotion 

regulation ability 

NERA1 When I'm feeling bad, I have no trouble controlling my actions. 
Preece 

et al 

[13] 

NERA2 When I'm feeling bad, I can control my urges to do risky things. 

NERA3 When I'm feeling bad, I have strategies to help get rid of that feeling. 

NERA4 I change the way I’m thinking about the situation to feel less negative emotion. 

Informational 

support 

IS1 On the MicroBlog, some people would offer suggestions when I needed help. 
Jun 

Chen 

[14] 

IS2 
When I encountered a problem, some people on the MicroBlog would give me information 

to help me overcome the problem. 

IS3 
When faced with diffificulties, some people on the MicroBlog would help me discover the 

cause and provide me with suggestions. 

Emotional support 

ES1 
When faced with difficulties, some people on the MicroBlog expressed concern and 

sympathy in my well-being. 
Jun 

Chen 

[14] 
ES2 When faced with difficulties, some people on the MicroBlog comforted and encouraged me. 

ES3 When faced with diffificulties, some people on the MicroBlog are on my side with me. 

Negative emotional 

disclosure intention 

NED1 I would disclose my negative feelings on MicroBlog. 
Han 

Lin et 

al [5] 

NED2 I would often disclose my negative feelings on MicroBlog. 

NED3 I will continue to disclose my negative feelings on MicroBlog in the future. 

NED4 I am willing to disclose my negative feelings on MicroBlog. 

 

4.2 Measures 

All measures used in this study have been validated and used in prior studies. Minor changes in the 

wordings were made so as to fit the current research context. There are no existing measures for “Need for 

negative emotional expression” and “Negative emotion regulation ability”. So, in this study, we adapt the 

measures of “Need for emotional expression” and “Emotion regulation ability” from prior studies, combining 

with negative emotion situation for them. The specific measures of each variable are shown in Table 1. As this 

study was conducted in China, the questionnaire was translated into Chinese first, and then a backward 

translation method was used to ensure the consistency between the Chinese and the English version of the 

questionnaire. Respondents were asked to recall a recent negative emotional experience and respond based on 

their feeling at that time. Measurements for all the constructs were phrased on a five-point Likert scales, 

anchored from “1=strongly disagree” and “5=strongly agree”. 
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4.3 Demographic analysis  

The Demographic Statistics is shown in Table 2. Among the respondents, 46.5% of them were male and 

53.5% were female. A large majority of the respondents (85.2%) were aged between 18 and 35. According to the 

User Development Report in 2020 released by Sina Microblog in March 2021, Microblog users continue to 

show a younger trend [17]. Among them, post-90s and post-00s account for nearly 80%, and more female users 

than male users. It can be seen that the samples of this study generally conform to the basic characteristics of 

MicroBlog user groups. 

Table 2.  Demographic statistics 

 Characteristics number percent 

gender 
male 142 46.5% 

female 263 53.5% 

age 

<18 1 0.3% 

18-25 46 15% 

26-35 214 70.2% 

>36 44 14.5% 

Education 

Secondary School 9 3% 

Diploma/Higher diploma 272 89.1% 

Graduate/Post graduate 24 7.9% 

Profession 

Student 20 6.5% 

Member of enterprise 231 75.8% 

Others 54 17.7% 

 

5. RESULTS 

5.1 Measurement model 

The measurement model was examined in terms of convergent validity and discriminant validity. 

Convergent validity can be assessed by examining the composite reliability(CR) and the average variance 

extracted(AVE). A composite reliability of 0.70 or above and an average variance extracted of more than 0.50 

are deemed acceptable. As shown in Table 3, all measures exceed the recommended thresholds, with the 

composite reliability ranges from 0.841 to 0.935, and the average variance extracted ranges from 0.640 to 0.791. 

In addition, the Cronbach Alpha of each measure is above 0.70, indicating that the measurement model has 

satisfactory internal consistency. Discriminant validity of the reflective constructs was assessed by a criteria: the 

square root of the average variance extracted for each construct should be greater than the correlations between 

that construct and all other constructs. Table 4 presents the correlation matrix of the constructs and the square 

root of the average variance extracted for each construct. The results demonstrate satisfactory discriminant 

validity of the measurements. 

Table 3.  Construct reliability and validity 

Constructs AVE CR CA 

Need for negative emotional expression (NEE) 0.708 0.907 0.863 

Need for impression management (NIM) 0.791 0.919 0.867 

Intensity of negative emotions (INE) 0.700 0.903 0.857 

Negative emotion regulation ability (NERA) 0.652 0.882 0.822 

Informational support (IS) 0.640 0.841 0.720 

Emotional support (ES) 0.700 0.873 0.782 

Negative emotional disclosure intention (NED) 0.783 0.935 0.908 

（Note: AVE=Average Variance Extracted; CR=Composite Reliability; CA=Cronbach Alpha） 
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Table 4.  Correlation between constructs 

 NEE NIM INE NERA IS ES NED 

NEE 0.841       

NIM -0.561 0.889      

INE 0.439 -0.274 0.837     

NERA -0.412 0.364 -0.201 0.807    

IS 0.479 -0.294 0.243 -0.042 0.800   

ES 0.600 -0.348 0.183 -0.192 0.534 0.837  

NED 0.633 -0.597 0.318 -0.283 0.413 0.404 0.885 

（Note: The bold numbers in the diagonal row are square roots of the average variance extracted.） 

 

5.2 Structural model 

Figure 2 presents the overall explanatory power, the estimated path coefficients (all significant paths are 

indicated with asterisks), and the associated t-value of the paths. Test of significance of all paths were performed 

using the bootstrap re-sampling procedure. A large proportion of the variance in negative emotional disclosure 

intention (55.4%) were explained in this model. In addition, this model also accounted for 57.4% of the variance 

in need for negative emotional expression and 25.5% of the variance in need for impression management. 

 

Figure 2.  PLS analysis results (Note: *p < 0.05; **p < 0.01; ***p < 0.001; N.S: not significant) 

The results demonstrated that the need for negative emotional expression and need for impression 

management exerts strong impact on users' negative emotional disclosure intention in social media. The need for 

negative emotional expression has a significant positive effect on negative emotional disclosure intention with a 

path coefficient at 0.537, Yet the need for impression management has a significant negative effect on negative 

emotional disclosure intention with a path coefficient at -0.296, which is consistent with our expectation. 

In the central route, as we expected the intensity of a negative emotion exerts strong positive impact on the 

need for negative emotional expression and negative impact on the need for impression management, with path 

coefficients at 0.265 and -0.145, respectively. At the same time, negative emotion regulation ability shows its 

negative influence on the need for negative emotional expression and positive influence on the need for 

impression management, with path coefficient at -0.270 and 0.293, respectively.  

In the peripheral route, two dominant types of social support, informational support and emotional support, 

all positively affect the need for negative emotional expression with path coefficients at 0.177 and 0.423 

respectively, but negatively affect the need for impression management with path coefficients at -0.147 and 

-0.186 respectively. It can also be seen from the results that the emotional support plays a more significant role 

in the two psychological needs than informational support.  
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6. DISCUSSION AND CONCLUSIONS 

6.1 Discussion of key findings  

Understanding the negative emotional disclosure behavior in social media has important guiding 

significance for social media operation and social mental health construction. This study represents an initial 

attempt to explore users’ negative emotional disclosure behavior from dual persuasion path perspective. A 

research model built on the Elaboration Likelihood Model and use and gratification theory is empirically tested. 

The proposed hypotheses are all supported and key findings are as follows. 

Users’ negative emotional disclosure intention in social media is directly affected by two psychological 

needs. Need for negative emotional expression plays a facilitating role which is generally consistent with the 

research of [5]. While different from his findings, need for impression management exerts an inhibitory effect. 

This result reveals the ambivalence of individuals experiencing negative emotions that they tend to disclose their 

negative emotions in social media for solace, but also fear that the disclosure may damage their self-image. 

Both central factors (the intensity of negative emotions and negative emotion regulation ability) and 

peripheral factors (social support) exert significant impacts on users’ negative emotional disclosure intention 

through the mediating effect of two psychological needs. In the central route guided by negative emotions, 

individuals who experience strong negative emotions have strong negative emotional expression needs, but 

weaker impression management needs, which makes them more willing to disclose negative emotions. This 

result is consistent with [6]. The results also indicate that individuals with stronger negative emotion regulation 

ability have weaker need for negative emotional expression and stronger need for impression management, so 

they are more reluctant to disclose negative emotions. This result states that strong negative emotions can cause 

changes in people's psychological state, which make people impulsive or trigger depraved tendencies. In the 

peripheral route guided by social climate, social support has a significant positive effect on their need for 

negative emotional expression and a significant negative impact on their need for impression management. This 

result also agrees with the research finding of [4] that social support promotes emotional disclosure and makes a 

supplementary study on the specific mechanism of this promotion. In addition, we find that compared to 

informational support, emotional support plays a more significant role in triggering negative emotional 

disclosure behavior. 

6.2 Implications for research 

This study may contribute to the existing researches in the following ways. First, distinguish the 

self-disclosure behavior and build a research model for the context of negative emotional disclosure. Moreover, 

in order to fit our negative emotional scenario, we define the need for negative emotional expression and 

negative emotion regulation ability and adapt their related measurements based on the general definition and 

measurements of the need for emotional expression and emotion regulation ability in prior literature. It will be 

helpful for future research on negative emotional disclosure behavior. Second, this study investigates the 

behavioral mechanism specific to negative emotional disclosure in social media, enriching the theoretical 

system of self-disclosure behavior. In addition, different from previous research findings, we find that intensity 

of negative emotions and social support influence negative emotional disclosure intention through the mediating 

role of psychological needs. Third, this study adopts the ELM model as the framework to reveal the influence 

mechanism of negative emotion subject level and peripheral environment level on social media users' 

willingness to disclose negative emotions in a "dual path" approach. It helps to understand users' negative 

emotional disclosure behavior in social media more comprehensively, and makes up for the deficiency of 

negative emotional disclosure behavior research in social media.  

6.3 Implications for practice 

The findings of this research are also useful for practice. Firstly, it guides social media vendors to improve 
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their operating mechanisms, increases user activity, and enhances users’ stickiness. Secondly, it helps users to 

understand the behavior mechanism of negative emotional disclosure, guides users to vent negative emotions in 

social media properly in order to maintain mental health and increase well-being. Thirdly, it is helpful to better 

understand the social psychological significance of negative emotional disclosure in social media environment, 

provide guidance for using social media strategies to find and solve mental health problems. Specific 

suggestions are as follows. 

First, social support can play an important role in facilitating individual’s negative emotional disclosure. 

We argue that social media vendors could extract the characteristics of the content posted by users, and find 

groups of users with similar characteristics. Then, enhance the content exposure to users with similar experience 

and consistent values on the principle of not violating users’ privacy settings. So that users have more 

possibilities to get agreement and support. In addition, based on the important role of emotional support, social 

media vendors should provide users with more means for emotional interaction, such as one-click interaction to 

express emotional support such as "like" etc, so that users can easily show their emotional understanding and 

concerns to others. Second, two psychological needs are the main drivers of negative emotional disclosure, need 

for negative emotional expression plays a facilitating role while need for impression management exerts an 

inhibitory effect. We suggest that individuals could learn some skills and strategies of to regulate negative 

emotions, such as changing the way of thinking about problems, to reduce the need for negative emotional 

expression, then avoid depression. However, if individuals experience severe negative emotions and have no 

way but disclose outwardly, they could review the social support they have received from social media to 

improve the self-confidence and self-identity, reducing the need for impression management. In this way, 

individuals could guide themselves to release negative emotions through social media effectively to avoid 

depression. Finally, being in a negative emotional state and lack of negative emotion regulation ability is the 

starting point of individuals’ negative emotional disclosure behavior. We suggest that on the one hand, provide 

supportive and warm environment for them, especially emotional care through social media for them. On the 

other hand, relevant institutions could organize negative emotion regulation training, which guide individuals to 

use a variety of strategies to deal with negative emotions properly and maintain a healthy psychological state. 

Besides, all of us should concern the mental health of people around us through social media, and help those 

with high frequency of negative emotions by delivering social support in social media. 

6.4 Limitations and future research 

There are some limitations in this study. First of all, the differences among users’ characteristics were not 

considered, like age, gender and profession etc. In future research, we would consider the moderating effects of 

demographic characteristics. Besides, the negative emotion regulation ability in this study may also have 

moderating effects, which deserves further research. Furthermore, previous studies have shown that privacy 

concerns hinder users' from disclosing information, whether it gives impact on users' negative emotional 

disclosure and how, is unclear. Thus, we could combine privacy-related factors to better understand the negative 

emotion disclosure behavior. 

 

ACKNOWLEDGEMENT 

This research was supported by the National Natural Science Foundation of China under Grant 71871168. 

 

REFERENCES 

[1] We Are Social. (2021).Digital 2021 Global Overview Report. http://www.199it.com/archives/1199399.html, 

[2] Minas, Michikyan. (2020).Depression symptoms and negative online disclosure among young adults in college: a 

mixed-methods approach. Journal of Mental Health, 29(4): 392-400. 

http://www.199it.com/archives/1199399.html


The Twenty one Wuhan International Conference on E-Business－Digital Enablement and Digital Governance           543 

[3] Le Wang, Yan J, Lin J, et al. (2017).Let the users tell the truth: Self-disclosure intention and self-disclosure honesty in 

mobile social networking. International Journal of Information Management, 37(1): 1428-1440. 

[4] Pentina I, Zhang L. (2016).Effects of social support and personality on emotional disclosure on Facebook and in real 

life. Behaviour & Information Technology, 36(4-6): 484-492. 

[5] Han Lin, William T, Lin Qiu. (2014).Emotional disclosure on social networking sites: The role of network structure and 

psychological needs. Computers in Human Behavior, 41(Dec.): 342-350. 

[6] Cho V. (2017).A study of disclosure behavior in social network media : will an unexpected negative event and 

personality matter?. Computers in Human Behavior, 73(Aug.): 172-180. 

[7] Gross J J, John O P, Richards J M. (2000).The Dissociation of Emotion Expression from Emotion Experience: A 

Personality Perspective. Personality & Social Psychology Bulletin, 26(6): 712-726. 

[8] Gross J J, John O P. (2003).Individual differences in two emotion regulation processes: implications for affect, 

relationships, and well-being. Journal of Personality and Social Psychology, 85(2): 348-362. 

[9] Katz E, Gurevitch H M. (1973).On the Use of the Mass Media for Important Things. American Sociological Review, 

38(2): 164. 

[10] Boudkouss H, Djelassi S. (2021).Understanding in-store interactive technology use: a uses and gratifications theory 

(UGT) perspective. International Journal of Retail & Distribution Management, ahead-of-print(ahead-of-print). 

[11] Tarn K Y, Ho S Y. (2005).Web Personalization as a Persuasion Strategy: An Elaboration Likelihood Model Perspective. 

Information Systems Research, 16(3): 271-291. 

[12] Natalio E, Lourdes R. (2015).The moderator role of emotion regulation ability in the link between stress and well-being. 

Frontiers in Psychology, 6: 1632. 

[13] Preece D A, Rodrigo B, Ken R, et al. (2018).Measuring emotion regulation ability across negative and positive 

emotions: The Perth Emotion Regulation Competency Inventory (PERCI). Personality and Individual Differences, 135: 

229-241. 

[14] Chen J, Shen X. (2015).Consumers' decisions in social commerce context: An empirical investigation. Decision Support 

Systems, 79: 55-64. 

[15] Schaefer C, Coyne J C, Lazarus R S. (1981).The health-related functions of social support. Journal of Behavioral 

Medicine, 4(4): 381-406. 

[16] Chen Yao. (2020).A research to explore the factors of young users’ differentiated privacy management behaviors 

between Wechat and Weibo. Thesis. Zhejiang: University of Zhejiang, (in Chinese) 

[17] Sina Weibo. (2021).  Weibo User Development Report in 2020.  

https://baijiahao.baidu.com/s?id=1694016695017574336&wfr=spider&for=pc, (in Chinese) 

 

https://baijiahao.baidu.com/s?id=1694016695017574336&wfr=spider&for=pc,


544             The Twenty one Wuhan International Conference on E-Business－Digital Empowerment and Social Impact 

Short Research Paper 

An Interpretive Structural Analysis for Challenges of Application 

of 5G Technology 

Jiangping Wan*, Qianling Feng, Ruzhen Xiao 

School of Business Administration, South China University of Technology, Guangzhou, 510640,China 

 

Abstract: This paper aims at identifying challenges in the application of 5G technology and analyze the challenges based on 

experts' opinions. We recognize the barriers and challenges of application of 5G technology by reviewing literature and 

interviewing experts. We analyze the identified challenges using the interpretive structural modeling (ISM) and cross-impact 

matrix multiplication applied to classification analysis (MICMAC), determining the relationship between the challenges, 

finding out how they interact with each other, and finally uncovering the root causes that trigger other challenges. 

Suggestions are given to promote the application of 5G technology, including 1) study deeply into related technologies 

of 5G communication network, 2) devoted to the development of 5G technology-related talents in various 

industries and enhance enterprises' understanding of 5G technology, 3) refine the laws, supporting standards and 

regulations for the application and 4) arrange more base stations. Practitioners can infer what challenges should be 

firstly taken into consideration and then decide on what measures should be taken to reduce the negative impact in the 

process of promoting 5G application. 

 

Keywords: 5G challenges, 5G application, interpretive structural modeling(ISM), matrix multiplication applied to 

classification analysis (MICMAC) 

 

1. INTRODUCTION 

5G is the 5th Generation Mobile Communication Technology, which is a general term for a new generation 

of global mobile communication technologies. It has the characteristics of high speed, low latency and large 

bandwidth. The application of 5G technology enables new developments in various industries. For example, the 

5G Internet of vehicles helps to achieve efficient logistics in industrial parks [1]. 5G networks provide reliable 

technical support for high-quality online education [2]. 5G networks are great guarantee in real-time telemedicine 

and remote emergency care [3]. 

However, there are still many obstacles to the promotion and application of 5G technology. The 

applications of 5G technology are mostly enterprise-level at present, and there are fewer applications for 

individual users. Even in enterprise-level applications, due to the high cost of introducing 5G technology [4], 

Small and medium enterprise (SMEs) cannot apply 5G technology on a large scale. Moreover, the industry 

ecology of 5G technology application is still in its infancy. It is difficult to carry out cooperation and supervision 

between different industries [6][7][10] currently. Other factors, such as the infrastructure of 5G technology, 

enterprises' awareness of 5G and users' attitudes towards 5G, can also affect the promotion of 5G applications. 

This paper aims to identify the main challenges of 5G technology promotion and application, and analyze 

the relationship between these challenges. The research includes three steps. Firstly, we identify and list the 

main challenges of the application of 5G technology by reviewing literature. Secondly, we invite 3 experts from 

China Telecom who are familiar with the application of 5G technology and 2 experts who are engaged in 5G 

business in other industries to discuss these challenges using the Delphi method, and then the experts score after 

discussing and correcting the identified challenges. Thirdly, we analyze the scoring results with interpretive 

structural modeling (ISM) and matrix multiplication applied to classification analysis (MICMAC). 
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The structure of this paper is as follows. Section 1 is introduction, showing the research idea of this paper. 

Section 2 is methodology. We analyze the relationship between 5G technology application challenges with ISM 

and MICMAC. Section 3 is conclusion. We give the problems that should be paid attention to in the process of 

solving the challenges of 5G technology application and put forward solutions. 

 

2. METHODOLOGY 

2.1 Identification of challenges 

First of all, we search in CNKI and web of science databases with search terms such as “5G challenges”, 

“5G application”, “5G barriers” and “5G difficulties”, select literatures related to the application of 5G 

technology in various industries and list the main challenges, combined with related articles that are released by 

Ministry of Industry and Information Technology of the People's Republic China. Subsequently, We invite 

experts to discuss on the predefined challenges, evaluating and correcting the listed challenges. Finally, the 

corrected application challenges of 5G technology and their coding are as followed: 

S1: High cost of 5G application. Due to the high cost of base station construction and maintenance, 

enterprises need to bear higher costs when introducing 5G technology [4]. 

S2: Limited 5G infrastructure makes it difficult to fully promote 5G services. Service capabilities of 

existing base stations cannot meet the needs of all scenarios and envisaged services cannot be fully developed [5]. 

S3: It is difficult to supervise the industry ecosystem of 5G application. There is a lack of targeted laws, 

regulations and clear specifications for the use of technology. The boundaries of power between different 

industries are not clear [6][7]. 

S4: 5G technology lacks integration with other IT technologies, causing imperfected industry ecosystem of 

5G application [7]. 

S5: Enterprises have little understanding of 5G technology. Lack of talents with 5G literacy makes it 

difficult to deeply apply 5G technology [8]. 

S6: 5G applications lack effective business models so large-scale applications have not yet been formed [9]. 

S7: Application standards related to 5G technology are not perfect, resulting in difficult cross-industry 

cooperation. Standards of 5G application and data format in various industries are not uniform, causing narrow 

application scope of 5G [10]. 

S8: Low capabilities of information security assurance on application side affects public's confidence in 5G 

technology [11]. 

S9: Users' low trust in 5G applications. Users suspect that personal information are more likely to be stolen  

with wider connectivity, so they are reluctant to share data with companies and unwilling to be perceived [12]. 

S10: The cost-effectiveness of 5G terminals needs to be improved. 5G applications are mainly 

enterprise-level, and there are fewer individual applications. As a result, individuals who are willing to consume 

for 5G networks are relatively fewer [9][13]. 

2.2 Interpretive structural modeling 

ISM requires people's practical experience and knowledge to transform ambiguous thoughts and opinions 

into intuitive models with good structural relationships. It is suitable for system analysis with many variables, 

complex relationships and unclear structures.The ISM methodology includes the following steps. 

1) Listing the variables to be evaluated. 

2) Defining the relationship between variables through experts’ evaluation with Delphi methodology. The 

evaluation of the relationship between variables focuses on whether solving one challenge helps to solve another 

challenge, or whether they have a bidirectional relationship. 

3) Generating structural self-interaction matrix (SSIM) according to the relationship of each pair of 
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variables. The relationship is defined as follows. 

V: Solving obstacle i also solves obstacle j. 

A: Solving obstacle j also solves obstacle i. 

X: Obstacles i and j influence each other. 

O: There is no relationship between obstacles i and j. 

Table 1. Structural Self-Interaction Matrix (SSIM) 

Challenges S10 S9 S8 S7 S6 S5 S4 S3 S2 

S1 V O O O O O O V V 

S2 O O O O O O O O - 

S3 O O V V X A A - - 

S4 O V V O V O - - - 

S5 O O O O V - - - - 

S6 V O O V - - - - - 

S7 O O O - - - - - - 

S8 O V - - - - - - - 

S9 O - - - - - - - - 

S10 - - - - - - - - - 

4) Drawing the initial directed graph according to SSIM generated 

in step 3). Initial directed graph is shown in Figure 1. 

5) Generating reachability matrix according to the SSIM and the 

initial directed graph and checking the transitivity of reachability matrix. 

The reachability matrix should be transitive. Generation of reachability 

matrix obeys the following substitution rules. 

V: (i, j) entrance becomes 1, and (j, i) entrance becomes 0. 

A: (i, j) entrance becomes 0, and (j, i) entrance becomes 1. 

X: (i, j) entrance becomes 1, and (j, i) entrance becomes 1. 

O: (i, j) entrance becomes 0, and (j, i) entrance becomes 0. 

The generated reachability matrix is shown in Table 3. 

Table 2. Adjacency matrix 

Challenges S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 

S1 1 1 1 0 0 0 0 0 0 1 

S2 0 1 0 0 0 0 0 0 0 0 

S3 0 0 1 0 0 1 1 1 0 0 

S4 0 0 1 1 0 0 0 1 1 0 

S5 0 0 1 0 1 1 0 0 0 0 

S6 0 0 1 1 0 1 1 0 0 1 

S7 0 0 0 0 0 0 1 0 0 0 

S8 0 0 0 0 0 0 0 1 1 0 

S9 0 0 0 0 0 0 0 0 1 0 

S10 0 0 0 0 0 0 0 0 0 1 

Figure 1. Initial directed graph 
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Table 3. Reachability matrix 

Challenges S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 
Driving 

Power 

S1 - 1 1 1 0 1 1 1 1 1 8 

S2 0 - 0 0 0 0 0 0 0 0 0 

S3 0 0 - 1 0 1 1 1 1 1 6 

S4 0 0 1 - 0 1 1 1 1 1 6 

S5 0 0 1 1 - 1 1 1 1 1 7 

S6 0 0 1 1 0 - 1 1 1 1 6 

S7 0 0 0 0 0 0 - 0 0 0 0 

S8 0 0 0 0 0 0 0 - 1 0 1 

S9 0 0 0 0 0 0 0 0 - 0 0 

S10 0 0 0 0 0 0 0 0 0 - 0 

Dependence Power 0 1 4 4 0 4 5 5 6 5 34 

6) Partitioning the reachability matrix. The reachable set includes the challenge itself and the challenges it 

points to, and the antecedent set includes the challenge itself and the challenges that point to it. The partition 

results are shown in Table 4. 

Table 4. Partitions of reachability matrix 

Challenges Reachability Set Processor Set Intersection 

S1 1,2,3,4,6,7,8,9,10 1 1 

S2 2 1,2 2 

S3 3,4,6,7,8,9,10 1,3,4,5,6 3,4,6 

S4 3,4,6,7,8,9,10 1,3,4,5,6 3,4,6 

S5 3,4,5,6,7,8,9,10 5 5 

S6 3,4,6,7,8,9,10 1,3,4,5,6 3,4,6 

S7 7 1,3,4,5,6,7 7 

S8 8,9 1,3,4,5,6,8 8 

S9 9 1,3,4,5,6,8,9 9 

S10 10 1,3,4,5,6,10 10 

 

7) Finding out the intersection of reachable set and processor set corresponding to each factor. The 

challenges whose reachable set is the same with intersection are placed in the first layer of interpretive structural 

model (I). Delete the row and column where the elements of the first layer are located to form a new reachability 

matrix, and repeat the above steps. 

8) Substituting encoding with concrete sentences and converting initial directed graphs into interpretive 

structural model. 

9) Revising interpretive structural model. 

According to reachability matrix, the hierarchical division result of challenges and the initial directed graph, 

interpretive structural model of challenges of 5G technology application is obtained, which is shown in Figure 2. 

The challenge factors at the bottom are S1 and S5. These factors are the most fundamental reasons for 

difficulties in 5G technology application, and directly or indirectly affect other factors. The middle layer is the 

second and third layers. S8 stays at the second layer and the third layer includes S3, S4 and S6. These challenges 

are both influenced by the challenges at next layer and have an impact on challenges at the previous layer. 
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Figure 3. Classification of challenges 

Figure 2. Final interpretive structural model 

Moreover, the three challenge factors in the third layer are also interconnected and influence each other. At the 

top are S2, S7, S9, and S10. These 4 factors are directly or indirectly affected by all the factors below, but their 

changes will hardly affect other factors. 

We will give an example 

to interpret this model. In order 

to improve users' trust in 5G 

technology (S9), it is necessary 

to improve data security on the 

application side of 5G (S8), 

making users believe that their 

privacy will not be leaked. 

Limited 5G infrastructure (S2), 

non-uniform data formats on 

application side (S7) and low 

cost-effectiveness of 5G 

terminals(S10) are not priorities 

because they don’ t directly point to S9. When optimizing 5G application-side data security issues, it is necessary 

to combine with IT technology with stronger confidentiality to improved 5G industry ecology and jointly defend 

against security risks (S3), explore effective business models to attract other industries to join and integrate (S6), 

and cooperate with perfect application-side laws and regulations for supervision (S4). The formation of industry 

ecology, business models, and supporting laws and regulations is closely related to the expenses that enterprises 

need to bear (S1) and enterprises’ understanding of 5G (S5). When exploring 5G applications, if enterprises who 

are willing to develop new applications cannot afford the cost of introducing 5G technology, they may not have 

a try. If enterprises do not understand 5G technology, applications of 5G will only stay at a shallow level, 

making it difficult to form an industry ecology, create a business model with strong profitability and discover the 

hidden dangers may exist in the process of exploring 5G application and form targeted supervision plans. 

2.3 MICMAC analysis 

MICMAC methodology is used to identify 

high driving force variables and high dependence 

variables in the system. The driving force and 

dependence power of each factor in the 

reachability matrix are calculated and shown in 

Table 2. The average value of driving force and 

dependence is 3.4, and the 10 factors are divided 

into 4 categories based on this average value, 

namely independent variables, linking variables, 

autonomous variables and dependent variables. 

The classification of challenges is shown in 

Figure 3. 

Independent variables include S1 and S5. Such challenges affect other challenges a lot and are less affected 

by others. They are generally the source of a specific problem. Autonomous variable includes S2. It has little 

influence or dependence on other challenges. Linking variables include S3, S4 and S6, which have high driving 

force and dependence power and can establish links between other challenges. Dependent variables include S7, 

S8, S9 and S10. Such challenges are mainly caused by other factors and have little effect on other factors. 
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3. CONCLUSIONS 

This paper identified the challenges that affect the promotion and application of 5G technology through 

literature review and expert interviews. We applied ISM and MICMAC to sort out the hierarchical relationship 

between challenges and analyze the driving force and dependence power of each challenge, revealing the inner 

connection between challenges and find out the key issues for the promotion and application of 5G technology. 

We found that the factors at the bottom of interpretive structural model are often the independent variables under 

MICMAC analysis, while the factors at the top of interpretive structural model are often the dependent variables. 

The two models may corroborate each other, identifying the easiest and most fundamental factors in problem 

solving. 

It is necessary to focus on two independent variables at the bottom of ISM to explore and promote the 

application of 5G technology, that is, to focus on solving the problems that enterprises need to bear the high cost 

of introducing 5G technology and enterprises have insufficient understanding of 5G technology. Suggestions are 

as followed: 

1) Study deeply into related technologies of 5G communication network to reduce the cost of 5G 

technology application in all aspects. From numerical analysis and network layout to algorithm optimization, we 

should develop new technologies to obtain better performance in terms of data processing speed, data capacity, 

transmission equipment stability, data transmission accuracy, data transmission efficiency, power distribution 

network, etc. and improve the efficiency of data transmission in all aspects, so that we can reduce the energy 

cost and operating cost of base stations. As a consequence, we can lower the cost of introducing 5G technology 

to develop new applications, encouraging more enterprises to join in and explore 5G applications. 

2) Devoted to the development of 5G technology-related talents in various industries and enhance 

enterprises' understanding of 5G technology. Employees' understanding of 5G could be improved in specific 

working with the promotion and education of their enterprises. Schools are responsible for training students' 

ability of applying 5G technology to complete their professional courses. For example, setting up practical 

courses related to 5G technology and building virtual platforms for students to practice could be helpful. 

Schools and enterprises can cooperate jointly to train talents, building a talent training database to continuously 

track participants' learning and improve the teaching process. Schools can provide systematic theoretical 

knowledge and enterprises offer great work to utilize the theoretical knowledge, which implies that with the 

cooperation of schools and enterprises, 5G technologies are like to be truly and fully applied to concrete 

practical processes such as product development and production management. 

3) Refine the laws, supporting standards and regulations for the application. Supporting standards here 

include common standards between different industries and regulatory measures for 5G applications. Organizing 

seminars and lectures to discuss industry standards on 5G application contributes to unify data forms in various 

industries, promoting industry integration and the building of 5G industry ecosystem. Improving the supervision 

of 5G application in a policy-oriented manner could be effective when it comes to protecting users' personality, 

privacy and property security. 

4) Arrange more base stations in proper positions and optimize long-distance transmission technology to 

support different tentative plans of 5G application. 5G technologies could contribute a lot in terms of resource 

allocation. Exploiting 5G technologies to promote the sharing of social resources such as educational resources 

and medical resources helps to drive the development of backward areas. This is the contribution that 5G 

technology can bring to social justice, which is worthy of further exploration in the application of 5G 

technology. 

Furthermore, our study deserves further exploration. Some possible future studies are listed below. 

Firstly, the resolution of each challenges can be broken down into several problems that can be studied 
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further. For example, S10 can be decomposed into: high power consumption of 5G terminals, high tariffs of 5G 

terminals, and few 5G-related applications. In the future, scholars can choose one or several of the 10 challenges 

summarized in this paper to conduct in-depth disassembly and propose a complete set of solutions. 

In addition, this paper conducts a qualitative analysis of 10 challenges. In the future, scholars can introduce 

weights to qualitatively analyze these challenges and build new interpretive structural models. For example, 

formulate a series of scoring criteria, invite experts to evaluate the weight of challenges, construct a new 

interpretive structure model and quantitatively analyze the importance of these challenges to solve the problem 

of hindering the application of 5G technology. 

Finally, barriers to the adoption of 5G technology in a specific industry are also worth studying. This article 

focuses on barriers and challenges that are prevalent across multiple industries. The obstacles and challenges 

each specific industry encounters in adopting 5G technology may differ from those presented in this paper. For 

example, in manufacturing, the operational skills of workers and existing backward equipment that is difficult to 

access 5G networks may affect the efficiency of 5G applications. 

 

REFERENCES 

[1] Shi Yanjun, Han Qiaomei, Shen Weiming, Wang Xianbin. (2021). Research on multi-layer collaborative framework 

technology in industrial parks under 5G Internet of Vehicles. Engineering,7(06):251-281(in Chinese) 

[2] Fan, W. (2021). Development path of basic education based on 5G technology and multimedia embedded system. 

Microprocessors and Microsystems, 82: 103850. 

[3] Zhang Y, Wang X, Han N, et al (2021). Ensemble Learning Based Postpartum Hemorrhage Diagnosis for 5G Remote 

Healthcare. IEEE Access, 9: 18538-18548. 

[4] Zhang Ning, Yang Jingwei, Wang Yi, et al (2019). 5G Communication for Ubiquitous Power Internet of Things: 

Technical Principles and Typical Applications. Proceedings of the CSEE, 39(14): 4015- 4025(in Chinese) 

[5] Qian Zhihong, Xiao Lin, Wang Xue (2021). A review of key technologies for dense connections in future mobile 

networks. Journal on Communications, 42(04): 22-43(in Chinese) 

[6] Wang Junhao, Zhou Shengjia (2021). The status quo, characteristics and spillover effects of China's digital industry 

development. The Journal of Quantitative & Technical Economics, 38(03): 103-119(in Chinese) 

[7] Chen Dongmei, Wang Lizhen, Chen Anni (2020). Digitalization and Strategic Management Theory - Review, Challenges 

and Prospects. Management World, 36(05): 220-236+20(in Chinese) 

[8] Bi Xiuling, Chen Shuai (2019). "Audit Intelligence +" Construction in the New Era of Science and Technology. Auditing 

Research, (06): 13-21(in Chinese) 

[9] Liu Shan, Huang Shengmin (2020). Deconstruction and Reconstruction of Chinese Media Industry in the 5G Era. 

Modern Communication, 42(5): 1-6(in Chinese) 

[10] Wang Chundong, Luo Wanwei, Mo Xiuliang, et al (2020). Review of Internet of Vehicles Mutual Trust Authentication 

and Secure Communication. Computer Science, 47(11): 1-9(in Chinese) 

[11] Feng Dengguo, Xu Jing, Lan Xiao (2018). Research on 5G Mobile Communication Network Security. Journal of 

Software, 29(06): 1813-1825(in Chinese) 

[12] Qin Chuan Shen (2021). Positive, negative and contradictory: Public attitudes towards 5G base station deployment and 

NIMBY tendency. Comparative Economic & Social Systems, (06): 131-144(in Chinese) 

[13] Department of Information and Communication Development (2020-11-09). Liu Liehong presided over a 5G terminal 

symposium. https://www.miit.gov.cn/xwdt/gxdt/ldhd/art/2020/art_6e54bee36aee49c7b31bf35c5dad4b30.html, (in 

Chinese) 

[14] Huang Lihua, Zhu Hailin, Liu Weihua, et al (2021). Digital Transformation and Management of Enterprises: Research 

Framework and Prospects. Journal of Management Sciences in China, 24(08): 26-35(in Chinese) 

https://www.miit.gov.cn/xwdt/gxdt/ldhd/art/2020/art_6e54bee36aee49c7b31bf35c5dad4b30.html


The Twenty one Wuhan International Conference on E-Business－Digital Empowerment and Social Impact               551 

[15] Jiang Xiaojuan (2021). Technology and Culture in the Digital Age. Social Sciences in China, No.308(08): 4-34+204(in 

Chinese) 

[16] Xing Xiaoqiang, Tang Xinhui, Wang Jue,et al (2021). Digital Platform Responsibility and Shared Value Creation: A 

Case Study Based on ByteDance Poverty Alleviation. Management World, 37(12): 152-176(in Chinese) 

[17] Lv Jianqiang, Xu Yanli (2021). 5G Empowering Educational Equity in the Digital Age. China Educational Technology, 

(05): 18-26(in Chinese) 

[18] Ouamri M A, Oteşteanu M E, Isar A, et al (2020). Coverage, handoff and cost optimization for 5G heterogeneous 

network. Physical communication, 39: 101037. 

[19] Kaburcuk F, Kalinay G, Chen Y, et al (2021). A Dual-Band and Low-Cost Microstrip Patch Antenna for 5G Mobile 

Communications. The Applied Computational Electromagnetics Society Journal (ACES), 2021: 824-829. 

[20] Shastri A, Njogu P, Sanz-Izquierdo B, et al (2021). Low-cost Inkjet Printed Paper Poster FSS for 5G Applications. In: 

2021 15th European Conference on Antennas and Propagation (EuCAP). New York: IEEE. 1-4. 

[21] Dias W, Ferreira A, Kagami R, et al (2020). 5G-RANGE: A transceiver for remote areas based on software-defined 

radio. In: 2020 European Conference on Networks and Communications (EuCNC). New York: IEEE. 100-104. 



552                            The Twenty one Wuhan International Conference on E-Business－Digital Empowerment and Social Impact 

 

Full Research Paper 

Perceived Multitasking Promotes the Willingness to Participate in 

Prosocial Behaviors 

Xinyan Liu1, Ju Tu2, Xiuxiu Zhai3 

1,2,3School of Business Administration, Zhongnan University of Economics and Law, Wuhan,430073, China 

 

Abstract:Multitasking is becoming more and more common in people's daily life. This paper explores the influence of 

perceptual multitasking on consumers' subsequent engagement in prosocial behaviors. Based on a series of experimental 

studies, we found that consumers with perceptual multitasking were more willing to participate in prosocial behavior (Study 

1).This is because consumers with perceptual multitasking will feel more perceptive, thus improving their self-efficacy, thus 

demonstrating their ability by participating in prosocial behaviors (Study 2). This effect only existed when consumers 

perceived the activity as non-hedonic and had no distraction during the activity. When consumers perceived the activity as 

hedonic (Study 3) and perceived distraction (Study 4), the main effect disappeared. Meanwhile, consumers with perceptual 

multitasking were more likely to participate in charitable donation than those with time-spending prosocial behavior, because 

consumers with perceptual multitasking had higher perceived time scarcity (Study 5).The research conclusions of this article 

greatly expand the research of perceptual multitasking, pro-social behavior and related fields, and has a certain enlightenment 

effect on optimizing the advertising push and accurate push time of charitable and public welfare organizations. 

 

Keywords: Perceived multitasking; Perceived ability; Self-efficacy; Prosocial behavior 

 

1.INTRODUCTION 

With the development of information technology and social networks, people often switch between many 

things, websites, APP and files in their life and work. Multitasking is slowly becoming the norm in people's lives, 

and multiple tasks may be involved in an activity, such as managing email alone requires a lot of multitasking. 

People are accustomed to doing a lot of things at the same time over a period of time without even realizing they 

are multitasking. So what this paper investigates is the subsequent impact of perceiving the same activity as 

multitasking or single tasking. Multitasking is usually defined as the conscious shift of attention over a period of 

time to switch between multiple tasks, so different tasks in multitasking may interfere with each other. Some 

existing theories try to explain such interference effects, such as resource allocation theory, suggesting that one's 

psychological and cognitive resources are shared by different tasks, and limited resources lead to mutual 

interference with tasks, thus reducing multitasking performance; the bottleneck theory argues that it is a 

"bottleneck" that allows only one task to pass at a time due to certain mental operations that occur between tasks 

that cannot be segmented[1]. 

In today's environment where "the pace of life is so fast and the work pressure is so high", people inevitably 

want to save and effectively use time by adopting multitasking methods[2], improve efficiency. In practice, 

however, multitasking does not really improve efficiency. Apparently unaware of this, people are still required to 

perform various tasks under time pressure. So, if people actually do only one thing at a time in the process of 

multitasking, then multitasking is actually a perception problem, and the same activity can be perceived as 

multitasking or  single tasking, And just this difference in perception can have unexpectedly positive effects. We 

believe that just a small perceived change in life, namely perceived multitasking, can lead to a large change in 

fundamental outcomes, such as affecting a variable that determines personal worth and social well-being: 

prosocial behavior . 
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Prosocial behavior is highly concerned in the current marketing field. Prosocial behavior aims to benefit 

others and can also bring social benefits to oneself, which is one of the important means to improve oneself and 

bring social happiness. Therefore, it is of great significance to study the antecedents of prosocial behavior. 

However, the existing research on the influencing factors of prosocial behavior mainly focuses on individual 

differences, self-construction, collective self-esteem[3]; And situational factors[4] include bystander effect , 

prosocial model, situational clarity, time pressure, etc. No research has linked the phenomenon of multitasking in 

everyday life and perceptions of it with prosocial behavior and explored the psychological mechanisms involved. 

Therefore, this paper predicts that in the context of multitasking prevalent in people's lives, multitasking 

perception may become a new contextual factor, which in turn affects consumers' subsequent prosocial 

consumption decisions. 

Our research shows that perceiving the same activity as a multitasking consumer increases subsequent 

willingness to engage in prosocial behavior, mainly due to improved perceived ability and self-efficacy. There are 

three moderators that influence this mechanism of action, including perceived task type (hedonic vs. non-hedonic), 

perceived distraction, and type of prosocial behavior (charitable giving vs. providing time). 

 

2.THEORETICAL FRAMEWORK 

2.1 Perceptual multitasking, perceived ability, and self-efficacy 

Multitasking has different definitions in different fields. In cognitive psychology, multitasking is seen as a 

person's ability to engage in different activities over a period of time, or a state in which cognitive processes serve 

two or more tasks over a period of time; while in the consumer domain, multitasking is defined as quickly 

switching from one task to another or processing multiple tasks simultaneously. Early research on multitasking 

found that when dealing with multiple non-automatic tasks, individuals cannot actually perform tasks 

simultaneously, but alternate between different activities performing only one task at a time. If people do handle 

only one task at a time, this means that multitasking is often a subjective perceived problem. The cognitive 

"bottleneck" prevents humans to focus on multiple tasks in absorbing, processing, and information processing, 

and based on this view, multitasking actually performs multiple tasks separately in a rapid manner. Based on the 

research of cognitive psychology, whether an activity is considered to be multitasking is actually a perceptual 

problem. People can define an activity as a single task or as a multitask, mainly based on people's own perception, 

because the multitasking behavior itself needs to be perceived. Scholars have demonstrated that keeping activities 

constant, simply thinking of them as multitasking, actually improves performance[5]. What this paper examines is 

the effect of multitasking on people's perception of the same activity. 

In addition to the popularity of multitasking, multitasking ability is seen as a highly desirable trait. In general, 

the more challenging the task performed, the better the problem-solving ability it represents, and previous 

literature has shown that an activity is perceived as more challenging when people perceive it as multitasking[5]. 

In a skill task, the higher the level of risk a person chooses, the higher his perception ability is. stronger. So people 

feel competent when they think they have completed a more challenging task, and this perception of the same 

activity as multitasking brings about a noticeable change in perception. Tubbs and Ekeberg (1991) defined 

perceived ability as a person's perception of the actual amount of control he or she can exert over the environment. 

The ability to give or manifest when people want to accomplish or control something through themselves. As 

Ajzen and Bandura thought[6], perception ability is a by-product of past behavior. Only after completing the task 

can one perceive the strength or weakness of one's own ability. Perception ability is the judgment of the ability 

reflected in completing the task in the past.  

Self-efficacy was put forward by the famous psychologist Bandura[6], which reflects a person's confidence in 

his ability to accomplish some or some goals (excluding the ability to actually accomplish some or some goals). 
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When people complete an activity and perceive it as multitasking, they will evaluate their own abilities based on 

the perception of the challenge of the task, so as to affirm their ability to complete other tasks in the future, which 

is manifested as improved self-efficacy. The principle of co-development suggests that learning and becoming 

competent in one field can facilitate learning and development in other fields, even those seemingly unrelated 

fields such as snow boots and reflective writing. Similarly, becoming a competent person by completing multitask 

perception can promote development in other fields, such as the ability to perceive oneself and the ability to deal 

with future challenges, so they are more willing to participate in consumer prosocial behavior. 

2.2 High self-efficacy and prosocial behavior 

Prosocial behavior is defined as "voluntary action designed to benefit another person or group" . Prosocial 

behaviors refer to voluntary behaviors that benefit others, such as sharing, donating, caring, comforting, and 

helping. Consumer prosocial behavior include (but not limited to) helping others, charitable and other donation 

behaviors (such as blood donation, organ donation, etc.), volunteering, altruistic consumer behavior, ethical 

buying, and participation in environmental actions[7]. 

Scholars have done a lot of research on the definition, expansion and influencing factors of prosocial behavior. 

Previous studies have shown that antecedents that influence prosocial behavior include: social influence, habit 

formation, personal ego, affective and cognitive, and tangible ( Self-efficacy is an important means of increasing 

tangibility[3]; In addition, there are some situational factors[8] that also affect prosocial behavior, such as being 

watched by others, the presence of bystanders , and time pressure. What we study is that a new situational factor 

can be transmitted through ability-related psychological mechanisms to influence prosocial behavior.  

We believe that completing consumer-perceived multitasking situations will increase their willingness to 

participate in prosocial behaviors due to improved perceived abilities and self-efficacy.Studies suggest that 

prosociality represents the default state of humans, and psychologists agree that this desire to feel competent and 

ability is a basic human motivation.When individuals feel effective in an activity, they are more willing to invest 

time and effort because they believe that their efforts can lead to success[6]. Therefore, perceived ability and self-

efficacy are the most basic motivations of people, and when people have high self-efficacy, it will improve people's 

prosociality. If the thinking styles activated in the previous environment persist and influence the way people 

process information in the subsequent unrelated environment, then the previous multitasking situation makes 

consumers feel stronger ability and confidence in meeting future challenges, an effect that will continue to 

influence consumers’ willingness to engage in subsequent unrelated areas of prosocial behavior.Thus,  

H1: Consumers who perceive the same activity as multitasking are more willing to engage in prosocial 

behavior than consumers who perceive it as single-tasking. 

H2: Perceived ability and self-efficacy sequence mediate perceptual multitasking to prosocial behavior 

mechanisms. 

2.3 Moderating by Task type (hedonic vs. non-hedonic) 

Multitasking has increased in many industries over the past few decades. Different types of multitasking have 

different effects, for example media multitasking can impair comprehension and memory performance by 

reducing cognitive performance, but perceiving a learning or work activity as multitasking  increases 

performance[5]. If differences in the types of tasks can affect individual ability and bring about different results, 

then this paper argues that people's different internal perceptions of the same activity will also produce different 

results by affecting perceived ability. As many of the same consumer activities can be defined as work or leisure 

activities. Based on previous research[9], we define “work” as activities that feel productive and rewarding as the 

“non-hedonic” type in this paper, and “leisure” as feeling activities that are not productive and primarily provide 

hedonic or experiential benefits are the types of “hedonic” in this paper. Also in the field of multitasking, many 

of the same activities can be defined as "hedonic" or "non-hedonic", such as when people use electronic devices 
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(mobile phones or computers) for relaxation and entertainment, which reduces efficiency and performance; 

however, people use electronic devices for work and study, such as searching for information, replying to work 

messages, will improve the efficiency of work and study. Thus,  

H3: Task type (hedonic vs. Non-hedonic) moderates the main effect.When the perceived type is non-hedonic 

type, perceived multitasking consumers are more willing to participate in prosocial behavior; the effect disappears 

when the perceived type is hedonic type. 

2.4 Moderating by perceived distraction (distracted vs. undistracted) 

In the consumer domain, “consumer multitasking” and the distraction construct and cognitive load, because 

it involves distraction or a reduction in the amount of cognitive resources available for multiple tasks. Resource 

allocation theory[10] argues that as a person's attention resources are allocated to different tasks during multitasking, 

the resources allocated to each individual task are reduced, thereby reducing performance. Additionally, Kraushaar 

and Novak (2010) define multitasking as productive or distracting in terms of task efficiency. Productive 

multitasking includes the result of being undistracted and productive while multitasking, while distracted 

multitasking includes being distracted by secondary tasks and consuming limited cognitive resources. This is a 

division between tasks, however we predict that distraction is also a matter of individual perception, and that 

people's perceived distraction from the same activity will also affect subsequent perceptions of competence. From 

various studies, multitasking and distraction are closely related, and the limited attention model[10] shows that 

when people multitask, the attentional resources allocated between tasks are limited, thereby limiting people's 

ability to process information. What this paper studies is that consumers experience the same activity, the 

perception of the number of tasks and the degree of distraction during the processing of the task are different. This 

affects the choice and willingness of subsequent behaviors. Thus,  

H4: Perceived distraction (distracted vs. undistracted) moderates the main effect. When perceived 

undistracted, consumers are more perceived ability and more self-efficacy and are more willing to participate in 

prosocial behavior, while the effect disappears when perceived distracted. 

2.5 Prosocial behavior types as boundaries 

 Prosocial behaviors include, but are not limited to, donating time or money to individuals or organizations, 

purchasing environmentally friendly and/or sustainably produced products. In general, consumers can help others 

by donating money, items (such as clothing), and time (such as volunteering). In our study, when consumers 

perceive an activity as multitasking, they feel that their time resources are scarce, so they are less willing to 

participate in volunteering behaviors that provide time. This is because: People multitask because they think it 

helps to use their time more efficiently. In the consumer domain, multitasking products are described as products 

that help users become productive by saving time, so saving time is a potential benefit of multitasking; The 

existence of time constraints is a defining characteristic of multitasking, where people have to complete two or 

more tasks in a period of time, so that people will multitask in parallel or switch back and forth between tasks in 

order to effectively utilize time to complete the task. Thus,  

H5: Consumers who perceive multitasking are more willing to participate in charitable donations than 

volunteering that takes time. 

 

3.OVERVIEW OF STUDIES 

This study designed 5 studies to verify the above hypothesis. In order to improve the real validity of the 

experiment, the independent variable manipulation scenarios used in each experiment were derived from daily 

life and changed. The type of prosocial behavior of the dependent variable in each experiment also different.  

Study 1 verifies the main effect of H1, confirming that when consumers perceive the same activity as multitasking, 

it will increase their willingness to purchase environmentally friendly products. Study 2 repeatedly verifies the 
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main effect and verifies the description of H2. The sequential mediating mechanisms of consumers' perceived 

ability and self-efficacy, and alternative explanations for emotion were excluded. The remaining three studies are 

used to verify the three moderators and boundaries of this paper, and to verify the main effect and mediation 

mechanism of this paper again. 

3.1 Study 1 

Procedure. 280 participants(186 female (66.43%), with an average age of 29.34 years) were randomly 

assigned to a between-design scenario of 2 (perceptual multi-task vs. perceptual single-task) × 2 (normal product 

vs. eco-friendly product). Participants in four groups were asked to imagine: "Purchasing materials for the event 

in the supermarket on Friday afternoon, in the process of selecting items, sending the alternative items to the event 

organization group, etc."; Participants' perceptions of multitasking were manipulated by asking "Which 

terms/which term did the participant accomplish in this scenario?".After imagining, we used two items of Likert 

seven points to measure "In the previous situation, I felt that I was multitasking at the same time", "I felt that I 

was switching between multiple tasks"as a manipulation check for multitasking (α = 0.760). 

Then participants were asked to imagine passing by a counter selling hand sanitizer after checking out. 

Participants in the normal product group saw: "It's made from surface cleaning actives"; participants in the eco-

friendly product group saw: " It's made from plant-based degradable ingredients." Participants were then asked to 

express their willingness to purchase the hand sanitizer. Finally, the participants took an attention test and filled 

in their personal information such as gender and age. 

Results. Manipulation check. We conducted a two-way ANOVA analysis  on the manipulation test question, 

and the results showed that only whether perceived multitasking had a significant main effect : participants in the 

perceptual multitasking group (M multitasking = 5.939, SD multitasking = 0.8102) were more likely than the perceptual 

single tasking group (M single task = 5.325, SD single task = 0.9348) to think they were multitasking and switching  

between tasks at the same time(F(1,276) = 34.427, P < 0.001, ηp
2 = 0.11). Other effects were not significant (ps > 

0.1). The manipulation was successful. 

Willingness to engage in prosocial behavior: buying eco-friendly products. We conducted a main effects 

analysis and the results showed that, for normal products, there was no difference in purchase intention between 

perceptual single-tasking and perceptual multitasking participants (M multitasking=5.671 vs. M single task=5.743, 

p=0.595) For eco-friendly product, participants who perceived multitasking have higher purchasing intentions 

than those who perceive single tasking (M multitasking = 6.314 vs. M single task = 5.743, F(1,138) = 24.468, P< 0.001), 

and the results are shown in Figure 1. This result is in line with our hypothesis that participants who perceive 

multitasking will be more willing to buy eco-friendly products, that is, more willing to engage in prosocial 

behaviors. 

 
Figure 1. Study 1 Results of perceptual multitasking on environmental product selection 

 

3.2 Study 2 

Procedure. 140 participants(83 female (59.3%), with an average age of 29.79) were randomly assigned to 

2(perceptual multitasking vs. perceptual single tasking) design. Participants in both groups were asked to imagine 

that one morning your supervisor asked you to participate in an instant-start meeting in which you listened and 
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took notes during the meeting. The manipulation measurement question is the same as that of Study 1 (α=0.848). 

Then, four measures were used to measure the perceived ability (" I think I can well complete the task described 

in the situation ", etc.(α=0.937). Then we used four items of the Schwarzer's (1995) measuring the participants' 

self-efficacy such as"I will be able to successfully overcome many challenges", etc.(α=0.950). Then we told the 

participants that we would like to know their views on the online public welfare activities for rural children, 

including happy lunch, children's book donation and charity donation step. Participants were asked to express 

their intention to participate in these three public welfare activities (1-7). Finally, the participants took an attention 

test and filled in their personal information such as gender and age. 

Results. Manipulation check. Through one-way ANOVA on the manipulation check items, there was a 

significant difference between two groups (F(1,138) = 23.328, P<0.001), and participants in the perceptual 

multitasking group (M multitasking = 5.479, SD multitasking = 1.0883) were more likely than the perceptual single tasking 

group (M single task = 4.436, SD single task = 1.4419) to think they were multitasking and switching  between tasks at 

the same time, indicating the manipulation of study 2 was successful. 

Participate in online public welfare activities. We named the mean value of participants' willingness to 

participate in these three kinds of public welfare activities as "willingness to participate in online public welfare 

activities" as the dependent variable value. Through one-way ANOVA analysis of the dependent variable, the 

perceived multitasking group and the perceived single-tasking group had significant differences in willingness to 

participate in online public welfare activities (F(1,138)=22.239, P<0.001), and The perceived multitask group was 

more willing to participate in online public welfare activities than the perceived single-task group (M multitasking = 

6.438, SD multitasking = 0.4379; M single task = 6.009, SD single task = 0.6216). Consumers who perceive multitasking are 

more likely to engage in prosocial behaviors than perceived single-tasking. The main effect of this research was 

verified again in study 2. 

Mediation Analysis. The perceived ability (F (1,138) = 12.883, p <0.001) and self-efficacy (F (1,138) = 

15.094, p <0.001) were significantly different between groups. In this paper, Bootstrap analysis (Hayes, 2013) 

(Model6, sample size 5000) was performed to verify the mediation effect. The results show that, under the 95% 

confidence interval, “perceived multitasking → perceived ability → self-efficacy → prosocial behavior” is 

significant, and the order mediation is established (Effect=0.1033, 95%CI=[0.0083, 0.1037]). Study 2 excluded 

the mediation alternative explanation of emotion, the indirect effect of emotion as a mediator was not significant 

(Effect=0.0330, 95%CI=[-0.0041, 0.0923]). 

3.3 Study 3 

Procedure. 280 participants(170 female participants (60.7%), with an average age of 28.3 years) were 

randomly assigned to a between-design situation of 2 (perceptual multitasking vs. perceptual single tasking) × 2 

(perceived hedonic vs. perceived non-hedonic). Participants first imagined that after taking three social 

psychology classes on Friday morning, the hedonic group and non-hedonic group saw different statements. 

Afterwards, the participants continued to imagine that they opened the B station（B 站） and started to scan the 

video, and recorded the name and location of the shop while watching the video. The manipulation item was the 

same as in study 1 (α=0.797); it measured what the participants felt more (hedonic or non-hedonic) in the scene 

just now as a manipulation check for whether the task type is hedonic. Subsequently, the perceived ability (α

=0.654) and self-efficacy (α=0.783) were measured using the same items as in study 2. Participants then saw an 

"environmental protection activity" and reported their willingness to participate in the activity and take the 

initiative to promote environmental knowledge  (the mean of the two items as the dependent variable; α=0.681). 

Results. Manipulation check. We conducted a 2×2 two-way ANOVA, and we found a significant effect of 

perceived multitasking on the manipulation test (multitasking or not) (M multitasking = 5.357 vs. M single task = 4.793, 

F(1,276) =16.593, P<0.001), other effects were not significant (ps > 0.1) , the manipulation of perceived 
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multitasking was successful; we found a significant effect of whether hedonic on the manipulation test (whether 

hedonic or not) (M hedonic=3.157 vs. M non-hedonic=4.257, F(1,276)=22.961, P<0.001), other effects were not 

significant (ps > 0.1) , thus indicating that the manipulation of perceived hedonic was successful. 

Environmental protection activities. Using two-way ANOVA results showed that the interaction between 

perceived multitasking and perceived hedonic activity on environmental protection activities was significant 

(F(1,276)=6.528, P= 0.011). When participants perceive non-hedonic conditions, participants who perceive 

multitasking (M multitasking = 6.129, SD multitasking = 0.6793) were more Willingness to participate in environmental 

protection activities (F(1,138) = 8.278, p = 0.005); in the case of perceived hedonic, there was no significant 

difference in environmental protection activities between the two groups (M multitasking = 5.686 vs. M single-task = 

5.814 , F(1,138) = 0.628, p = 0.430), the results are shown in Figure 2. 

 

Figure 2. Interaction between perceived multitasking and perceived (whether hedonic or not) 

 

3.4 Study 4 

Procedure. 280 participants(151 female participants(53.93%), with an average age of 27.43) were randomly 

assigned to a between-design situation of 2 (perceptual multitasking vs. Perceptual single tasking) × 2 (perceptual 

distracted vs. perceptual undistracted). Participants were first asked to imagine that they had received an invitation 

to "visit the museum" on Saturday morning, and during the visit, they would take photos and share them with 

friends and inform them of key information. The participants in the manipulative perception distraction group and 

perception undistracted group then read two different statements. After imagining the situation, use the same 

manipulation items as in study 1 (α=0.833); then use the same items in study 2 to measure perceived ability 

(α=0.867) and self-efficacy (α=0.919); Use four items:"I was focused while visiting", etc. as manipulations for 

perceived distraction test (α=0.953). Then, we wanted to know what participants thought about a "Cloud Planting 

Tree" activity that helps remote areas. People can donate money on the platform to help tree planting in remote 

areas. The cost of planting each tree is 3 yuan, each person can donate up to 10 trees. Participants reported the 

number of trees (0-10) they were willing to donate. 

Results. Manipulation check. We conducted a 2 × 2 two-way ANOVA, and we found a significant effect 

of perceived multitasking (M multitasking = 5.514 vs. M single task = 5.196, F(1,276) among the effects on the 

manipulation test (whether multitasking). =6.512, P=0.011), other effects were not significant (ps > 0.1), the 

manipulation of perceptual multitasking was successful; in the influence of manipulation test (whether perceived 

distracted), perceived distracted had a significant influence (M undistracted=4.9750 vs. M distracted=3.0857, F(1,276) 

=142.535, P<0.001), other effects were not significant (ps > 0.1), thus the manipulation of perceived distraction 

was successful. 

Perceived ability and self-efficacy. In the case of perceptual undistracted, participants with perceptual 

multitasking (M multitasking =5.7905, SD multitasking =0.7001) had better perceived ability than those with perceptual 

single task (M single task =5.3571, SD single task=0.8816) (F (1,138) =10.372, P =0.002); participants with perceived 

multitask (M multitask =5.9786, SD multitask =0.5722) had higher self-efficacy (F (1,138) =12.842, P <0.001). In the 

case of perceptual distraction, there was no significant difference in perceived ability between the two groups (M 
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multitask =4.3809 vs. M single task =4.0761, F (1,138) =2.061, P =0.153); Similarly, there was a small difference in self-

efficacy between the two groups (M multitask =4.6286 vs. M single task =5.0750, F (1,138) =5.079, P =0.026). 

Willingness to participate in cloud tree planting activities. Using a two-way ANOVA results showed that 

the main effect of perceived multitasking and perceived distract on cloud tree planting activity was all significant 

(F(1,276)=5.494, P=0.002; F(1,276)=21.774, P<0.001), and the interaction between perceived multitasking and 

perceived distraction on cloud tree planting activity was also significant (F(1,276)=6.996, P=0.009). In the case 

of perceptual undistracted, participants who perceived multitasking (Mmultitasking = 7.757, SD multitasking = 2.6618) 

were more likely to perceive a single task (Msingle task = 6.100, SD single task = 2.9000) More willing to participate in 

cloud tree planting activities (F(1,138) = 12.406, p = 0.001);  In the case of perceptual distraction, there was no 

significant difference in participation in cloud tree planting activities between the two groups (M multitask = 5.329 

vs. M single task = 5.429, F(1,138) = 0.045, p = 0.831), and the results are shown in Figure 3. 

 

Figure 2. The interaction between perceived multitasking and perceived distraction 

Mediation analysis. In order to examine whether perceived ability (α=0.867) and self-efficacy (α=0.919) 

mediate the effect of perceived multitasking on the willingness to participate in prosocial behaviors, this paper 

conducted a Bootstrap analysis in the context of perceived distraction and perceived non-distraction, 

respectively.(Model6, sample size 5000). The data results show that under the 95% confidence interval, when 

consumers perceive undistracted, the indirect effect of “perceived multitasking→perceived ability→self-

efficacy→prosocial behavior” is significant (Effect=0.2608, 95%CI=[ 0.0600, 0.6388]); When consumers 

perceive distract, the indirect effect is not significant (Effect=0.1331, 95%CI=[-0.0518, 0.4062]). The results show 

that the main effect and mediation effect were significant. 

3.5 Study 5 

Procedure. 280 online experiment participants(183 female participants (65.36%), with an average age of 

28.77 years) were randomly assigned to a between-design situation of 2 (perceptual multitasking vs. perceptual 

single tasking) × 2 (time-providing vs. charitable giving). Participants first imagined that they saw an interesting 

academic lecture in the circle of friends at 9:00 am on Sunday. During the lecture, they took screenshots and sent 

them to We Chat groups who might be interested. After reading the scene Then, using the same manipulation 

items (α=0.867) as in study 1. Then, participants were asked to imagine that they saw a "Care for Children with 

Autism" activity going on on a public welfare platform, and participants could sign up for the activity. In the time-

provided scenario, the participants were told that the activity was to spend two hours drawing and playing games 

with children with autism; while in the charitable donation scenario, the participants were told that the activity 

was to purchase self-made products on the platform. Paintings of children with autism to raise funds for them (5 

yuan per painting). Participants then reported a willingness to participate in the "Caring for Children with Autism" 

activity. The experiment uses this willingness as the outcome of the dependent variable.  

Results. Manipulation check. We conducted a 2×2 two-way ANOVA analysis, and we found a significant 

effect of perceived multitasking on the manipulation items (whether multitasking or not) (M multitasking = 5.514 vs. 

M single task = 4.704, F(1,276) =31.861, P<0.001), other effects were not significant (ps > 0.1), indicating that the 

experiment successfully manipulated perceptual multitasking.  
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Caring for autistic children. The results showed that when participants perceived multitasking, participants 

were more willing to engage in charitable giving-type prosocial behaviors than providing time-based prosocial 

behaviors (M charitable giving=6.257 vs. M time-providing=5.486 , F(1,138)=19.572, p < 0.001); when participants perceive 

single-task processing, they are more willing to participate in charitable donation-type prosocial behaviors than 

to provide temporal prosocial behaviors ( M charitable donation = 6.014 vs. M providing time = 5.543, F(1,138) = 7.872, p = 

0.006). This result is in line with our hypothesis that participants were less willing to engage in time-consuming 

prosocial behaviors when they perceived multitasking, and were more willing to engage in charitable giving-type 

behaviors. 

 

4. GENERAL DISCUSSION 

4.1 Conclusion 

In this paper, five series of studies were carried out to verify the hypothesis. Five studies used five different 

scenarios and different types of prosocial behavior. The results demonstrate that when an activity is perceived as 

multitasking (vs. single-tasking), people are more likely to engage in subsequent prosocial behaviors. In study 1 

and study 2, the situation was selected as a frequent occurrence at work. The results proved the main effect and 

verified whether perceptual multitasking improved the perceived ability, and then affected the self-efficacy, thus 

promoting the sequential mediation mechanism of prosocial behavior. In study 3, when people were watching 

short videos, we verified whether perception hedonic played a moderating role. In study 4, consumers visited a 

museum offline. we verified whether perceived distraction played a moderating role, mainly because it did not 

increase their perceived ability. Study 5 used the scenario of participating in online academic lectures, Verify the 

validity of prosocial behavior type boundaries, the results show that when the participants perceive multitasking, 

will think that their time is scarce, thus more willing to participate in the charity prosocial behavior, rather than 

take the time to prosocial behavior. 

4.2 Theoretical Implications of the Research 

Firstly, this study is the first to explore the mechanism through which perceptual multitasking spills over to 

prosocial behavior, effectively expanding the scope of research related to the concept of multitasking and prosocial 

behavior. Secondly, this study explores the influence of changes in decision makers' behavior patterns as a 

dynamic situational factor on prosocial behaviors, thereby digging out a very important influencing factor of 

prosocial behaviors in the mobile Internet era. Existing research on the follow-up effects of multitasking 

psychological mechanisms is still limited to its impact on multitasking performance itself, and the conclusions are 

controversial. Related research on prosocial behavior has only explored the influence of individual stable 

personality traits and static situational factors on prosocial behavior, such as self-construction in individual 

differences etc. can affect prosocial behavior. What this paper studies is the potential positive downstream effects 

of just perceiving the same activity as multitasking (vs. single task).A scholar[5] who studies multitasking 

perception problems, found that multitasking perception alone can improve performance, mainly due to increased 

task engagement. However, no scholar has linked perceptual multitasking with subsequent behaviors in unrelated 

fields. This paper is the first to link the perceptual problem of multitasking with prosocial behaviors. Consumers 

who perceive multitasking increase their perceived ability, which in turn increases their self-efficacy, and are 

willing to engage in prosocial behaviors. Finally, this paper proposes three effective boundary conditions for this 

logic. Studies have found that multitasking is associated with distraction, and there are different types of 

multitasking (e.g media multitasking, IS multitasking) will have different effects. However, no research has found 

its own properties and used it as the boundary condition of the study. 

4.3 Practical Implications and Directions for Future Research 

Firstly, multitasking is unavoidable in daily life, and it is the normal state of people's work and life, such as 
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switching between multiple shopping social networking sites. Although this phenomenon is very common, most 

people do not realize that they are multitasking. In this case, there is no change in ability or behavior. Therefore, 

non-profit organizations and platforms can help people to perceive multitasking, and make people have the ability 

to perceive through visual stimulation, thereby promoting the development of charity. Second, nonprofit platforms 

and organizations can improve on the type of prosocial behavior. Time and energy are a precious resource. In 

today's fast-paced life, people often don't have much time to do what they want to do, so non-profit organizations 

can publish more instant, efficient, easy-to-participate, and non-personal public welfare activities. Finally, there 

is great practical value in increasing willingness to engage in prosocial behaviors, which can increase social well-

being and well-being. In daily life, some people do not realize that they are multitasking. After guiding people to 

perceive the activities of multitasking, charities and public welfare organizations can display public welfare 

activities to consumers at this time to promote people's perception of multitasking, and then launch public welfare 

activities. On the one hand, it improves people's perceived ability and self-efficacy. On the other hand, it also 

promotes the participation of philanthropy, and finally builds a society with the joint efforts of consumers and 

non-profit organizations. 

This paper has some limitations. Firstly, study 1 of this article tests the choice of environmentally friendly 

products, but other studies mainly test the subjects' willingness to participate in prosocial behavior.  In the future, 

we can still consider doing field experiments to test the actual prosocial behavior, which is used to strengthen the 

logic of this paper. Finally, in the future, we can further explore the mediating role of other variables and their 

behaviors, such as cognitive flexibility, time scarcity, etc. subsequent studies on perceptual multitasking are worth 

further exploration in the future. 
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Abstract The popularity of the Internet leads to frequent information security events, and emotional differences under 

different information security events lead to behavioral differences. In order to study the influence of social media emotions 

on information behavior under different event types, this study selected emotion-related behavioral data of microblog users 

based on two types of information security events. The results show that negative emotions negatively affect information 

adoption behavior and positively affect information interaction behavior. Positive emotions are the opposite; Low arousal 

positively affects information interaction behavior. High arousal positively affects information adoption behavior. Hacking 

events positively moderated the relationship between negative emotion and information interaction behavior, low arousal 

emotion and information adoption behavior. Data disclosure negatively moderates the relationship between positive emotion 

and information adoption behavior, low arousal emotion and information interaction behavior, and positively moderates the 

relationship between positive emotion and information interaction behavior. It provides the basis for enterprises to "take 

appropriate medicine" in the face of different information security events, and has certain reference value. 

 

Keywords: Microblog users, social media sentiment, information behavior, information security incidents 

 

1. INTRODUCTION 

With the rapid development of Internet technology, the neglect of many system loopholes and security 

issues leads to frequent information security events. According to the social impact theory [1], frequent 

information security events generate a large number of public opinion information, aggravate the emotional 

evolution, and easily lead to a strong rebound in information behavior, which brings heavy damage to 

enterprises. How to make the Internet "clear and clear" through reasonable emotions is of great significance. It is 

of great significance to strengthen network security and provide guidance to prevent emotional explosion on 

social platforms at the same time. Previous studies have focused on emotional valence dimensions, but from 

awakens the emotional dimension analysis, and research on the classification of information security incidents, 

is rarely, if ever, only a few appeared on the emergency research, but different from the real world of disaster 

events [2], completely relies on the network information security events, mood and behavior more strongly. This 

study classifies emotions from the dimension of emotion valence and emotion arousal to explore the influence 

of two kinds of emotions on information behavior under different types of information security events. 

 

2. THEORETICAL FOUNDATION AND HYPOTHESES 

Emotional cognition theory [3] proposed that information behavior is generated under strong emotional 

stimulation of internal and external environment. Information adoption behavior refers to users' acceptance and 

use of other users' information, namely, forwarding behavior. Information interaction behavior refers to users' 

strong personal motivation and expression to show and interact with other users, namely forwarding and 

comment behavior. The two-dimension theory [4] defines emotions from the valence dimension and the arousal 

dimension by means of coordinate axes. The valence dimension is divided into positive and negative emotions 
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based on users' judgment on the value of information security events, and the arousal dimension is divided into 

low arousal and high arousal emotions based on users' judgment on the urgency of information security events. 

This study extends it to the field of information security, divides emotion into valence dimension and arousal 

dimension, and studies its influence on information behavior under information security events respectively.  

 

3. RESEARCH METHODOLOGY AND RESULTS 

By obtaining data from Weibo, the incidence list of CNCERT information security events and the number 

of Weibo topics are comprehensively analyzed. According to the manifestations of information security events, 

the two types of information security events with the highest incidence from December 2018 to December 2021 

are selected: hacker attack (37.9%) and data leakage (25.3%). Among hacker attacks and data leaks, 15,847 

entries said baidu's web disk was cracked, and 20,614 entries said information of 216 million Facebook users 

was leaked. Based on the length of each time window and text volume, the data were processed in four stages 

according to the development process of the event: incubation period, outbreak period, spread period and 

decline period. Using the emotion dictionary of Lin Hongfei's team at Dalian University of Technology, the 

emotion values in two dimensions were obtained from the seven emotions of joy, good, sorrow, anger, surprise, 

evil and fear. 

Negative emotions (β=-0.079，p<0.001) negative influence on information adoption behavior, positive 

emotion (comment: β=-0.004, release: β=-0.001) negative influence on information interaction behavior 

(p<0.05), except for low arousal emotion and high arousal emotion, there was no significant influence on 

information adoption behavior and information interaction behavior (p>0.05) had positive influence on 

information behavior (β>0, p<0.05), that is, H1a, H1b, H2a and H2b have been verified. Hacker attack events 

positively moderated the relationship between negative emotions and information interaction (comment: 

β=0.164, release: β=0.026, p<0.05), data disclosure events negatively moderated the relationship between 

positive emotion and information adoption behavior (β=-0.024，p<0.05), positively moderated the relationship 

between positive emotion and information interaction (comment: β=0.024, release: β=0.166, p<0.05); Hacking 

positively moderated the relationship between low arousal and information adoption behavior (β=0.113，

p<0.05); Data disclosure negatively moderated the relationship between low arousal and information comment 

behavior (comment: β=-0.218, post: β=-0.142, p<0.05). That is, H3a, H3b, H3c and H3d are all partially verified. 

 

4. CONCLUSION AND DISCUSSIONS 

The results are of great significance both theoretically and practically. Theoretically, based on two 

dimensional theory to distinguish the mood, broaden the sentiment classification, potency dimension under the 

user through perception, memory, analysis, evaluation, meditation, different emotions produce different titer 

evaluation results, and choose different behavior patterns, wake up the dimensions confirmed that influenced by 

the importance, emergency atmosphere to promote the individual active information behavior. In practice, 

sentiment analysis is promoted to be extended to more fine-grained information security events. Compared with 

the capture progress of emergencies, transparency and virtual information security events tend to make people 

ignore differences in types and more complex comparisons in emotions. When studying the influence of 

emotion on information behavior, information security events can be divided into more precise granularity to 

study the †influence of different types of information security events on information behavior. 
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Abstract: To transit towards an environmentally sustainable society, sustainable entrepreneurs need funding from external 

parties. Crowdfunding can provide a good alternative for financing sustainable initiatives. To further understand this 

emerging phenomenon, a case study approach is adopted to analyze sustainable crowdfunding by exploring the motivation, 

the platform, the return on investment, and the relationship between creator and backers. Four successfully crowdfunded 

sustainable projects from the reward-based platform Kickstarter were chosen to represent different industries and 

crowdfunding models. 

  

Keywords: Crowdfunding, Environmentally sustainability, product design, ROI 

 

1. INTRODUCTION 

The UN COP26 (the 26th annual summit of the United Nations Climate Change Conference) in Glasgow 

has just ended in November 2021. The conference brought together 120 world leaders, 22,274 party delegates, 

14,124 observers, and 3,886 media representatives. The issues such as global warming [1], depletion of natural 

resources [2], and environmental sustainability have again attracted extensive attention worldwide. In general 

terms, the concept of sustainable development was defined as “Our Common Future”, which is also known as 

the Brundtland Report published by the World Commission on Environment and Development: “meeting the 

needs of the current generation without compromising the ability of future generations to meet their needs” [3]. 

Specifically, environmental sustainability is “a condition of balance, resilience, and interconnectedness that 

allows human society to satisfy its needs while neither exceeding the capacity of its supporting ecosystems to 

continue to regenerate the services necessary to meet those needs, nor by our actions diminishing biological 

diversity” [4]. 

To transit towards a more environmentally sustainable society, a new breed of sustainable entrepreneurs 

has emerged as an important force in driving the transformation. Sustainable entrepreneurs “contribute to 

sustainable development by doing business in a sustainable way” [13]. They have to balance economic, social and 

environmental goals, the so-called triple bottom line [14], or to address the three Ps (“People”, “Planet”, and 

“Profit”). Different from conventional entrepreneurs, sustainable entrepreneurs extend their interests beyond 

economic returns towards higher social and environmental goals. The multiplicity of goals makes sustainable 

business more ambiguous and therefore less attractive for traditional investors compared to purely profit-
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oriented firms [9]. Furthermore, sustainable entrepreneurs have an intrinsic difficulty to provide tangible and 

measurable outputs in the short term, which consequently lead to higher market uncertainty and extended time 

necessary for the project to become profitable [12][15]. Therefore, it is recognized that the lack of funding from 

professional investors determines a central obstacle to the development of this type of project [16].  

To overcome this challenge, crowdfunding can provide a good alternative for financing sustainable 

initiatives [17]. Compared with traditional financing agents such as venture capitalists (VCs), business angels 

(BAs), and banks, crowdfunding is characterized by the successful interaction between platform, a variety of 

entrepreneurs who seek financial support for their ideas and ventures, and large number of dispersed backers 

who are enticed to invest, pledge, lend or donate to these ideas and ventures [18]. As Lehner [19] states: “crowd 

investors typically do not look much at collaterals or business plans, but at the ideas and core values of the firm”. 

They are mainly motivated by altruistic or normative reasons, i.e., reasons with environmental causes, or social 

ideas they deem worthy and needed, or by the variety of attractive rewards they can receive [19][20][21][22][23]. This 

character echoes the ideology of sustainable entrepreneurs. 

The potential of sustainable crowdfunding is rapidly gaining academic interest at present time. Previous 

research has specified four potential areas for sustainable crowdfunding, respectively motivation, platform, 

return on investment (ROI), and relationships between creator and backers. Sustainable entrepreneurs have more 

complex motivations for seeking crowdfunding, for example, crowdfunding is also used as a marketing 

instrument to attract attention in the media and new customer, or to increase public awareness, or it can be used 

to test and validate the market potential of commercial ideas [20][26]. Secondly, sustainable entrepreneurs need to 

consider additional dimensions when they choose crowdfunding platform [23], for example, platforms with the 

support of local associations and supervising institutional bodies may increase the trust of potential creators and 

backers. Thirdly, some sustainability project might have already failed to receive funding from conventional 

sources, and thus do not meet the criteria which are important for long-term entrepreneurial success. It is 

important to have a mechanism to guarantee backer’s ROI. Lastly, many sustainable entrepreneurs lack a 

business education and related experience [29] they very often neglect the financial aspects, namely expected 

yields, security of the investment and accounting liquidity, which were regarded as the most important 

investment criteria [30] by conventional financiers. Consequently, they need to pay closer attention to build more 

efficient relationships with backers. 

To further explore this growing field especially the issues mentioned above, a case study approach is 

adopted to demonstrate how crowdfunding has been applied to sustainable projects. Four successfully 

crowdfunded sustainable projects from the reward-based platform Kickstarter were chosen to represent different 

industries and crowdfunding models. The objectives of this research are to:  

 understand the characteristics of sustainable crowdfunding in terms of crowdfunding motivations, 

platform choice, project outcomes and relationship with backers;  

 explore the success factors of these projects. 

This article is structured as follows. In section 2, we will first review existing literature regarding 

environmentally sustainable products; then we will review literature about crowdfunding and how the 

crowdfunding might support the development of environmentally sustainable products. In section 3, we will 
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employ four cases to illustrate how crowdfunding is used in sustainable product projects. In section 4, we will 

analyze the research findings and draw conclusions. 

 

2. LITERATURE REVIEW 

2.1 Environmentally sustainable product 

There is an increasing urgency for the manufacturers to think how to transform the traditional modes of 

productions and the consumption of products. Sustainable product design might give an answer to solve these 

tough questions by assisting the traditional ‘linear’ model of industry (where raw materials enter and products 

and waste exit the system) transformed into an integrated industrial ecosystem [5]. This is a closed loop model 

proposing the optimization of energy and material consumption, and waste minimization, where the outputs of 

one process serve as inputs for other processes [6]. Sustainable product design derived from life cycle design, 

which emerged in the 1990s. Life cycle design includes eight strategies for product development:  

 selection of low impact materials  

 reduction of materials usage  

 optimization of production techniques  

 optimization of distribution systems 

 reduction of impact during use 

 optimization of initial lifetime 

 optimization of end-of-life system  

 new concept development.  

In 1997, Brezet and Van Heel (1997) put forward the Eco-design Strategy Wheel as a useful guide to 

promote product design improvements at key stages in the life-cycle of products. In 2000s, life cycle assessment 

tools in product design were developed to get involved in all life cycle phases of a product, and to improve use 

of materials and energy, and minimizing waste emissions. In 2015, Cooper advocated sustainable product design 

that adopts the principles of: 

 Durability 

 Reparability 

 Upgradability 

 Optimized energy and material consumption 

 recyclability 

Previous literature has identified a few key aspects of sustainable product. 1) sustainable product should be 

made from low-impact materials, such as renewable or recycled materials, or non-toxic materials. 2) sustainable 

product should have the longest possible lifespan. This means the product are designed to be durable, modular, 

upgradeable, easily disassembled, repairable, and reusable. 3) sustainable product allows the materials to be 

continuously recycle into new ones [25], which is subjected to an upcycling process, or a downcycling process, or 

a biodegradation process. 4) sustainable product should be efficient in the usage phase, such as the reduction of 

energy consumption, or product fueled by renewable energy sources such as solar or wind power [26]. 

2.2 Crowdfunding definitions and models 
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First used for funding small-scale projects in the music and movie industry [20], crowdfunding is now a 

growing source of alternative finance for a variety of both for- and non-profit ventures [29]. Crowdfunding is 

defined as “a collective effort by individuals who network and pool their money together, usually via the 

internet, to invest in or support the effort of others” [27]. Specifically, by involving platform, backers and 

entrepreneurs, a particular project can seek funding from other individuals in exchange for future rewards, 

equities or other forms of returns [20][28]. The platform regulates the rules concerning campaign design, funding 

rules, and legal issues. Entrepreneurs create the project; set the targeted amount of money they aim to collect; 

and present their project in regard to the project, output, organization, and risks. Furthermore, these details are 

usually presented in the form of video, images and text. Backers provide funding for projects. They are also play 

an increasing role in the entire sustainable innovation process [30] as user-citizens and user-legitimators.  

The role of backers also depends of the type of crowdfunding model. Literature has identified five forms of 

crowdfunding, namely donation-based, reward-based, lending-based, royalty-based, and equity-based [20]. In 

donation-based crowdfunding, backers donate money to support project without expecting anything in return. In 

the reward-based model, contributors are offered non-monetary rewards of products or service in exchange for 

their participation. The lending type of crowdfunding, backers lend their money to the project creator at a certain 

interest rate. In equity-based crowdfunding, backers receive share of equity securities. Finally, in the royalty-

based model, backers receive a portion of future revenue in the form of royalties.  

Besides the primary financial function for entrepreneurs, crowdfunding can serve for multiple other 

purposes. Firstly, crowdfunding can support marketing activities to attract attention, increase awareness, and 

stimulate sales. Secondly, crowdfunding can be used to test and validate the market potential of new product 

ideas, thus to diminish the market uncertainty. Finally, crowdfunding can allow the backers to participate in the 

process of new product development, and consequently bridge the gap between product features and customers’ 

needs.  

2.3 Sustainable crowdfunding 

There are increasing researches conducted on the connections of sustainability and crowdfunding. For 

example, there is an on-going discussion about whether environmentally sustainable projects are more likely to 

succeed in crowdfunding. Some studies revealed that such projects even have higher chance to receive funds in 

excess of the original goal [15].  Furthermore, crowdfunding platform specialized in sustainability projects 

perform better than platforms with a diversified orientation.  However, other studies suggested that 

sustainability projects are not positively related to the success of the crowdfunding, but rather a disadvantage [12]. 

There is also a discussion on the distinctive features of sustainable crowdfunding. It can be summarized as:  

 sustainable entrepreneurs need to make greater efforts to communicate with backers to clarify the 

investment uncertainty and information asymmetry;  

 backers play more active role in promoting sustainability projects than in the conventional projects;  

 the way that creators design and manage the sustainability campaigns should be different from the 

conventional ones;  

 sustainability projects launched in the platforms, which are more active in promoting sustainability, 

are more likely to be successful. 
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3. METHODOLOGY 

This research adopts the case study method. The case study method is suitable for studying the relationship 

between specific phenomena and the deep underlying connections between them. Through case studies, people 

can build intuitive feelings that help uncover potential connections. Due to the different focus of crowdfunding 

schemes, multiple case studies were conducted to explore the characteristics of motivation, choice of platform, 

cost and ROI, and relationship with investors. Case studies are retrieved through online research and cases are 

selected on the basis that they are sustainable projects. For the above reasons, four cases using different 

crowdfunding models were studied to help understand the context of crowdfunding sustainable projects. 

3.1 Case A 

COLATREE is a design company that aims to produce equipment and apparel from sustainable sources. 

The goal of the crowdfunding project making hoodies from recycled coffee grounds is to raise $50,000 through 

Kickstarter. This project collects coffee grounds and plastic bottles from local shops, processes them through a 

series of technical means, mixes them into yarn and finally spun into cloth. Step-up sponsorships will receive a 

range of associated memorabilia including hoodies, trousers and socks in three colors. Because of the 

sophisticated product design, detailed product description and excellent ROI, the crowdfunding program ended 

with $558,796 through the platform's 5,921 backers.  

3.2 Case B 

The LastObject team's plan is to raise DKK 89,000 to produce the reusable cotton swab. The reason why 

this product was designed is that about 1.5 billion cotton swabs are currently produced every day and are thrown 

away after only one use. Cotton swabs have become one of the important sources of marine pollutants, which 

greatly affects the diversity of marine life. The project provides multiple colors of reusable cotton swabs for 

investors to choose from. Sponsorships of different sizes will receive a corresponding number of swab sets. The 

avant-garde environmental concept, good ROI, and innovative product design led to 19,909 sponsors raising 

DKK 4,789,213. 

3.3 Case C 

AVALON has released a crowdfunding project titled "The World's Best Eco-Friendly Sunglasses" to raise 

€20,000 in production funds. Sunglasses are all made of recycled materials, in addition, the sunglass frame is 

made of ultra-lightweight high-strength recycled polycarbonate, which is tough and flexible at the same time, 

and has the ability to resist impact and high temperature. At the same time Factories are audited, and have 

ISO9000, ISO14000 and SEDEX certifications. Investors can get a pair of high-quality sunglasses at prices well 

below market value. A very high ROI, high-quality products design, and frequently updated product information 

resulted in a total of €516,593 invested in this project by 8,831 sponsors. 

3.4 Case D 

Pluvi is an Italian startup. Crowdfunding for the revolutionary umbrella with a target of 20,000 euros. In 

this crowdfunding project, the materials and production methods of umbrellas have been revolutionized. The use 

of specially developed polymers makes it easy to recycle and reuse the umbrella, and it improves the overall 

reliability of the umbrella by replacing traditional screws and hinges with durable snaps. Reduced from more 

than 130 for traditional umbrellas to just 24, there are few components to minimize the chance of failure, and all 
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are produced by the same injection molding technology. Novel product design, high product return allowed 

3281 backers to fund €101,960 to bring the product into production. 

 

4. CROSS-CASE ANALYSIS 

The summary case finds that the total amount of funds raised by sustainability-related crowdfunding 

projects increases with ROI. The ROI of Case B and Case C was much higher than the rest of the sustainable 

projects on the platform, so they received far more total funding than expected. The ROI of Case A and Case D 

is also very impressive, so they also get more money than expected, but not as much as Case B and Case C. 

Investor participation, in other words, the update frequency of project information is also considered to be 

an important indicator of crowdfunding projects. Investor participation in Case B is much higher than Case A, 

Case C, and Case D, making Case B one of the most successful projects on Kickstarter on sustainability. 

Product design is also relevant to crowdfunding projects. Innovative designs tend to attract more sponsors. 

Case D is one piece of evidence that innovative technology has made it useful to a considerable number of 

sponsors. Case B and Case C are rare product designs on the market. Case A also revolutionized the design of 

clothing, including a hoodie that could be folded into a pillow. 

 

5. CONCLUSION 

This case study research explores the features of reward-based crowdfunding platform (Kickstarter) as 

financial instruments to support environmentally sustainable product. The four cases were studied from four 

dimensions: motivation, platform, return on investment (ROI), and relationships between creator and backers. 

The results of the case study show that the total amount of funds raised by sustainability-related crowdfunding 

projects has a positive relationship with ROI; the update frequency of project information is an important 

success factor of crowdfunding projects; and innovative campaign designs tend to attract more backers. 
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Abstract: Complexity of tourism products exists in route design and service combination provided by suppliers. 

Generating reasonable rules by utilizing large-scale textual data of tourism products will be an effective way to explore 

imitation and competition from product-product relationships thus observing how they respond to consumer demands and 

market changeable. In this sense, constructing a tourism product knowledge graph (TPKG) will be a key data strategy for a 

travel agency or e-commerce platform. This paper constructs a knowledge graph of tourism products with seven feature 

dimensions and creates a structured model to imagine the service details and features. BiLSTM-CRF was used to extract 

entities from large-scale textual data, while entity-related attributes and attribute values were extracted from Baidu Baike. 

Furthermore, possibility of correlation between entities using the link prediction algorithm was checked, and entity 

disambiguation was accomplished. Finally, TPKG was visualized using Neo4j graph to show the validity of ontological 

structure for tourism products. Our paper provides a new process and method to uncover the imitation and competition 

relationship among tourism products from a nuanced particle perspective. 

 

Keywords: knowledge graph, tourism products, named entity recognition, attribute value extraction 

 

1. INTRODUCTION 

Under the rapid development of the Internet and high transparency of information, opportunities and 

challenges coexist in the e-commerce platform ecosystem, which allow enterprises to continuously accelerate 

updates and iterations of products by learning or imitation, launching new products or services in line with the 

overall market trends. The above indicates that the procedure of product innovation evolution determines the 

competitiveness of enterprises on e-commerce platforms in market. For tourism products, combining the route 

design and service is considered as essential indicators to reflect their product characteristics. Therefore, it 

makes significant to applicably use large-scale product data information in e-commerce platforms to present it in 

certain rules and analyze its concrete content, which provides the relationship between products (imitation, 

competition, etc.) from a micro perspective and allows us to detect product evolution characteristics, variation 

trends of market, etc. from the macro view as well. 

In addition, with the development of artificial intelligence and the popularization of the information 

explosion and big data, big data analysis and proceeding have also become an important subject currently. In 

this context, knowledge graph, as a semantic network with strong expression capacity and modeling flexibility, 

has played an essential role in various fields. It was primarily proposed by Google in 2012[1] in order to 

significantly improve the performance of search engines, such as extracting entities, attributes, and the correlates 

from massive web data. The knowledge graph displays information in the form of various 

Subject-Predicate-Object (SPO) ternary from the reality. In some case, it will also be referred to as an extensive 

knowledge base, widely used in intelligent retrieval, recommendation system, policy analysis, etc. 

In tourism, most of the existing research aims to establish knowledge graphs of the whole tourism field, 

which are mainly for constructions of recommendation systems or intelligent Question Answering platforms. Xu 
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has established a knowledge graph in Chinese tourism [2]; Liu has built a knowledge graph from the perspective 

of tourists to assist tourists in itinerary planning[3]. However, previous studies have not investigated the 

construction of knowledge graphs in tourism products. Tourism products are composed of a series of parts 

widely recognized as five elements: physical location, service, friendliness, free choice, and participation, 

proposed by Smith S. in 1994[4].  

In travel products, large-scale routes generally have longer travel time, which means their products have 

more content and complexity. Before the COVID-19 outbreak, the number of outbound tourisms in China has 

increased year by year since 2016. In 2019, the outbound tourism reached to 170 million, and the outbound 

travel expenditure reached to 127.5 billion dollars. Moreover, Europe and the United States with their high 

degree of development and completed social public facilities, which are symbols of high quality in outbound 

travel, are the most popular destinations for Chinese in recent years. Therefore, this study has selected outbound 

travel to Europe and the United States as the analysis objects and extracted the data from March 2017 to 

December 2019 on the Ctrip platform. Firstly, we put forward the ontology structure in tourism products with 

seven dimensions and constructed the ontology. Secondly, we extracted entities from massive data using 

BiLSTM-CRF and defined 8 relations. Next, we extracted attribute values from Baidu Encyclopedia to enrich 

our knowledge graph. Finally, the entity disambiguation was carried out by link prediction algorithm, then 

visualizing the knowledge graph. 

We summarized two major innovations in our research: 

 This paper proposes an ontology construction method for tourism products, showing the characteristics 

of tourism products in seven dimensions. 

 This paper extracts entity from the massive product data of Ctrip with the content from Baidu 

Encyclopedia to build a TPKG. 

 

2. ONTOLOGY CONSTRUCTION OF TOURISM PRODUCTS 

2.1 Data collection 

The data was collected from large-scale holiday-making products provided in Ctrip. Due to the pandemic 

ahead of the 2020 Lunar New Year holiday, the boom index of China's outbound tourism market began to 

decline sharply. To avoid the impact of the outbreak on outbound travel, this study took the whole data of 

outbound tourism to Europe and the United States from March 2017 to December 2019. We selected the data of 

the first day in each month, with a whole piece of 169,598, and totally left 169457 after pre-processing and 

removing repeated data from product IDs in each issue, among which are 85,443 outbound travel product data in 

Europe and 84,014 in the United States. Figure 1 shows information about a holiday-making product with 

destination of the United States on Ctrip, where the information of the title, subtitle, 服务保障(service support), 

供应商(supplier), and 产品卖点(selling points) of the product were extracted. The main contents of the tour route 

and the services provided have been fully reflected in this part of the information. 

Moreover, the TPKG was also enriched by collecting entity data from Baidu Encyclopedia which was 

extracted based on Ctrip. Figure 2 shows an entry introducing the information about 察里津诺庄园(Charizino 

Manor), where we only extracted the location information about 地理位置(geographic location) and the content 

about description since TPKG was mainly for indicating product features. In this case, the entity 察里津诺庄园

(Charizino Manor) extracted before would have two attributes and attribute values: <察里津诺庄园(Charizino 

Manor), location, 莫斯科南部(Southern Moscow)> and <察里津诺庄园(Charizino Manor), description, 著名的宫廷

建筑群，典型的哥特式风格建筑(famous palace architecture and typical Gothic architecture)>. Due to the small 

number of entities requiring attribute value and the increased manual intervention when filtering attribute values, 

we employed a combination of manual collection and web crawlers to extract these attribute values. 
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Figure 1.  The page of a tourism product in the Ctrip website 

 

Figure 2.  The page of 察里津诺庄(Charizino Manor) in Baidu Encyclopedia 

2.2 Ontology construction 

The concept of ontology was first proposed by scholars in the philosophical field, whose purpose was to 

describe the objective existences in the world systematically. In recent decades, it has been applied to the 

computer domain and played an increasingly significant role in the fields of artificial intelligence, computer 

language, etc. The definition of ontology given by Gruber of Stanford University is widely accepted, expounded 

as “An ontology is an explicit specification of a conceptualization”[5]. The knowledge graph can be seen as a 

knowledge base for a specific domain, so the construction of domain ontology usually requires the cooperation 

of experts from related research and the field of ontology construction. We asked experts in related fields to 

complete our ontology construction and referred to the dimensional classification proposed in previous studies. 

In 1991, six elements of tourism experience, including food, accommodation, touring, shopping, and 

entertainment, were put forward by Strategic Research Report on China's Tourism Economic 

Development, headed by Sun Shangqing. From tourists' perspective, Wu Heng et al.[6] classified the content of 

travel notes into five categories: superior tourism landscape resources, rich tourism entertainments, perfect 

tourism service and facilities, specialty food and high openness degree. Table 1 summarizes the knowledge 

classification of previous studies on the ontology construction process in tourism. We drew on the previous 

studies and combined the contents mentioned in the text data of tourism products. Considering to reflect the 

relationship between each product and their overall characteristics, this paper divides the knowledge into seven 

categories: destinations, international transport, tourist attractions, specialty food, accommodation, tourism 

services and facilities, tourism entertainments and shopping. Destination and international transport are the basic 

attributes of the product, which means that these attributes cannot reflect the characteristics and innovation of 

the product. On the contrary, the five remaining categories can measure the product's characteristics and 

innovation. Hence they were classified as the core attributes. The ontology structure of tourism products is 

shown in Figure 3. 

Table 1.  Historical Research on Ontology Construction in Tourism Field 

Ontology knowledge category 

Tourism domain[7] Accommodation, activity, destination 

E-Tourism[8] Activity, tourist attraction, destination, service Provider, Event, Service, Site 

Tourism domain[9] 
Figure, transportation, entertainment, literature and art, scenic spots, folk customs, tourism objectives, 

service agencies, tourist routes, geographical location, accommodation 

Tourism domain[3] Location, province, city, attractions, restaurants, hotels, cuisine 

title 

subtitle 

service support 
supplier 

selling points 

description 

location 
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Figure 3.  Ontology structure of tourism products 

 

3. KNOWLEDGE GRAPH CONSTRUCTION 

3.1 Relationship definition 

A fact is represented by a triplet in knowledge graph. Relation extraction aims to construct the triplet of two 

entities and their relation. In the tourism product, the product is the central entity, only relationships between 

products and other types of entities are needed. Therefore, 8 relations were defined in this paper: 

(1) HasProduct: the relationship between the supplier and the product, in which the supplier provides the 

product to consumer. 
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(2) StayAt: the relationship between the product and the hotel or specialty residence, in which the 

passenger temporarily resides in this hotel or characteristic residence. 

(3) CityInclude: the relationship between the product and the city, where the product involves the tour of 

this city. 

(4) CountryInclude: the relationship between the product and the country, in which the country is the 

destination of the product. 

(5) ServicesInclude: the relationship between a product and a service, in which the product will provide the 

certain service. 

(6) TripModeIs: the relationship between the product and the mode of international transportation, in which 

consumers will arrive in destination by this mode of transportation. 

(7) TourIn: the relationship between the product and the attraction, in which the product contains the tour of 

this attractions. 

(8) EntertainmentInclude: the relationship between the product and shopping or entertainment, which 

means that the product involves some activities or items related to entertainment or shopping. 

 

Figure 4.  The framework of TP KG construction 

 

3.2 Entity extraction and attribute value extraction 

The named entity recognition (NER) was first proposed in MUC-6[10] and aims to identify the entities from 

text such as organizations, names, places, etc. Training data should be prepared to extract entities of tourism 

products. The BIO[11] schema is a standard annotation method for NER and was used to label the entities of 

training data in this paper. We used seven dimensions of tourism products proposed in section 2.2 as our data 

annotation categories. Due to the different amounts of product data every month, we randomly selected about 

8% of the monthly data and got 13,385 pieces for training. To prevent the effect of subjective factors from the 

process of data annotation, we sampled the annotation results of the annotation personnel, in which 1,000 pieces 

of annotated data were selected randomly to evaluate the accuracy after the annotation. The accuracy rate of 

annotation was proved to be more than 90%. BiLSTM-CRF was one of the state-of-art methods for NER, 

combined with a bidirectional LSTM network and a CRF network[12], utilizing the past input features and 

sentence-level tag information future input features. BiLSTM has a good performance in processing 

long-distance text information but is useless in the dependence between adjacent tags, while CRF can cover this 

shortcoming by obtaining an optimal prediction sequence through the relationship between adjacent tags. 

BiLSTM-CRF was used to extract entities in this paper. In addition, considering every piece of product data is 

discrete, we input each product data as a separate sentence for model training after deleting the special symbols. 
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F1 value was taken to be an evaluation index to assess our model, which was the harmonic mean of precision p 

and recall r, as shown in (1), (2), and (3). After training, each category of entities reached 60% in F1 value, 

while practically being more than 80% was significant to improve the annotation data in future work.  

Moreover, extracted entities classified as the “tourism services and facilities” category exist in many 

entities with similar semantics. To reduce the number of entities and connect as same nodes as possible between 

product entities, entities in this category were converted into 0-1 variables. For example, for the sub-dimension 

of “free time”, entities having similar semantics such as 2日自由活动(2 days free activity), 充足自由时间(sufficient 

free activity time), etc. were replaced with 自由活动(free time).  

As shown in Figure.5, the text of the product with ID 5912959 contains the entity of 2日自由活动(2-day free 

activity). We replaced it with 自由活动(free time), indicating that the product includes the service content of free 

time. 

 

(1) 

 

(2) 

 

(3) 

The extraction of attribute values was mainly for the entities we have extracted, which could enrich the 

TPKG. Although the product text data have illustrated the product's relevant information, attributes should be 

added to sufficiently delineate more details, particularly for attractions or accommodations. For example, for 察

里津诺庄园(Charizino Manor), we extracted 莫斯科南部(Southern Moscow) and 著名的宫廷建筑群，典型的哥特式风格

建筑(famous palace complex, typical Gothic architecture) as its attribute value of the location and description 

respectively. As shown in Figure 4, we produced a list of them based on the original data and applied a 

combination of web crawlers and artificial collection to sort out all attributes and attribute values to match this 

list. 

3.3 Knowledge merging and entity linking 

Given the task of entity alignment based on the entity extraction results of tourism products, similarity and 

intimacy could achieve entity disambiguation by identifying diversity of the majority entities. Therefore, the 

cosine similarity and link prediction algorithms were introduced to distinguish the same entities with different 

names, in which the cosine similarity was for text vector comparison, used in information retrieval and text 

mining, the link prediction algorithm could better capture semantic dependencies on our task, as a graph data 

based on the closeness measurement of common neighbors between nodes mining algorithm. The larger the 

nodes (or entities), the higher the intimacy value. To enhance the entity alignment results, we set thresholds for 

similarity and intimacy between entities to evaluate the performance of algorithms.  

The calculation method of similarity and intimacy are shown as equation (4) and (5), where two 

products and are regarded as two vectors in the m-dimension product space (or the k-dimension space 

in case of reduced representation). Additionally, is the set of nodes adjacent to node . 

 

(4) 

 

(5) 

3.4 TPKG visualization 

The knowledge graph is presented in the form of a ternary. All the ternaries were extracted from the merged 

data, including <entity, relationship, entity> and <entity, attribute, attribute value>. We used the Neo4j graph 
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database for knowledge representation, displayed by an example of a product, as shown in Figure 5. It suggests 

that in addition to extracting and displaying the original product data information from the Ctrip, we have also 

added relevant attribute values extracted from Baidu Encyclopedia to the entities 黄石公园(Yellowstone 

National Park) and 威基基海滩(Waikiki Beach) . 

 
Figure 5.  This figure is part of the TPKG we built, using the product whose ID is "5912959" as an example. 

 

4. CONCLUSION 

In previous research, knowledge graphs have always been established for the whole tourism field as a 

knowledge base to optimize the recommendation system or a question-answering platform. There hasn’t 

established knowledge graphs for tourism products in China before. In this study the web crawlers were 

compiled to crawl the large-scale outbound travel data from the Ctrip and preprocess the data first. Then, 

ontology construction rules for tourism products were presented based on data and research requirements, 

including ontology structure and relationship definitions, covering food, accommodation, touring, shopping, 

entertainment, etc. In knowledge extraction, BiLSTM-CRF was employed for entity extraction, in which we 

used web crawlers to crawl semi-structured and unstructured data for entities related to attractions in Baidu 

Encyclopedia, expanding and improving the knowledge graph by combining with manual extraction of attribute 

values. Finally, we employed implemented entity linking and knowledge merging via the link prediction 

algorithm and utilized the neo4j graph database to visualize the ternary we have built, composed of <entity, 

relationship, entity> and <entity, attribute, attribute value>. The constructed knowledge graph provided a new 

possible relation of imitation and competition among tourism products from a nuanced particle perspective. 

 

5. FUTURE WORK 

This paper constructs a TPKG based on some outbound tourism product data on Ctrip. As the basis for 

related research in tourism products, further research will focus on two aspects in the future. First, based on a 

preliminary attempt to construct a TPKG, a more elaborated knowledge graph construction framework can be 

established in the future, including the named entity recognition and expansion of corresponding attribute values 

and domain knowledge base, etc. Second, more analysis methods can be employed to mine the relationship 

between products, such as imitation and competition between products. Moreover, in the entire product field, we 

can explore and summarize the evolutionary process of products and identify the degree of product 

innovativeness and the market response by combining the product with the market. 
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Abstract: With the trend for smart maintenance for the Electric Multiple Unit (EMU), there is a critical need for 

cross-organizational data sharing. In maintenance field, blockchain technology has been introduced to enable trust among 

multiple stakeholders. However, the current blockchain solutions for data sharing are solely based on public chain or 

consortium chain, which may have the limitation of low transaction processing rate. Moreover, multiple levels of 

decentralization are required in cross-organizational data sharing for EMU maintenance. For the purpose of providing 

multiple types of ledger's governance and a performance improvement, this paper presents a method for developing EMU 

maintenance data sharing solution based on double blockchain. The method is validated using a case study at Shanghai EMU 

Depot. The proposed solution adopts Practical Byzantine Fault Tolerance (PBFT) as consensus mechanism. Interplanetary 

File System (IPFS) is introduced to reduce the payload of big data storage. 

 

Keywords: blockchain, smart contract, IPFS, data sharing, EMU maintenance 

 

1. INTRODUCTION 

In the field of smart maintenance, there is a critical need for cross-organizational data sharing. Blockchain 

technology has been introduced to enable trust between multiple stakeholders. Nevertheless, the current 

blockchain solutions for data sharing in maintenance field are mainly based solely on public chain or consortium 

chain, which may have the limitation of low transaction processing rate [1, 2]. Besides, multiple types of ledger's 

governance are required in cross-organizational data sharing. Hence, the purpose of our research is to answer: 

how to provide multiple levels of decentralization and a performance improvement for cross-organizational data 

sharing in maintenance field? This paper proposes a method for developing EMU maintenance data sharing 

solution based on double blockchain. The double blockchain consists of a consortium chain and a private chain. 

Practical Byzantine Fault Tolerance (PBFT) is adopted as consensus mechanism. Interplanetary File System 

(IPFS) provides decentralized database functionality for the storage of encrypted data. Trusted maintenance data 

sharing service is provided through smart contracts. 

 

2. RELATED WORK 

In railway industry, for reasons such as the protection of data privacy and security, massive valuable data is 

distributed in different organizational departments and has not been fully shared among multiple stakeholders. 

In maintenance field, blockchain technology has been introduced to data sharing solutions to enable trust 

between multiple stakeholders [3]. However, the current solutions are mainly based solely on public chain or 

consortium chain, which have the limitation of significant computational overhead. What’s more, such solutions 

may not provide different kinds of ledger's governance [1]. The data structure with double-blockchain has a 

higher level of data security [2]. Multiple levels of decentralization can be provided in this way, which are 
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required in EMU maintenance data sharing. To reduce the payload of big data storage, IPFS has been introduced 

to blockchain-based data sharing solutions [4]. All of these inspired us to combine the technology of 

double-blockchain structure and IPFS together to propose a data sharing solution for EMU maintenance. 

 

3. THE METHOD 

We propose a method for developing EMU maintenance data sharing solution based on double blockchain. 

1) Investigation of the scenario of EMU maintenance: The maintenance scenario includes the steps of EMU 

maintenance, the stakeholders and their scope of work, as well as the data to be shared. The related data is held 

by cross-organizational stakeholders, including EMU Depot (EDP), Public Works Section (PWS), Original 

Equipment Manufacture (OEM), Maintenance Service Provider (MSP), among others. 2) Development of 

double blockchain: The double blockchain adopted in our method consists of a private chain and a consortium 

chain. The private chain is composed of the nodes inside the railway corporation (e.g. EDP). The consortium chain 

is composed of the stakeholders in railway corporation and enterprises on the supply chain (e.g. OEM). 3) Details 

of the maintenance data sharing solution from three aspects: data layer, consensus layer, application layer.  

 

4. CASE STUDY 

Under the background of EMU maintenance, a case study is conducted in Shanghai EMU Depot to verify 

the proposed method. According to our investigation, when Shanghai EMU Depot conducts maintaining work 

for EMU from other bureaus, the required data is held by multiple cross-organizational stakeholders: Shanghai 

EMU Depot as Maintenance Planner (MPR), Home Depot of EMU (HDP), PWS, MSP and OEM. MPR is 

responsible to proactively perceive requirements and determine the final maintenance plan using the shared data. 

In our scenario, the solution is detailed from three aspects: data layer, consensus layer and application layer. The 

nodes of MPR, HDP and PWS compose the private chain to enable trust among multiple stakeholders inside the 

railway corporation. The nodes of MPR, HDP, PWS, OEM and MSP compose the consortium chain. The data is 

stored through Merkle Tree. The blockchain utilizes PBFT. This solution provides stakeholders with trusted data 

sharing service, which can be achieved when some conditions are satisfied. 

 

5. CONCLUSIONS 

This paper proposes a method for developing double-blockchain data sharing solution to enable trust between 

multiple stakeholders in the scenario of EMU maintenance. The method is validated using a case study in 

Shanghai EMU Depot. In our solution, the private chain is composed of the nodes inside the railway corporation, 

and the consortium chain is responsible to enable trust between the railway corporation and enterprises on the 

supply chain. The proposed solution provides multiple types of ledger's governance and a performance 

improvement, which will be further extended in our future work. 
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Abstract: Emerging digital technologies brought a transformative impact on the development of unicorn companies. The 

entrepreneurial mechanism behind the high growth rate and high valuation of unicorn companies plays a significant role in 

understanding the growth of entrepreneurial companies. Grounded in the upper echelon theory, this paper constructs a joint 

effect model of entrepreneurial teams and innovation models jointly affecting the high growth of unicorn companies. Then, 

four configurations were obtained using the fuzzy-set qualitative comparative analysis method (fsQCA) to explain the 

success of unicorn companies. This research expands the applicable boundary of upper echelon theory in the research setting 

of unicorn companies. It provides entrepreneurial strategy maps for start-ups seeking continuous high growth in the era of 

the digital economy. 

 

Keywords: Unicorn companies, Entrepreneurial team characteristics, Innovation models, fsQCA, digital economy  

 

1. INTRODUCTION 

The digital economy is the "accelerator" to promote the change in the quality, efficiency, and driving force 

of economic development. With the acceleration of digital transformation, unicorns, as emerging enterprises, 

have become a special economic phenomenon in the digital economy era with a high outbreak and growth[1]. 

They lead the growth of emerging industries with disruptive innovation and cross-border integration. In the 

context of the digital economy, start-ups cannot apply their past rules and experience in transformation and 

development. Instead, they should learn the road to the unicorn companies, have the courage to innovate, take 

the initiative to change, and carry out technological empowerment. So, whether there is some internal logic of 

the entrepreneurial behavior of Unicorn companies has been widely concerned. 

Most of China's unicorn companies are strongly related to the digital economy. These companies obtain 

different competitiveness mainly through technological innovation and business model innovation to achieve 

sustainable development. For example, Didi has broken the traditional taxi market pattern through business 

model innovation and became a leading enterprise in the industry. DJI has developed the drone industry with 

technological innovation, valuing its company at $22 billion. At the same time, as start-ups, unicorns' survival 

and development largely depend on the characteristics of the entrepreneurial team[2]. Venture investors also often 

take the ability of entrepreneurial teams as an essential reference for their investment. However, regarding how 

the characteristics of entrepreneurial teams and innovation models affect the development of enterprises, the 

existing research has not yet formed a unified conclusion[3].  

Although the conclusions of existing studies are divergent, the reason may be that the growth drivers are 

not isolated but interrelated. We need to consider the asymmetric and complex relationship between the team 

composition characteristics and the selection of innovation mode affecting the high growth of the enterprise 

from the overall perspective.  

Therefore, based on the configuration perspective, this paper builds an integrated analysis framework to 

solve the complex relationship between variables. And the fuzzy-set qualitative comparative analysis method 
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(fsQCA) is used, trying to answer how the combination of entrepreneurial team characteristics and innovation 

models leads to the high growth of Unicorn companies? Finally, four different antecedent configurations 

affecting the high growth of Unicorn companies are obtained. From the digital economy era perspective, this 

complete analysis and description of unicorns' innovative thinking and methods have provided valuable 

development guidance for enterprises. 

 

2. LITERATURE REVIEW AND MODEL CONSTRUCTION 

2.1 Unicorn enterprise characteristics and growth drivers 

The " unicorn " concept was first proposed in 2013 by an investor in Cowboy Venture to describe an 

emerging start-up with a valuation of more than $1 billion, obtained private equity financing, and rapid growth[4]. 

The existing research on unicorns mainly focuses on characteristic analysis and growth drivers. 

In characteristic analysis, Massis[4] pointed out in the Harvard Business Review that unicorns have the 

distinctive characteristics of "small company size, led or founded by serial entrepreneurs, financing through 

venture capital, and small business scope." Based on this, the characteristics of Unicorn companies are further 

summarized into the three typical features of industrial crossover, technology subversion, and business model 

self-growth, which are widely accepted by the academic circle[5]. 

In terms of growth drivers, it mainly focuses on the entrepreneurial team and innovation models. For 

example, at the level of the entrepreneurial team, the education level and social network can improve their 

corporate image and positively promote the survival and development of unicorns[2]. In terms of innovation 

mode, technological innovation can bring core competitiveness and achieve breakthrough growth. Business 

model innovation can help unicorns adapt to a highly uncertain market environment and obtain differentiated 

competitive advantages. 

However, most of the existing studies on unicorns are fact analysis and case introduction; a few studies use 

relatively simple statistical methods (such as regression or principal component analysis). Therefore, there is 

still a lack of multi-factor analysis of the high-performance growth of unicorns based on large samples. 

2.2 Entrepreneurial teams and high growth of unicorn companies 

The upper echelon theory points out that the top management team affects the formation of strategic 

decisions according to its existing cognitive foundation, values, experience and then affects the performance 

level of the enterprise[6]. Entrepreneurial teams are generally regarded as top management teams of 

entrepreneurs, and their research mainly relies on upper echelon theory. The composition characteristics of 

entrepreneurial teams were mainly measured by two dimensions: team heterogeneity and team experience level. 

Team heterogeneity is the degree of characteristic difference between team members[7], primarily functional 

experience heterogeneity and professional background heterogeneity. The team experience reflects the 

entrepreneurial team members' cognitive foundation and organizational ability [7], divided into entrepreneurial 

experience and industry experience. 

However, whether the characteristics of an entrepreneurial team will necessarily promote the high growth 

of corporate valuations has not yet formed a unified conclusion. On the one hand, previous studies generally 

believe that the diversity of knowledge and experience among team members is conducive to enterprises making 

innovative decisions[8]. On the other hand, some scholars have shown that team members are prone to conflicts 

due to cognitive differences and good interests, which weakens team cohesion and hinders the development of 

the enterprise[9]. In addition, the asymmetrical and complex relationship between team heterogeneity and 

enterprise performance has also been demonstrated[10]. 

Although the conclusions between team composition characteristics and firm performance are relatively 

complex[11], only a small number of research have shown that founders' degree of education and entrepreneurial 
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experience impact the development of unicorn companies based on case studies[2]. And multipath research on 

unicorn entrepreneurial teams has not yet been carried out. 

2.3 Innovation model and high growth of unicorns 

In the face of the complex internal and external environment, choosing suitable innovation models will 

help start-ups obtain competitiveness to enhance the probability of survival. According to the different 

management models, the innovation model of Unicorn companies can be divided into business model 

innovation and technological innovation[5]. 

Business model innovation provides customers with a new value proposition through new resource 

integration methods and business processes to enhance the differentiated competitiveness of enterprises[12]. 

Technological innovation transforms knowledge into productivity through existing science and technology, 

creating more competitive products to enhance the core competitiveness of enterprises[5]. The above two 

innovation models are the primary engines driving the rapid development of China's Unicorn companies. 

Moreover, technological innovation and business model innovation interdependently affect the development of 

enterprises. However, there is relatively little empirical research on how they affect the high growth of unicorn 

companies. 

2.4 The configuration model 

For the causal complexity problem with multiple factors, it is necessary to conduct configuration analysis 

based on the overall perspective[13]. However, the composition characteristics of the entrepreneurial team and 

the choice of innovation model will affect the survival and development of unicorn companies, and there is a 

complex causal relationship. Therefore, based on the configuration perspective, this paper uses the fsQCA 

method to establish the configuration model from the two aspects of entrepreneurial team composition 

characteristics and innovation models. And explore how to configure various factors to effectively promote 

unicorn companies' high growth.  

 

Fig.1. Configuration model 

 

3. RESEARCH DESIGN 

3.1 Research method 

The Fuzzy Qualitative Comparative Analysis Method (fsQCA) is a set analysis method based on the 

Boolean algebra principle to identify the causal configuration of cases through a configuration perspective. This 

method combines the advantages of qualitative and quantitative research methods considering various factors' 

interdependence. It treats the research case as a configuration formed by different antecedent variables from a 

holistic view. It conducts cross-case studies to solve the problem of multiple concurrent causality complexity. 

The fsQCA method was chosen for this study in that: 1) The data in this study contains multiple types of 
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variables, and fsQCA can solve both dichotomous variables and variable degree and partial membership. 2) 

fsQCA has the advantage of truth table analysis for processing qualitative data, finite diversity, and simplified 

configuration. 

3.2 Sample selection and Feature analysis 

IT Juzi is an early consulting company that paid attention to unicorns in China. It has a relatively complete 

database of startups in the TMT field (technology, media, telecommunications). This paper selects unicorn 

companies from 2015 to 2020 in IT Juzi and uses the company's official website and industry reports to 

supplement the data. Finally, 90 companies were selected as data samples. These companies are consistent with 

the overall characteristics of Chinese unicorn companies, but there is a certain degree of heterogeneity among 

them. 

3.3 Variable measurement and Calibration 

The measurement of entrepreneurial team characteristics follows the criteria established in Upper Echelons. 

The variable on entrepreneurial experience was measured by the proportion of members with entrepreneurial 

experience. Entrepreneurial team members' average industry working years to measure team industry experience. 

The functional experience was divided into five categories of general management, marketing, financial finance, 

manufacturing, and technology development. Background education was classified into five categories: Science, 

engineering, commercial economics, literary art, medicine, and others. Heterogeneity is measured by the Blau 

coefficient, which is ,  is the number of categories, and represents the 

proportion of members of different categories. The larger the T, the higher the heterogeneity of the team. 

Business model innovation and technological innovation were categorized as dummy variables, depending on 

whether or not the company uses this innovative model. The growth rate of enterprises is measured through the 

average annual valuation growth of unicorn companies. 

Calibration constitutes a fundamental stage of fsQCA and refers to transforming construct measures, or 

variables, into fuzzy-set membership scores. Due to the large deviation in the growth rate of unicorns, based on 

existing studies[13], the upper quartile, lower quartile, and their mean are used for calibration to better 

distinguish cases. Business model innovation and technological innovation belong to virtual variables that do 

not need calibration. Other variables need to be calibrated using the data's upper quartile, mean and lower 

quartile to set the anchor points[14]. 

 

4. RESULTS ANALYSIS 

4.1 Necessity analysis 

Necessary causal conditions have a consistency score above 0.90[13]. Our results indicated that among all 

our causal conditions (and their absence), technological innovation had the highest consistency score of 0.812 

(Table 1). However, none of our conditions was found to be necessary for high growth because consistency 

scores did not exceed the recommended 0.90 threshold. 

4.2 Configuration analysis 

Due to the small total sample size, this paper sets the case frequency to 1 and the consistency threshold to 

0.8, to retain at least 75% of the sample cases to distinguish the relevant configuration and the logical 

remainders. And according to the gap presented by the consistency score in the truth table, set the Proportional 

Reduction in Inconsistency (PRI) to 0.7, conduct a standardized analysis to obtain simple solutions, 

intermediate solutions, and complex solutions.  

Complex solutions only analyze configurations with actual observed cases, intermediate solutions contain 

logical remainders supported by theoretical or practical knowledge, and simple solutions contain all logical 

remainders. At the same time, the condition that appears in the simple solution and the intermediate solution is 
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the core condition, and the condition that only appears in the intermediate solution is the auxiliary condition. 

According to the intermediate solution, the different precursor configurations promoting the high growth of 

unicorns are shown in Table 2. The consistency of the overall solution was more significant than 0.85. It shows 

that the four different configurations are sufficient conditions for the high growth of unicorns. The coverage of 

the overall solution is 0.509, indicating that the conditional configuration obtained is powerfully explanatory for 

the high growth of unicorns. 

Table 1.  Necessity analysis 

Antecedent variable Consistency     Coverage Antecedent variable Consistency     Coverage 

Entrepreneurial experience 0.666      0.554 Industry experience 0.508 0.501 

~ Entrepreneurial experience 0.460 0.445 ~ Industry experience 0.592 0.486 

Functional experience 

heterogeneity 
0.701 0.467 

Educational background 

heterogeneity 
0.618 0.519 

~ Functional experience 
heterogeneity 

0.383 0.522 
~ Educational background 

heterogeneity 
0.469 0.449 

Business model innovation 0.769 0.469 Technological innovation 0.812 0.504 

 Business model innovation 0.231 0.388 ~ Technological innovation 0.188 0.302 

4.3 Results analysis 

Among four configurations of high growth of unicorns, all include entrepreneurial experience. The team's 

entrepreneurial experience provides legitimacy in a competitive market environment, which has promoted the 

company's resources and organizational operation. Therefore, in the analysis of the four configurations in Table 

3, this article defaults that all configurations include entrepreneurial experience. 

Table 3. Results analysis 

 Entrepreneurial Team  Innovation Model 

Configuration A Acquaintances network Business model innovation 

Configuration B Brainstorm Technological innovation 

Configuration C Sophisticated Business model innovation and Technological innovation 

Configuration D Special skills Business model innovation and Technological innovation 

 

Table 2.  Antecedent configuration of high growth of Unicorn companies 

Antecedent variable Configuration A Configuration B Configuration C Configuration D 

Entrepreneurial experience ● ● ● ● 

Industry experience   ●  

Functional experience heterogeneity  ● ●  

Educational background heterogeneity  ●  ● 

Business model innovation ●  ● ● 

Technological innovation  ● ● ● 

Raw coverage 

Unique coverage 

Consistency 

0.131 

0.101  

0.878 

0.206  

0.059  

0.867 

0.204  

0.054 

0.874 

0.294  

0.053  

0.872 

Overall solution coverage 0.509 

Overall solution consistency 0.873 

Note：●= core conditions exist; = lack of core conditions; ●= auxiliary condition exists; = auxiliary condition missing; blank indicates 

that the condition can or cannot appear 
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4.3.1 Configuration A: Acquaintance network team for business disruption 

In the context of lack of industry experience, entrepreneurial teams with high functional experience and 

professional background similarity can choose business model innovation to promote the high growth of 

unicorns verified by Configuration A. Business model innovation mainly improves enterprises' differentiated 

competitiveness through new enterprises resource integration methods or business process restructuring. The 

resource integration methods of entrepreneurial enterprises and business restructure are primarily based on the 

entrepreneurial team's management experience and professional background. The cognitive differences between 

entrepreneurial team members with high professional backgrounds and functional experience are slight. Given 

the lack of industry experience, they are more willing to communicate and share their experience. Most of these 

teams are composed of classmates and friends with high intimate relationships. After comprehensively 

analyzing competitors' information, they put forward differentiated competition strategies to carry out business 

model innovation to promote the high growth of enterprises. Configuration A presents the advantages of 

business innovation of acquaintances network. 

4.3.2 Configuration B: Brainstorm entrepreneurs team for technological breakthrough 

When the level of industry experience is low, entrepreneurial teams with high heterogeneity of functional 

experience and professional background can be shown in Configuration B through technological innovation to 

promote the high-performance growth of unicorns. Unlike Configuration A, entrepreneurial teams in 

Configuration B have diverse functional experience and professional backgrounds. This means that such 

entrepreneurial teams master rich market information and have extensive external social networks. It is more 

conducive to obtaining external financing to support the transformation of internal diversified professional 

knowledge and skills and promoting the high growth of unicorns with the help of technological innovation. 

Therefore, the entrepreneurial team members with diversified experience backgrounds actively seek 

technological innovation, with the primary goal of improving core competitiveness to seize the blue ocean 

market. Configuration B reflects the entrepreneurial idea of brainstorming to promote technological innovation. 

4.3.3  Configuration C: Sophisticated strategic team seize entrepreneurial opportunities  

When the industry experience and the functional experience heterogeneity of the entrepreneurial team are 

high, the model of promoting the high growth of unicorns through the innovation model of technology and 

business model is reflected in Configuration C. Entrepreneurial teams with high heterogeneous functional 

experience can build a vast network of relationships with external stakeholders, while a high industry experience 

escorts relationship maintenance. Such entrepreneurial teams can help companies obtain external financing, 

create more influential core competitive products through effective resource allocation, optimize technological 

innovation, and establish marketing channels. In other words, the entrepreneurial team has relevant experience 

in multiple functional tasks, which guarantees the effective implementation of the innovation model of mutual 

linkage between technology and business model. It shows the sophisticated and practical entrepreneurship- 

driven model. 

4.3.4 Configuration D: Special skills team through innovation linkage to meet market demand 

Entrepreneurial teams with high heterogeneity of professional backgrounds can achieve the high growth of 

Unicorn companies through collaborative innovation of business models and technology. Unlike Configuration 

C, Configuration D focuses on the diversification of professional backgrounds. Such entrepreneurial teams 

generally have professional knowledge reserves to meet the diverse needs of the external market. Meanwhile, 

the team can access resource channels through cross-linking relationships to bring products to market and 

innovate business models. However, with the acceleration of market iteration, enterprises take advantage of the 

talent advantages of entrepreneurial teams to realize the transformation of professional knowledge and skills. On 

this basis, technological innovation can support the change of enterprise business model and obtain sustainable 
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competitiveness for enterprises. Therefore, Configuration D refers to the entrepreneurial team's entrepreneurial 

path to achieve organizational goals by giving full play to their strengths and combining business model and 

technology with collaborative innovation. 

4.4 Robustness test 

In order to verify the reliability of the results, this paper performs robustness tests by adjusting the 

consistency threshold. Based on existing research[15], this paper raises the consistency threshold from 0.80 to 

0.85. The results show that the consistency of the overall solution of the configuration increased to 0.88, and the 

overall coverage of 0.46. The conditional configuration did not change in essence, thus the robustness of the 

conclusions of this study was verified. 

 

5. CONTRIBUTION AND CONCLUSION  

5.1 Main findings and contributions  

Grounded in the upper echelon theory, using fsQCA, this paper identifies four configuration configurations 

that affect the high growth of unicorn enterprises. They are respectively acquaintance network team for business 

disruption, brainstorm entrepreneurs team for technological breakthrough, sophisticated strategic team seize 

entrepreneurial opportunities, special skills team through innovation linkage to meet market demand. This 

provides reference ideas for start-ups seeking sustainable development in the era of the digital economy.  

This study has the following theoretical contributions. First, this paper has expanded the applicable 

boundary of the upper echelon theory and supplemented the relevant theoretical research on the high growth of 

unicorn companies. Enterprises must choose adaptive innovation strategies according to their characteristics to 

obtain competitive advantages and promote enterprise development[2]. By exploring the combined effect of 

team composition characteristics and innovation mode, this study expands the research perspective of the 

high-performance growth of unicorns. It enriches the research content of the high-level echelon theory. 

Secondly, the fsQCA method was used to clarify the complex relationship between the composition 

characteristics of entrepreneurial teams and innovation models that drove the high-performance growth of 

unicorns. Based on the configuration perspective, this paper studied the interaction effect rather than univariate, 

which can better explain the inconsistency of existing research conclusions and provide an explanation for 

high-growth complex situations for unicorns. 

Practically, this paper provides a reference for unicorns to build and optimize entrepreneurial teams and 

choose matching innovation models. Four configurations obtained from this study would help unicorns 

continuously optimize the innovation model according to the development status of their industry and the 

characteristics of team composition. And they provide guidance for start-ups to seek high-growth 

entrepreneurial paths. Secondly, the importance of entrepreneurial experience in the unicorn entrepreneurial 

team was emphasized. However, it is not enough for an entrepreneurial team to only have entrepreneurial 

experience, and it also needs to have other team characteristics to cope with the complex external environment. 

This paper provides a guide on optimizing the entrepreneurial team structure and making up for the lack of team 

capabilities through the capital markets. 

5.2 Research limitations 

The limitations of this paper are manifested in the following two aspects: First, first-hand data for unicorns 

can be obtained through interviews and questionnaires to conduct more detailed research and analysis in the 

future. Secondly, this study considers the internal impact of enterprises, and future research can introduce the 

external environment to comprehensively assess the complex antecedent configurations that affect the high 

growth of unicorns. 
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Abstract: As an emerging marketing tool of e-commerce platforms, digital content marketing (DCM) has been favored by 

many retailers. It is unclear how e-retailers combine DCM with traditional marketing tools (e.g., price promotion and display 

advertising) to improve their sales performance. This paper builds a research model from the integrated marketing 

perspective to explore this question. With a panel dataset of 36 women's clothing stores on Taobao platform, this study 

combined machine learning with economic model to test the research model. The empirical results show that the information 

richness of e-retailers’ DCM positively influence their sales performance. More interesting, the interaction between DCM 

information richness and price promotion negatively impacts the sales performance of high-reputation e-retailers, while the 

interaction between DCM information richness and display advertising positively impacts the sales performance of 

high-reputation e-retailers. Finally, the theoretical and practical implications are discussed. 

 

Keywords: integrated marketing communications, enterprise-generated content, e-retailer reputation 

 

1. INTRODUCTION 

In recent years, with the increasingly fierce competition among e-commerce retailers, the traditional 

marketing methods such as price promotions and diaplay advertising have been unable to meet the needs of 

retailers for customer traffic. Currently most of e-commerce platforms are providing digital content marketing 

tools for retailers to attract customers. For example, Taobao.com launched Weitao sub-platform for its retailers 

to perform content marketing. As a new marketing method, content marketing is very different from traditional 

marketing methods in terms of cost input, user experience, and marketing effects. 

When facing new content marketing tools and various traditional marketing tools, a big problem for 

e-commerce retailers, especially C2C small and medium-sized e-retailers with limited marketing resources, is 

that how to execute their digital marketing strategies. Integrating different marketing tools can be produce 

maximize profits for e-retailers. There are few academic studies on the integration of different marketing tools 

for e-commerce retailers. It is also unclear about the impact of digital content marketing on firms’ sales 

performance. 

This research aims to explore how e-commerce retailers integrate digital content marketing with traditional 

marketing tools (i.e., price promotion and display advertising) to improve their sales performance. The main 

research contents of this paper are: (1) how digital content marketing of e-commerce retailers impact their sales 

performance; (2) Whether there is an interactive effect among the three marketing tools of digital content 

marketing, price promotion and display advertising to influence sales performance. 

 

2. LITERATURE REVIEW AND THEORETICAL FOUNDATION 

2.1 Literature review about digital content marketing studies 

Digital content marketing (DCM) refers to the marketing communication strategies in which enterprises 
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communicate valuable content through pictures, text, video, live broadcast and other media to stimulate 

beneficial customer interaction[1]. Current DCM studies focus on enterprise-generated content (DCM) in the 

context of social media platforms. DCM is a textual description of products and services of e-retailers online on 

e-commerce platforms, and it is a reliable information that can alleviate consumer uncertainty. Therefore, DCM 

has gradually become a new channel for communication between enterprises and consumers. 

The existing literature on DCM in the field of marketing mainly focuses on the following three aspects [2]: 

(1) Content strategy: companies can publish various forms of marketing content on social media, but different 

content will produce different effects. Yan Xing and Chang Yaping[3] divided corporate Weibo content into two 

categories: task-oriented and social, and explored the mechanism of different types of content triggering user 

comments. (2) The impact of DCM on consumers’ behavioral feelings: Enterprises explore and meet consumers’ 

psychological needs through the interaction of DCM with consumers. Some scholars explore the influence of 

users on brand cognition or behavioral willingness based on the theory of user perception. For example, Pentina 

et al.[4] studied the influence of information in Facebook and Twitter on consumers' personal shopping 

preferences. (3) The impact of DCM on enterprise performance: Content marketing published by enterprises on 

social media can gain user recognition at a lower cost, and even affect economic benefits. Duboff and 

Wilkerson[5] proposed to measure the marketing effectiveness of social media by calculating ROI. The above 

literature review on corporate content marketing shows that the existing literature focuses on the direct impact 

of DCM in the context of social media, and few studies explore the integration of content marketing and other 

marketing methods. 

2.2 Theoretical foundation  

When a firm faces multiple marketing resources with limited marketing costs, it is crucial to evaluate the 

relative effectiveness of marketing resources and determine the best combination strategy to achieve better sales 

performance. The concept of "Integrated Marketing Communication (IMC)" was first proposed by Schultz[6], 

which believes that companies should try to coordinate and control multiple marketing methods to generate 

more customer-centric information. 

Previous integrated marketing communications research has focused on the effects of integration between 

traditional media and between traditional and online media on users' brand perceptions and firms' sales 

performance. For example, Chang and Thorson[7] found that TV network ad integration had a greater impact 

than ads from a single source (TV or web). However, as e-commerce platforms begin to expand their functions 

by integrating social media modules, scholars have begun to incorporate social media into the study of 

integrated marketing communications. However, the current study only focuses on the effect of user-generated 

content of social media on the user behavior of the platform. For example, Hang et al.[8] found that the 

integration of social media (Facebook) with online review platforms (Yelp.com and TripAdvisor.com) can 

increase the number of user online reviews and reduce the number of negative reviews. However, such 

user-generated content is beyond the control of e-retailers, so the existing literature lacks a e-retailer-oriented 

research perspective, so it cannot provide direct guidance for e-retailers' marketing decisions. At the same time, 

most of the existing integrated marketing research is aimed at a certain type of enterprise, and the integration 

effect produced by different enterprises is inconsistent even if they use the same marketing mix, and the existing 

literature rarely considers the influence of the characteristics of the research individual on the integration effect. 

 

3. RESEARCH MODEL AND HYPOTHESIS 

3.1 Research model 

Due to the problem of information asymmetry in the transaction activities in the context of e-commerce 

platforms, in order to reduce the information asymmetry between the two sides of the transaction, the e-retailers 
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will carry out various forms of marketing activities to transmit the potential quality information of the products 

to consumers, so as to reduce the information asymmetry between the two sides of the transaction, reduce 

uncertainty in consumer purchasing decisions and facilitate smooth transactions. Therefore, this paper 

establishes an integrated model of the marketing methods of e-commerce platforms to explore the integrated 

marketing effects of different marketing methods. 

 

Figure 1.  Research model 

Table 1.  The definitions of research variables 

Variable Definition Reference 

Information richness of 

digital Content Marketing 

The amount of information contained in the digital content published by an 

e-retailer on its official community account of the e-commerce platform. 

Kumar et al.[9]、 

Goh et al.[10]  

Price-promotional 

marketing 

The number of times that an e-retailer performs promotional activities at a 

price lower than the normal sales price of the product in a fixed sales cycle. 

Kotler et al.[11]、 

Alba et al.[12]  

Display advertising  
The number of diaplay advertising spaces placed by an e-retailer on the 

platform. 

Aiken and Boush[13]、 

Feiyu Zhao[14] 

Sales Performance 
The number of products sold by an e-retailer in a fixed sales cycle reflects 

the economic effect that the e-retailer obtains. 
Kumar et al.[17]  

 

3.2 Research hypothesis  

E-retailers need to spend time and effort to write the text description of the product. If there is a big 

deviation between the text description and the actual product, the e-retailer needs to bear the risk of false 

description. Therefore, DCM, as a text description of an online product, is considered to be reliable information 

that can help buyers to alleviate uncertainty about products and e-retailers, thereby increasing purchasing 

confidence. Angelika et al.[18] found that compared with the standardized product form on product pages, DCM 

is more flexible and richer, and can further reflect the e-retailer's personality and product characteristics. At the 

same time, the richer the information contained in DCM, the lower the uncertainty and decision-making risk 

perceived by users. When the information of DCM is richer, it can better satisfy users' preferences for different 

types of information to enhance emotional identity and improve their purchasing decisions. 

H1.  The more information richness of DCM, the higher sales performance e-retailers obtain. 

The multi-source perception effect believes that the more information sources, the greater the perceived 

reliability of consumers. However, Li et al.[19] argue that consumers’ multiple touchpoints may distract 

consumers, resulting in a decline in revenue within each channel. Su[20] pointed out that although price and 

objective product information are the main influencing factors for consumers to decide to purchase, the increase 

Information richness of Digital 

content marketing 

Sales Performance 

Price-promotional marketing 

H

1 

Display adverting 

H

2 

H

3 
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of objective product information will lead to an increase in retailers' value expectations, thereby reducing 

consumers' choice of low-priced retailers. Therefore, when consumers are exposed to these two kinds of 

information at the same time, the existence of rich DCM may make consumers abandon price promotions, 

resulting in a decrease in the investment income. 

H2.  There is a negative interaction effect between the information richness of DCM and price promotion 

(i.e., substitution effect) on e-retailers’ sales performance. 

DCM can help consumers alleviate uncertainty about products and e-retailers. On the e-commerce platform, 

consumers will decide whether to click on diaplay advertising links based on the detailed information about the 

e-retailer's products or services provided by DCM to consumers. Therefore, when consumers are exposed to 

both DCM and paid advertisements, according to the multi-source perception effect, when the information 

released by e-retailers on social media is sufficient and positive, the quality signal attribute of paid 

advertisements is strengthened. Therefore, DCM can enhance the impact of diaplay advertising on the sales 

performance of e-retailers. 

H3.  There is a positive interaction effect between the information richness of DCM and display 

advertising (i.e., complementary effect) on e-retailers’ sales performance. 

 

4. METHODOLOGY 

4.1 Research samples and data collection  

As a small and medium-sized C2C store, women's clothing stores on Taobao's platform have relatively 

limited marketing resources, and it is necessary to conduct marketing integration to reduce their operating costs. 

At the same time, because women's clothing stores are experiential products, consumers cannot accurately judge 

the quality of products due to lack of pre-order experience and need to rely on external product information. 

Therefore, e-retailers pay more attention to the use of platform marketing tools to promote consumers' 

understanding of products. The relevant data will be richer. Based on this, this article chooses it as the research 

object. 

This article uses crawlers to obtain a total of 31,126 Weitao tweets from 36 women's clothing stores on 

Taobao platform from January 1, 2018 to April 30, 2018, including: release time, tweet content, number of 

views, number of likes, the number of comments and other information. And obtain the operation data of the 

research sample stores in the corresponding time period from the third-party statistical platform (Tao Data), 

including: daily sales, dynamic sales rate, through train (paid keywords), diamond booth, price promotion, store 

launch time, DRS Rating and other information. The final study sample dataset contains marketing mix and 

sales data (in one day) of a total of 36 e-retailers from January 1, 2018 to April 30, 2018. The dataset has a total 

of 4320 records. 

Among the data obtained, the DRS score intuitively reflects the past buyer's evaluation of the seller's 

products and services, and is an important indicator of the e-retailer's reputation. According to the DRS score, 

this paper divides the sample data into "high reputation" and "low reputation" e-retailers for separate research. 

4.2 Measurement 

Topic distribution of content published by e-retailers: At present, there have been researches on applying 

machine learning and natural language processing technology to data processing of social media. We use the 

LDA algorithm provided in the Gensim toolkit to perform topic modeling to obtain the topic distribution of 

content published by e-retailers. Using perplexity and the elbow rule, the optimal number of topics was 

determined to be 15, and after 500 iterations, the topic word distribution was generated after training. The 

measurement methods of all variables are shown in Table 2: 
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Table 2.  Variable measurement 

Variable Measurement Reference 

Dependent Variable   

Sales 

Performance( ) 
The total number of products sold by shop i on day t Kumar et al.[17]  

Independent Variable   

Information richness of 

digital content 

marketing ( ) 

The Hirschmann-Herfindahl Index (HHI) is used to calculate the topic richness. 

                                                           (1) 

The closer the value is to 1, the richer the topic, where  is the probability distribution of the k-th 

topic in the tweet content. 

Ordenes et al.[21][22]  

Price Promotion 

( ) 

The sum of the number of products that shop i participated in a series of price promotions on Taobao 

on day t 
Alba et al.[12]  

Display Advertising 

( ) 
The number of all paid ad slots placed by shop i on day t Lu et al.[23]  

Regulated Variable   

E-retailer 

Reputation( ) 

Dummy variable, the DRS score of shop i is higher than the industry average of 1, and lower than 

the industry average of 0 
Huifang Li[16]  

Control Variable   

E-retailer Scale( ) The sum of the quantity of all product categories (spu) in shop i on the t day Lu et al.[23]  

E-retailer 

Experience( ) 
The difference between shop i on day t and the time it went online Kumar et al.[17]  

 

5. DATA ANALYSIS AND RESULTS 

5.1 Descriptive statistics and correlation analysis 

This article uses STATA 14.0 statistical analysis software to perform descriptive statistics and correlation 

analysis on the variable data of the sample, as shown in Table 3. The correlation results show that information 

richness of digital content, price promotion, display advertising, e-retailer reputation, e-retailer scale, e-retailer 

experience all have different degrees of significant correlation with sales performance. 

Table 3.  Variable measurement 

Variables Obs Mean S.D. Min Max 1 2 3 4 5 6 7 

1.Sales 4320 7404.861 15301.43 3 285271 1       

2.DCM 4320 0.7237 0.0413 0 0.8501 0.037** 1      

3.PRICE 4320 3.2408 15.2748 0 239 0.095*** 0.033 1     

4.AD 4320 484.7953 844.1656 0 6718 0.335*** -0.045** -0.041** 1    

5.PD 4320 589.0754 444.5803 7 2892 0.509*** 0.032** 0.001 0.411** 1   

6.EXP 4320 2897.141 903.4075 860 4444 -0.257*** 0.015 0.078** -0.202 -0.359* 1  

7.DRS 4320 0.4595 0.4984 0 1 -0.205*** 0.017 0.035* -0.157** -0.291* 0.280 1 

 

5.2 Econometric model analysis  

The sample data of this study belongs to the long panel data and contains both cross-section and time 

dimensions. Therefore, the fixed effect test was first carried out. The results showed that only individual fixed 

effects exist. Therefore, individual dummy variables are added to the model to control individual heterogeneity. 

Before the model calculation, in order to detect the multicollinearity between the variables, the variance 

inflation factor test (Variance Inflation Factors, VIFs) was performed. The results showed that the average value 

of the variance inflation factor of each variable of each model did not exceed 2, which was much smaller than 

The recommended value of 10 indicates that the parameters are unlikely to be affected by multicollinearity[24]. 

At the same time, the perturbation items of the data were tested and found that there were heteroscedasticity 

between groups, autocorrelation within groups, and simultaneous correlation between groups. To solve this 

problem, this paper uses the least squares method (OLS-PCSE) calibration model with panel calibration 

standard errors, and allows each panel to have its own autoregressive coefficient. 
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5.3 Data analysis results  

This study used stepwise hierarchical regression to test the research hypotheses. To avoid the 

multicollinearity problem, all variables included in the interaction term are centrally processed before doing the 

interaction effect. First, perform regression on all sample data, and the regression results are shown in the 

following table: 

Based on the previous regression analysis of all the sample data, according to whether the e-retailer's 

reputation is higher than the industry average, the sample data is divided into two groups of high reputation and 

low reputation for regression analysis. The results are shown in Table 5: 

Table 5.  Supplementary analysis 

Variable 

Sales Performance 

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

High 

Reputation  

Low 

Reputation  

High 

Reputatio

n  

Low 

Reputation  

High 

Reputation  

Low 

Reputation  

High 

Reputation  

Low 

Reputation  

High 

Reputation  

Low 

Reputation  

High 

Reputation  

Low 

Reputation  

DRS 1 0 1 0 1 0 1 0 1 0 1 0 

EXP 4.566 1.338 2.798 0.522 2.731 0.234 2.935 0.599 2.596 0.584 2.551 1.038 

PD 0.372*** 0.767*** 0.325*** 0.641*** 0.322*** 0.636*** 0.333*** 0.645*** 0.328*** 0.642*** 0.331*** 0.530*** 

DCM   0.032*** 0.043*** 0.036*** 0.042*** 0.043*** 0.044*** 0.047*** 0.042*** 0.046*** 0.012* 

PRICE   0.241*** 0.206*** 0.244*** 0.207*** 0.240*** 0.206*** 0.243*** 0.207*** 0.249*** 0.134*** 

AD   0.248*** 0.159*** 0.247*** 0.159*** 0.237*** 0.158*** 0.237*** 0.158*** 0.243*** 0.097*** 

DCM*PRICE     -0.027** -0.009   -0.028** -0.011 -0.029** -0.007 

DCM*AD       0.020** -0.025** 0.020** -0.026** 0.020** -0.015** 

PRICE*AD           0.025 -0.061 

Intercept 2.734 5.755 3.483 6.622 3.866 6.634 3.281 6.522 3.718 6.854 3.776 6.134 

N 2040 2280 2040 2280 2040 2280 2040 2280 2040 2280 2040 2280 

R2 0.6605 0.8308 0.6806 0.868 0.701 0.8681 0.707 0.87 0.7132 0.8702 0.7137 0.892 

Note:*p<0.1;**p<0.05;***p<0.01 

Through the above supplementary analysis of the sample data, it can be found that for e-retailers with 

different reputation levels, the interaction of different marketing methods has significantly different effects on 

Table 4.  Regression analysis results 

Variable 
Sales Performance 

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

DRS 5.117 3.478 1.545 3.485 1.55 1.409 

EXP 6.249 1.169 1.039 1.172 1.048 0.86 

PD 0.731*** 0.599*** 0.596*** 0.599*** 0.596*** 0.224*** 

DCM  0.037*** 0.037*** 0.038*** 0.038*** 0.039*** 

PRICE  0.225*** 0.227*** 0.225*** 0.227*** 0.224*** 

AD  0.199*** 0.199*** 0.200*** 0.200*** 0.200*** 

DCM*PRICE   -0.019*  -0.019* -0.022** 

DCM*AD    0.002 0.001 0.001 

PRICE*AD      -0.016 

Intercept 4.531 5.781 5.949 5.776 5.938 6.174 

N 4320 4320 4320 4320 4320 4320 

R2 0.8081 0.8106 0.8142 0.8103 0.8136 0.8398 
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sales performance. Specifically, for high-reputation e-retailers, price promotion will weaken the positive impact 

of DCM information richness on sales performance (substitution effect), and diaplay advertising will enhance 

the positive impact of DCM information richness on sales performance (complementary effect), So both 

assumptions 2 and 3 are true. For e-retailers with low reputation level, the interaction term between DCM 

information richness and price promotion frequency has no significant effect on sales performance, but there is a 

significant substitution effect between DCM information richness and diaplay advertising intensity. 

Table 6 summarized the results of our research hypothesis. 

Table 6.  Summary of research hypotheses 

Hypothesis Hypotheses  
Results 

Total Sample High Reputation Low Reputation 

H1 
The more information richness of DCM, the higher sales 

performance e-retailers obtain. 
Support Support Support 

H2 

There is a negative interaction effect between the information 

richness of DCM and price promotion (i.e., substitution effect) 

on e-retailers’ sales performance. 

Support Support Not support 

H3 

There is a positive interaction effect between the information 

richness of DCM and display advertising (i.e., complementary 

effect) on e-retailers’ sales performance. 

Not support Support 
The reverse is 

true 

 

5.4 Robustness checks 

This article will conduct a robustness test from two aspects. First, in the context of e-commerce online 

platforms, the impact of the interaction between price promotion and diaplay advertising on sales performance is 

unknown. Therefore, this study adds the interaction between the two to the model, namely Model 6 to see if it 

will affect the results of other variables. It can be seen from Table 4 that the magnitude and direction of the 

coefficients of the original direct impact and interaction estimation results have not changed much, and the 

significance level remains unchanged. Moreover, the interaction between price promotion and diaplay 

advertising is not significant for the total sample e-retailers, high-reputation e-retailers, or low-reputation 

e-retailers. 

Secondly, in order to avoid the unstable results caused by the deviation of the sample data estimation 

method, this research adopts the comprehensive FGLS method to conduct robustness analysis to verify the 

robustness. The analysis results show that no matter what type of e-retailer, DCM richness, price promotion, and 

diaplay advertising have a significant positive effect on sales performance p<0.01) (significance level is slightly 

different), and the results of the interaction effect model It is almost the same as the OLS-PCSE estimation 

result (except for the slightly different significance level). 

 

6. DISCUSSION AND IMPLICATIONS 

The research conclusions of this paper mainly include the following four aspects. First, in the context of 

e-commerce platforms, the DCM information richness of retailers can significantly improve sales performance 

Second, for high reputation e-retailers, the interaction between DCM information richness and price promotion 

frequency has a significantly negative impact on sales performance (i.e., substitution effect). Third, for high 

reputation e-retailers, the interaction between DCM information richness and display advertising has a 

significantly positive impact on sales performance (i.e., complementary effect). Fourth, for low reputation 

e-retailers, the interaction between DCM information richness and display advertising has a significantly 

negative impact on sales performance (i.e., substitution effect). 

The research significance of this article includes the following two aspects. Theoretically, this research 

reveals the integration mechanism of three different marketing methods in the context of e-commerce platforms, 
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and expands the empirical research of integrated marketing communication in the context of e-commerce 

platforms. And put forward feasible ideas to quantify the return on investment of marketing information from 

the perspective of information theory, and explored the potential impact of individual characteristics of e-retailer 

reputation on the effect of marketing integration, providing a new research method for follow-up research. In 

practice: for the current e-commerce platform e-retailers, how to reasonably allocate marketing resources 

according to their own characteristics, and integrate emerging content marketing methods into the original 

marketing system, so as to seize a new round of sales growth opportunities. The research conclusions of this 

paper have certain guiding role. 

In addition, this article has some limitations, which still need to be further improved in following research. 

The sample data source of this article is from women's clothing store that is an experiential product, which does 

not include other product types, and ignores the impact of product characteristics. Following research can collect 

more types of e-retailer data for research. Second, in the future, the research method of configuration theory can 

be further used[25] to explore the combinative effect of multiple factors (more than three) from inside and outside 

the platform on the sales performance of platform e-retailers. 
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Abstract: This paper studies how an emerging online interaction feature, bullet screen comments, affects viewership and 

viewer experience of live streaming eSports games. And we further compare its effects on eSports live games and on other 

eSports videos. Our results reveal that social interaction created through bullet screen comments always improves live 

streaming viewership and viewer experience, with its impact on viewership being stronger. Moreover, social interaction plays 

a greater role in live game viewership than on other eSports videos. 

 

Keywords: eSports, Online viewership, Social interaction, Viewer experience 

 

1. INTRODUCTION 

eSports, a type of organized video game competition, is rapidly growing. The Covid-19 pandemic disrupts 

the global eSports market, it has created opportunities for the development of live-streaming[1]. Indeed, a large 

proportion of eSports viewership is attributed to internet streaming and social media rather than stadium 

attendance. More recently, there is a new type of interaction feature, bullet screen comments (“DanMu” in 

Chinese), that has quickly risen to be one of the most popular features in online streaming and video sharing 

platforms in Asia, particularly in China (Fang et al., 2018). Two research questions guide our study: 1) do 

performance statistics and social interaction affect eSports viewership and viewer experience in the same manner 

as traditional sport; and 2) does social interaction have the same impact on eSports live games and on other eSports 

videos. Two sets of regression analyses were performed to answer our research questions. 

 

2. THEORETICAL FOUNDATION AND HYPOTHESES 

Existing studies commonly use survey data to measure viewer satisfaction[2].But survey data on viewer 

experience is straightforward and unambiguous. Our paper utilizes real-world data that captures viewers’ actual 

experience and immediate response watching an eSports game or an eSports video. Specifically, we assume that 

when viewers decide to click the “like” button, it is an indication that viewers are satisfied with the game or the 

video content. Additionally, such data is usually available in large volume; thus, the use of “likes” to measure 

spectator satisfaction can be applied to other research studies. Moreover, we systematically compare the impact 

of social interaction on viewership with its impact on spectator satisfaction. The result will provide insights into 

understanding how social interaction through bullet screen comments draws viewership and improves viewer 

experience differently.  

 

3. RESEARCH METHODOLOGY AND RESULTS 

Using online web scraping, our data comprises videos from Bilibili.com of two prominent eSports games, 
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League of Legends and Overwatch. Our data contained both live game broadcast, released exclusively by the 

official live game channels, and other game related videos, such as highlights, pre-game shows, and news, by all 

four official channels on Bilibili.com. We performed two sets of regression analyses to investigate the 

determinants of eSports viewership and viewer experience. In the first model, we tested the influence of sport 

performance, which has proven to be a significant factor in traditional sport on viewership and viewer satisfaction. 

We also examined the effect of the novel socially interacted environment on Bilibili.com, bullet screen comments. 

In the second model, we further investigated the impact of social interaction, focusing on the difference between 

live games and other official eSports videos. In both sets of regression analyses, to address the endogeneity 

concern of the variable that measures social interaction, two-stage least squared regression with an instrumental 

variable is applied as our identification strategy. 

 

4. CONCLUSION AND DISCUSSIONS 

To the best of our knowledge, this is the first empirical study that explores the impact of traditional sport 

demand factors, including team quality, match result, and social interaction, on eSports online viewership and 

viewer experience. Compared to existing studies that use survey scales to study spectator satisfaction[2], we adopt 

the number of “likes” on the videos to quantitatively measure viewer experience. In addition, instead of surveying 

specific viewer groups, such as students and eSports fans[3], we apply more inclusive real-world data from 

Bilibili.com that may contain spectators of different occupations with varying preference towards eSports. 

Moreover, we explore both the benefits and disadvantages of bullet screen comments as a mechanism to create 

social interaction on the internet. On one hand, bullet screen comments can improve the perceived benefits of 

viewers by creating a co-viewing experience. On the other hand, bullet screen comments, which may cover the 

screen and obstruct the view of the game, can diminish viewer experience. Therefore, our research offers 

important insights for the design of sport streaming and video sharing platforms.  
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Abstract: Credit card defaulters are on the rise year by year, which would lead commercial banks into a serious business crisis. 

It is important for commercial banks to control the default rate of credit cards. According to the low percentage of defaulters, 

it is challenging to predict them using a traditional machine learning algorithm. To address this problem, an improved ensemble 

learning model is proposed, where the Synthetic Minority Oversampling Technique (SMOTE) is used to oversample the data 

set, and the Extreme Gradient Boosting algorithm (XGBoost) is introduced to construct the predicting model. For clarity, this 

model is called a SMOTE-XGBoost model. Customer default data from the UCI machine learning dataset is used to empirically 

test the effectiveness. In terms of Recall, ACC, and AUC values, ten-fold cross-validation is carried out to evaluate and 

compare the performance between the SMOTE-XGBoost model and other models, including the general XGBoost model and 

Random Forest. The empirical results show that the SMOTE-XGBoost model performs well and outperforms other models. 

 

Keywords: credit card default, unbalanced data, the Extreme Gradient Boosting algorithm(XGBoost), the Synthetic Minority 

Oversampling Technique (SMOTE) 

 

1. INTRODUCTION AND LITERATURE REVIEW 

With the continuous advancement of technology and the improvement of people’s living standards, the 

application scenarios of credit card payment are spreading in all areas of life [1]. According to credit card industry 

statistics, China's credit card loan balance has rapidly increased from 0.16 trillion yuan in 2009 to 7.59 trillion 

yuan in 2019. At the end of 2018, there are approximately 530 million natural persons with credit collection 

records, and the number of credit card holders is expected to reach 500 million. As of the end of 2019, the 

proportion of credit card loans overdue for more than six months in China's banking industry is 1.15 percent of 

total credit card loan receivables. Simultaneously, credit card repayable balances and credit utilization rates are 

rising. It causes an increase in spending and overdraft amounts, which inevitably creates some risk. The ability of 

borrowers to repay the loan on time will have a significant impact on the commercial bank's daily operations [2]. 

As a result, it is critical to find ways to reduce default risk through data mining by effectively analyzing and 

utilizing the data generated by credit card users [3]. 

As the total amount of current loans grows, so does the likelihood of customer default continues to rise, and 

the risk of customer loans becomes more apparent [4]. Scholars have currently conducted extensive research in the 

field of credit card default. Li et al. [5] investigated the impact of diversity, independence and social factors on 

credit card defaults in China, and discovered that credit card defaults were not related to the income of credit card 

customers, but significantly to the stability of their income. Bursztyn et al. [6] investigated the role of ethical factors 

in credit card debt repayment. They discovered that ethical claims significantly reduced personal credit default 

rates and reduced defaults by customers with the highest prior credit risk. The preceding study introduces the 

factors of credit card default and the analysis of the forecast scheme. Aside from these aspects, of course, the field 

of credit card default research is vast. 

Recent research has focused on the development of a credit card default prediction model and how to improve 

the model's accuracy. Ogundimu [7] reviewed some methods for dealing with class imbalanced data, and his results 

showed that the log-F prior and ridge regression methods were preferred among the above models, and the 
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SMOTE improved predictive accuracy than random oversampling technology. Leow and Crook [8] estimated the 

exposure at the default of the obligor by estimating the outstanding balance of an account. The results showed that 

their prediction was more accurate than other models at any time over the entire default loan period.  

The preceding study mainly uses a single classification algorithm to study the risk prediction of default. A 

single classification algorithm has the advantages of simple modeling and fast model training. But some defects 

are prone to local optimality. In the current mainstream machine learning algorithm, ensemble learning is a new 

and effective algorithm to enhance the effectiveness of the model. By cascading several base classifiers to generate 

strong classifiers, an ensemble learning algorithm can improve the accuracy and stability of the model. Recently, 

several scholars have proposed an ensemble learning model to assess default risk. Yu et al. [9] used a multi-view 

ensemble learning method based on model distance and adaptive clustering to predict default risk in P2P lending. 

Hayashi et al. [10] first used a one-dimensional fully connected layer CNN with recursive rule extraction algorithm 

with decision tree and this method was very effective in extracting highly concise rules for heterogeneous credit 

scoring datasets.  

The preceding literature uses an ensemble learning algorithm to predict the risk of customer default and 

obtain better prediction results than the single classification algorithm. However, there are still some limitations 

in applying ensemble learning algorithms in default risk prediction directly. This is due to the unbalanced nature 

of customer credit data, as evidenced by the extremely unbalanced ratio of defaulting to non-defaulting customers. 

However, few studies have taken into account the unbalanced data and used data under-sampling methods to keep 

data balanced. As the popular under-sampling technology, SMOTE is employed by some scholars during the data 

pre-processing stage, which can effectively improve performance. Byeon [11] used machine learning algorithms to 

build models for predicting depression in older people living in the community and confirmed that the SMOTE-

based random forest algorithm showed the highest accuracy and best predictive performance in random forest, 

GBM and logistic regression analyses. Wang et al. [12] proposed a new near-infrared spectroscopy identification 

model for diesel brands that combined tree-based feature selection, SMOTE, and XGBoost ensemble learning to 

achieve high accuracy and speed. 

According to the existing literature in the field of credit card default prediction, it is not difficult to find that 

they mainly focus on high-dimensional and nonlinear data[13]. However, few studies have focused on the 

imbalanced data, which may not be conducive to the effective identification of credit card credit defaulters for the 

following reasons. First, in binary classification, the strong classifier generated in an ensemble learning model are 

generally superior to one single base classifiers. When a single classifier is applied in a dataset, data overfitting 

often occurs [14]. Data overfitting means that the final model works well on the training set, but it works on the 

testing set badly. That is, the generalization ability of the model is weak, and the prediction accuracy is reduced. 

Second, given binary classification, class imbalance occurs when minority samples are far less than majority 

samples. When the categories of non-defaulters and defaulters of credit card loans are unevenly distributed, it is 

difficult to effectively distinguish minority class samples from majority samples, which can easily lead to poor 

performance in predicting score card defaulters. 

Therefore, this paper addresses the following question: according to the unbalanced characteristics of credit 

card credit data, how can we use machine learning to improve the accuracy of predicting credit card default? 

Currently, there are two solutions to the problem of unbalanced data classification in machine learning. The first 

is data-level research. The second is algorithm-level research, which aims to improve machine learning algorithms. 

In the first data-level research, resampling methods are mainly used to adjust the distribution of training data sets 

to keep them balanced. For example, Ogundimu [7] applied random oversampling techniques and synthetic 

minority over-sampling techniques to predict credit-card defaults and concluded that synthesizing a few 

oversampling techniques could improve predictive accuracy. In the second algorithm-level research, Chen et al. 
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[15] proposed a novel sparse data perception algorithm for sparse data, where a weighted quantile sketch was used 

to approximate the learning of implementing trees. More importantly, they provided insights into cache access 

patterns, and data compression to build a malleable lift tree system. By combining these insights, the XGBoost 

can handle billions of dollars of data with far fewer resources than other models. This model supports column 

sampling and row sampling, which can reduce both the risk of overfitting and the calculation. Furthermore, it can 

help improve the accuracy of the prediction results. 

Therefore, in response to the above-mentioned unbalanced distribution problem of credit card customer loan 

data, an ensemble learning model is proposed in this paper. It is named SMOTE-XGBoost, where SMOTE is used 

to address the problem of unbalanced distribution by oversampling, and the XGBoost algorithm is introduced to 

construct the predicting model. Furthermore, the data from the UCI machine learning dataset is used to test the 

model’s performance. Finally, the model’s performance is compared with the general XGBoost model and 

Random Forest. Recall, ACC and AUC values are used as the evaluation index for classification to evaluate the 

validity of prediction results.  

The rest sections of this paper are organized as follows. In Section 2, the details of SMOTE and XGBoost 

algorithm are provided. In Section 3, the SMOTE-XGBoost model is implemented to predict credit card defaults. 

In section 4, several conclusions and future research are drawn. 

 

2. SMOTE-XGBOOST MODEL 

2.1 The Synthetic Minority Oversampling Technique (SMOTE).  

The SMOTE is mainly used to solve the classification problem of the unbalanced data set. From the 

perspective of training models, the large size of negative samples with low-value density tends to have a negative 

effect on the classification of positive samples with high-value density. Such models are trained with less value. 

SMOTE is an improved scheme based on the random oversampling technique. The basic idea is to randomly 

select n minority class sample points from the original sample point’ K nearest neighbors, and a new sample point 

is generated by randomly selecting a point on the line between the original sample point and one of the above n 

sample points. The core of SMOTE is that the features of the neighboring points on the feature space are similar. 

It does not sample on the data space, but in the feature space, so it will be more accurate than the traditional 

sampling method. 

As shown in Figure 1, the oversampling process is as follows: 

 

Figure 1.  Example of SMOTE 

 For each sample x in the minority class, the Euclidean distance is used as a criterion to calculate its distance 

from this sample to all the remaining samples in the minority class sample set to obtain its k-nearest neighbors. 

 A sampling ratio is set according to the sample imbalance ratio to determine the sampling multiplicity N. 

For each minority class sample x, a number of samples are randomly selected from its k-nearest neighbors, 

assuming the selected nearest neighbors are xn. 

 For each randomly selected nearest neighbor, a new sample is constructed separately from the original 
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sample according to the following equation (1). 

𝑋𝑛𝑒𝑤 = 𝑥 + 𝑟𝑎𝑛𝑑(0,1) ∗ |𝑥 − 𝑥𝑛|                            (1) 

2.2 Subsection. 

XGBoost is an ensemble tree model whose sparse-aware algorithm has an inherent advantage for handling 

sparse data. Meanwhile, a regularization term is added to its objective function, which can effectively avoid 

overfitting. 

XGBoost belongs to Gradient Boosting Decision Tree (GBDT) models. The basic idea of GBDT is to let the 

new base model (GBDT uses categorical regression tree as the base model) fit the deviation of the previous model, 

thus continuously reducing the deviation of the additive model. Compared to the classic GBDT, XGBoost has 

made some improvements, resulting in a significant improvement in effectiveness and performance. First, GBDT 

expands the objective function to the first order based on Taylor expansion, while XGBoost expands the objective 

function to the second order. More information about the objective function is retained, which is helpful for the 

boosting effect. Second, GBDT is to find a new fit label for the new base model (negative gradient of the previous 

additive model), while XGBoost is to find a new objective function for the new base model (second-order Taylor 

expansion of the objective function concerning the new base model). Third, XGBoost incorporates L2 

regularization terms for the number of leaf nodes and leaf node weights, thus facilitating the model to obtain a 

lower variance. Fourth, XGBoost adds a strategy to automatically handle missing value features. By dividing 

samples with missing values into left subtree or right subtree respectively and comparing the advantages and 

disadvantages of the objective functions under the two schemes, the samples with missing values are automatically 

divided without the need to pre-process the missing features for filling. In addition, XGBoost supports candidate 

quantile cuts, feature parallelism, etc., which can improve the performance. 

The process of the XGBoost algorithm is described as follow: 

The input is the training set samples 𝐼 = {(𝑥1, 𝑦1), (𝑥2, 𝑦2),⋯ , (𝑥𝑛 , 𝑦𝑛)}, maximum number of iterations is 

T, loss function is L, regularization factors are λ and γ. The output is the strong learner f(x). For the number of 

iterative rounds t = 1, 2, ...T, we have as follows: 

 Step 1: Compute loss function L of the i-th sample (i=1, 2, ... m) in the current round based on the first 

order derivative of ft-1(xi) which called gti, and second order derivative called hti. Calculate the sum of the first 

order derivatives of all samples 𝐺𝑡 = ∑ 𝑔𝑡𝑖
𝑚
𝑖=1   and the sum of second order derivatives of all samples 𝐻𝑡 =

∑ ℎ𝑡𝑖
𝑚
𝑖=1 . 

 Step 2: Try to split the decision tree based on the current node, default score is 0, G and H are the sum of 

the first-order derivatives and second-order derivatives of the nodes that currently need to be split. 

For feature serial number k=1,2...K. 

（a）GL=0, HL=0. 

（b）Arrange the samples by feature k from smallest to largest, take out the i-th sample in turn, after 

calculating the current sample into the left subtree in turn, the sum of the first- and second-order derivatives of 

the left and right subtrees is 

GL=GL+gti, GR=G−GL, 

HL=HL+hti, HR=H−HL, 

（c）Try to update the maximum score. 

𝑠𝑐𝑜𝑟𝑒 = max(𝑠𝑐𝑜𝑟𝑒,
1

2

𝐺𝐿
2

𝐻𝐿+𝜆
+

1

2

𝐺𝑅
2

𝐻𝑅+𝜆
−

1

2

(𝐺𝐿+𝐺𝑅)
2

𝐻𝐿+𝐻𝑅+𝜆
− 𝛾)                   (2) 

 Step 3: Split subtree based on the division features and eigenvalues corresponding to the maximum score. 

 Step 4: If the maximum score is 0, then the current decision tree is built. Calculate wtj for all leaf regions, 

get the weak learner ht(x) and update strong learner ft(x), then go to the next round of weak learner iterations. If 

the maximum score is not 0, then go to step 2 and continue to try to split the decision tree.  
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3. EMPIRICAL ANALYSIS 

3.1 Data description and pre-processing. 

The data set used in this study is taken from UCI Machine Learning Repository "default of credit card clients 

Data Set". It provides a total of 30,000 pieces of data covering credit amount, age, gender, education level, marital 

status, account status, payment status, payment amount, etc.The names and meanings of the variables are shown 

in Table 1. 

Table 1.  Names and meanings of variables 

Variables Name of variables Meaning of variables 

Y DEFAULT PAYMENT 

NEXT MONTH 

default payment (Yes = 1, No = 0) 

X1 LIMIT_BAL Amount of the given credit (NT dollar): it includes both the individual consumer credit 

and his/her family (supplementary) credit. 

X2 SEX Gender (1 = male; 2 = female). 

X3 EDUCATION Education (1 = graduate school; 2 = university; 3 = high school; 4 = others). 

X4 MARRIAGE Marital status (1 = married; 2 = single; 3 = others). 

X5 AGE Age (year). 

X6-X11 PAY_0, PAY_2, 

PAY_3, PAY_4, 

PAY_5, PAY_6 

History of past payment. We tracked the past monthly payment records (from April to 

September, 2005) as follows:  

X6 = repayment status in Sept. 2005; X7 = repayment status in Aug. 2005; 

X8= repayment status in Jul. 2005; X9= repayment status in Jun. 2005;  

X10=repayment status in May 2005; X11=repayment status in Apr. 2005.  

The measurement scale for the repayment status is:  

-1 = pay duly;  

1 = payment delay for 1 month; 2 = payment delay for 2 months;  

3 = payment delay for 3 months; 4 = payment delay for 4 months;  

5 = payment delay for 5 months; 6 = payment delay for 6 months;  

7 = payment delay for 7 months; 8 = payment delay for 8 months;  

9 = payment delay for 9 months and above. 

X12-X17 BILL_AMT1, 

BILL_AMT2, 

BILL_AMT3, 

BILL_AMT4, 

BILL_AMT5, 

BILL_AMT6 

Amount of bill statement (NT dollar).  

X12 = amount of bill statement in Sept. 2005; 

X13 = amount of bill statement in August, 2005;  

X14 = amount of bill statement in July, 2005;  

X15 = amount of bill statement in June, 2005;  

X16 = amount of bill statement in May, 2005;  

X17 = amount of bill statement in April, 2005. 

X18-X23 PAY_AMT1, 

PAY_AMT2, 

PAY_AMT3, 

PAY_AMT4, 

PAY_AMT5, 

PAY_AMT6 

Amount of previous payment (NT dollar).  

X18 = amount paid in September, 2005;  

X19 = amount paid in August, 2005;  

X20 = amount paid in July, 2005;  

X21 = amount paid in June, 2005;  

X22 = amount paid in May, 2005;  

X23 = amount paid in April, 2005. 

The "X3" education level variable in this dataset contains 14 missing values. The "X4" marital status variable 

contains 54 missing values. In "X12", the negative amount of September billing indicates that there is a deposit 
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balance without repayment, so there is no possibility of default in this case, but the sample shows that the number 

of defaulters is 109, and such data is invalid and should be discarded. The actual number of samples obtained after 

pre-processing is 29,823. 

According to the data of the credit card defaulters in this paper, the non-default sample size was 23,301 and 

the default sample size was 6,522, accounting for 21.81% of the total. The ratio of non-default sample to default 

sample is 3.57:1. Generally, data ratios of more than 3:1 are considered to be a significant imbalance in the sample 

categories. The sample-set is now partitioned in a ratio of 9: 1 and the feature variables are separated from the 

target variables. 

3.2 Evaluation indicators. 

The prediction of loan risk in this experiment is a dichotomous model, so the Recall, ACC, and AUC values 

are selected as evaluation indicators, and the risk prediction confusion matrix is shown in Table 2, defining positive 

samples as loan non-default and negative samples as loan default. Where TP implies that observation is positive, 

and is predicted to be positive. FP implies that observation is negative, but is predicted positive. TN implies that 

observation is negative, and is predicted to be negative. FN implies that observation is positive, but is predicted 

negative. 

Table 2.  Risk forecasting confusion matrix 

Confusion Matrix 
Predicted Class 

Positive Sample Negative Sample 

Actual Class 

Positive Sample TP FN 

Negative Sample FP TN 

Recall is a metric of coverage, and the metric has multiple positive cases classified as positive cases, which 

is calculated as shown in equation (3). 

𝑅𝑒𝑐𝑎𝑙𝑙 =
𝑇𝑃

𝑇𝑃+𝐹𝑁
                                      (3) 

Accuracy (ACC) reflects the rate at which the classifier accurately identifies true positives and false negatives, 

which is calculated as shown in equation (4). 

𝐴𝐶𝐶 =
𝑇𝑃+𝑇𝑁

𝑇𝑃+𝑇𝑁+𝐹𝑃+𝐹𝑁
                                    (4) 

AUC (Area Under Curve) is defined as the area under the ROC curve. We tend to use the AUC value as the 

evaluation criterion of the model because the ROC curve usually does not indicate which classifier is better, and 

as a value, the classifier corresponding to a larger AUC is better. 

The ROC curve, known as the receiver operating characteristic curve, is a curve based on a series of different 

dichotomies (cut-off values or decision thresholds), with the true positive rate (TPR) as the vertical coordinate 

and the false positive rate (FPR) as the horizontal coordinate, reflecting the relationship between sensitivity and 

specificity. where TPR indicates the percentage of samples that were correctly judged as positive among all 

samples that were actually positive, and FPR indicates the percentage of samples that were incorrectly judged as 

positive among all samples that were actually negative. The formulae for each of the two are shown in equations 

(5) and (6). 

𝑇𝑃𝑅 =
𝑇𝑃

𝑇𝑃+𝐹𝑁
                                         (5) 

𝐹𝑃𝑅 =
𝐹𝑃

𝐹𝑃+𝑇𝑁
                                         (6) 

AUC is a performance metric that measures the merit of a learner. From the definition, AUC can be obtained 

by summing the area of each part under the ROC curve. The better the classification, and thus the higher the ROC 
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curve, the greater the value of AUC. The AUC value is generally floating between 0.5 and 1. If the AUC is less 

than 0.5, it means that the model is even less accurate than the random results. Similarly, if the AUC is equal to 1, 

it indicates that the classification accuracy is 100%. 

3.3 Model training and evaluation. 

3.3.1 Feature selection 

Since there are many input variables, not every variable contributes to the training performance of the model. 

On the contrary, it may reduce the effectiveness of the model due to correlation. It is necessary to perform feature 

selection first and eliminate variables of low importance [16]. 

In this paper, the importance of 23 input variables was rated using F-scores, and the top 10 variables with 

high importance were selected: “X5 (AGE)”, “X19 (PAY_AMT2)”, “X6 (PAY_0)”, “X2 (SEX)”, “X21 

(PAY_AMT4)”, “X20 (PAY_AMT3)”, “X1 (LIMIT_BAL)”, “X18  (PAY_AMT1)”, “X23 (PAY_AMT6)”, “X4 

(MARRIAGE)”, as shown in Figure 2. 

 

Figure 2.  Importance ranking of feature selection variables 

3.3.2  Descriptive analysis 

The age distribution of credit card customers in the sample is mainly concentrated between 20 and 40 years 

old, where the youngest credit card customer is 21 years old and the oldest is 79 years old. The age distribution of 

credit card customers is shown in Table 3. 

Table 3.  Age distribution of credit card customers 

Age range (20,30] (30,40] (40,50] (50,60] (60,70] (70,80] 

Account 10974 10639 5963 1977 255 15 

The distribution of credit card customer loan default rates in the sample data with respect to age and gender 

is shown in Figure 3 and Figure 4. From their bar and line graphs, the credit card customer loan default sample is 

mainly concentrated between the ages of 20 and 30, followed by the age group of 30 to 40 years old, with a default 

rate of nearly 33%. The age group between 60 and 80 years old has the lowest default rate, accounting for only 

1% of these loans. Compared with men, the default rate for female loans is much higher than that of male credit 

card customers. This result indicates that credit card customers in their 20s and 30s have higher loan demand than 

credit card customers in other age groups. Similarly, credit card customers in this age group have higher default 

rates than credit card customers in other age groups. With the rapid changes of the times, young people's demand 

for life is growing. They are quick to accept new concepts of consumption and financial management. Young 

people have a strong sense of overspending, and their demand for borrowing is growing fast. However, due to 

their young age, low capital accumulation and weak risk tolerance, they are less able to deal with external 

emergencies and are prone to shortage of liquidity, resulting in late repayment. Commercial banks need to 
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strengthen the eligibility of credit card customers in this age group when lending money and strictly control the 

default of credit card customers in this age group. 

 

Figure 3.  Credit card customer gender, age and number of defaults bar chart 

 

Figure 4.  Line graph of the relationship between credit card customer age and default rate 

3.3.3  Model evaluation 

The XGBoost algorithm and the random forest algorithm are constructed for training on the training set, and 

also tested on the test set. Since the ratio of positive and negative classes in the original training set is severely 

imbalanced, in order to solve this problem, it is necessary to ensure that SMOTE oversampling is performed after 

the training and test sets are split, and only the training set is oversampled. Therefore, the total sample size of 

29,823 is divided into a 9:1 ratio to construct a new training set with a sample size of 26,841 and a new test set 

with a sample size of 2,982. The specific findings are shown in Table 4. 

Table 4.  The evaluation results of model application 

 Random Forest XGBoost SMOTE-XGBoost 

Recall 0.558 0.646 0.724 

ACC 0.781 0.769 0.783 

AUC 0.765 0.796 0.856 

From Table 4, the Recall of random forest is only 0.558 and the AUC value is also the lowest among the 

three algorithms when predicting credit card customer default risk by all three algorithms. However, the 

performance is better in ACC value. The XGBoost algorithm outperforms the random forest algorithm in terms 

of Recall and AUC values, which are 0.646 and 0.796, respectively. However, it performs poorly in terms of ACC 

values. XGBoost algorithm is a highly efficient machine learning algorithm. Compared with other methods, it can 

overcome the problem that traditional methods are not efficient enough when the data size is large. The model 

training speed is better than other algorithms, and the accuracy can be improved effectively by using large-scale 

data. The SMOTE-XGBoost model performed the best performance in terms of Recall, ACC and AUC values 

with 0.724, 0.783, and 0.856, respectively, by oversampling with the SMOTE algorithm and increasing the number 

of minority class samples. It can be seen that the SMOTE algorithm does make better use of the majority class 
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sample to obtain more information in the category imbalanced dataset, thus improving its accuracy. 

In the existing literature on credit card default, some scholars also use the XGBoost model in combination 

with other algorithms to build models and predict default behaviors. For example, Zhang et al. [17] used random 

forests to extract features from the perspective of Filter and Wrapper, and sampled training set samples using the 

SMOTE algorithm. In the model training stage, the particle swarm optimization algorithm is used to improve the 

classification accuracy of the XGboost model. Finally, the data provided by an open-source bank dataset is used 

for instance validation. The final results show that the AUC value of the model that has not been processed by 

SMOTE is 0.689, the value of the model AUC that has not been extracted by feature is 0.658, and the AUC value 

of the model used in this study is 0.786. Since the AUC value is used as the evaluation index in their study, we 

compare the AUC value in this paper with our results. It is clear that the default prediction accuracy of the 

SMOTE-XGBoost model used in our study is higher, and the AUC value reaches 0.856. It shows that the 

performance of SMOTE-XGBoost model is better when predicting credit card defaults. 

The combined comparison of the three metrics, Recall, ACC, and AUC value, shows that ensemble learning 

has better prediction results than the single classifier model. In the unbalanced dataset, the SMOTE-XGBoost 

model predicts better after applying the SMOTE algorithm to balance the data, indicating that the combined use 

of the SMOTE algorithm and ensemble learning is better for predicting default risk. 

 

4. CONCLUSION AND PROSPECT 

With the rapid growth of the credit card business, it is necessary for banks and other financial institutions to 

establish a systematic monitoring and prediction model in terms of credit risk. On the one hand, it guides and informs 

the actual business expansion. On the other hand, it achieves the purpose of early warning and prevention and control 

of default risk, so that it comes from the business but ultimately serves the business. The SMOTE technique and a 

XGBoost algorithm are combined for predicting credit card defaulters. Firstly, the SMOTE algorithm is used to 

oversample the training set samples in the training set and to pre-process the input data. Secondly, the SMOTE-

XGBoost model is proposed. Furthermore, the model is tested by using the data from the UCI machine learning 

dataset. The performance of the model is evaluated in terms of Recall, ACC, and AUC values. Ten-fold cross-

validation is carried out to evaluate the performance among the SMOTE-XGBoost model, the general XGBoost 

model, and Random Forest.  

The results demonstrate that the SMOTE-XGBoost model performs well than other models. First, the SMOTE-

XGBoost model comprehensively adopts the resampling technique and ensemble learning algorithm. It is effective 

to solve the problem of data imbalance. Second, compared with the other two models, the SMOTE-XGBoost model 

has higher overall classification accuracy and better performance in predicting credit card defaulters. This confirms 

that our model is suitable for working with unbalanced data. Finally, with ten-fold cross-validation, the model 

proposed in this paper is more stable than the other two methods. 

Of course, there are some shortcomings associated with SMOTE-XGBoost model. First, more personal data 

should be examined, such as income, housing, vehicle ownership et al. Second, an XGBoost algorithm with the 

SMOTE oversampling technique is used in various fields of research, such as orphan genes [18], brand recognition of 

diesel fuel [12]. However, whether the sampling results of SMOTE algorithm are the most representative? whether 

the parameter adjustment of the XGBoost algorithm has reached the optimal degree? In the future, it is a good attempt 

to introduce other algorithms for feature engineering or use other algorithms to achieve better performance. In 

addition, other credit card debit datasets could be used to further validate the SMOTE-XGBoost model. 
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Abstract: LSTM has been proven to help understand multivariate time series since it can implement automatic feature learning 

and handle input sequences harnessed in an end-to-end model. Inspired by its success, this study proposed a new approach, 

named Multiple LSTMs, to settle the challenge of integrating multivariate LSTM and various characteristics of multiple time 

series to predict household leverage of China. The new method consists of multiple LSTM layers, where each LSTM is used 

to learn representations of multivariate time series automatically of various regions. To illustrate the performance, the new 

method is used to forecast household leverage in both the national level and regional levels based on multivariate time series 

which have 6 independent variables. The results show that the new approach provides more accurate predictions of household 

leverage than alternative methods. Overall, making use of multiple multivariate time series can gain a better result of the 

prediction of household leverage.  

 

Keywords: Household leverage, Forecasting, Multiple LSTMs, Multivariate time series 

 

1. INTRODUCTION  

Researches on the world’s economic and financial history and experience in the last three decades show that 

the rapid growth of credit and the sharp rise of leverage have accelerated systemic risks, especially the rise of 

household debt is often the fuse for the outbreak of financial crisis[1]. The financial system’s excessive leverage is 

the main cause of the outbreak of the global financial crisis in 2008, and excessive credit contributed to the 

outbreak of the debt crisis of highly leveraged households[2]. The vulnerability of an economy in the face of a 

crisis is strongly related to the level of household leverage, and such a crisis may impact housing prices and even 

cause a heavy consumption fluctuation[3]. Without policy intervention, excessive household borrowing will lead 

the economy into a vicious cycle of "debt deflation" with tighter borrowing constraints, reduced consumption, 

rising unemployment, and falling asset prices, which will eventually lead to the occurrence of the financial crisis 

and cause a long-term economic recession. In particular, since the outbreak of the covid-19 pandemic in Feb 2020, 

the spillover of large-scale loose monetary policies in the world's major economies has led to high leverage and 

high inflation, and it has become a global consensus to curb the excessive expansion of household leverage. 

The household leverage is the result of the household debt balance divided by gross domestic product1, and 

the household debt consists of all liabilities of households, which means they need to pay the creditors the principal 

and a certain amount of interest at a certain date in the future2. Household debt is the sum of two types of payments, 

which include loans and other payables. And loans refer primarily mortgages and consumer loans. Some research 

pointed out that the income of the family both current and future, the housing price of residents, local economic 

uncertainty have some links with the residents’ willingness of having a debt[4-6], which affect the leverage as a 

result. As China's economy enters a new stage of development, the leverage risk accumulated by the rapid growth 

of China's household leverage has attracted extensive attention, and the household leverage is rising, which has 

become a potential hidden danger of economic operation and financial security. Governments need to pay attention 

                                                   
* Corresponding author. Email: hu.yang@cufe.edu.cn 
1 Source: https://www.yicaiglobal.com/news/xiamen-ranks-first-in-resident-debt-among-23-chinese-cities  
2 Source: https://data.oecd.org/hha/household-debt.htm    
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The Twenty one Wuhan International Conference on E-Business－Data analytics/intelligence for behavioral studies and service innovation        613 

to regulating and controlling the scale of household leverage. Accurate forecasting helps the government's 

reasonable decision-making, especially when the future is uncertain.  

The data of household leverage have a time series property and also its prediction could follow the way of 

Time Series Forecasting(TSF), whose main idea is to predict some uncertain values in the future based on 

historical information. In the past, some linear and non-linear statistical methods are used to solve the TSF problem, 

such as linear regression, autoregressive model. And during the past twenty years, some methods based on 

artificial neural networks algorithms[7] are proposed, such as Recurrent Neural Network(RNN), Convolutional 

Neural Network(CNN), Long-Short Term Memory(LSTM), and so on. However, these methods can’t solve the 

problem with multiple multivariate time series, thus the potential relationships among them can not be revealed.  

This paper aims to forecast the scale of China's household leverage through an in-depth learning method, 

which helps policymakers reasonably evaluate the total scale of household leverage and predict the risk of 

household leverage in advance, to provide decision support for reasonably controlling household leverage and 

policy intervention, and provide new literature support for preventing and resolving systemic financial risks. The 

rest of the paper is as follows. In the next part, we introduce the related studies of time series forecasting. In 

section 3, we describe the new method of household leverage forecasting. Section 4 is the experimental results 

with Chinese household leverage forecasting. We end with the main conclusions and discussion in section 5. 

 

2. RELATED STUDIES 

Just like other TSF problems, the forecasting problem of household leverage can be seen as time series 

forecasting. First, TSF shows a great importance in the real world, and it can solve the problem of network traffic, 

weather or pollution forecasting, or the stock markets[8]. The prediction of time series can mainly be divided into 

two groups, the first is the statistical methods and the second is soft computing methods, which covers the fields 

of machine learning and deep learning.  

As for the statistical model, several approaches were proposed to analyze the time series in various fields, 

such as predicting the volatility of the S&P 500, option pricing, commercial decision making in retail, forecasting 

GDP growth rates, as well as biological sciences and medicine. The most traditional one is the autoregressive 

integrated moving average(ARIMA), which includes autoregression (AR), moving average (MA), and 

autoregressive moving average (ARMA), and it can deal with the problem of univariate time series forecasting[9]. 

Because the working essence of TSF is closely related to the regression analysis in machine learning, traditional 

machine learning models such as support vector machine (SVM), decision tree (DT)[10], as well as hidden Markov 

model (HMM)[11] can also be applied to solve the problem of time series prediction. However, the analytical 

development of nonlinear time series is not as mature as the linear one and is still in the early stage of its 

development[8]. 

In recent years, inspired by the notable achievements of deep learning in natural language processing[12], 

image classification[13], and reinforcement learning[7], several artificial neural networks algorithms have developed 

and shown good prediction accuracies, which have attracted attention and it put a challenge towards the classic 

statistical methods in the field of prediction[14]. The deep neural networks can learn complex data representations 

of the multivariate time series, which reduce the pressure on manual feature engineering and model design to a 

certain extent[15, 16]. Moreover, deep learning can better understand the linear and nonlinear patterns of data. The 

simplest one is recurrent neural networks (RNNs) which regard the past information as input and allow it to update 

its hidden state dynamically. Since RNN facing the problem of gradient explosion or gradient disappearance when 

coping with the long-term dependence problem, the long-short term memory (LSTM) is developed by Hochreiter 

et al.[17]. LSTM is a variant of a recurrent neural network and is designed to learn long-term dependence and has 

also been employed for TSF[18].  
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Recent studies have shown that the ability of LSTMs in automatically learning features and processing time 

series could be both used in an end-to-end model, so as to better promote the demand of prediction[19]. Similarly, 

inspired by the success of LSTM, the problem of forecasting household leverage can be studied with LSTM as 

well. However, LSTM and its extensions still have great limitations to deal with multiple multivariate time series. 

These simple architectures still do not consider the dependence of different multivariate time series, can not be 

useful when facing the complex features and highly nonlinear time series datasets[20]. Therefore, the goal of this 

paper was to develop a forecast model for multiple time series forecasting that can handle the problems with 

multiple multivariate inputs. The contribution of this paper is described in two aspects.  

Firstly, a new method, Multiple multivariate LSTMs(MLSTMs), is proposed to predict the scale household 

leverage for the whole nation and regions, which can integrate multiple LSTMs to enhance the performance of 

the forecasting model. Secondly, an application example, dealing with the household leverage, is presented in our 

paper, and it can be extended to many aspects. 

 

3. THE PROPOSED MODEL 

In practice, the household leverage of the whole country to be forecasted is organized in a multi-input 

structure. For instance, although the household leverage of the whole country could be recorded on a national 

level in the national bureau of statistics of China, it could also be represented by the sum of some important 

regions. At the same time, the household leverage of a region could be similar to that of other regions because of 

their similar economic development. It indicates the household leverage on a certain regional level is informative 

information to enhance the prediction of the household leverage of the whole nation and other regions. To embrace 

this information, the so-called Multiple multivariate LSTMs is proposed to forecast household leverage. The 

framework of the model is consists of five parts, namely the Data inputs, the Clustering algorithm, the Multiple 

multivariate LSTM layers, the Attention merge layer, and the outputs. The architecture of the model is shown 

in Figure 1. 

 

Figure 1.  MLSTMs model architecture 

3.1 Input  

The household leverage is highly related to the macroeconomic cycle, monetary policy, real estate market, 

potential population size, and also social consumption. In the period of economic expansion, long-term low-

interest rates and tax reduction policies will stimulate the leverage expansion of the household sector[5, 21, 22]. Hence, 

some independent variables such as Population, CPI, Disposable income per capita, M2 scale increment, Average 

selling price of commercial housing, and the Total retail sales of social consumer goods are involved to predict 

household leverage. Let 𝑌𝑡 = (𝑦𝑡 , 𝑦𝑡−1, … , 𝑦𝑡−𝑘) be a time series of household leverage, 𝑋𝑡 = (𝑋1𝑡 , 𝑋2𝑡 , … , 𝑋𝑚𝑡) 

be the multivariate time series (MTS) of dependent variables whose item is 𝑋𝑖𝑡 = (𝑥𝑖,𝑡 , 𝑥𝑖,𝑡−1, … , 𝑥𝑖,𝑡−𝑘) for 𝑖 =

1,2, … , 𝑚. We use (𝑌𝑡
0, 𝑋𝑡

0) represent the multivariate time series for the national level, and (𝑌𝑡
𝑗
, 𝑋𝑡

𝑗
) denote the 

multivariate time series for the jth region where 𝑗 = 1,2, … , 𝐽 and 𝐽 is the number of regions we have observed. 

We feed our multiple multivariate time series {(𝑌𝑡
0, 𝑋𝑡

0), (𝑌𝑡
1, 𝑋𝑡

1), … , (𝑌𝑡
𝐽 , 𝑋𝑡

𝐽)}  into the input layer of the 
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proposed method to train the model. 

3.2 Clustering algorithm 

Because including too many multivariate time series to predict others may cause an overfitting problem under 

the limited sample size, we only use these multivariate sequences that are highly correlated to the target series. To 

screen which multivariate time series should input into the model for training, we first calculate the similarity 

using the Euclid distance between any two multivariate time series to estimate their correlations. Given any two 

time series of household leverage 𝑌𝑡
𝑢 and 𝑌𝑡

𝑣 , their similarity is 𝑑 = ‖𝑌𝑡
𝑢 − 𝑌𝑡

𝑣‖2
2. After their similarities, the 

hierarchical clustering algorithm is used to group provinces. 

3.3 Multiple multivariate LSTMs 

3.3.1 A single multivariate LSTM 

We use the LSTM, a special kind of RNN, as the fundamental model to learn the nonlinear relationship of 

multivariate time series, so as to obtain the predicted value. LSTM[1717] is capable of learning long-term 

dependencies consisting of four parts, namely, an encoder, a decoder, and the intermediate state vectors which 

connect them. The encoder aims to capture the temporal dependencies from the historical sequences. Firstly, 

LSTM should pass through the “forget gate” layer, which decides what information model should be thrown away. 

This step is made by a sigmoid layer, and the ℎ𝑡−1 and X̂t−1 is the input of it, then this layer generates a number 

between 0 and 1, where a 1 means we should keep the whole information while a 0 means the information should 

totally be got rid of.  

𝑓𝑡 = 𝜎(𝑊𝑓 ∙ [ℎ𝑡−1, X̂t−1] + 𝑏𝑓)                              (1) 

The decoder generates the target outputs, which are organized by time step from the context vector that 

passed from the encoder. After the forget gate layer, we need to determine what new information should be selected 

and stored in the cell state. This step is finished in two parts. First, a sigmoid layer, the “input gate” layer, decides 

what values we’ll update. Then, a tanh(∙) layer generates a vector representing new candidate values �̃�𝑡. The 

candidate values will be added to the cell state. In the next, these two will be combined together to create an update 

vector to the cell state. 

𝑗𝑡 = 𝜎(𝑊𝑗 ∙ [ℎ𝑡−1, X̂t−1] + 𝑏𝑗)                               (2) 

�̃�𝑡 = tanh(𝑊𝑐 ∙ [ℎ𝑡−1, X̂t−1] + 𝑏𝑐)                             (3) 

Now we need to update the cell state,  the old one c𝑡−1 is integrated into the new cell state c𝑡 by specific 

transformation. We multiply the old state by 𝑓𝑡 , forgetting the information the first layer decides to discard. 

Then 𝑗𝑡 ∗ �̃�𝑡 is added, because this information is the new values depending on how much we want to update for 

the cell state. 

𝑐𝑡 = 𝑓𝑡 ∗ 𝑐𝑡−1 + 𝑗𝑡 ∗ �̃�𝑡                                                  (4) 

Finally, it is time to decide what should output. The output is on the basis of the cell state but after a filtering 

operation. At first, as for what parts we are going to output, it is done by running a sigmoid layer to decide. Then, 

we pass the cell state through a tanh(∙) layer (to push the values to be between −1 and 1) and multiply it by the 

output of the sigmoid layer, making sure only the required parts output. 

𝑜𝑡 = 𝜎(𝑊𝑜 ∙ [ℎ𝑡−1, X̂t−1] + 𝑏𝑜)                               (5) 

ℎ𝑡 = 𝑜𝑡 ∗ tanh(𝑐𝑡)                                     (6) 

3.3.2 Multiple multivariate LSTMs 

Let lstm(∙) be a single multivariate LSTM with l layers, {(𝑌𝑡
0, 𝑋𝑡

0), (𝑌𝑡
1, 𝑋𝑡

1), … , (𝑌𝑡
𝐽 , 𝑋𝑡

𝐽)} be the multiple 

multivariate time series, ℎ𝑡
𝑗
  be the output of corresponding single LSTM for 𝑗 = 0,1,2, … , 𝐽 , the Multiple 

multivariate LSTMs is defined as  

ℎ𝑡
0 = lstm(𝑋𝑡

0) 

ℎ𝑡
1 = lstm(𝑋𝑡

1) 
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… 

ℎ𝑡
𝐽 = lstm(𝑋𝑡

𝐽)                                         (7) 

3.4 Merge layer 

The aggregation operation is used to put the outputs of multiple LSTMs together. Two strategies have been 

considered in our model, the simple one is the concatenation operation, which combines the outputs of the former 

layers directly, after which we may perform a linear transformation. Let 𝑔(∙) be the concatenation operation, the 

{ℎ𝑡
0, ℎ𝑡

1, ℎ𝑡
2, … , ℎ𝑡

𝐽
} be the inputs that are equal to the outputs of multiple LSTMs, and ℎ𝑎𝑔𝑔 be the outputs of 

concatenation operation which is  

ℎ𝑎𝑔𝑔 = 𝑔(ℎ𝑡
0, ℎ𝑡

1, ℎ𝑡
2, … , ℎ𝑡

𝐽)                                 (8) 

and ℎ𝑎𝑔𝑔 ∈ 𝑅𝑡×𝑑𝑎𝑔𝑔 where 𝑑𝑎𝑔𝑔 is the number of embeddings. 

Considering various inputs may play different roles in the process of household leverage prediction, they 

may have different weights. By analogy the way of attention of humans, such as their brains can solve a great deal 

of visual and audio input accurately, we also use an attention layer to learn the weight of each LSTM. Let the 

{ℎ𝑡
0, ℎ𝑡

1, ℎ𝑡
2, … , ℎ𝑡

𝐽
} be the inputs that are equal to the outputs of multiple LSTMs, the attention layer used to learn 

different attention presentation is defined as  

𝑢𝑎
𝑖 = 𝑉𝑎

Τtanh(𝑊𝑎ℎ𝑡
𝑖 + 𝑏𝑎)

𝑎𝑎
𝑖 = 𝑠𝑜𝑓𝑡𝑚𝑎𝑥(𝑢𝑎

𝑖 )

ℎ𝑎 = ∑ 𝑎𝑎
𝑖 ℎ𝑡

𝑖

𝐽

𝑖=1

 

                                  (9) 

where 𝑎𝑎 is the attention score, 𝑉𝑎, 𝑊𝑎 and 𝑏𝑎 are the trainable parameters, and ℎ𝑎 is the output of attention 

layer. 

3.5 Forecasting layer 

In this step, we take the outputs of the merge layer as the input to train the prediction model. The objective 

of prediction is to reconstruct the relationship between input and output. A one-layer feedforward neural network 

is used as the prediction function in our study, which is 

Ŷ = σ(ℎ𝑎𝑊𝑜 + 𝑏𝑜)                                    (10) 

where 𝑊𝑜  and 𝑏𝑜  are trainable parameters, σ(∙) is an identity function, Ŷ are the predictive values of the 

model, and the loss function is calculated by the MSE error over samples' value. 

3.6 Implementation  

In practice, we implement the new method in Keras. To simplify the study, the two-layer LSTM is employed 

to implement the single LSTM, and the number of neurons in the first hidden layer of LSTM is 16 and the second 

layer of it is 8. The number of multivariate LSTMs used in the network is consistent with how many provinces 

are in each group after the clustering operation. A one-layer feedforward neural network is used as the prediction 

model or the output layer, which has only 1 hidden neuron. The Adam algorithm is applied to estimate the 

unknown weight matrix and bias vectors. The learning rate of the adam algorithm is set to 0.002. The training 

epochs are set to 50 and the batch size is set to 8. Based on these settings, the process of the proposed method is 

described as follows. 

 

4. EXPERIMENT AND RESULTS 

4.1 Dataset  

The dataset is a multiple multivariate time series which is consists of 32 multivariate time series: 31 provinces 

and 1 nation. It spans 72 months, from Jan 2015 to Dec 2020. The leverage of the household sector (calculated by 

household debt divided by GDP ) represents the household leverage. Household debt is a monthly time series 
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coming from the database of the People’s Bank of China, GDP (100 million CNY) is the gross national product. 

All predictive variables are collected from the national bureau of statistics of China and the Wind database, 

including Population (10 thousand CNY) is yearly data, CPI (same month last year = 100) is a monthly data, 

Disposable income per capita (1 CNY) is a quarterly data, M2 scale increment (100 million CNY) denotes the 

increment of China’s broad money and it is a monthly data, Average selling price of commercial housing (1 CNY 

per square meter) is a yearly data, and the Total retail sales of social consumer goods (Cumulative growth) is a 

monthly data. Besides Population, and Average selling price of commercial housing, and the Total retail sales of 

social consumer goods are collected from the national bureau of statistics of China, other predictors are obtained 

from the Wind database. 

4.2 Experiment settings 

The experiments are conducted based on the analysis of the household leverage in China using the Keras 

platform. Before feeding the input data into the new neural networks, the multiple multivariate time series are 

normalized first. Each multivariate time series consists of 6 independent variables. These variables are used to 

predict the household leverage of the next month.  

For comparison, we applied uni-LSTM(univariate LSTM), LSTM(multivariate LSTM), CNN(Convolution 

Neural Network), and the proposed method with different merge layers to forecast household leverage of each 

region and the whole nation. We use two measures to judge the performance of the model, one is the root mean 

square error (RMSE) which weighs the average squared difference between the estimated values and the actual 

value, and the other is mean absolute percentage error (MAPE) which is one of the most common metrics used to 

measure the forecasting accuracy based on 100 repeatedly random experiments. For each selection of training set, 

we shuffle the dataset randomly and independently. 

4.3 Results 

4.3.1 National level household leverage forecasting 

We first compare the performance of the new method with alternatives such as the univariate LSTM, 

multivariate LSTM, multivariate CNN to predict the household leverage at the national level. To avoid overfitting 

of the new methods, we only select a few regions to help us predict the household leverage of the whole nation. 

We calculate the scale and proportion of household debt of various provinces, rank them by the scale. After this 

step, the first three provinces that have the largest household debt are employed to forecast the household leverage 

of the whole nation.  

Table 1 shows the performance of forecasting on different models, which indicates the new method outperforms 

all alternative methods on both RMSE and MAPE. From Figure 2, the trend of household leverage based on the 

new method using attention operation is better than the concatenation operation, and also other methods. It 

illustrates household leverage at the regional level can enlarge the signal to predict household leverage at the 

national level. 

Table 1.  The performance of forecasting household leverage of the whole nation  

based on both the new method and alternative methods 

Methods MAPE RMSE  

uni-LSTM 11.011% 0.325 

LSTM 7.422% 0.255  

CNN 17.340% 0.499 

MLSTMs+conc 10.813% 0.288  

MLSTMs+att 6.123% 0.176  

Notes. The table reports the average predictive performance. MLSTMs+conc means the proposed model uses concatenation as a merge 

layer, and also MLSTMs+att means using attention as the merge layer. 
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Figure 2.  The household leverage of the whole nation and its prediction  

based on the new method and alternative methods 

 

4.3.2 Regional level household leverage forecasting 

To forecast household leverage of various provinces using others’ information, we categorize the provinces 

into serval groups according to their similarities, which are calculated by the Euclidean distance of household debt 

between any two provinces. Base on their similarities, we split these 23 provinces into six groups, and make them 

have a similar scale of household debt in each group. We can group different provinces according to the clustering 

result presented in figure 3. For example, Tibet, Qinghai, and Ningxia are divided into a group because the distance 

between them is relatively close. Based on this result, we have grouped the provinces, as shown in table 2. 

 

Figure 3.  The similarity of provinces’ household leverage 

 

Table 2.  The groups of provinces 

Groups The name of provinces 

1 Tibet, Qinghai, Ningxia 

2 Gansu, Xinjiang, Shanxi, Neimenggu 

3 Yunnan, Guangxi, Chongqing, Jiangxi,Shannxi,  

4 Beijing, Anhui, Hebei 

5 Hunan, Fujian, Hubei,Sichuan 

6 Zhejiang, Shandong, Jiangsu, Guangdong 

Notes. 8 provinces were not included in our analysis because of the serious missing of household debt,  

including Hainan, Tianjing, Jilin, Heilongjiang, Shanghai, Guizhou, Liaoning, and Henan. 



The Twenty one Wuhan International Conference on E-Business－Data analytics/intelligence for behavioral studies and service innovation        619 

Similarly, at the regional level, we compare the performance of the new method with other alternative 

methods. For each group, we predict the household leverage of a province by using other provinces' information 

based on the new method, and we report the average predictive RMSE. All results are listed in Table 3. Meanwhile, 

we also draw figures to compare the predictive values with the household leverage of each province, some of 

them are shown in figure 4. 

Table 3 indicates the proposed method performs better than other alternative methods on RMSE in most 

provinces except Ningxia, Gansu, Xinjiang, Neimenggu, Yunnan, Beijing, Hebei, Fujian, and Shandong. It also 

gives us evidence that using the household leverage at other regional levels can enlarge the signal to predict 

household leverage at a certain regional level. In these cases, the new method achieves better performance in 

prediction than the comparison method. And also, figure 4 shows that the prediction results of the proposed model 

with the attention merge layer are closer to the real value of household leverage. 

As a result, the experiment results reveal that a single LSTM can only take into account the independent 

information of the predicted province, but the proposed method also takes into account the information of other 

provinces into the modeling, which has a potential enhancement effect on the forecasting of household leverage 

at the target province. At the same time, effective information is selected into modeling by the clustering, which 

avoids useless noise to influence the predictions, so that the model could have a better performance.  

Table 3.  The performance of forecasting household leverage of various provinces 

based on the new method and alternative methods 

Provinces 
Methods 

uni-LSTM LSTM CNN MLSTMs+conc MLSTMs+att 

Tibet 0.224 0.219 0.379 0.219 0.169 

Qinghai 0.320 0.203 0.224 0.260 0.157 

Gansu 0.283 0.207 0.219 0.327 0.307 

Xinjiang 0.126 0.152 0.245 0.286 0.269 

Shanxi 0.237 0.161 0.333 0.187 0.144 

Neimenggu 0.231 0.198 0.166 0.295 0.231 

Yunnan 0.141 0.162 0.179 0.358 0.284 

Guangxi 0.449 0.298 0.295 0.387 0.241 

Jiangxi 0.344 0.220 0.233 0.276 0.201 

Shannxi 0.254 0.253 0.424 0.210 0.176 

Beijing 0.175 0.183 0.245 0.226 0.193 

Anhui 0.294 0.227 0.475 0.243 0.169 

Hebei 0.439 0.202 0.277 0.415 0.221 

Hunan 0.252 0.204 0.450 0.249 0.156 

Fujian 0.289 0.230 0.256 0.364 0.296 

Hubei 0.522 0.496 0.554 0.346 0.336 

Sichuan 0.177 0.184 0.216 0.192 0.164 

Zhejiang 0.647 0.497 0.448 0.499 0.273 

Shandong 0.460 0.227 0.621 0.553 0.422 

Jiangsu 0.391 0.346 0.403 0.314 0.154 

Guangdong 0.438 0.300 0.436 0.406 0.197 
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Figure 4.  The household leverage of the Guangdong, Jiangsu, Zhejiang, Guangxi and their prediction  

based on the new method and alternative methods 

 

5. CONCLUSION AND DISCUSSION 

This paper proposed a new approach for household leverage forecasting by using the so-called Multiple 

multivariate LSTMs for multivariate time series. The new method contains multiple LSTMs, a clustering 

algorithm, an attention layer, and a simple one-layer feedforward neural network. Each LSTM is used to learn 

new representations at different times from multiple multivariate time series, and then these learned new 

representations are combined to forecast the household leverage. The results show that the new approach 

outperforms alternative methods for predicting household leverage at the national level and most regional levels, 

and reveal that predicting a time series at time ℎ with considering other multivariate time series is a better strategy. 

Because other similar time series may have informative information to enlarge the expression of time series 

needed to be predicted.  

The new method may be applied in many other fields. First, we can use this method to forecast the scale of 

global household debt. In addition, it is also a useful tool for global carbon emissions and climate change 

forecasting. It is of great significance to countries around the world in formulating appropriate emission reduction 

policies, preventing extreme climate change, and realizing green, sustainable, and inclusive growth. Second, it 

can also be applied to the forecasting of economic growth. The current world is in after the outbreak of the era of 

economic recovery, therefore in the model into more impact factors, dynamic projections for economic growth, 

the LSTMs model may play an important role. Apart from that, we can consider adding more available variables 

into the study to make the data more sufficient. Take this paper as an example, important macro variables, such as 

unemployment rate, interest rate, and so on should be considered. After data supplement, some statistical-based 

methods, such as lasso, could help us select some effective preditors of the target problems for better forecasting. 
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Abstract: The purpose of this paper is to propose a technology evolution analysis framework based on the Mallet-LDA 

models combined Social Network Analysis(SNA) method and to study the development trends of critical technologies in 

logistics identification marking technology. This paper establishes a complete and systematic framework for analyzing the 

technological evolution based on the logistics identification marking technology selected from the national Key industry 

patent information service platform in China as the data source database for the period 1993 to 2018 and uses topic evolution 

and SNA methods for evolution analysis to predict the development trend of the critical technologies in the future time. 

Results show that Mallet-LDA model combined SNA method is feasible for technology evolution analysis. In addition, the 

main development trend in logistics identification marking technology is concentrated in the direction of data collection and 

processing, drone logistics, cold chain logistics, intelligent terminals. And the technical topics have changed from the early 

days with the primary label, barcode technology, and other individual areas to the development state of multi-technology 

integration. The findings of this study are expected to enrich technology evolution research based on patent analysis and 

provide insights into the potential of using patent data for technology evolution development prediction in the context of 

smart logistics in China. 

 

Keywords: LDA; Patent analysis; Technological evolution; Logistics identification marking technology; SNA 

 

1. INTRODUCTION 

Since the outbreak of COVID-19, mature logistics operations have played an essential role in the supply 

and deployment of emergency supplies. At the same time, because the international trade friction and the global 

epidemic continued, China's supply chain flexibility and flexibility to enhance the demand has been imminent. 

In 2015 China's government put forward the "Made in China 2025" development strategy, which sets intelligent 

manufacturing as the main direction of China's manufacturing industry[1], which requires the transformation of 

the whole cycle, the entire movement, and the whole chain with the use of digital intelligence technology. Smart 

logistics is based on intelligent manufacturing and runs through the entire supply chain process. It can be seen 

that for the logistics industry and even the entire national economy, the strategic decision to build an intelligent 

logistics supply chain system has a far-reaching impact[2]. 

Intelligent information technology is a crucial way to realize the transformation from traditional logistics to 

digital logistics[3], among which logistics identification marking technology is the crucial intellectual technology 

field for real-time control and management of the logistics supply chain. The technology is mainly composed of 

radio frequency identification (RFID), automatic identification, logistics bar-code symbology, symbol printing, 

electronic data interchange and other technologies. It realizes automation of merchandise retailing (POS), 

stocking, inventory replenishment, sales analysis and other business operations through standardized coding and 

symbol representation of trade objects operating in logistics. Thus, it achieves the goal of dynamic real-time 

management of logistics and supply chain. 

With the surge of massive objects of logistics operation and the demand for digital logistic transformation, 
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logistics identification marking technology has higher requirements, such as mobility and multi-objective 

identification. The popularization of China's logistics identification marking technology requires logistics 

enterprises to introduce advanced information technology and sensing technology, making the fundamental 

realization of intelligence in commodity storage, transportation, packaging, distribution, supply chain, and other 

links. The technology is in line with the development trend of modern logistics automation, intelligence, 

real-time and visualization. It also caters to the development trend of Internet of Things technology. However, 

how to scientifically judge the specific process of logistics identification marking technology evolution? This 

requires a systematic framework for analyzing the evolution of the technology. Patent literature carries over 

90% of the world's technical information[4]. With the gradual popularization of machine learning theory, it 

means that machine learning algorithms can be introduced to identify and analyze the theme and evolution of 

logistics identification and marking technology patent literature. This will help to clarify the direction in which 

existing logistics identification technologies are moving and to strengthen future technological innovation 

activities in this technology area. 

In this paper, we focus on the need for addressing the shortcomings of the current research methods for 

analyzing technological evolution in the field of logistics identification marking, proposing a combination of the 

Mallet-LDA models and social network analysis to fill the gap in the work of technological evolution in the field 

of logistics. Meanwhile, it is of practical significance for logistics enterprises to determine the R&D direction 

and layout of key technology research early. By analyzing the evolution of logistics identification marking 

technology in China, this study can qualitatively and quantitatively grasp the latest research hotspots and the 

latest innovation achievements in this field from a macro perspective. And we can also quickly understand the 

future development direction of this technology. Therefore, it can guide the optimal R&D direction for Chinese 

enterprises in the process of transformation from backward to beyond. And it allows related companies to do a 

good job of patent layout in front of emerging technologies. Therefore, this study has crucial practical 

significance and application value for enterprise R&D departments and strategy makers. 

 

2. REVIEW OF RELEVANT LITERATURE 

At present, domestic and foreign scholars have formed a series of research results on logistics identification 

marking technology. On the one hand, from the practical research perspective of applied research and 

development, scholars focus more on performing logistics identification marking subsystem and the application 

research of related technology under the qualitative perspective, such as Liao et al. proposed a calculation 

method of port loading and unloading efficiency based on ship automatic identification system, which can 

monitor port throughput in real-time and enhance the digital management level of port[5]. Recognizing the 

importance of contactless delivery, Fu et al. proposed a mathematical model to make automated delivery robots 

more flexible[6]. On the other hand, from the perspective of theoretical research on development mode and path, 

scholars have already analyzed the current situation of logistics identification marking technology development 

by quantitative methods, Wang et al. combined patent maps to explore the problems of logistics identification 

marking technology innovation process in terms of time change trend, technology maturity, innovation subject, 

and main IPC distribution structure[7]. 

Patent documents are the most effective carriers of technical information and innovation activities. To 

explore the technological trends hidden in patent texts, the traditional approach is usually to examine 

representative patents based on expert experience to get the technical subject content. However, two obvious 

shortcomings of such methods are that patent representativeness is difficult to measure and that it is difficult to 

analyze numerous patent documents. Related studies have explored many technical subject discovery methods. 

Applying the improved PageRank algorithm to the number of citations and application year of patents, this 
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combination of research aims to identify the core patents of domain technologies[8]; Based on the study of patent 

citation features, a patent citation network is first mapped out, and the construction of this network provides the 

possibility of using the main path analysis algorithm, and the combination of the two enables the discovery of 

technical topics[9]. The work applies the LDA topic model to discover technology topics and model the change 

of topics over time, identifies paths by analyzing the change of technology topics in different segments, and 

presents a visualization of technology topics trends[10]. 

From what we have discussed above, the previous research in logistics identification marking technology in 

China is mostly related to some subfields, and there are few research results in sorting out the overall logistics 

identification marking systematic technical system; there is a lack of quantitative analysis, especially the 

analysis of technological topics evolution development trend based on text mining. Based on the above research 

situation, this paper scientifically divides the technological topics in logistics identification marking by 

constructing a topic mining analysis model, analyzes the thematic characteristics of logistics identification 

marking technologies according to the division time slice method, and finally introduces the social network 

analysis method to analyze the development relationship between the technical clusters, to provide a reference 

for realizing the high-quality, sustainable development of intelligent logistics. It can also provide relative 

information for researchers and patent managers in logistics. It also provides relatively rich intelligence and a 

certain reference basis for researchers and patent managers in logistics. 

 

3. RESEARCH METHODOLOGY AND FRAMEWORK 

3.1 Mallet-LDA topic probability model 

Topic model is an algorithm to extract useful information from a textual corpus. LSA and pLSA are early 

topic models that decompose documents into potential vector representations using SVM and probabilistic 

models respectively[11]. The Latent Dirichlet Allocation (LDA) algorithm, proposed by Blei et al., is a set of 

algorithms for unsupervised learning to extract useful information from a text corpus algorithm for extracting 

useful information from a text corpus in an unsupervised learning manner in 2003[12]. The algorithm 

automatically discovers potential topic structures from a document or text corpus using a Bayesian hierarchical 

model, where each topic is determined by the probability distribution of words. In simple terms, we derived 

potential topics from topic probabilities based on document distributions and word probabilities based on topic 

distributions. 

The LDA algorithm can significantly reduce the data dimensionality of large-scale documents, thus 

facilitating the extraction of potential subject terms that encompass various perspectives. Specifically, the 

bag-of-words model is used to transform documents into word-frequency vectors and map the complex 

high-dimensional lexical space of unstructured documents into the low-dimensional space of 

"document-topic-lexicon " to uncover the hidden topics of patent texts. In this paper, we assume that the 

potential topics in patent documents obey the hyper-parametric Dirichlet prior distribution. 
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where dk denotes the probability distribution of patent literature d in topic k. The larger the parameter   

the more obvious the theme will be. The topic-vocabulary distribution is   Dirk ~ ; the document-topic 

distribution is   Dird ~ . Generate topic  ddn lMultinomiaz ~  and vocabulary  
dnzdn lMultinomiaw ~  for the 

n-th word item in each patent document. Thus, the LDA likelihood model in this paper is shown in (2) as 

follows: 
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The Mallet toolkit is dedicated to machine learning task processing. Using the Mallet package, natural 

language processing, text classification, clustering, topic modeling, and information extraction can be efficiently 

performed. The Gensim toolkit based on the Python language provides a wrapper for implementing Mallet's 

LDA algorithm (Mallet-LDA model) inside Gensim. To ensure the effectiveness of LDA topic clustering, this 

paper chooses to optimize Gensim's built-in LDA algorithm with Mallet. 

3.2 Topic strength measures 

Since LDA only provides the topic extraction algorithm for patent text, it does not involve the specific 

evolution mechanism and the explanation of topic evolution, and the greater the topic intensity, the higher 

attention to the technology[13], so this paper shows the evolution trend of logistics identification hot technology 

based on the change of topic intensity in the time axis. Referring to the topic intensity calculation method 

provided by Li et al.[14], we showed the calculation formula as follows: 
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In (3):  ktZQ ,  denotes the intensity of the subject K matter t in the current time slice; kd ,  represents the 

probability of the first K subject matter in the first d patent document; Dt represents the number of all patents on 

the time slice t. 

3.3 Research framework 

We aim to identify logistics identification marking technology topics and reveal their dynamic evolution 

process with the help of the Mallet-LDA topic model, and further demonstrate the technology development 

characteristics and future development direction. The paper mainly includes the pre-logistics identification 

marking technology patent data collection and pre-processing, logistics identification marking technology topic 

mining based on the Mallet-LDA model and evolutionary results, trend presentation, etc. Subsequently, the 

social network analysis method is introduced to visualize the mined hot topics and further explore the 

relationships within and among the technical topics. The specific process of topic evolution analysis is shown in 

Figure 1. 

 

Figure 1.  Schematic diagram of the general research framework 
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4. EMPIRICAL ANALYSIS 

4.1 Patent search 

In this paper, we use the Patent Information Service Platform to select the "identification technology" under 

the logistics industry for retrieval. In the first retrieval in November 2020, 235,475 invention patents and utility 

model patents are preliminarily retrieved. As this paper mainly studies the evolution of identification technology 

in logistics, we conduct a secondary screening basis on the above retrieval, enter “logistics or supply chain” in 

the search box of the abstract field. Meanwhile, considering the 18-month lag period between patent application 

and disclosure, this paper selects the relevant patent application data up to 2018. In this way, we retrieved 4952 

invention patents and utility model patents for logistics identification marking technology. To ensure the 

accuracy of the data source, all the captured data were standardized and sorted out, and we eliminated the 

repeated patents. Finally, 4857 valid data were got. 

4.2 Data pre-processing 

Data pre-processing is one of the most important aspects of LDA topic modeling. This paper link the 

training efficiency of the model and the accuracy of the topic clustering results to this process. First, the jieba 

package of Python is called to carry out preliminary word separation of text data. However, because of the 

strong professionalism of the patent text, by analyzing the patent data, this paper constructs a patent dictionary 

of logistics identification marking technology, a deactivation word list, and manually processes the word 

separation results to guarantee the correctness of the generated topics and provide good experimental data for 

subsequent modeling. 

4.3 Logistics identification marking technology topic mining 

According to previous studies, the hyper-parameter K/50 , 1.0  are set after considering the topic 

granularity and the readability of the results in the LDA topic modeling process. The number of topics in the 

LDA model K has a significant influence on the effect of the final topic extraction. In this paper, the interval 

value of the number of topics is set to [0, 30] regarding the topic settings in previous literature. By invoking the 

built-in LDA model of Gensim and running the Mallet-LDA model, the consistency index of both is calculated. 

In general, the model is better when the consistency value is more significant. Therefore, comparing Figure 2 

and Figure 3, we can see that the Mallet-LDA model is better and has the optimal number of topics 9K . 

 

 

 

 

Mallet-LDA algorithm is used to carry out topic modeling according to the above optimal number of topics, 

and the meaning of each topic is summarized according to the high probability feature keywords on each topic. 

Nine topics mined by Mallet-LDA topic modeling are a collection composed of feature words with a high 

Figure 2. Coherence score based on traditional LDA Figure 3. Coherence score based on Mallet-LDA model 
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likelihood of appearing in logistic identification technology and are interrelated. Manual ranking finds that the 

keywords of Topic2 and Topic7 are in different directions in RFID technology but belong to the same technical 

field, so the two topics are combined into the same topic. Finally, eight technical topics are identified. The 

results of topic mining are shown in Table 1. 

 

Table 1.  Logistics identification marking technology topic mining results 

Topic Keywords Technical Topic Name 

1 Sorting, Sensors, Automatic identification, Automation, Control System, 

Shelves, Robotics, bar-code 

Logistics Automation Sorting 

2 Electronic labels, RFID, Storage, Read, RF, Efficiency, Testing, Logistics box Radio Frequency Identification (RFID) 

3 Commodities, Bar-Code, Computers, Camera, Scanning, Image Recognition, 

Packages, Inspection 

Data acquisition and processing 

4 Information Technology, Testing, Logistics box, Automated transportation, 

Drones, Cost, Load, Self-help 

Drone Logistics 

5 Data, Monitoring, Real-Time, Internet of Things, Agricultural Products, 

Temperature and humidity, Cold Chain Logistics, Data Transfer 

Cold Chain Logistics 

6 Self-adhesive, ic chip, Digital, Logistics Automation, Marking, Records, 

Technology, Paper 

Labeling Technology 

7 Enterprise, Commodities, Traceability, Anti-counterfeiting, Block-chain, Supply 

Chain, Cloud Server, Database 

Block-chain technology anti-counterfeit 

traceability 

8 Logistics Marking, Terminal, Servers, Platform, Smart, Clients, Services, Client Smart Terminal 

 

4.3.1 Topic intensity evolution analysis 

The evolution of subject intensity fully reflects the dynamic nature of the subject and its development 

status. The higher the subject intensity, the more patent applications and the higher the research intensity of the 

patent technology in the corresponding time window. Based on the document-topic and topic-word probability 

distributions given by the Mallet-LDA topic model, the above eight technical topic strengths were calculated by 

Equation (3). The intensity of each technical topic is visualized and analyzed from two dimensions[15]: on the 

macro level, the intensity of each technical topic is displayed in the overall year as the unit of measurement, as 

shown in Figure 4; on the micro-level, we calculate the intensity of each topic for each year from 2011 to 2018. 

On the micro-level, the intensity value of each topic in each time slice from 2011 to 2018 is calculated, and the 

curve of topic intensity over time is plotted. We show the trends of topic intensity in Figure 5 and Figure 6. 

 

 

Figure 4.  Schematic diagram of the overall technical theme strength 
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Figure 5.  Technical topics uptrend                       Figure 6.  Technical topics wave trend 

 

Figure 4 demonstrates the intensity distribution of each technology topic based on the overall year of 

mining. Topic2 has a higher intensity and is the key focus direction, followed by Topic1, Topic3, Topic5, Topic7, 

and Topic8, while Topic4 and Topic6 are less intense and weaker than other topics in widespread attention. 

Figure 5 shows the intensity change of the four topics mined in the entire text set, all of which offer an 

upward trend. Among them, the intensity of Topic4 (drone logistics) and Topic7 (block-chain technology 

anti-counterfeit traceability) offer the same trend of change; Topic1 is one of the technical conditions necessary 

for advanced logistics parks. With the rise of cloud computing, artificial intelligence, and intelligent logistics 

concepts, the importance of automated logistics sorting has become more prominent, and the research 

enthusiasm has accumulated; Topic5 research heat basically shows a straight up trend. Cold chain logistics is a 

low-temperature logistics process. Because of the improvement of the living standard of the masses, the demand 

for the purchase of fresh agricultural products has surged. This makes cold chain logistics gain more and more 

attention. 

Figure 6 is the change situation of 4 topics with fluctuating intensity. Topic2 is the core and basic 

technology of logistics identification marking technology. The application field is vast, so RFID technology has 

been the research hotspot of logistics identification marking. Its subject intensity also presents fluctuating 

upward trend on a higher level. The initial technical intensity of Topic6 is not high, and also is not the focus of 

logistics identification marking technology exploration, swinging down on a lower level; Topic3 is to receive 

data at the same time and to process the data and output, to simplify data input, tracking commodity logistics, 

etc. to achieve the bar-code scanning, decoding and data communication with sensors and other terminal devices. 

Because of the continuous development and improvement of basic technology, the research enthusiasm of both 

topics shows the trend of fluctuation in the early stage and a decline in the later stage. 

4.3.2 Network evolution analysis of technical topic relationships 

For the patent data of three-time slices (1993-2001, 2002-2012, and 2013-2018), Mallet-LDA modeling 

training was conducted to get the optimal topic of the corresponding time slice. According to the results of topic 

mining, the top ten keywords of each topic in each period are extracted. Then, the matrix formed is imported 

into the Gephi tool to draw the hot topic keyword relation network in three stages, with topic keywords as nodes 

and their co-occurrence relations as edges. Finally, the community optimization discovery algorithm based on 

modularity_class was clustered to form the three-stage thematic keyword relationship network graph, as shown 

in Figure 7. The larger the node size is, the more paramount it is and the more mature it is. 
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(a)1993-2000（Logistics 2.0 stage）    （b）2001-2011（Logistics 3.0 stage）            （c）2012-2018（Logistics 4.0 stage） 

Figure 7.  Three-stage key technology evolution trend 

 

To measure the evolution of patented technologies in logistics identification marking at each stage, the 

study uses the Gephi tool to calculate social network indicators. Based on the results of the computed indicators, 

the centrality value of sorting technology is more significant, showing that sorting technology in logistics 

identification marking in China has technical advantages and is a key core technology, which combined with 

Figure 9, can be seen to be closely linked and integrated with data collection, Internet of Things and other 

technologies. In the early stage of China's logistics industry, the development of label and bar-code technology 

was slow, and the digitalization of logistics identification marking was a weak link. But from 2012 to 2018, the 

centrality of technologies such as the Internet of Things, cloud computing, and artificial intelligence increased. 

This reflects that China has improved the layout of patents, making technology diversified development. 

From three stages, the intermediate center value of the leading technology node increases and the 

near-neutral value decreases. This shows that, with the expansion of the scale of technological development, the 

overall communication distance of the network is shortened, and the connection and integration between 

technologies are improved. This shows that the innovation mode of China's logistics identification marking 

technology has changed from the previous development of single-core technology to the cluster R&D mode of 

multi-technology integration. From the evolution of the technology node, the logistics recognition identification 

from the early basic label, bar-code, development to and electronic label, automatic diagnosis for combination, 

and then to face recognition, cold chain logistics, block-chain and robotics, and other fields between the 

interpenetration, applied to more different scenarios. Thus, the intelligent and digital development of logistics 

identification marking technology is the general trend. 

 

5. CONCLUSIONS 

Because of the current demand for technological innovation from the development of intelligent logistics, 

the research is based on 4,857 patent application data of logistics identification technology in the logistics 

industry collected by the National Key Industry patent Service platform from 1993 to 2018. This paper proposes 

a method to combine the mallet-LDA topic model and social network index, which is superior to traditional 

LDA topic clustering. The optimal number of topics was determined at the macro overall level, and the 

calculation formula of the topic intensity measured the variation rule of each technical topic intensity. From the 
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micro perspective, we carried theme clustering out for three-time slices (1993-2001, 2002-2012, and 2013-2018). 

Gephi software is used to draw the evolution trend chart of hot technologies in three stages, and the overall 

development trend of logistics identification marking technology in China and the relationship between key 

technologies are explored. In addition, the following research conclusions are drawn: 

1)In this paper, the optimal number of topics divided by using the Mallet-LDA topic mining analysis model 

yields more reasonable results By comparing the Mallet-LDA topic mining analysis model with the traditional 

LDA model, Mallet-LDA shows a large consistency index, which indicates a more reasonable number of topics. 

Logistics identification marking technology topic mining results are specifically: logistics automated sorting, 

radio frequency identification(RFID), data acquisition and processing, drone logistics, cold chain logistics, 

labeling technology, blockchain technology anti-counterfeit traceability, and smart terminal. 

2)The overall technology topic intensity shows a stable upward trend and two development patterns of up 

and down fluctuations. According to the analysis of the evolution of technology topic intensity, it is concluded 

that: logistics automatic sorting, drone logistics, cold chain logistics, and blockchain technology anti-counterfeit 

traceability show a stable rising trend and are the technology research hotspots for a while in the future; radio 

frequency identification technology (RFID), data collection and processing, label technology and intelligent 

terminal are in an up-and-down fluctuating state, especially the topic intensity of label technology always stays 

at a relatively low position, showing that the technology is more basic; while radio frequency identification 

technology, although also in a state of up and down fluctuation, but the topic of the technology has always 

remained in a relatively high position, indicating that although the technology is not a hot research direction, in 

the next period the research enthusiasm will not be significantly reduced. 

3)According to the measurement index of the subject nodes in the three-stage technology evolution 

network, it is concluded that the innovation mode of China's logistics identification marking technology has 

changed from the previous development of single-core technology to the cluster R&D mode of multi-technology 

integration. As the intermediary center value of the nodes increases and the near-neutral value decreases, the 

technology topic changes from the earlier single field with label and bar-code as the core technology to the 

development state of multi-technology integration, and the overall network becomes dense, and it also shows 

that the communication efficiency between technologies increases. This suggests that R&D personnel should 

not only focus on the core technologies of the industry but also actively explore crucial industries and key 

technologies that promote the development of industrial correlation. Thus, new technologies can be created by 

combining different industries to further promote industrial development. 

However, there are still some limitations in this study: the processing of patent text in this paper is 

demanding, and how to optimize the word separation steps and model configuration parameters is a problem 

that needs attention in subsequent research; in addition, relying solely on patent text data for decision making is 

also imperfect, and other data, such as scientific and technical literature and industrial reports, should be 

combined, so that it is possible to grasp the future direction of industry and technology development more 

accurately. 
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Abstract: In the fierce competitive banking industry, accurate prediction of customers’ subscription to time deposits is vital 

for banks. This can reduce unnecessary time and energy spent on targeted customer service to improve bank efficiency. 

Traditional prediction methods do not handle the imbalanced data problem very well. In this paper, in order to minimize the 

impacts from imbalanced data, we combine Synthetic Minority Oversampling Technique (SMOTE)and Edited Nearest 

Neighbor Technique (ENN) to make the data as balanced as possible. Then, Extreme Gradient Boosting algorithm (XGBoost) 

is adopted as classification algorithm to improve the accuracy of data classification results. For clarity, this model is called 

SMOTEENN-XGBoost model. A bank customers dataset published on the Kaggle platform is used to demonstrate its effect 

by numerical experiments. We compare the performance of the SMOTEENN-XGBoost in this paper with Decision Tree (DT), 

Adaptive Boosting (AdaBoost), XGBoost, SMOTE-XGBoost in terms of Accuracy (ACC), Area Under ROC Curve (AUC), 

and Geometric-mean (G-mean). The results show that the mean ACC, AUC and G-mean of SMOTEENN-XGBoost model are 

0.92, 0.97, and 0.92, which are better than the other models. It indicates that this model has good classification performance 

and can effectively dig out potential customers. 

 

Keywords: imbalanced data, time deposits, SMOTEENN, XGBoost 

 

1. INTRODUCTION  

The survival of banking industry is closely linked to its deposits, which are the foundation of banks. The 

amounts of deposits or loan-to-deposit ratio directly affect the profits of banks. The banks will lose its liquidity if 

they don’t have deposits. Furthermore, their financial activities will be greatly affected. To sum up the above, 

deposits are very important to the banks. In the past few decades, when banks sell time deposits, it is difficult to 

find out who their target customers are. Many factors could affect customers' subscription to bank deposits. At the 

same time, more and more customers start to complain about irrelevant calls they received from the banks. In 

order to solve these business problems, banks are beginning to leverage their vast customer data to gain insight 

into customer behaviors and purchasing preferences. Actually, their marketing efficiency has really improved. In 

such a market environment, banks are necessary to enhance their competitiveness and obtain customers who are 

interested in subscribing to time deposits. These can help banks maintain a certain level of competitiveness and 

avoid making them eliminated by the general environment. From the perspective of the banks’ development path, 

the banking industry must build superior banking transaction products and service capabilities to maintain high-

value customer relationships. Besides, they should select targeted customers to improve efficiency. Therefore, it 

is self-evident for banks to predict whether customers will subscribe time deposits. 

It is a major trend for the banking industry to carry out accurate marketing based on customers’ classification. 

Autoregressive models are proposed to the prediction of savings deposit by Petropoulos [1]. Mitat [2] used the 

ARIMAX model to predict whether customers will subscribe to time deposits. These traditional forecasting 

methods are complex, time-consuming and difficult to adapt to complex data. Therefore, some scholars propose 

to use machine learning to predict whether customers will subscribe to bank deposits, such as Logistic Regression 
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[3], Support Vector Machine (SVM) [4], Neural Networks [5]. However, experiments show that these single 

classifiers are not very effective when dealing with large amounts of data and complex problems. In order to 

further improve the classification performance, scholars propose to use ensemble methods for classification 

prediction. Kumar [6] used Hybrid Weighted Random Forests Method to predict online consumer purchasing 

behaviors, which is better than using a single algorithm for prediction. Actually, prediction of customers’ 

subscription to time deposits is an imbalanced data binary classification. Imbalanced data problem is one of the 

challenges for machine learning to perform classification. 

The problem of imbalanced data classification is widely existing in real life, such as medical diagnosis 

[7] ,credit fraud [8], and spam filtering [9]. Existing research solving imbalanced data classification problem mainly 

focus on two main aspects. One is external data-level processing, the other is internal algorithm-level processing 

[10]. The main data-level processing method is the resampling technique, which includes random under-sampling 

and random oversampling. The random under-sampling technique is used to even out the sample distribution by 

randomly removing majority class samples, but it will lose important information. The main random under-

sampling techniques are K-means Adacost bagging (KACBag), ENN and Tomek links. The random oversampling 

technique balances the data by randomly replicating minority class samples, but it will make the information 

redundant, increasing the complexity of model training and causing over-fitting problems. A typical oversampling 

method is SMOTE [11]. These resampling methods are easy to operate and have good adaptability. However, 

deleting or expanding data don’t follow the original data distribution. In this case, they may lead to the loss of 

valuable information or model overfitting problems. 

At the algorithmic-level, scholars try to improve the algorithm directly. It mainly includes Clustering, Cost-

sensitive Learning, and Ensemble Learning. Currently, Ensemble Learning is favored by most scholars. It cascades 

multiple classifiers to improve the classification performance. Bagging and Boosting are its typical representatives. 

Boosting is to cascade multiple weak classifiers to form a strong classifier. AdaBoost [12] belongs to the Boosting 

algorithm, and it is widely used. However, the AdaBoost itself is overfitting and not robust, besides, it is time-

consuming when training the algorithm. 

Therefore, the research focus on the following question: how to devise an algorithm based on machine 

learning to improve predict accuracy? In this paper, at the data level, we propose to use SMOTEENN of hybrid 

sampling technique to retain valuable information and overcome the overfitting problem. First, we use SMOTE 

to oversample the imbalanced data. Second, we remove the noise presented in the new generated samples by ENN. 

At the algorithmic level, we choose XGBoost which is a kind of Boosting algorithm to further improve the 

classification performance. Finally, we combine SMOTEENN and XGBoost to improve the classification 

accuracy. 

Based on the above analysis, we conclude that single sampling has many shortcomings and a single prediction 

model is more difficult to meet the requirements of the imbalanced dataset. In order to solve these problems, we 

propose a combined prediction model to predict whether customers will subscribe to time deposits. It’s named 

SMOTEENN-XGBoost.At the data level, we choose the hybrid sampling technique SMOTEENN to reduce the 

data imbalance rate. At the algorithm level, we choose the XGBoost to improve the overall prediction accuracy. 

The model is evaluated by a ten-fold cross-validation method. 

 

2. SMOTEENN-XGBOOST MODEL 

2.1 The Synthetic Minority Oversampling Technique (SMOTE).  

SMOTE is a kind of resampling technique, and it is more commonly used. The SMOTE does not simply 

copy the minority class samples. It generates a new sample by adding K adjacent minority class samples along 

the linearity for each minority sample. Then taking the center of the line segment, and performing median 
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interpolation process. The general flow of the algorithm is as followsAs shown in Figure 1, the oversampling 

process is as follows: 

● Step 1: For the minority sample 𝑆, calculate each sample’s nearest neighbors by Euclidean distance. It can 

obtain k-nearest neighbors in the minority sample set. 

● Step 2: The sampling ratio is specified according to the proportion of sample imbalance in the dataset. 

Then determine the sampling multiplicity N. For each minority sample 𝑥, randomly selected some samples among 

its k-nearest neighbors, and denoted as 𝑥𝑖（𝑛𝑒𝑎𝑟)
,𝑛𝑒𝑎𝑟 ∈ {1,2, . . . , 𝑘}. 

● Step 3: Generate a new sample by constructing 𝑥𝑖(𝑛𝑒𝑎𝑟)  separately according to equation (1). In this 

equation, 𝑥  is a minority sample, �̃�  is the nearest neighbor sample of 𝑥 , ‖�̃� − 𝑥‖  is the distance formula. 

Calculate the difference between the nearest neighbor sample and the feature vector 𝑥 . 

𝑥𝑛𝑒𝑤 = 𝑥 + 𝑟𝑎𝑛𝑑(0,1) × ‖�̃� − 𝑥‖                              (1) 

● Step 4: Repeat step 3 N times. New samples of N are synthesized, denoted them as 𝑥𝑖(𝑛𝑒𝑤） ,𝑛𝑒𝑤 ∈

{1,2, . . . 𝑁} . 

● Step 5: Perform the above operation for all samples in the minority sample 𝑆. This will result in a new 

sample 𝑆 × 𝑁. 

The principle of ENN is that for each sample in the training set, we find its three nearest neighbors. If the 

sample is a majority class sample and more than two of its three nearest neighbors are minority class samples, we 

remove it. Conversely, if the sample is a minority class sample and more than two of its three nearest neighbors 

are majority samples, we remove the majority class samples from its nearest neighbors. It is more aggressive than 

Tomek Links in reducing the majority class samples and provides a deeper cleanup. 

The SMOTEENN is similar to SMOTETomek. As a hybrid sampling method, it generates a new minority 

class samples by using the SMOTE to obtain an expanded data set 𝑇. Then predict each sample in 𝑇 by KNN. 

Here K is generally taken as 3. If the predicted result does not match the actual class, the sample is rejected. It 

tends to remove more noisy samples compared to SMOTETomek. 

2.2 XGBoost algorithm. 

XGBoost algorithm is a kind of Boosting ensemble algorithm mainly applied in supervised learning. Based 

on GBDT (Gradient boosted tree). The tree model used in the XGBoost is the CART (Classification and 

Regression Tree). CART is smaller in size but more efficient compared to other decision trees. It assumes that the 

decision tree is a binary tree, and the features of the internal nodes are taken as "yes" or "no" only. XGBoost uses 

a gradient boosting approach to ensemble weak evaluators. The following are the steps of the XGBoost. 

● Step1: The prediction model of XGBoost for the sample results can be expressed as follows: 

�̂�𝑖 = ∑ 𝑔𝑟
𝑅
𝑟=1 (𝑥𝑖), 𝑔𝑟 ∈ 𝐺                                    (2) 

In this equation, 𝑅 is the number of decision trees in the model, 𝑥𝑖 is the i-th input sample, 𝑔𝑟 is the r-th 

decision tree, 𝑔𝑟(𝑥𝑖)  denotes the leaf weight, which is the prediction score of the r-th tree for sample 𝑖 . �̂�𝑖 

denotes the predicted value, and 𝐺 is the set of all possible CARTs. 

● Step2: XGBoost performs a second-order Taylor expansion of the loss function in the optimization of the 

algorithm, and its optimization objective and loss function are as follows: 

𝑀(𝑘) = ∑ 𝑚(𝑦, �̂�(𝑘 − 1) + 𝑔𝑘
ℎ
𝑖=1 (𝑥𝑖)) + 𝛺(𝑔𝑘)                        (3) 

In this equation, 𝑀(𝑘) is the objective function of the k-th iteration, the total number of samples is ℎ, M 

is the loss function, �̂�(𝑡 − 1) is the predicted value of the previous iteration, 𝑔𝑘(𝑥𝑖) is the newly added function, 

and 𝛺(𝑔𝑘) is the regularization term. The loss value is used to measure the magnitude of the difference between 

the true value 𝑦𝑖  and the predicted result 𝑦�̂�, and the regularization is used to measure the complexity of the 

model and to avoid the phenomenon of model overfitting. 

A Taylor second-order expansion of the above equation is performed and simplified to obtain the following 
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objective function: 

�̄�(𝑘) = ∑ [𝑓𝑖𝑔𝑖(𝑥𝑖) +
1

2
𝑗𝑖𝑔

2(𝑥𝑖)]
ℎ
𝑖=1 + 𝛺(𝑔𝑘)                        (4) 

In this equation, 𝑓𝑖 is the first-order derivative and 𝑗𝑖 is the second-order derivative. 

● Step3: The last step is to perform the solution of the optimal value.  

𝑍 = −
𝐹𝑖

𝐽𝑖+𝜆
                                          (5) 

�̄�(𝑘) = −
1

2
∑

𝐹𝑖
2

𝐽𝑖+𝜆

𝐾
𝑖=1 + 𝜆𝐾                                 (6) 

In this equation, 𝑍 is the optimal value and �̄�(𝐾) is the value of the objective function. 

 

2.3 Overview of SMOTEENN-XGBoost model 

Although the XGBoost has a good improvement in classification performance over a single classifier, it has 

a deficiency in handling imbalanced data. Therefore, we proposed SMOTEENN-XGBoost model to improve the 

XGBoost from the data level. Typical resampling methods from the data level either reduce the majority class 

samples or increase the minority samples. These methods have disadvantages, they will lose important data 

information, make the information redundant and have overfitting problems. The SMOTEENN as a hybrid 

resampling technique retains the features of majority class samples, and it increases the features of minority class 

samples to avoid overfitting problems to improve the classification accuracy. The main flowchart of the model is 

shown in Figure 1.  

Raw Data
New 

Dataset
SMOTEENN

Training 
Data

（90%)

Testing
Data
(10%)

XGBoost 
algorithm

Trained 
model

Ccross 
validation

Predictable
model

Predicted 
lables

Performance 
evaluation

Resampling

Training

Predicting
 

Figure 1.  The flowchart of SMOTEENN-XGBoost 

The model algorithm flow is roughly as follows： 

● Step1: Input category imbalanced data set 𝑇 

● Step2: Random selection of minority samples 𝑥.Using the Euclidean distance as a criterion, calculate the 

distance between this sample and the k nearest samples. Randomly draw a number of samples from the k samples, 

assuming that the selected samples are 𝑥𝑛. Take the random number 0-1 and generate a new sample for each 

randomly selected nearest neighbor according to Equation (1). Repeat this step until data balance, then put the 

new samples into the original dataset to obtain 𝑇1. 

● Step3: For each sample in 𝑇1, find its three nearest neighbors, and if the sample is different from two of 

its three neighboring samples, delete the sample. The algorithm ends and the new dataset 𝑇2 is obtained. 

● Step4: Using the k-fold cross-validation method. The training set is proportionally divided into a test set 

and a training set, and the XGBoost is used to the training set for classification: 

(a)Initialize the predicted values for each sample. 

(b)Define the loss function: 

𝐽(𝑓𝑡) = ∑ 𝐿(𝑦𝑖
𝑛
𝑖=1 , �̂�𝑖

(𝑡−1)
+ 𝑓𝑡(𝑥𝑖)) + 𝛺(𝑓𝑡) + 𝐶                         (7) 

(c)Compute the derivative function of the loss function with respect to the predicted values of each sample. 

𝐽(𝑓𝑡) ≈ [𝐿(𝑦𝑖 , �̂�𝑖
(𝑡−1)

) + 𝑔𝑖𝑓𝑡(𝑥𝑖) +
1

2
hi𝑓𝑖

2(𝑥𝑖)] + 𝛺(𝑓𝑡) + 𝐶                   (8) 
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𝑔𝑖 =
𝜕𝐿(𝑦𝑖,�̂�𝑖

(𝑡−1)

𝜕�̂�
𝑖
(𝑡−1) , ℎ𝑖 =

𝜕2𝐿(𝑦𝑖,�̂�𝑖
(𝑡−1)

)

𝜕�̂�
𝑖
(𝑡−1)                                  (9) 

(d)Build a new decision tree based on the derivative information 

𝐽(𝑓𝑡) = −
1

2
∑

𝐺𝑗
2

𝐻𝑗+𝜆

𝑇𝑡
𝑗=1 + 𝛾𝑇𝑡                                 (10) 

(e)The sample values are predicted based on the new decision tree and accumulated to the original values for 

n iterations until the condition is satisfied and stopped. 

�̂�𝑖
(𝑡)

= ∑ 𝑓𝑘
𝑡
𝑘=1 (𝑥𝑖) = �̂�𝑖

(𝑡−1)
+ 𝑓𝑡(𝑥𝑖)                              (11) 

● Step5: Classification prediction of the trained model on the test set. 

● Step6: Return prediction results. 

 

3. EMPIRICAL ANALYSIS 

3.1 Data pre-processing. 

This section includes the description and the missing values procession present in this dataset. It can improve 

the quality of the data and perform better operations. 

3.1.1 Data description  

The data set was selected from Kaggle. The dataset is provided by a Portuguese banking institution to classify 

customers by predicting whether they would subscribe to time deposit or not. There are 42,639 data in total, of 

which 3,961 are positive samples (subscribing to time deposit) and 38,678 are negative samples (not subscribing 

to time deposit). The dataset contains 17 attributes and its imbalance ratio is 1:10. 

 

Table 1.  Sample Attributes 

Attributes name means Attributes type 

AGE age of customer continuous 

JOB type of job text 

MARITAL marital status discrete 

EDUCATION educational situation text 

DEFAULT has credit in default? discrete 

BALANCE account balance continuous 

HOUSING has housing loan? discrete 

LOAN has personal loan? discrete 

CONTACT contact communication type text 

DAY last contact day of the week continuous 

MONTH last contact month of year continuous 

DURATION  last contact duration continuous 

CAMPAIGN number of contacts performed during this campaign and for this client  continuous 

PDAYS 
number of days that passed by after the client was last contacted from a 

previous campaign 
continuous 

PREVIOUS number of contacts performed before this campaign and for this client continuous 

POUTCOME outcome of the previous marketing campaign discrete 

TERM-DEPOSIT has the client subscribed a term deposit? discrete 

 

3.1.2 Missing value handling 

In Table 2, we can see the dataset used in this study has some missing values. POUTCOME has more missing 
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values, the values of the feature are differentiated under different categories, so the feature cannot be deleted. 

Therefore, we delete the data that is missing this feature. After it, there are still three attributes, JOB, EDUCATION 

and CONTACT, with missing values, so we use plural to fill them. After the missing values are processed, there 

are 6554 data left. There are 972 positive samples and 5582 negative samples, and the imbalance ratio is 1:6. 

 

Table 2.  Sample Missing Values 

Attributes Name Number of missing values 

JOB 264 

EDUCATION 1690 

POUTCOME 36085 

CONTACT 12776 

OTHER ATTRIBUTES 0 

 

3.2 Model interpretability. 

XGBoost is an ensemble algorithm consisting of regression trees. The inherent interpretability of the decision 

tree itself reduces the complexity of the model and enhances the interpretability of the overall model. An overall 

interpretation of the model decisions can be obtained by ranking the importance of the feature weights. The higher 

the value of the feature weight, the greater the contribution of the feature to improving the prediction model. In 

Figure 2, we can see the 16 attributes in descending order of importance, are HOUSING、DURATION、LOAN、

POUTCOME、PDAYS、MONTH、DAY、CAMPAIGH、MARITAL、JOB、BALANCE、CONTACT、

EDUCATION、AGE、PREVIOUS、DEFAULT. 

 

 

Figure 2.  Feature weight importance ranking chart 

 

3.3 Comparison of classification results. 

The data partitioning method used in this study is the ten-fold cross-validation method. The method divides 

all data into ten mutually exclusive subsets of equal number and similar size. The nine of the obtained data are 

used as the training set and one as the test set. Iteratively, ten training and testing sessions are performed and 

evaluated both model accuracy and stability against four classification algorithms, Dt, Adaboost, XGBoost and 

SMOTE-XGBoost. 

3.3.1 Evaluation indicators 

The prediction of the experiment is a binary classification problem, so the three evaluation indicators, ACC, 

AUC and G-mean, are used to evaluate the effectiveness of the model. For the binary classification problem, the 

true kinds in the dataset and the categories obtained from the classifier predictions can be combined and divided 

into four categories, which can be represented by the confusion matrix as Table 3. 
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Table 3.  Confusion matrix for binary classification problems 

Actual Category 
Prediction Category 

Prediction is a positive case Prediction is a negative case 

Actual is a positive case TP FN 

Actual is a negative case FP TN 

 

(1) ACC 

ACC represents the number of correctly classified samples as a percentage of the total number of samples. 

It is a more commonly used performance metric in classification tasks with imbalanced data. From the Table3, 

the ACC can be expressed as: 

ACC =
TP+TN

TP+FP+FN+TN
                                        (12) 

(2) AUC 

AUC is the area under the ROC curve and it is not affected by classification imbalance. In general, the higher 

the value of AUC, the better the performance of the classifier is. 

(3) G-mean 

The G-mean is a common evaluation indicator in the performance evaluation of imbalance classification. 

When the sample distribution may change over time or differ between the training and test set sample distributions, 

the G-mean has good robustness. The higher its value, the better the model's combined classification effect. 

G-mean = √
𝑇𝑃

𝑇𝑃+𝐹𝑁
×

𝑇𝑁

𝐹𝑁+𝐹𝑃
                                     (13) 

3.3.2 Model accuracy analysis 

In this study, a ten-fold cross-validation method is used to compare DT, AdaBoost, XGBoost, SMOTE-

XGBoost, and SMOTEENN-XGBoost. In addition to this, we use ACC, AUC, and G-mean to evaluate model 

performance. The classification performance results of the five models can be visually seen by Table 4. 

Table 4.  Comparison of mean values of five algorithms experimental results 

Model ACC AUC G-mean 

DT 0.7207 0.7811 0.7207 

AdaBoost 0.7670 0.8303 0.7614 

XGBoost 0.8106 0.8678 0.8033 

SMOTE-XGBoost 0.8125 0.8783 0.8049 

SMOTEENN-XGBoost 0.9208 0.9711 0.9215 

 

About the performance comparison of the five algorithms, we compare the mean values of the three 

evaluation indicators in Table 4. It is obvious that the ensemble algorithm has better performance than the single 

algorithm. Besides, it is verified that the classification performance of the XGBoost is better than AdaBoost, so 

we choose the XGBoost as the classification algorithm. The mean ACC, AUC, and G-mean of SMOTEENN-

XGBoost are significantly better than SMOTE-XGBoost. It confirmed that the hybrid sampling method can make 

up for the lack of single sampling. In Table 4, it also confirmed that combined classifier model is better than single 

classifier. At the seam time, it can further improve the classification performance of the classifier. 

By observing the mean ACC comparison of five algorithms in Table 4, the mean ACC of SMOTEENN-

XGBoost reaches 0.92, but the other four algorithms are around 0.80. It indicates that the model has stronger 

differentiation ability and can better classify customers. 

The value of AUC between 0 and 1. If its value is close to 1, it means the classification accuracy of the model 
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is high. From Table 4, we can see that the mean AUC of SMOTEENN-XGBoost reaches 0.97. The mean AUC of 

DT, AdaBoost, XGBoost and SMOTE-XGBoost are only about 0.85. Therefore, the model with predict whether 

customers will subscribe to time deposits or not accurate. 

The G-mean is a composite of positive case accuracy and negative case accuracy. The higher the value of G-

mean, the more accurate the model discriminates positive or negative cases. The G-mean of SMOTEENN-

XGBoost is 0.92, but the G-mean of other four algorithms are less than 0.81. It indicates that the model can 

accurately classify customers who will subscribe or not time deposits. 

In summary, SMOTEENN-XGBoost has higher accuracy in predicting whether customers will subscribe to 

time deposits. 

3.3.3 Model stability analysis 

To some extent, stability analysis of classifier models can determine the goodness of the models. We use the 

standard deviation calculation to further capture the dispersion of the model classification results in ten 

experiments. Based on this, the values of each indicator in ten-fold cross-validation are plotted in a line figure. 

We can see the classifier models’ stability more intuitive by the line figures. 

Table 5.  The stabilities of five models 

 ACC AUC G-mean 

Model Min Max SD Min Max SD Min Max SD 

DT 0.7078 0.7818 0.0224 0.7381 0.8096 0.0234 0.6837 0.7520 0.0216 

AdaBoost 0.7283 0.8024 0.0271 0.8056 0.8609 0.0164 0.7282 0.7949 0.0248 

XGBoost 0.7818 0.8436 0.0193 0.8346 0.9102 0.0228 0.7781 0.8391 0.0179 

SMOTE-XGBoost 0.7860 0.8559 0.0206 0.8575 0.9145 0.0169 0.7795 0.8502 0.0217 

SMOTEENN-XGBoost 0.9029 0.9477 0.0150 0.9526 0.9859 0.0097 0.9036 0.9486 0.0151 

 

 

Figure 3.  Line chart of overall ACC using ten-fold cross-validation 

 

Figure 4.  Line chart of AUC using ten-fold cross-validation 
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Figure 5.  Line chart of G-mean using ten-fold cross-validation 

Figures 3, 4, and 5 show the fluctuations of the evaluation indicators values about DT, AdaBoost, XGBoost, 

SMOTE-XGBoost, and SMOTEENN-XGBoost in ten cross-validation experiments. The horizontal axis showing 

the number of experiments and the vertical axis showing the values of the evaluation indicators. It is obvious that 

the SMOTEENN-XGBoost has the least fluctuation of ACC, AUC and G-mean. It indicates that the model has 

better stability. 

 

4. DISCUSSION  

In this paper, there are two significant theoretical contributions. First, we use a hybrid sampling algorithm to 

solve the imbalanced data processing problem. Although some ensemble algorithms can improve the classification 

accuracy of the model, there is still a certain shortcoming in the processing of imbalanced data. The existing studies 

mainly adopts single sampling method, such as SMOTE[13], ENN to solve the imbalanced data problem in terms of 

sampling. These single samplings can solve the impact of imbalanced data on classification accuracy to a certain 

extent, but they will lose important information and make the model produce the problem of overfitting. Therefore, 

we propose a hybrid sampling technique that combines SMOTE and ENN for imbalanced data. It named 

SMOTEENN. The hybrid sampling technique can not only retain valuable information but also avoid the problem 

of model overfitting. As confirmed by the data in Table 4, SMOTEENN-XGBoost compared with SMOTE-XGBoost, 

ACC, AUC and G-mean values are greatly improved. It indicates that the hybrid sampling is superior to single 

sampling. Second, we use XGBoost to overcome the deficiency of single classifier, and combines XGBoost with the 

SMOTEENN to further improve classification performance. The existing studies mainly use a single classifier [14] to 

predict whether bank customers will subscribe to time deposit. However, a single classifier only can be trained on a 

small amount of data. Besides, the single classifier has a small hypothesis space and can only solve locally optimal 

problems. Therefore, some scholars propose to use ensemble algorithm to improve the classification performance, 

mainly using the AdaBoost [15]. In Table 4, Compared with the single classifier DT, Adaboost improves the 

classification performance, but its training process is time-consuming. Therefore, this paper proposes to use XGBoost 

as the classification algorithm, which is significantly better than AdaBoost through the comparison in Table 4. On 

this basis, we combined SMOTEENN and XGBoost to overcome the shortcomings of a single model. The above 

indicates that SMOTEENN-XGBoost can make the prediction of customers’ subscription to time deposits more 

accurate.  

 

5. CONCLUSIONS, LIMITATIONS AND FUTURE RESEARCH 

In today's information age, the banking industry is very competitive. Traditional marketing methods are 

eliminated by this era of big data. Machine learning can solve the problems of classification and prediction well. In 

the existing literature about time deposits prediction, a single sampling method is usually used at the data level. As 

for the algorithm level, the single classifier or ensemble algorithms based on AdaBoost is mostly used. However, 
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combined predictive models are seldom used. Based on this background, we propose the SMOTEENN-XGBoost 

model to make predictions about whether customers will subscribe to time deposits. The model is suitable for solving 

the imbalance classification problem in the context of big data. First, the data is preprocessed by using the hybrid 

sampling of SMOTEENN. The SMOTEENN overcomes the shortage of single sampling effectively. Besides, it can 

reduce the impact of data imbalance to improve the prediction accuracy. Second, we combined XGBoost with the 

sampling technique. The combined model can further improve the model prediction accuracy. It is experimentally 

demonstrated that the ACC, AUC, and G-mean of the combined model are significantly higher than single model. 

Furthermore, we use ten-fold cross-validation method confirms that the model has good stability and classification 

performance compared with other models. 

There are still three shortcomings in this paper. First, we only choose the features of one data source for the 

experiment. Actually, the features are most closely related to the classification effect, so future studies can choose 

new features for classification prediction, we can use the Customers’ Subscription data to Time Deposits of China 

commercial bank to verify the effectiveness of the proposed method. Second, we only use SMOTEENN to process 

the imbalanced data. Therefore, in the future, scholars can consider using CNNTomek, SMOTETomek or other 

hybrid sampling methods to classification studies. Third, we do not improve the XGBoost algorithm directly, so 

future studies can improve the XGBoost algorithm by combing with cost-sensitive learning. 
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Abstract: Investors are used to making financial decisions by referring to online reviews. Studying the influencing factors of 

investor sentiment and trust has become the focus of academic circles to avoid financial risks. This paper uses the research 

method of combining text mining and measurement to explore whether there is emotion and trust transfer among investors in 

the fund management situation. The results show that: (1) In the Internet financial platform, the emotions expressed by 

previous financial users' reviews will be transmitted to later users. (2) There is trust transfer between financial users in 

Internet financial management. (3) Different emotions reflected in previous reviews of financial users have different 

influences on the transmission of trust. The final research conclusion of this paper can contribute to the research gap of 

online investment and financial management in existing literature. At the same time, this study has certain practical 

significance for individual investors, government and fund management institutions to avoid risks and strengthen supervision 

and service quality. 

 

Key words: Fund management; Online reviews; Emotional contagion; Trust transfer; FinTech 

 

1. INTRODUCTION 

In the Internet financial platform, users who have had financial experience before will review on the stock 

fund they bought. The review text shows the subjective attitude of financial users towards the stock fund [1]. As 

an investment channel, stock fund has serious uncertainty. Besides evaluating the credibility of the fund 

according to the fund information, reviews from other users who have purchased this fund will become the key 

reference information for potential wealth management users to make purchase decisions [2]. However, blind 

trust is easy to form convergent investment, which leads to the phenomenon of "chasing up and killing down". 

Based on this phenomenon, this paper puts forward the following research questions from the social connection 

among Internet financial users: QA1: Is there a phenomenon of trust and emotion transmission among 

Internet finance users?QA2: How do emotion and trust interact in the text of Internet finance users' 

comments?QA3: Does the blind trust of investors increase the risk of investment and financial management? 

 

2. THEORETICAL FOUNDATION AND HYPOTHESES 

The social exchange theory pays attention to the behaviors and perceptions of fairness and reciprocity 

among participating members under the uncertain conditions of stimulating and guiding social 

exchange[3].Emotional contagion is one of the influencing factors of information sharing behavior [4]. Based on 

this, in the Internet financial platform, when later financial users browse the information of funds and fund 

managers. They see the previous financial users' reviews on this stock fund, and the emotions expressed by the 

reviews will stimulate the original emotions of later financial users, which will change the psychological 

emotional state of the financial users and eventually turn into the emotions expressed in the reviews. Compared 
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with the information of the fund itself, the reviews of previous financial users are more objective and true for 

later users. Therefore, the trust in the fund expressed by previous financial users' reviews will affect later users' 

perception of trust in the fund. 

 

3. RESEARCH METHODOLOGY AND RESULTS 

We used the octopus collector to collect all the posts in the A-share bar of China Merchants CSI Liquor 

Index (LOF) of Eastmoney from December 1st to December 31st, 2021, with a total of 74,564 texts. In this 

study, NRC emotion dictionary is selected as the basis of emotion recognition. the trust dimension of emotional 

words in NRC emotional dictionary is expanded with reference to common spoken language of Internet finance. 

Then, this study uses the expanded NRC Emotional Dictionary to calculate the trust and emotional value of 

financial users in each post text. Finally, this study uses the dynamic regression panel model to verify the 

transfer mechanism of emotion and trust among Internet financial users. 

The experimental results show that investors' perception of trust in this fund is passed on to later investors. 

Moreover, investors' emotions (anger, expectation, disgust, fear, joy, sadness and surprise) of fund wealth 

management products also showed a transmission phenomenon. The trust psychology, joy and fear of former 

wealth management users on fund wealth management products have a positive impact on the trust psychology 

of later Internet wealth management users. Among them, the former Internet wealth management users' joy in 

fund products has a much greater influence on the later Internet wealth management users than the other two 

emotions. On the contrary, the negative emotions such as anger, sadness, surprise and disgust of former wealth 

management users on fund wealth management products have a negative impact on the trust psychology of later 

Internet wealth management users. 

 

4. CONCLUSION AND DISCUSSIONS 

All of these findings are of great significance both in theory and in practice.This paper innovatively 

combines the methods of emotional analysis and statistical analysis. It avoids subjective factors when Internet 

fund financing users fill in questionnaires, and improves the efficiency and accuracy of data collection. This 

paper finds that the higher the information credibility, the stronger the transaction willingness of Internet 

financial users. There was obvious trust and emotional transmission among a large number of retail investors in 

China. It provides a new idea for the follow-up related research. 

The research of this paper can help Internet fund financing users control irrational emotions, provide 

guidance and suggestions for Internet fund financing platform to standardize their behaviors and improve 

service level, and provide theoretical guidance for government departments to supervise the healthy 

development of Internet financing market. However, this study did not introduce other emotional dictionaries for 

comparison to verify the universality of the results. 
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Abstract: The outbreak and spread of COVID-19 have a great impact on the tourism industry. In this paper, we focus on the 

cultural tourist attractions, and take the Palace Museum as an example to explore and analyze the sentiment from perspective 

of tourism management under the influence of the epidemic. Firstly, more than 40,000 online reviews before and during the 

epidemic are crawled from some well-known domestic tourism e-commerce platforms. Then, the deep learning method based 

on BiLSTM is used to establish the emotion polarity classifier, and the classifier has an accuracy rate of more than 80% on the 

test set. Afterwards, K-means algorithm is used for the dimension clustering of the review data, and combined with the tourism 

management factors, the specific and managerial dimension division is carried out. Finally, suggestions for the current 

epidemic management plan of the Palace Museum and feasible plans for future development are put forward, which can be 

used as a reference for other cultural tourist attractions. 

 

Keywords: Online reviews, Sentiment analysis, Deep learning, Tourism emotion, COVID-19 

 

1. INTRODUCTION 

Since the end of 2019, COVID-19 has begun to develop worldwide. Under the influence of epidemic 

prevention and control measures, tourism has been greatly affected. Tourism can be divided into scenic tourism 

and cultural tourism. In the past, tourism obtained the optimal income through high tourist volume. However, 

affected by the epidemic, this factor is bound to be greatly reduced. Additionally, in accordance with the policy 

of “turning the epidemic prevention and control into a normal life”, it is very likely that the industry will be 

affected by the special environment for a long time. Therefore, mining and analyzing the specific impact of the 

epidemic on the tourism industry are great of significance. 

In present, the core competitive advantage of tourism industry is to create continuous pleasant experience for 

tourists. As for tourism experience, some relevant research has been published [1],[2]. With the further development 

of information technology and e-commerce, the amount of review data is growing rapidly [3]. Online comments 

published by lots of real tourists are usually spontaneous and natural, which can express the real feelings and 

experiences of tourists, not limited by time and space. Therefore, a comprehensive and in-depth analysis of online 

travel reviews is an efficient and valuable method to understand the tourism experience. 

The emotional features based on tourism experience will directly have a great impact on the travel satisfaction 

and behavior preference of tourists [4]. In addition, potential tourist users will also be greatly influenced by the 

existing online reviews of other tourists [5]. Recently, sentiment analysis for text reviews, also known as opinion 

mining, has been successfully applied in a variety of research backgrounds [6]. Particularly, deep learning has 

achieved great success in the field of sentiment analysis, which is considered to be the most advanced and effective 

model method in all kinds of language analysis [7]. In deep learning, however, the research on tourism sentiment 

analysis is limited, mainly focusing on hotels and restaurants with clear and characteristic attributes, such as 

service quality, location, room quality, etc. [8]. Up to now, there are few cases in which deep learning is used to 

study online tourism reviews related to tourism destinations. 
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Based on the above analysis, the significance and innovation of this article are as follows: (1) the online 

comment analysis can more clearly and specifically discover the impact of the epidemic on the tourism industry. 

The purpose is to optimize the tourist experience and put forward suggestions for the industry to further adapt to 

the epidemic prevention and control environment and sustainable development. (2) This paper adopts the method 

of combining with deep learning model, thus strengthening the integration of text analysis and deep learning. 

Moreover, deep learning and machine learning algorithms are combined to achieve effective processing of the 

review data. (3) Tourist’s satisfaction with tourism experience is defined as a kind of comment emotion score. 

Specifically, it gives the score of polarity and calculates the emotional score of dimensional comments, which 

helps to analyze the characteristics and emotion score of attention dimension of tourists more intuitively and 

effectively. The content of this paper is arranged as follows: Section II details data sources and research methods; 

Section III introduces the calculation result of emotion score and attention, and then carries on the score analysis; 

Section IV provides management advice. 

 

2. METHODS 

2.1 Data sources 

This paper selects the online travel comments of the Palace Museum from the well-known and popular e-

commerce network platforms in China, including Ctrip, Qunar, Meituan, Lvmama, Tripadvisor, Dianping and 

Baidu travel. We crawled a total of 42,153 comments, and then manually screened out meaningless comments. 

Manual screening took a total of 1 month, and finally we got 30,072 effective online travel reviews. 

2.2 Research methods 

In this paper, the deep learning method based on BiLSTM and the machine learning algorithm based on K-

means are used to recognize the emotion polarity and comment dimension of the processed comment data sets, 

respectively. According to the emotional polarity and dimension characteristics of the review data obtained from 

the previous model, the corresponding comment emotion score and dimension feature attention are calculated. 

Finally, through visualization and comparative analysis, the result analysis and feasible suggestions are provided. 

The framework of the method is shown in Figure 1. In the following, we will introduce the key technologies. 

 

Figure 1. The whole framework of research method 

2.2.1 Emotion recognition model 

We decide to use BiLSTM model as the core layer of deep learning network. BiLSTM can deal with the 

context of text more effectively, which helps to preserve the integrity of text meaning, thus making the model 

training more effective and accurate. Besides, BiLSTM model is very suitable for the research goal of this paper, 

i.e., the analysis of online comments in cultural tourism areas. In this case, it is necessary to retain the text structure 

level, because many emotions can only be expressed completely by combining with the whole context. 
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As shown in the figure 1, the data first goes through a series of cleaning and preprocessing. Then, the data 

set is divided into training, testing and application sets, and the training and testing sets are manually labeled with 

emotion polarity (labeled as positive, neutral, and negative). We train a deep emotion recognition model with 

more than 80% accuracy on test set, which can be used in emotion polarity recognition of application set. In order 

to confirm the effectiveness of the model recognition results, the labeled comment data set is sampled, and 50% 

of all negative comments, neutral comments and positive comments are randomly selected for manual verification. 

The result of sampling inspection is good, and the accuracy of the application result of the model is high. Finally, 

the tag results are shown in Table 1. 

Table 1.  Emotional polarity recognition results of tourists' comments 

Total comments Positive comments Neutral comments Negative comments Proportion of polarity 

30072 25320 4202 550 84.1:13.9:2 

 

2.2.2 Dimensional clustering model 

After data cleaning and processing, we get the comment feature matrix, and then use K-means algorithm to 

implement dimension clustering of the review data. To determine the the appropriate number of clusters, we 

compare the sum of squared error trend with elbow method. Then, it is observed that when k = 5, the maximum 

SSE decline range is obtained, which means the real number of clusters is closest to 5. Therefore, k = 5 is taken 

as the optimal number of clusters. The final clustering results are displayed in Table 2. 

Table 2.  Feature keywords of each dimension of online review data set 

Dimension label Number of comments Feature keywords 

0 1306 

门 (gate)、方便 (convenient)、快捷 (fast)、刷身份证 (ID card)、网上预约 (online 

appointment)、排队  (in line)、提前 (in advance)、便宜  (cheap)、性价比  (cost-

effective)、价格 (price)、订票 (booking)、划算 (good deals) 

1 25792 

文物 (cultural relic)、文化 (culture)、文明 (civilization)、千百年 (thousands of years)、

感慨 (feelings)、精髓 (essence)、中国 (China)、智慧 (intelligence)、历史 (history)、

结晶 (treasure) 

2 1012 

导游 (tour guide)、讲解 (explanation)、X 导 (Guide X)、大福晋 (Daifukujin)、人工

讲解  (manual explanation)、电子讲解  (electronic explanation)、租  (hire)、生动 

(vivid)、有趣 (interesting)、详细 (in detail)、服务 (service)、智能 (smart) 

3 556 

珍宝馆 (Treasure Hall)、钟表馆 (Clock Museum)、展馆 (pavilion)、九龙壁 (Nine-

Dragon Wall)、大戏台 (Big Stage)、珍品 (treasure)、单独买票 (buy tickets separately)、

值 (deserve)、推荐 (recommend) 

4 1406 

宫殿 (palace)、建筑 (building)、壮观 (spectacular)、震撼 (humbling)、皇家建筑 

(royal building)、恢弘 (magnificent)、紫禁城 (Forbidden City)、中轴线 (central axis)、

午门 (Meridian Gate)、宏伟 (imposing) 

 

Through the feature keyword extraction of each dimension, according to the relationship between keywords 

and the meaning of the feature words themselves, this paper gives the naming definition of all the dimension 

categories, i.e., dimension label 0: convenience experience and cost performance; Dimension label 1: cultural 

atmosphere; Dimension label 2: guide explanation; Dimension label 3: treasure museum collection; Dimension 4: 

architectural atmosphere. 

2.2.3 Emotional score calculation 

Emotional score refers to the Salience and Valence analysis method proposed by Ref. [9], which can be used 

to describe tourist satisfaction to a certain extent. According to the results of emotional polarity and dimension 

division identification, we develop the following methods to calculate the review sentiment score of the overall 

and each dimension. 
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The three categories of emotional polarity of tourist reviews are given their own scores, i.e., 1 for positive 

reviews, 0.5 for neutral reviews, and 0 for negative reviews. The meaning is that the higher the score, the higher 

the degree of positive experience and the higher the degree of satisfaction. The emotional score of a certain 

dimension is defined as follows. 

Let 𝑉𝐴 be the emotional score of the dimension 𝐴, 𝑉𝐴𝑖  be the emotional score of the 𝑖th comment in 𝐴, 

𝑁 be the total number of comments in 𝐴, then 

𝑉𝐴 =
∑ 𝑉𝐴𝑖
𝑁
𝑖=1

𝑁
.                                           (1) 

2.2.4 Attention calculation 

Dimension attention refers to the degree of tourists’ attention to a certain dimension of the tourism 

environment, which is reflected in the concentration degree of comment dimensions. The dimensions with high 

attention have realistic value and are the tourists’ focus, so they should be dealt with first in decision-making. 

After observing the structure of comment data, this paper decides to calculate the dimension attention from the 

perspective of the number of comments. 

(1) In general, the same tourist tends to make more comments on the dimension that he/she pays more 

attention to and, tends to give priority to making comments on the dimension of concern.  

(2) Considering all the tourist groups as a whole, the higher the degree of attention, the more the number of 

comments in the dimension. 

Let 𝐴𝑡𝑡𝑒𝑛𝑡𝑖𝑜𝑛𝑗 be the attention of dimension 𝑗, 𝑁𝑗 be the total number of comments in 𝑗, 𝑁 be the total 

number of comments collected, then 

𝐴𝑡𝑡𝑒𝑛𝑡𝑖𝑜𝑛𝑗 =
𝑁𝑗

𝑁
∙ 100.                                      (2) 

 

3. RESULTS AND ANALYSIS OF EMOTIONAL SCORE AND ATTENTION 

3.1 Emotional outcome analysis of five dimensions 

Figure 3 is the statistical chart of the attention and emotional scores of the five main dimensions defined 

above. It can be seen from the figure 3 a) that the attention of “cultural atmosphere” is far ahead in terms of tourists’ 

attention, which is probably related to the fact that the Palace Museum is a famous cultural tourist attraction, and 

the primary attraction is its long-standing cultural charm. Contrast, the attention of the other four dimensions is 

almost the same. In particular, the attention of “treasure museum collection” dimension is very low, which may 

be related to the establishment of separate ticket. Most tourists are no longer willing to pay for separate tickets. 

Therefore, there are relatively few online tourist comments related to it, resulting in the low attention. 

Comprehensive emotion score is shown in the figure 3 b). The overall average emotional score of online  

  

a) Attention b) Emotional score 

Figure 2. Emotional outcome of five dimensions 
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(1) “Cultural atmosphere” and “guide explanation” are below the overall mean line. However, “cultural 

atmosphere”, as the dimension of most concern, has a significant impact on the overall emotional score; “guide 

explanation” is an effective channel to help tourists who lack relevant historical knowledge to optimize their 

cultural tourism experience.  

(2) “Convenience experience and cost performance” are close to the mean line and, has no significant 

negative or positive impact on the overall emotional score. It mainly includes the comparison between the cost 

paid by tourists and the tourism experience gained, as well as the convenient service experience in the tourist 

attraction, such as queuing, booking and so forth. 

(3) “Treasure museum collection” and “architectural atmosphere” are above the mean line, belonging to the 

promotion area of the overall emotional score. The dimension of “treasure house collection” accounts for a very 

low degree of attention in the whole, but on the contrary, has quite high emotional score. These two points show 

that “treasure museum collection” has considerable development potential. Although the current tourists' attention 

is insufficient, the experience feedback is very good. If the attention can be improved, the overall emotional score 

will be greatly improved. Additionally, the Palace Museum takes ancient buildings as main scenery, so the 

“architectural atmosphere” dimension is also an important link. The preliminary analysis shows that the 

maintenance and preservation of the buildings are relatively complete, which can be recognized by most tourists, 

and has positive significance. 

Notably, for the sub features of the five dimensions as shown in Table 2 (i.e., “Feature keywords” column), 

by doing the similar statistical analysis of attention-emotion score as well as screening specific sub feature 

comments, we will find out the hidden influence factors of the epidemic situation and, put forward detailed and 

clear problems and improvement points. As the analysis process is similar to that of five main dimensions, we 

omit that to save space and the results are summarized in Section 4. 

3.2 Emotional outcome analysis of epidemic intuitive impact features 

This section analyzes the emotional outcome of the intuitive impact features of the epidemic situation from 

the online comments. Five features are extracted from the key words of the epidemic obtained in the unsupervised 

clustering process, including “epidemic situation”, “flow restriction”, “closing”, “temperature measurement” and 

“mask wearing”. Here, “epidemic situation” refers to tourists' views on the epidemic situation and the Palace 

Museum under the influence of epidemic prevention and control. The other four features are tourists' feedback on 

the specific management measures during the epidemic. Then, matching the comments closest to these five feature 

words, we can get their emotional score and attention respectively. The statistical results are shown in Figure 5. 

  

a) Attention b) Emotional score 

Figure 3.  Emotional outcome of epidemic intuitive impact features 

In terms of attention, the “epidemic situation” representing overall sensory feature is still on the high side, 

indicating that tourists are concerned about the epidemic environment. Less attention is paid to “temperature 
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measurement” and “mask wearing”, which may be since tourists are used to the two requirements. We can clearly 

observe from Figure 5 b) that the comprehensive emotional scores of “temperature measurement”, “closing” and 

“flow restriction” are relatively high. In contrast, the emotional score of the general feature “epidemic” dropped 

sharply. It can be intuitively realized that the epidemic has caused great damage to the overall tourism experience 

of tourists. In the above analysis process, the epidemic prevention and control measures show a certain degree of 

positive effect on the tourism experience, but overall, the impact is still very negative, which requires the 

management of the Palace Museum to seriously formulate strategies. Noting that tourists show a very low emotion 

score for the feature “wearing masks”, which needs to be paid special attention to by specific comment analysis. 

 

4. CONCLUSION AND MANAGEMENT SUGGESTIONS 

In this section, based on all the above information, combined with the current management situation, some 

practical suggestions are put forward. 

4.1 Suggestions for cultural atmosphere 

For the dimension of cultural atmosphere with high tourist attention, the priority of improvement should be 

the highest.  

(1) As for the poor experience caused by insufficient historical and cultural knowledge of tourists, the Palace 

Museum should strengthen cultural guidance. It should set up sufficient introductions, such as explanation of 

wooden cards and manual customer service. Besides, it should strengthen the cooperation with tour guide service 

providers or cultivate their own high-quality tour guide service team.  

(2) It should strengthen the restrictions on the free movement area in the exhibition hall, reduce the random 

walking behavior of tourists, and prevent it from interfering with the travel experience of other tourist groups; For 

the exhibition halls that can be visited from the inside, a fixed feasible green zone should be set to keep a certain 

distance from the exhibits and cultural relics.  

(3) More attention should be paid to the protection and maintenance of cultural relics in the exhibition hall. 

To slow down the damage and aging of cultural relics, it is necessary to shorten the maintenance cycle and increase 

the maintenance frequency on the premise of ensuring the appropriate cost. 

4.2 Suggestions for current epidemic prevention and control measures and other dimensions 

(1) Improve the use guidance of electronic interpreter because the current manual cannot better complete the 

guidance of tourists. For contemporary middle-aged and elderly people, there should be simple to understand 

courses. If necessary, practical assistance should be provided to these tourists by the staff. 

(2) Strengthen the centralized maintenance of the electronic interpreter, prevent the hardware and software 

failures in the use process, and ensure the interpretation quality. 

(3) Conduct publicity for the rental of electronic interpreter. Judging from the present usage of the electronic 

interpreter, the device can better complete the task of interpretation and cultural transmission, and improve the 

cultural experience, but the popularity is not enough. It is possible to set up the trial, manual introduction points 

and advantages overview of the electronic interpreter at the entrance of the museum to enlarge the user group of 

the electronic interpreter. 

(4) To improve the business requirements for cooperative tour guides, a feedback channel for tourists can be 

set up. According to the feedback information, optimize or retrain the service and attitude of the tour guides who 

have received many negative feedbacks to ensure the service level of the tour guides. 

(5) During the period of epidemic prevention and control, if there is any update of the regulations on route 

restrictions, exhibition halls closing, etc., public notices should be made to tourists as soon as possible. Meanwhile, 

tour guides should be required to explain the route arrangement, to eliminate the possible information asymmetry 

between each other in the travel process and, avoid misunderstanding and influence of tourists' experience. 
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(6) As for the way to purchase tickets, due to the current restriction regulations during the epidemic, and 

online booking tickets are quite popular, all tickets are reserved by online booking. For tourists who do not want 

to book tickets online or collectors who are interested in paper tickets, it becomes a problem that they cannot get 

paper tickets. Therefore, this paper believes that it is possible to investigate tourists' demand for tickets and 

separate a few paper ticket channels, which are independent from online reservation and guarantee that paper 

ticket channels can be provided in the case of almost no impact on the daily ticket sales; And for those who like 

collecting, the Palace Museum can provide a service that can change the e-tickets booked online into paper tickets 

at the entrance to meet the needs of these visitors. 

(7) During the period of epidemic prevention and control, the strict links of security inspection are necessary. 

Video explanations can also be arranged at the security check site to explain the historical allusions and culture 

of the Forbidden City, as well as the prevention and control regulations related to the epidemic to win the 

understanding of tourists. This can divert the attention of tourists while waiting, and the same time can supplement 

tourists' cultural knowledge and optimize the subsequent travel experience. 

(8) The large number of tourists is the inevitable result of the tourism industry as the pursuit of profits. Hence, 

the managers can only try their best to adjust the density of tourists and keep it at an optimal level. In the context 

of epidemic, the flow restriction has buffered the total number of tourists to some extent. The Palace Museum can 

use a time-divided discount strategy through tickets, with the late entry being the more aggressive the discount. 

The second strategy is to recommend different tourist routes, which can play the role of route diversion and control 

the regional tourist density in the period. However, due to the nature of recommendation, the real effect may not 

be very significant. 

(9) In view of the extra charge of Treasure Hal and Clock Hall, to attract tourists, this paper advices that free 

admission tickets can be provided for a limited time, so that the advantages of “Treasure Museum Collection” 

dimension can be spread to more tourists. This can help increase the attention of tourists and expand the potential 

group of tourists, so that many tourists are willing to pay for independent and high-quality exhibition halls. 

Another feasible plan is to is to provide a discount package ticket, by combining the tickets of independent 

exhibition halls with the tickets of the Palace Museum at a reasonable discount, which can fully show the 

advantages of high-quality exhibition halls to tourists. 

(10) It is necessary to limit the scope of tourists' activities for the protection of the ancient buildings and 

exhibition buildings in the Palace Museum, which can be understood by most tourists. However, some tourists 

fail to understand and have negative emotions. For this, the explanation of the reasons for the restrictions should 

be strengthened, such as signage and manual service instructions, to gain the understanding of tourists and reduce 

the negative experience caused by restricted activities. 

(11) Wearing masks in the context of epidemic prevention and control has a great sense of bondage to tourists, 

which seriously affects the tourist experience. It is suggested that flexible changes can be made according to the 

situation of the epidemic in China. In the period of a stable and relatively peaceful epidemic, the requirements for 

wearing masks can be relaxed, only requiring wearing masks before entrance, and strict security procedures can 

be carried out. In the period of relative fluctuation of the epidemic, tourists are required to wear masks during the 

whole journey to ensure safety. And, when the epidemic is more serious, the closure policy should be resolutely 

implemented, to give priority to domestic environmental safety. 

The feasible management suggestions of the Palace Museum under the epidemic prevention and control 

environment are presented, hoping to facilitate its future development, provide some guidance for the future 

epidemic environment, and give some reference for other cultural tourist attractions. 
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Abstract: With the booming development of Internet finance, crowdfunding as an emerging financing model has gained the 

favor of many entrepreneurs. Some studies on the influencing factors of crowdfunding performance have been conducted in 

academia, but most of them stay at the level of a single crowdfunding project. Therefore, we have investigated the impact of 

serial creator’s learning on the crowdfunding performance of subsequent projects based on entrepreneurial learning theory, 

and have delved into the direct effects of different learning experience context on crowdfunding performance and their 

moderating effects on the relationship between learning and crowdfunding performance. The results show that none of the 

direct experience context has significant effects on crowdfunding performance, and only the direct learning interval 

positively moderates the relationship between direct learning and crowdfunding performance. The indirect experience 

context has a significant effect on crowdfunding performance, and both indirect experience richness and learning interval 

negatively moderate the relationship between indirect learning and crowdfunding performance. This paper provides a new 

perspective on the factors influencing the performance of serial crowdfunding, and has implications for the subsequent 

entrepreneurial behavior of creators and successful financing. 

 

Keywords: Crowdfunding, Learning, Serial Creator, Panel data, Indiegogo 

 

1. INTRODUCTION 

In recent years, Internet finance has grown rapidly and is widely used in various fields. Crowdfunding, as 

one of the Internet business models, breaks the traditional financing model by using an online platform to raise 

funds for a particular project, lowering the threshold of funding and investment. As a result, the market size of 

the crowdfunding industry has rocketed, with the number of global online crowdfunding platforms growing 

nearly tenfold from 2009 to 2019 [1]. However, the growth of crowdfunding project financing performance has 

not been nearly as fast as its market growth. Even Kickstarter, the world’s largest crowdfunding platform, can 

only achieve a success rate of about 35%, with a large number of projects raising only 20% of their target 

funding. To help entrepreneurs improve their crowdfunding performance, scholars are currently exploring the 

factors influencing crowdfunding success from a variety of perspectives. Nonetheless, most of the studies on 

crowdfunding have remained at the level of single crowdfunding or macro perspective of crowdfunding projects, 

and then to explore the factors that affect the performance of financing. In fact, since many startups have 

funding problems that cannot be solved by a single crowdfunding campaign, in recent years, the crowdfunding 

industry has seen an increase in the number of creators raising funds through multiple serial initiations who are 

defined as serial creators by scholars. 

Serial creators can accumulate certain learning experience and social capital, etc. through multiple funding 

initiations, and apply the fundraising skills, lessons learned and audience attracted during the opepercentagen of 

past initiations to subsequent crowdfunding campaigns, which can effectively improve the crowdfunding 
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performance of the project. Some scholars have gradually focused on the impact of serial creators’ learning 

experience on crowdfunding performance, and findings suggest that running multiple businesses helps serial 

entrepreneurs develop their management skills as they accumulate more experience, thus increasing the duration 

of serial entrepreneurs’ next venture [2].Yang’s empirical results also suggest that serial entrepreneurs not only 

gain direct learning experience by initiating their own projects gaining direct learning experience, but also 

indirect learning experience by funding others’ projects, and that the effect of direct experience is relatively 

higher than that of indirect experience [3]. Although preliminary evidence has been provided on the importance 

of serial creator learning on crowdfunding performance, these studies have focused only on the direct effect of 

learning experience on crowdfunding performance, ignoring the important effects of different experience 

context and time variables in serial crowdfunding activities, which becomes apparent as the number of direct or 

indirect learning of creators increases. Thus the previous findings are limited and the joint role of serial creator 

learning and learning experience context on crowdfunding performance should be considered simultaneously. 

In order to fill the gaps of the studies above, we decide to focus on the learning behavior of serial creators 

themselves, introduce entrepreneurial learning theory, divide learning behavior into direct and indirect learning, 

and explore their direct effects on crowdfunding performance, as well as the moderating effects of direct and 

indirect experience context on the relationship between serial creators’ learning and crowdfunding performance. 

Meanwhile, 12,130 projects initiated by 3,398 serial creators in the reward-based crowdfunding website 

Indiegogo are studied to construct panel data for empirical analysis. 

This study contributes to both theoretical and practical aspects. First, compared to previous studies based 

on single crowdfunding projects, we build a panel model with multiple projects of serial creators to analyze the 

influencing factors of crowdfunding performance from a dynamic perspective, which enriches the research in 

the field of serial crowdfunding. Second, we integrate entrepreneurial learning theory into the serial 

crowdfunding context, specifically exploring the importance of direct and indirect learning behavior of creators 

and find that different learning experience context can have an impact on learning outcomes. Finally, we provide 

serial creators of crowdfunding platforms with practical insights related to initiating and supporting projects to 

enhance the funding performance of their subsequent crowdfunding projects. 

 

2. LITERATURE BACKGROUND AND HYPOTHESIS 

2.1 Crowdfunding and crowdfunding performance 

Crowdfunding is a new funding model in which entrepreneurs raise funds from users who are interested in 

their entrepreneurial projects with the help of Internet channels [4]. Crowdfunding can be divided into donation, 

lending, reward, and equity categories based on the dynamics of the investor’s perspective. In this paper, we 

choose reward-based crowdfunding, which currently has the highest market share, as the object of study. 

Crowdfunding performance is a reflection of the success of such entrepreneurial activities. Currently, scholars 

have mainly explored the factors influencing crowdfunding performance from three perspectives: project-based 

attributes, creator characteristics, and interactive behavior of the creator and funders. 

For example, Wang Wei used rooting theory to classify project language styles into five categories and 

found that different project categories should use different optimal language styles to influence funders’ 

prediction of project prospects and investment intentions [5]. SkirnevskiyV et al. confirmed that the number of 

projects a creator has initiated has a positive effect on crowdfunding performance [6]. Wang Yan argued that 

online interactions between creators and funders, such as the number of comments and updates on a project, also 

have a positive effect on crowdfunding success [7]. 

These previous studies can only illustrate crowdfunding performance from a static perspective, with studies 

on stand-alone single crowdfunding projects. However, as a matter of fact, as originators of crowdfunding 
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platforms create their own projects or fund others’ projects, they are able to learn knowledge and skills, and the 

accumulation of these experience affects their subsequent crowdfunding activities. Thus, the process by which 

crowdfunding performance is influenced is dynamic for the same creator. We explore how serial creators 

accumulate effective experience over time and enhance funding performance from a dynamic perspective. 

2.2 Serial creator 

A serial creator is an creator who has initiated a project in the past. Existing research has preliminarily 

confirmed that serial creators are more likely to achieve success in crowdfunding than first-time project creators, 

especially when serial creators have had experience in successful entrepreneurship. This is because serial 

creators can learn from their past experience and gain valuable resources that can improve their competitiveness 

and entrepreneurial performance in subsequent entrepreneurial activities [8]. Research on serial creators is still in 

its infancy and is being explored within the academic community around the effects of pre-project performance, 

post-project quality, time distance, creator social capital and creator experience on crowdfunding performance. 

For example, Chen Yanyan et al. found that the performance of early projects and interactive performance 

had significant effects on the fundraising performance of later projects, but in very different ways  [9]. Jianghong 

Zeng and Fan Shi verified that serial creators’ internal social capital positively influenced subsequent project 

crowdfunding performance, while time interval positively moderated the relationship between internal social 

capital and early resource acquisition [10].Yang and Wang et al. all preliminarily demonstrated a positive 

relationship between serial creators’ past experience in initiating and supporting projects and crowdfunding 

success [3][11]. Kuppuswamy argued that the gender of serial creators affects the next entrepreneurial behavior  [12]. 

It follows that some entrepreneurial characteristics of the serial creators themselves give rise to learning 

behavior and have a significant impact on crowdfunding performance. Therefore, we introduce entrepreneurial 

learning theory to further explain the learning behavior of creators. 

2.3 Entrepreneurial learning theory 

The entrepreneurship literature has found that the act of learning and accumulating experience in the 

entrepreneurial process is called entrepreneurial learning, which is carried out throughout the entrepreneurial 

process and has a crucial role in influencing the outcome of the venture. This learning behavior can be divided 

into direct and indirect learning, and in the context of crowdfunding, serial creators learn not only directly by 

initiating their own projects, but also indirectly by funding others’ projects. Learning by serial creators can 

dynamically demonstrate how the knowledge skills, social capital, and other experience accumulated in the past 

influence subsequent crowdfunding activities over time. Yang and Hahn also found that both direct and indirect 

learning by serial creators positively influenced subsequent crowdfunding success, and that the effect of direct 

learning was relatively higher than that of indirect learning [3]. 

Although existing research has provided preliminary evidence that serial creator learning has a positive 

impact on crowdfunding performance, few studies have paid attention to whether the impact of learning 

behavior on crowdfunding performance changes across learning experience context. Moreover, learning is a 

dynamic and serial process, so studies focusing only on a single crowdfunding campaign cannot fully reveal the 

mechanism by which serial creator learning affects crowdfunding performance. 

2.4 Hypothesis 

In the context of crowdfunding, the act of entrepreneurs learning from their own entrepreneurial activities 

and thereby gaining direct experience is called direct learning [3]. More specifically, crowdfunding platforms 

enable creators to receive timely feedback through comments or personal messages from backers. When creators 

receive positive performance feedback, they tend to repeat their previous strategies with the expectation of 

subsequent success. Otherwise, they may be more inclined to explore alternative courses of action. Hence, we 

purpose the hypothesis as below: 
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H1: Direct learning behavior of serial creators positively affects the crowdfunding performance. 

Except amount of experience, we argue that experience context such as experience richness, time interval 

between learning behavior, and diversity of experience also have a significant impact on learning effectiveness. 

The number of project categories initiated by serial creators in the past indicates the level of involvement of 

the entrepreneur in the project, which can be conceptualized as direct experience richness [3]. In crowdfunding 

campaigns, serial creators are exposed to different project framework styles, reward scheme designs, and 

interactions with backers from different backgrounds from the different categories of projects they have initiated, 

which helps creators learn in depth how the various components of the different categories combine and work 

with each other and are less likely to form path dependencies. Serial creators often need to make more decisions 

and spend more time and efforts when initiating a project on their own, and thus the resulting learning 

experience usually leaves a deep impression, which can also trigger a drawback: when the time interval between 

the previous and subsequent initiations is too short, the creator may be easily influenced by the previous 

initiation and habitually adopt similar strategies or programs, ignoring the important information and features of 

the project itself. This has a negative impact on the subsequent crowdfunding performance  [10]. Serial creators 

can initiate projects in various categories, and the evenness of the distribution of the number of projects in each 

category in terms of the total number can be conceptualized as direct experience diversity [3]. When the diversity 

of direct experience of an creator is high, it is easier to re-integrate and absorb the accumulated diverse 

knowledge, uncover the strategic characteristics of different categories of projects and develop suitable 

personalized solutions by combining their own project information. Otherwise, even if the number of initiated 

categories is large, the knowledge in them cannot be effectively utilized, it may even instead produce bad results 

because the experience is too homogeneous. Hence, we purpose the hypothesis as below: 

H2: Direct experience richness (H2a) , direct learning interval (H2b) and direct experience diversity (H2c) 

positively affect the crowdfunding performance. When the direct learning richness (H2d) or direct learning 

interval (H2e) or direct learning diversity (H2f) of serial creators is higher, the effect of direct learning on 

crowdfunding performance is stronger. 

The act of indirect experience gained by the creator through supporting other entrepreneurs’ initiatives is 

called indirect learning [3]. In indirect learning, creators observe the entrepreneurial activities of others and their 

associated consequences and relate these observations to their likely scenarios of success or failure. When they 

observe the successful/failed initiatives of others, creators infer behavior that may lead to positive/negative 

outcomes and may repeat/avoid similar actions in future actions. Hence, we purpose the hypothesis as below: 

H3: Indirect learning behavior of serial creators positively affects the crowdfunding performance. 

Although both direct and indirect learning have positive effects on crowdfunding performance, the strength 

of their effects may differ. The results of Yang and Hahn’s study suggest that entrepreneurial experience has a 

greater impact on the likelihood of success of crowdfunding projects than financing experience [3]. That means, 

direct learning is more effective than indirect learning. And because of this, direct experience context may also 

has a completely different impact on crowdfunding performance compared with indirect experience context. 

Similar to direct experience richness, the number of project categories supported by serial creators in the 

past can be conceptualized as indirect experience richness. Because indirectly learned knowledge is less deep 

and specialized and less likely to observe core strategies, the more categories of projects a serial creator supports, 

the lower the quality of knowledge gained may be, thus hindering the creator’s learning process. Conversely, 

creators who focus on supporting a fixed category of projects are more familiar with such projects and thus have 

a more accurate understanding of funders’ preferences, and are more likely to achieve success. Instead of 

initiating a project on their own, serial creators tend to spend less time and energy thinking about supporting a 

project, and thus the learning experience generated by indirect learning does not have a very profound impact on 
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the creator, and the only way to maximize its usefulness is to seize the time and put it to good use in a timely 

manner. As the time interval increases, the advantage of indirect experience accumulated by serial creators may 

gradually disappear, and the utility of the resources brought by it may weaken, or even be affected by memory 

bias, resulting in unsatisfactory crowdfunding performance. The distributional uniformity in the total number of 

projects in each category supported by serial creators can be conceptualized as the diversity of indirect 

experience. In the context of IT-supported crowdfunding, each time a crowdfunding project is initiated, new and 

innovative ideas need to be developed. When the creators have supported too many and too diverse categories of 

projects, the indirect learning may disrupt the original strategies formulated by the creators and lead to poor 

crowdfunding performance, which is not conducive to the effective performance of the indirect learning 

experience. Hence, we purpose the hypothesis that:  

H4: Indirect experience richness (H4a) , indirect learning interval (H4b) and indirect experience diversity 

(H4c) negatively affect the crowdfunding performance. When the indirect learning richness (H4d) or indirect 

learning interval (H4e) or indirect learning diversity (H4f) of serial creators is lower, the effect of indirect 

learning on crowdfunding performance is stronger. 

 

3. RESEARCH METHOD AND DATA 

3.1 Data source and sample selection 

We selected Indiegogo, one of the largest crowdfunding platforms in the world, as the data source, and used 

Python to collect 12,021 projects that have closed funding as of March 2021, screened out 7,087 serial creators, 

and crawled the details of all the projects that these serial creators had initiated and supported, in which a total 

of 23,507 projects were initiated and 12,647 projects were supported. In addition, in order to make the data more 

rigorous and reasonable and the conclusion more reliable, we eliminated 23 projects with invalid data due to 

five reasons: (1) project URL contains ‘int’ type data; (2) project URL can no longer be found; (3) update times 

contains ‘string’ type data; (4) project title contains ‘int’ type data; (5) target funding amount contains ‘string’ 

type data. Finally, 3398 serial creators with number of initiation larger than 1 and number of support larger than 

0 were filtered out from the updated data table, involving 12,130 projects. 

3.2 Variable definition and model setting 

In most studies on the factors influencing crowdfunding financing performance, the successful achievement 

of a crowdfunding project’s target fundraising amount is seen as a marker of crowdfunding success, whereas 

Yang and Hahn argued that the funding percentage captures the degree of success better than a simple binary 

variable (i.e., success versus failure) [3], and therefore we use the funding percentage of a crowdfunding project 

as a measure of crowdfunding performance, and several key project attributes (number of images, number of 

videos, target funding amount, funding period, number of project updates, number of Facebook friends, number 

of commented on, number of supporters) as control variables. Besides, we use the number of the past projects 

initiated and the number of the past projects supported by serial creators to represent their past direct and 

indirect learning, which implies that the learning experience possessed at each project initiation is dynamic, and 

ordinary cross-sectional data cannot measure the dynamic impact of learning on subsequent crowdfunding 

performance, so we use a panel model to construct an unbalanced short panel data for subsequent analysis. 

Table 1.  Variable description 

Name Measurements Definition 

Crowdfunding Performance Project funding percentage Funding amount/target funding amount*100 

Direct Learning Number of projects initiated  Number of past projects initiated by serial creator 

Indirect Learning Number of projects supported Number of past projects funded by serial creator 

Direct Experience Context Direct learning interval Interval between last launch and current launch 
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Direct experience richness Number of categories of past initiated projects 

Direct experience diversity 
Entropy of the number of categories in which projects 

were initiated in the past 

Indirect Experience Context 

Indirect learning interval Interval between last funding and current launch 

Indirect experience richness Number of categories of past funded projects 

Indirect experience diversity Entropy of the number of categories in which projects 

were funded in the past 

 

4. DATA ANALYSIS AND RESULT 

4.1 Descriptive statistics and correlation tests 

Descriptive statistics on the raw data show that the total amount of all projects raised is $199,770,000 and 

the number of contributors reaches 2,126,053. Among them, the maximum number of projects initiated by the 

creators in the past is 196, the maximum number of projects supported in the past is 20, the maximum number 

of project categories initiated in the past is 13, and the maximum number of project categories supported in the 

past is 12. In order to avoid heteroskedasticity, variables with large standard deviations are logarithmically 

processed in this study to eliminate the differences between variables. Correlation analysis of all variables in this 

paper shows that the correlation coefficients between all variables are basically less than 0.7, and the VIF values 

are basically less than 6, indicating that there is no multicollinearity among the variables. 

4.2 Fixed effects regression analysis 

We use Stata 16.0 statistical software to perform a series of tests on the panel data to select the most 

appropriate model for it. Ultimately, we determine that the fixed effects model outperforms the random effects 

model through the Hausman test. The regression results of models 1-5 are illustrated in Table 2. Model 1 shows 

that, except for number of images, number of videos, and number of updates, other control variables have 

significant effects on funding percentage. We put control variables in all subsequent models, and the results did 

not change significantly and are not shown in the table due to space limitations. 

Model 2 shows that number of past projects initiated (DL), positively and significantly affects 

crowdfunding performance, while number of past projects supported (IL), does not have a significant effect on 

crowdfunding performance in this model, but after adding experience context variables in models 3-5, it has a 

positive and significant effect on crowdfunding performance. H1 and H3 are supported. And by comparing the 

regression coefficients it can be seen that the effect of direct learning is relatively higher than the effect of 

indirect learning. In model 3, direct experience richness (DER) has no significant effect on crowdfunding 

performance, and indirect experience richness (IER) negatively affects crowdfunding performance, so H2a is 

not supported and H4a is supported. Model 4 demonstrates that direct learning interval (DLI) has insignificant 

effect on crowdfunding performance, and indirect learning interval (ILI) negatively affects crowdfunding 

performance, so H2b is not supported and H4b is supported. Model 5 shows that direct experience diversity 

(DED) does not have a significant effect on crowdfunding performance, and indirect experience diversity (IED) 

negatively affects crowdfunding performance, so H2c is not supported and H4c is supported. 

Table 2.  Results of direct effects regression analysis 

Variable Model 1 Variable Model 2 Model 3 Model 4 Model 5 

NC -0.024*** DL 0.049*** 0.047** 0.039*** 0.048*** 

NB 0.905*** IL 0.005 0.057** 0.032*** 0.020** 

NFF 1.829*** DER  0.009     

FP -0.077*** IER  -0.079**     
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NI -0.007 DLI   -0.002   

NV 0.008 ILI   -0.011**   

TFA -0.620***  DED    0.003 

NU 0.002 IED    -0.017*** 

Prob > F 0.0000  Prob > F 0.0000  0.0000  0.0000  0.0000  

within R2 0.7095  within R2 0.7101  0.7102  0.7103  0.7102  

 

In model 7, the multiplication of number of 

past initiated projects and direct experience 

richness (DER * DL), and multiplication of 

number of past initiated projects and direct 

experience diversity (DED * DL) are not 

significant, so H2d and H2f are not supported. The 

multiplication of number of past projects initiated 

and interval (DLI * DL) is significantly correlated 

with crowdfunding performance, therefore H2e is 

supported. To further explain the moderating 

effect, we did a simple slope test. From Figure 1, 

we can see, the longer the time interval, the stronger the effect of number of past projects on crowdfunding 

performance, and this difference keeps getting larger as the number of projects initiated increases. 

Table 3.  Results of moderation effects regression analysis 

Variable Model 6 Model 7 Variable Model 8 Model 9 

DL 0.054** 0.085*** IL 0.081** 0.090*** 

DER 0.002 -0.081 IER 0.040 0.041 

DLI 0.001 -0.003 ILI 0.018*** 0.025*** 

DED -0.001 0.002 IED -0.034*** -0.037** 

DER * DL  -0.027 IER * IL  -0.218* 

DLI * DL  0.029** ILI * IL  -0.030** 

DED * DL  0.063 IED * IL  0.071 

Prob > F 0.0000 0.0000 0.0000  0.0000 0.0000 

within R2 0.7101 0.7103 0.7102  0.7101 0.7102 

 

In model 9, the multiplication of number of past funded projects and indirect experience diversity (IED * 

IL) is not significant, so H4f is not supported. The multiplication of number of past projects supported and 

indirect experience richness (IER * DL), and multiplication of number of past projects supported and the time 

interval (ILI * IL) are significantly and negatively related to crowdfunding performance, indicating that indirect 

experience richness and indirect learning interval  significantly and negatively moderate relationship between 

indirect learning and crowdfunding performance, so H4d and H4e are supported. As Figure 2 illustrates, the 

lower richness, the stronger the positive effect of number of past projects supported by serial creators on 

crowdfunding performance, and this difference keeps getting larger as the number of supported projects 

increases. As shown in Figure 3, compared to the longer time interval, the shorter the interval, the stronger the 

positive effect of number of past projects supported by serial creators on crowdfunding performance, and this 

difference keeps getting larger as number of supported projects increases. 

Figure 1.  Moderating effects of the direct learning 

interval 
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Figure 2.  Moderating effects: indirect experience richness Figure 3.  Moderating effects: indirect learning interval 

 

4.3 Robustness test 

The model was tested by replacing the basis for determining crowdfunding performance with the success of 

the project, and the results showed that the significance of the core variables was essentially the same, except for 

a change in the direction of the moderating effect of the direct learning interval. In addition, the second set of 

empirical diversity variables, originally measured by Simpson’s index, was replaced and the results remained 

unchanged. Finally, in order to ensure the authenticity of the data, we did not do special treatment on the 

observation of projects, but in the actual fundraising process, there may be cases that the fundraising percentage 

and the number of initiated projects exceed the normal value due to the serial creators being team start-ups or 

having organizational support. For this reason, we regressed the original data set again after outlier processing 

and obtained the same results. In summary, the analysis results of this paper are overall more robust. 

 

5. DISCUSSION 

5.1 Main conclusions 

The purpose of this study is to understand: (1) the impact of serial creators’ learning on their subsequent 

project crowdfunding performance and (2) the impact of different learning experience context on learning 

effectiveness. Based on the results of data analysis, the proposed hypotheses were partially supported. 

It was found that, first, the learning behavior of serial creators in their past participation in projects plays an 

important role in improving the crowdfunding performance of subsequent projects, and the impact of direct 

learning is relatively higher than the impact of indirect learning, implying that initiating a project on one’s own 

results in more gains in future fundraising performance than supporting a project.  

Second, compared with indirect learning, the direct experience learned by initiating a project is more solid, 

and different direct experience context is less likely to affect subsequent crowdfunding performance. While the 

moderating effect of direct experience richness and diversity is not significant, indirect experience richness does 

have a significant negative moderating effect, probably because creators gain more by initiating projects than by 

funding them, and the learning experience they learn from their own projects is more specific and detailed, and 

less likely to influence the choice of subsequent project strategies because of their broader exposure to 

knowledge; meanwhile, each entrepreneurial activity requires the development of new ideas, and neither the 

variety nor the richness of previous experience can ensure the continued success of entrepreneurial activities.  

Third, the accumulated indirect experience is forgotten more quickly, being short-term memory knowledge, 

especially as number of experience increases, the shorter indirect learning interval the more performance can be 

improved. Conversely, direct experience has a stronger impact on crowdfunding performance and requires more 
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time to digest and assimilate the acquired knowledge, so only when the interval between two funded projects is 

longer can the creators keep their innovative thinking from being confined to the previous entrepreneurial 

activity, thus enhancing the positive impact of direct learning on crowdfunding performance. 

5.2 Theoretical implications 

First, we enrich the research findings on the analysis of factors influencing serial crowdfunding funding 

performance. Although previous studies have explored the influencing factors of crowdfunding performance 

from the perspectives of creator information, project-based attributes, and online interactions between creators 

and funders, most of these studies have focused on individual crowdfunding projects and ignored the importance 

of serial crowdfunding. We introduce entrepreneurial learning theory and explores the impact of learning 

behavior on subsequent crowdfunding performance from a dynamic perspective by studying multiple serial 

projects of serial creators and developing a panel model. The results of the study successfully demonstrate that 

both direct and indirect learning of the creators are important influences on crowdfunding performance, and that 

direct learning has a greater impact. We also find that different indirect learning experience context has an effect 

on crowdfunding performance, and that too rich and diverse funding experience may inhibit crowdfunding 

performance, while direct experience context does not have this effect. 

Second, we explore the interaction effects of learning experience context and learning, providing a new 

perspective for research related to creator learning. Previous studies have only concluded that there is a positive 

effect of serial creators’ learning experience on crowdfunding success; few scholars have focused on the 

moderating role of the context of learning experience between the two. We added experience richness, diversity, 

and time interval as different experience context variables to the model, and the results showed that the effect of 

whether the initiated projects were rich or diverse on the direct learning effect was not significant, and only the 

time interval between two initiated projects was something that required special attention of the creators. Both 

the richness and time interval of the funded items had a negative effect on the effect of indirect learning. 

Finally, we enrich the application of the panel data model to the field of serial crowdfunding research. 

Previously, not many studies have applied panel data models to the field of crowdfunding, which are basically 

based on the level of individual crowdfunding projects to explore funder behavior or information hiding 

behavior of funders. In this paper, from the perspective of serial funders, we use the number of initiations as a 

time series to investigate how different context of direct/indirect learning and learning experience of funders 

affect their subsequent entrepreneurial behavior and outcomes as the number of initiations increases. 

5.3 Practical implications 

We provide some guidance on the financing behavior of serial creators in crowdfunding platforms. First, 

serial creators should draw lessons from projects they have initiated and supported in the past, and pay more 

attention to past initiation experiences in particular, and the knowledge gained either from their own projects or 

from the projects of others can be a positive guide for subsequent projects. Second, the knowledge gained by 

serial creators through supporting others’ projects is not solid and specific enough, creators should try to choose 

the same category of projects to fund, otherwise it is easy to lose the sense of direction, and fail to choose a 

funding strategy that best suits their own projects. And the shorter the time between their last contribution and 

their next project initiation the more likely they are to achieve higher crowdfunding performance. Third, serial 

funders should not blindly measure their experience based on the number of projects they have initiated and 

supported, as this is prone to cognitive bias, and the level of crowdfunding performance may be influenced by 

different learning experience. 

5.4 Limitations and future research 

We note two limitations of this study that can provide directions for future research. First, the sample data 

in this study were all sourced from the Indiegogo website, which indicates that future studies could be extended 
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to multiple other platforms for data collection. Besides, there are a small number of serial creators with a high 

funding percentage or number of initiations in the data of this study, which may be related to factors such as the 

social capital accumulated by creators, whether they are team start-ups and whether they have organizational 

support, and future studies can add the variables above to the model for in-depth explopercentagen. 
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Abstract: How to inspire, acquire and retain users efficiently has been a great problem for the development of mobile 

payment service providers. Given the differences in existing studies on many issues regarding users’ mobile payment 

adoption intention, this study selected 46 highly relevant empirical studies, used visual knowledge map to identify key 

factors and construct a conceptual model. Weight analysis and meta-analysis were applied to identify the key factors. 

Sub-group analysis was conducted to explore the moderating effect of age, use experience and location. The results show 

that young users are more influenced by usefulness and satisfaction. Current users care more about ease of use and trust. 

Different degrees of compatible expectations lead to the development gap between the East and the West. This study 

explored the interaction mechanism between user attributes and behavior intention, which consequently offer valuable 

suggestions for theoretical research and practical application in mobile payment. 

 

Keywords: Mobile payment, Individual adoption behavior, Weight analysis, Meta-analysis, Subgroup analysis 

 

1 INTRODUCTION 

Mobile payment uses mobile devices and wireless communication technology to buy goods or services[1,2]. 

The deepening of the global information technology revolution provides a suitable environment for the 

development of mobile payment. According to the statistical report, the Digital Payments segment has a global 

transaction value of $5204 billion in 2020 and is the largest segment within FinTech [3]. With the increasingly 

fierce mobile payment market competition, fully understanding and deeply analyzing the differences of user 

groups, and then catering to users’ habits with personalized and humanized services is is the key for mobile 

payment providers to improve market share and survive in the fierce competition.  

The existing literatures on mobile payment adoption behavior is mainly related to two aspects. One focused 

on product-related concepts, such as perceived usefulness and perceived ease of use [4,5]. The other focused on 

user-related concepts, such as social image and subjective norms [6,7]. Some classical theories and models, such 

as TAM and UTAUT , are frequently accepted to take a holistic view of the key factors which determine mobile 

payment adoption [8,9]. After in-depth analysis of the literature, it is found that there are several limitations in the 

existing studies which may lead some further reseach. 

Firstly, some conclusions of existing literatures are quite different due to the different sample objects, 

sample size, and survey background. For instance, some studies show that mobile payment intention behavior is 

influenced by trust [10], while some results show that it is not significant [9]. The inconsistent conclusions cause 

some decision-making difficulties. 

Secondly, the role of some key influencing factors at micro level, such as age and use experience, have not 

been deeply investigated. For the age factor, the early composition of mobile payment users is mainly young 

people.With the promotion and popularization of mobile payment, mobile payment will cover more and more 

age groups in the future. However, the existing literature does not tell mobile payment providers how to provide 

personalized services for users of different ages. For the use experience factor, many scholars have paid 

attention to this point and study the current users [11] and potential users[12], respectively. However, due to the 

                                                   
 Corresponding author. Email: zhangmin@whu.edu.cn (Min Zhang) 



664        The Twenty one Wuhan International Conference on E-Business－Data analytics/intelligence for behavioral studies and service innovation 

lack of comparative research, a comprehensive explanation has not been obtained.  

Thirdly, the role of some key influencing factors at macro level, such as the development difference 

between the East and the West, is still a mystery. In the process of globalization, more and more payment 

platforms are trying to open up new markets very accurately and smoothly. Previous research mostly focused on 

mobile payment in a single country [10,13]. Therefore, the industry needs more research to guide the market 

development decisions of multinational mobile payment providers. 

Based on the above analysis and related problems, the research questions (RQs) are proposed as follows: 

RQ1: What are the driving factors of mobile payment adoption? 

RQ2: How do age, use experience and location affect users' adoption intention? 

This study selected meta-analysis and subgroup analysis to solve the above problems. Meta-analysis is a 

comprehensive quantitative analysis method. It can objectively reflect the previous research results and explain 

the heterogeneity between different research results [14]. A meta-analysis is conducted to analyze research results 

highly related to the research topic to explore RQ1. To explore RQ2, we use subgroup analysis to examine the 

moderating effect of age, use experience and location.  

 

2 THEORETICAL BACKGROUND  

2.1 Theories of technology acceptance 

TAM is developed from the theory of reasoned action (TRA) model [15] . TAM focuses on the relationship 

between perceived usefulness, perceived ease of use and uers' behavior intention [2]. Based on TAM, perceived 

usefulness is defined as the degree of an individual thinks it is helpful to use m-payment[2]. Perceived ease of 

use is defined as the degree of an individual thinks using mobile payment is not difficult[2]. Recent research 

focused on the differences of individual acceptance behavior in emerging technologies [2,16,17]. Mingxing et al.[18] 

and Liu et al.[19] used TAM models in mobile payment adoption and confirmed that TAM is a powerful model to 

predict user adoption intention. Based on the TAM, an extended technology acceptance model (TAM2) [17] was 

proposed, emphasizing that social factors[20,21] affect perceived usefulness and then influence users’ intention 

and behavior.  

UTAUT is used to explore the factors that affect user cognition and related issues. It contains four core 

factors, including performance expectation, effort expectation, social influence[20] and facilitating conditions. 

Performance expectation can be understand as “the individual expects that using m-payment will enable him or 

her to achieve results”[22]. Effort expected can be defined as “the individual expects that using m-payment will 

enable him or her to achieve results”[22]. Behavior intention and facilitating conditions jointly affect the users’ 

behavior, and other three factors affect the consumer's use intention directly. UTAUT also points out that gender, 

age, experience, and voluntariness significantly affect the above core dimensions. Kalinić et al.[23] developed a 

model based on UTAUT and investigated the willingness of users of different genders to adopt mobile payment.  

IDT is discussed in the book "Diffusion of Innovation" in 1962 and widely used after 1983. IDT suggests that 

the number of adopted innovators shows an S-shaped change track with time. IDT is used to study and classify all 

kinds of innovation subjects and its main influencing factors include relative advantage, personal innovativeness 

and compatibility. Compatibility is regard as “the degree of consistency of the product or function with the users' 

needs and usage habits”[24]. Innovativeness is regard as “the degree to which users are willing to accept new 

technologies”[25].Schmidthuber et al.[26] proved that innovativeness has a positive effect on behavior intention. 

Research shows that compatibility is an important predictor of mobile payment use intention [27]. 

2.2 Moderator identification 

In most cases, demographic differences can lead to individuals’ different behavioral intentions. It is found 

that age play a special role in the acceptance process of mobile payment and some scholars have explored the 
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factors that influence young users' adoption of m-payment [5].  

Use experience has been observed to have a certain impact on mobile payment adoption. Some researches 

have testified the positive correlation between perceived ease of use and behavioral intention [19]. While some 

other researches have reported the nonsignificant and even negative relationships [26]. This kind of contradiction 

means the instable relationship may be moderated by hidden factors.  

User behavior is often affected by key factors such as traditional customs, consumption habits, laws and 

regulations, customer education and so on. All these key factors are usually closely related to location. In terms 

of mobile payment, scholars have paid active attention to the differences of users’ behavior caused by location.  

2.3 Research sample selection 

Research sample selection was divided into four steps as Fig.1 shows.  

Papers identified through 

database searching(n=433)

Uncorrelated literature 

(n=203)

Identification Screening Eligibility Included

Papers related to mobile 

payment(n=288)

 Papers screened for whether 

they met the 

requirements(n=85)

The final papers included in 

the Study 

(n=46)

Unqualified papers (n=39)Duplicates removed (n=145)

 

Figure 1. Paper selection procedure for the meta-analysis 

The first step is idendification. Published journal papers, conference papers, degree theses, working papers 

and academic reports were all covered. Keywords with high correlation with mobile payment, such as mobile 

payment, mobile wallet, online payment, have been adopted to search in several major databases, including 

Science.net, Elsevier, SpringerLink, etc. At last, a total of 433 papers were obtained. The second step is to 

eliminate the duplication, after which 288 articles were left. The third step is to browse the title and full text and 

85 papers were selected to meet the content-related requirements. We cleaned the research samples by using the 

following following criteria: a) must be an empirical study that investigates users’ mobile payment adoption 

intention, b) must report quantitative information about factors, including sample sizes, correlation coefficients, 

or other statistical data; and c) the investigated subject must be an individual mobile payment users. At last, 46 

papers were included in this research.  

2.4 Conceptual model construction 

In this section, we tried to analyze the 46 papers, which were confirmed in Section 2.3, by means of visual 

knowledge map. We visualized these factors through Gephi2.0 and retained the ties with more occurrences (as 

shown in Fig. 2). 

 
Figure 2. Hot word network diagram of mobile payment adoption intention research 

From Fig. 2, we can extract the critical factors affecting users' mobile payment behavior. They are 

perceived ease of use, attitude, satisfaction, perceived usefulness, trust, social impact, effort expectancy, 
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compatibility, innovativeness, performance expectancy and perceived risk. There are two reasons for excluding 

other factors. Firstly, some factors lack sufficient data to support the meta-analysis process. Secondly, some 

factors can be replaced by other more representative factors. We added three moderators to the proposed 

framework. Fig.3 shows the composite model. 

Behavior 
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Intention

Attitude

Perceived Risk

Perceived Ease Of 

Use

Perceived 

Usefulness
Social Influence

Satisfaction

Trust

Effort Expectancy Innovativeness Compatibility

Performance 

Expectancy

Age Use Experience Location

 
Figure 3. The conceptual model of mobile payment adoption intention. 

 

3.  METHODOLOGIES 

3.1 Coding procedure  

To extract the data for meta-analysis, we read through each article and then coded the data. The coding 

process collected author information, publication date and other information. If two or more samples are given 

in one article, and the sample size and research results are reported separately, they are coded as independent 

studies. Finally, 51 studies are identified from all the 46 articles. The period of adopted articles is from 2007 to 

2020.  

Considering the effective literature reports, the correlation coefficient is selected to reflect the effect size. 

We completed the effect value statistics by transforming regression coefficient, path coefficient, or t value for a 

few studies that did not report correlation coefficient. Suppose the study reported the standardized regression 

coefficient β obtained by regression analysis, according to the calculation method of meta-analysis effect 

quantity. In that case, β is equal to r, and Fisher's z transformation is carried out. If the result of a valid literature 

report is the standard path coefficient obtained using the structural equation model with latent factors. We need 

to compute unadjusted coefficient to correct the latent variable error , then use it as effect value. The adjustment 

formula is as follows: 

                              (1) 

where is the unadjusted beta coefficient,  is the path coefficient,  and 

 is the internal reliability of the related independent variable and dependent variable. In addition, if the 

study only reports the t value of the path, we converted t value to effect value by using the formula: 

                                      (2) 

where t represents t value of the path, df represents the degree of freedom. 

3.2 Analysis procedure 

First, according to the relationships in 46 selected articles, this study made a weight analysis to test the 

significant rate of each pair-wise relationship and explanatory power of each variable in the relationship. Then 

the descriptive statistic reports basic information of correlation coefficient and sample size of each path 
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relationship, including minimum value, maximum value, average value, etc. At the same time, the complete 

reliability of each structure is calculated. 

Next, our study used Excel to adjust the correlation coefficients of each pairwise relationship and calculate 

a simple average of the effect sizes for each connection. The following formula is used to calculate the adjusted 

average of the sample size: 

                                         (3) 

Where ri represents the correlation observed in study i and Ni represents number of samples per study. Then, 

use the following formula to perform the Fisher r to z transformation: 

                                     (4) 

                                         (5) 

                                       (6) 

Where r represents correlations and Ni means the sample size . Besides, we calculated 95% confidence 

interval, heterogeneity statistic Q-value, heterogeneity index I2, and conducted Egger's test and z-test, for each 

relationship by using the function "metacor" and "metabias" from package "meta" in R. To evaluate and explain 

the significance of each relationship' 's effect size, the Z-test and the 95% confidence interval were conducted. If 

0 is excluded, it means the average effect size is significant at the level of P < 0.05. The z-test was used to 

evaluate the significance of each relationship' 's effect size . To avoid the bias that authors tend to report good 

results when publishing articles, fail-safe N test is used to test the existence of publication bias. A higher 

fail-safe N value means a more reliable relationship. The fail-safe N was calculated using the formula: 

(P=0.05)                               (7) 

where  is the sum of Z values of all effect sizes and N is the number of effect sizes. 

We used heterogeneity test to choose a suitable effect model to conduct a meta-analysis. According to the 

actual situation of this study, this study chose the random effect model. Finally, we filtered the moderating 

variables through weight analysis and article reading. The subgroup analysis divided samples into subgroups 

according to categorical moderator factor and calculate the heterogeneity between subgroups. When the p-value 

of Q-test less than 0.05, it suggests the existence of high heterogeneity and moderator eff ects. 

 

4. DATA ANALYSIS 

4.1 Weight analysis 

Weights are used to express the explanatory strength of independent variables. Considering research 

situation, we only extracted variable relationships that occur more than 3 times in all original studies and 

incorporated them into weight analysis. The division basis of variable types of weight analysis in this study is 

shown in Table 1.  

Table1.  Weight analysis variable type division basis 

Number of inspections Type Weight Type 

≥3 Well-utilized predictor ≥0.8 Best predictor 

＜0.5 Worst predictor 

＜3 Experimental predictor =1 Promising predictor 

From 302 pairs of correlations, a total of 30 groups of variable relations that appeared more than 3 times 

were extracted. Among them, there are 15 groups of well-utilized variable relationships and 15 groups of 

experimental variables. Among the 15 groups of well-utilized variable relationships, only PC-BI and PR-BI 

showed research results in opposite directions. The relationship between these 30 groups of variables has a 

certain degree of stability. 
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9 groups of "best predictors", 9 groups of "promising predictors", and 1 group of "worst predictor" were 

identified from the 30 groups of variable relationships. Weight analysis can only simply characterize the 

significance of variable relationships based on the "vote counting method" and cannot judge the strength of 

variable relationships. In addition, the "best predictors" and "promising predictors" obtained by weight analysis 

need to be meta-analyzed to calculate the average effect value, determine the significance level and relationship 

strength, and make a more accurate estimation of the relationship between the variables. In addition, the 

emergence of a "worst predictor variable" requires follow-up discussion. 

4.2 Descriptive statistic 

As shown in Table 2, the average sample size of almost all paths is over 200. Perceived risk is the core 

factor of this research model, which has been widely studied in descriptive analysis, with 15 significant 

correlation coefficients and eight insignificant correlation coefficients. At the same time, PU-BI (21 studies) and 

SI-BI (20 studies) were widely investigated, with significant rates of 90.0% and 80.0%, respectively. Compared 

with continuance intention, behavior intention gets more attention. There are more researches on behavioral 

intention than on continuance intention. There is only one report correlation coefficient of ATT-CUSE and 

EE-CUSE, so these two relationships aren't studied in the later correlation analysis. 

Table2.  Descriptive statistics 

Note: K=number of studies; N= Cumulative sample size; S=significant; NS=non-significant; Sig.=significant rate; 

BI-Behavior Intention; PU-Perceived Usefulness; CUSE-Continuance Intention; ATT-Attitude; COM-Compatibility; INN- 

Innovativeness; PE-Performance Expectancy; SAT-Satisfaction; SI-Social Influence; TRU-Trust; PR-Perceived Risk; 

EE-Effort Expectancy; PEOU-Perceived Ease Of Use. 

 

4.3 Reliability statistics 

In reliability analysis, Cronbach's α and composite reliability (CR) are calculated to test the consistency and 

stability of the model measurement results. Cronbach's α is used to test the correlation of common factors among 

variables. In addition, CR is also a kind of reliability measurement. The difference between the two values is not 

significant. If Cronbach's α is not reported in the literature, it is replaced by the CR value. In our study, the mean 

reliability of all variables exceeded 0.8, indicating that the reliability of variables is relatively high. 

4.4 Correlation analysis 

Among the three values of r +, r and rz, rz is the largest in most cases. Combining the three effect values, the 

strength of the effect value studied in this paper is high. The confidence intervals of PR-BI and PR-CUSE contain a 

value of 0, so they fail the whole test. In the relationship PEOU-BI, N values is favorable and relatively large, 

indicating that perceived ease of use plays a significant role in mobile payment adoption. Trust and perceived 

Pair-wise 

relationship 
K 

Correlations. 
Range of sample 

sizes 

Range of correlations 

N 
Average  

sample size 
NS S Sig. Lower Upper Lower Upper 

ATT-BI 6 0 6 1.00 206 491 0.640 0.833 2049 342 

COM-BI 9 0 9 1.00 156 1256 0.425 0.770 4574 508 

INN-BI 9 0 9 1.00 156 670 0.446 0.632 2427 270 

PE-BI 8 0 8 1.00 225 1165 0.542 0.858 2690 336 

SAT-CUSE 7 0 7 1.00 149 336 0.480 0.804 1584 226 

PU-BI 21 19 2 0.90 119 922 0.243 0.855 5912 282 

SI-BI 20 16 4 0.80 119 670 0.229 0.859 5664 283 

TRU-BI 14 11 3 0.79 119 701 0.293 0.839 3534 252 

PR-BI 23 15 8 0.64 119 1165 -0.64 0.736 7411 322 

EE-BI 8 4 4 0.50 225 1165 0.516 0.842 2690 336 

PEOU-BI 18 8 10 0.44 119 922 0.160 0.822 5976 332 

SAT-BI 3 3 0 1.00 206 1165 0.503 0.735 1598 533 

PU-CUSE 3 3 0 1.00 149 954 0.360 0.660 1346 449 

TRU-CUSE 3 2 1 0.67 195 276 0.490 0.665 690 230 

ATT-CUSE 1 1 0 1.00 336 336 0.746 0.746 336 336 

PR-CUSE 2 1 1 0.50 180 243 -0.353 -0.160 423 212 

EE-CUSE 1 1 0 1.00 180 180 0.480 0.480 180 180 
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usefulness have adverse effects on continuance intention but positive effects on behavior intention. 

The FSN values of attitude and effort expectancy on continuance intention and behavioral intention are 

positive, indicating that attitude and effort expectancy play essential roles in mobile payment adoption. 

PR-CUSE and PR-BI did not pass FSN test, which shows that perceived risk has no significant impact on 

mobile payment adoption. 

Table3.  Correlation analysis 

Pairwise 

 relationship 
rm r+ rz S.D. Z-score 95% CI P(z) P(Q) Q-value I2 Nfs.05 

ATT-BI 0.726 0.737 0.734 0.064 15.63 [0.6751; 0.7838] 0.000 0.000 35.67 86.0 5.599 

COM-BI 0.563 0.578 0.579 0.129 9.84 [0.4843; 0.6594] 0.000 0.000 133.26 94.7 2.238 

INN-BI 0.518 0.506 0.518 0.065 16.65 [0.4665; 0.5652] 0.000 0.014 15.95 62.4 -0.974 

SAT-CUSE 0.699 0.690 0.712 0.116 11.24 [0.6262; 0.7801] 0.000 0.000 57.83 89.6 7.427 

PE-BI 0.683 0.688 0.699 0.108 9.09 [0.5908; 0.7827] 0.000 0.000 107.19 95.3 3.937 

PU-BI 0.584 0.559 0.611 0.177 10.19 [0.5177; 0.6891] 0.000 0.000 384.86 96.1 16.210 

SI-BI 0.477 0.471 0.499 0.166 8.35 [0.3960; 0.5890] 0.000 0.000 402.67 95.8 17.985 

TRU-BI 0.562 0.568 0.588 0.160 6.89 [0.4483; 0.6996] 0.000 0.000 292.16 96.6 9.265 

PR-BI -0.014 -0.120 0.006 0.473 0.05 [-0.2258; 0.2365] 0.962 0.000 1654.69 99.0 -17.994 

EE-BI 0.624 0.624 0.641 0.112 7.60 [0.5105; 0.7421] 0.00 0.000 118.13 95.8 1.648 

PEOU-BI 0.562 0.498 0.588 0.192 9.98 [0.4943; 0.6677] 0.000 0.000 366.87 95.9 27.677 

SAT-BI 0.622 0.690 0.635 0.116 6.20 [0.4724; 0.7563] 0.000 0.000 29.67 93.3 -1.158 

PU-CUSE 0.463 0.395 0.469 0.170 4.55 [0.2820; 0.6222] 0.000 0.000 22.27 91.0 -2.103 

TRU-CUSE 0.576 0.584 0.583 0.088 8.31 [0.4693; 0.6769] 0.000 0.013 8.64 76.9 -1.535 

PR-CUSE -0.232 -0.213 -0.233 0.172 -1.83 [-0.4542; 0.0164] 0.067 0.009 6.80 85.3 -1.915 

4.5 Moderator analysis 

As shown in Table 4, we took age, use experience and as moderators. To examine the moderators, the 

subgroup analysis was adopted. 

The first moderator is age. The study was divided into the young user group and all age groups. PU-BI and 

SAT-CUSE are significantly moderated by age. Young users are more sensitive to perceived usefulness when 

they choose to use mobile payment. In the SAT-CUSE relationship, the impact on young users is more 

significant than that on all age groups. 

The second moderator is use experience. In this study, users are divided into current users and potential 

users. The subgroup analysis process is the same as above. The results show that compared with potential users, 

current users are more concerned about the ease of use and trustworthiness of mobile payment. 

The third moderator is location. The region is divided into Asian region and western region for subgroup 

analysis. The result indicates that there are significant differences in subgroups caused by the geographical 

location of countries or areas in the four groups of path relationships of COM-BI. 

Table 4.  Brief results of moderator analysis 

Pairwise 

relationship 
Moderator groups 

Number of 

studies 
95% CI 

Combined effect 

size  

Between groups tests 

Q P 

Moderator 1: Age 

PU-BI Young user 4 [0.5966; 0.8282] 0.7330 
4.28 0.0386 

 All age group 12 [0.4543; 0.6509] 0.5605 

SAT-CUSE Young user  2 [0.7432; 0.8235] 0.7866 
4.85 0.0276 

 All age group 5 [0.5672; 0.7651] 0.6782 

Moderator 2: Use experience 

PEOU-BI 
Current user 5 [0.4335; 0.6197] 0.5330 

5.38 0.0204 
Potential user 2 [0.3442; 0.4517] 0.3993 

TRU-BI 
Current user 2 [0.4891; 0.7022] 0.6064 

4.61 0.0319 
Potential user 2 [0.1911; 0.5504] 0.3852 

Moderator 3: Location 

COM-BI 

Asian region 6 [0.4263; 0.5859] 0.5105 

22.24 0.0001 
Western region 2 [0.6814; 0.7898] 0.7404 

Note: Q is the heterogeneity within subgroups; P is the heterogeneity between subgroups. 

5. DISCUSSION 
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5.1 Results 

Weight analysis shows that although there are many related theories and models in the empirical research, 

the variables with better explanatory effect are still relatively concentrated. The quantitative integration of 

weight analysis can clarify which variables are good predictors and which variables have greater explanatory 

power among many explanatory variables, which lays the foundation for the subsequent meta-analysis. 

Meta-analysis points out that attitude and satisfaction are crucial to determine the use intention of 

m-payment. ATT-BI and SAT-CUSE show a large effect size, both exceeding 0.7. Perceived usefulness and 

perceived ease of use are important elements of TAM. These results approve that TAM is still applicable in the 

field of mobile payment adoption. The variables in UTAUT are mostly supported by empirical research. 

Performance expectancy and social influence significantly influence users' behavior intention, and their effect 

size are above 0.35. Among the variables, effort expectancy plays a significant role in both behavior intention 

and continuance intention. Trust and compatibility do significantly influence user's behavior intention. It is 

worth noting that, existing researches do not support the effect of perceived risk, the possible reasones may be 

that when users choose mobile payments, the governance level of the platform and the development level of the 

legal can provide sufficient guarantee for payment security, or compared with the convenience obtained by using 

mobile payment, the risks problems are negligible.  

Subgroup analysis confirms that user's age, experience and location have moderating effect on mobile 

payment adoption. The test results of age moderating effect show that, young users pay more attention to the 

usefulness of mobile payment, and their satisfaction has a more profound impact on continuous use intention. 

The test results of use experience moderating effect show that current users care more about perceived ease of 

use than potential users. What’s more, we further discovered the effect of trust on current users. The test results 

of location moderating effect show that, western users care more about compatibility. This means that western 

users are more concerned about whether technologies such as mobile payment are suitable for their lifestyle. 

Compared with the western market, the Eastern market has a weak foundation in the diversification and 

convenience of traditional payment, which reduces the diffusion obstacles of innovative technologies such as 

mobile payment.  

5.2 Implications 

This study is that this study attempts to explore potential research areas by studying the factors that affect 

users’ adoption intention of mobile payment. In terms of theoretical research, we have mainly done the 

following three works.1) this study identifies the key factors and proposes a systematic research framework by 

comprehensively using a variety of quantitative analysis methods. 2) this article verifies the moderating effects 

of age, use experience and location. 3) we find some interesting factors, such as compatibility, can play a 

significant role in users’ mobile payment adoption intention. Also, it is an important explanatory factor leading 

to the difference between eastern and Western markets. Secondly, this paper proves that age, use experience, and 

location can significantly impact users’ mobile payment adoption behavior, which means that the differences 

between user need to be paid enough attention. Product management should adopt the product development 

strategy of mass customization on the basis of personalization and differentiation. Thirdly, mobile payment 

providers should make planned dynamic adjustments according to the development stage of their own market to 

reduce the risk of being eliminated. Finally, customer management should improve the market research 

mechanism and pay more attention to customer education.  

5.3 Limitations and future research directions 

Although this paper provides meaningful discovery for users’ mobile payment adoption behavior, and due 

to some temporarily insurmountable difficulties, this study still has some limitations, but it also provides space 

for further research. 
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First, the sample data is incomplete. This study only collected research samples written in English, which 

means that some high-quality research literatures written in other language may be missed. Second, the age 

division of user groups can be more detailed. There will be more and more literatures focusing on middle-aged 

and elderly users in the future, and more detailed research can be carried out. Third, the moderating factors in 

cross regional research can be more abundant. Future research can further subdivide different countries 

according to other standards, such as culture, history, economic development level, etc.  

 

6. CONCLUSIONS 

This study uses multiple quantitative analysis methods to analyze 51 empirical studies in 46 articles 

high-related to mobile payment adoption intention. We analyze the relationship between factors to propose a 

comprehensive research framework. We also proved the moderating effects of age, use experience and location, 

and obtained some very interesting conclusions. This study is of great significance to both researchers and 

service providers. For researchers, our research model can help them quickly master the existing knowledge 

system of mobile payment adoption research, and also can help them find new scientific problems. For service 

providers, our research results can provide some valuable new ideas for product management, operation 

management and customer management, and also can help them realize product innovation and service 

innovation from some new practical perspectives. 
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Abstract: The management and prevention of government debt risk is a global topic. In China, due to problems such as implicit 

debt and uneven regional fiscal performance, it is particularly necessary to explore how to effectively measure and prevent 

local government debt risks. In this article, we comprehensively consider the debt status and fiscal performance to design a 

local government debt risk assessment system. According to the debt risk index (DRI), we define the debt risk levels of local 

governments and find that debt risk has a rapidly increasing pattern and distinct regional characteristics. In addition, we further 

design a machine learning-based early warning system to predict the risk level of local government debt in the future. We 

extensively collect explanatory variables based on the previous literature and illustrate variables with high feature importance. 

Finally, our local government debt risk early warning system achieves an overall accuracy of 92% on the testing set and has a 

better performance by comparing it to the general debt risk indicator. 

 

Keywords: local government debt risk, debt risk assessment, early warning system, machine learning. 

 

1. INTRODUCTION 

From the Latin American sovereign debt crisis caused by the rapid expansion of short-term debt, the Russian 

financial crisis caused by fiscal deterioration, and the sovereign debt crises in Iceland and Greece triggered by the 

2008 financial crisis, it is obvious that effectively managing and preventing government debt risk is the foundation 

of national stability and the guarantee of government credibility. In 2014, with the revision of the Budget Law of 

of China, the State Council began to allow local governments to raise funds by issuing bonds independently. The 

State Council delegated the power of fundraising to local governments, hoping that local governments could raise 

and use funds more flexibly, but this decision may also lead local governments to unfavorably control debt scale. 

As we all know, people have the attribute of "voting with their feet", so people tend to gather in cities with a 

good economy and well-developed infrastructure. Therefore, local governments have to raise funds for urban 

construction and provide better welfare for citizens, which will undoubtedly increase their financial burden. Some 

Chinese government officials lack awareness of debt risks or even blindly pursue political achievements, which 

can easily lead to debt crises[1]. Besides, local governments often issue bonds through local financing institutions. 

These bonds appear to be sold by financing institutions, but in reality, they have credit endorsements from local 

governments. Once there is an economic downturn or capital operation failure, the implicit debt risk will be 

exposed[2]. Furthermore, The land transfer fee is the main source for Chinese local governments to repay debts. 

However, due to the scarcity of land and the depression of the real estate industry in China, selling land to alleviate 

the debt burden is no longer healthy and applicable[3]. 

To sum up, Chinese local government debt risk management has various complicated problems that need to be 

solved urgently, and it is necessary to turn "soft constraints" into "hard constraints". Therefore, we are looking 

forward to designing an effective and comprehensive local government debt risk assessment and early warning 

system, thus providing a reference for local governments to conduct debt risk management. 
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2. LITERATURE REVIEW 

2.1 Controversy over government financing. 

The debate about government financing has been around for a long time. Adam Smith expressed his 

opposition to government financing in The Wealth of Nations since he believed it would occupy private capital 

and hinder the natural development of the national economy. Coincidentally, Ricardo’s "equivalence theory" also 

expressed opposition to government financing. He suggested that government debt was merely a delay in raising 

the tax rate in the future, but it would cause the government to profligate and waste money. Kumar also pointed 

out that excessive government debt will lead to an increase in the country's long-term interest rate and at the same 

time cause inflation[4]. Furthermore, Westphal put forwards that government debt will harm economic growth 

when the government debt ratio is higher than 90%[5]. 

Conversely, a group of economists led by Keynes argued that government financing can not only stimulate 

economic growth when demand is insufficient but also provide more employment opportunities. According to the 

economic recovery plan of the US government during the financial crisis, Robert found that government financing 

can promote economic recovery in the short term since governments can raise funds to help small and mid-sized 

enterprises increase the prices of their financial assets[6]. Cai claimed that government financing can effectively 

balance the capital allocation in the regional economy and alleviate polarization effects[7]. Furthermore, Zhao 

stated that local government financing can promote urban development in three aspects: enhancing residents' 

welfare, improving infrastructure construction, and strengthening the ability to deal with risks[8]. 

Therefore, we find government financing is conducive to promoting economic growth, balancing resource 

allocation, and increasing residents' welfare, as long as it is on an appropriate scale. However, how to reasonably 

assess the government debt scale and how to prevent debt risk in advance are still remained obscure. 

2.2 Previous research on analysis and prevention of local government debt risk. 

In the research on local government debt analysis, Polackova proposed a fiscal risk matrix, which classifies 

government debt into direct debt, indirect debt, explicit debt, and implicit debt. This matrix has deepened our 

understanding of government debt more comprehensively[9]. Ruzzante claimed that government fixed assets 

should not be counted as debt-repayable assets, and officials should pay more attention to government liquid assets. 

Therefore, the GDP growth and fiscal surplus are the keys to effectively alleviating the pressure on the government 

debt burden[10]. Duca suggested that domestic systemic risks are often related to the global economic status, so he 

reconstructed the Financial Stress Index by introducing international macroeconomic variables[11]. 

Similarly, many scholars are concerned about the debt risks of local governments in China. Feng revealed 

that the disorderly development of local financing institutions is the main reason for the excessive expansion of 

local debt[2]. Besides, Zhong found that many local governments strongly rely on the central government’s fiscal 

transfer payments, and the phenomenon of issuing new bonds to repay old debts is becoming more and more 

serious[12]. By considering the competitive relationship, Wu stated that the local government will fully consider 

the financing strategies of neighboring governments when making financing decisions[13]. Furthermore, Zhao 

analyzed debt from the aspect of the debt stock and fiscal revenue, thus suggesting doing adjustments in the fiscal 

balance to prevent local government debt risks[14]. However, we can easily find that these previous researches only 

focused on one factor or aspect that causes debt risk, and different factors were lack of comparison. Also, the 

prediction of local government debt risk seems deficient. By combing through the literature on government debt 

risk analysis and prevention, we find the following three problems in previous studies:  

 Most of the literature only used the simple indicator "debt ratio" as the explained variable. However, due to 

the large differences in debt status and fiscal performance between different governments, the "debt ratio" 

indicator cannot truly reflect the debt resolution capacity of a government itself. It also should not be used 

as a general indicator to delineate the risk threshold for all governments.  
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 Previous studies only explored one factor that causes debt risk, so there was a lack of horizontal comparison 

between different factors. In this case, we do not know which factor is more significant. This deficiency 

creates difficulties for local governments to focus on key issues in debt management. 

 In prior researches, we find that most researchers used econometric methods to analyze the causes of debt 

risk, but there was little literature focused on debt risk prediction. However, forecasting future debt risk levels 

is of great significance to the local government debt management. 

2.3 Machine learning. 

Machine learning is a science (and art) of computer programming because they can learn from data. It is one 

of the fastest-growing technical fields today and is also the core of artificial intelligence. Athey mentioned several 

advantages of machine learning in dealing with economic problems: (1) Machine learning can deal with 

unstructured data and capture non-linear features; (2) Machine learning can completely describe the model 

selection process; (3) Machine learning can better complete prediction and classification tasks, which introduces 

more possibilities for dealing with economic problems[15]. In this research, we will not only use classic machine 

learning algorithms but also implement ensemble models, such as Random Forest and Gradient Boosting Decision 

Tree [16]. These machine learning algorithms and ensemble models already have a wide range of applications in 

economic scenarios, thus providing a solid theoretical foundation and possible solutions for our study. 

 

3. DESIGNING THE LOCAL GOVERNMENT DEBT RISK ASSESSMENT SYSTEM 

3.1 Debt risk index. 

The previous literature only used the simple indicator "debt ratio" as the explained variable, which is the 

ratio of the total balance of government bonds to the fiscal revenue. However, due to issuing new bonds to repay 

old debts and the existence of central transfer payments in fiscal revenue, the "debt ratio" can no longer truly 

evaluate the debt resolution capacity of local governments themselves. Also, because of the existence of implicit 

debts from local financing institutions, the total debt balance of local governments is opaque and underestimated. 

In this case, we need to take local financing institutions into assessment consideration. Furthermore, because of 

the discrepancies in local government fiscal performances, it is unreasonable to delineate a general risk threshold 

by "debt ratio" for all provinces. Thus, it is urgent to construct a better debt risk assessment system. 

In this case, we establish a comprehensive and effective risk assessment system from two aspects: debt status 

and fiscal performance. In debt status, we introduce two secondary indicators of scale risk and repayment risk, 

aiming to characterize debt status from the debt scale and repayment pressure. It is worth noting that the debt scale 

and repayment amount include not only government bonds but also local financing institution bonds; In fiscal 

performance, we introduce two secondary indicators of expenditure risk and revenue risk, thus characterizing 

fiscal performance from two perspectives: fiscal self-sufficiency and local government revenue dependence on 

issuing new bonds. The indicators of the debt risk assessment system are shown in Table 1. 

Table 1.  The indicators of the debt risk assessment system 

Primary 

indicators 

Secondary 

indicators 
Indicator calculation Indicator meaning 

Debt status 

(𝑃𝐼1) 

Scale risk 

(𝑆𝐼1) 
(Annual debt balance / annual GDP)*100% 

Debt burden ratio: measure debt balance and 
debt scale relative to GDP 

Repayment risk 

(𝑆𝐼2) 

(Annual repayment amount / annual fiscal 
revenue) *100% 

Debt service ratio: reflect the debt repayment 
ability of government revenue 

Fiscal 

performance 

(𝑃𝐼2) 

Expenditure risk 

(𝑆𝐼3) 

(Annual fiscal expenditure / annual fiscal 

revenue) *100% 

Fiscal self-sufficiency ratio: measure the 

excess of fiscal expenditure 

Revenue risk 

(𝑆𝐼4) 

(Annual debt revenue / annual fiscal expenditure) 
*100% 

Debt dependence ratio: reflect the dependence 
of fiscal revenue on issuing new bonds 
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According to the methodology of constructing the financial stress index by Duca[11], we similarly assign the 

same weight to the secondary indicators (𝑆𝐼). We use 𝐷𝑅𝐼 to represent the local government debt risk index. 

Besides, we introduce the international generally recognized risk threshold of secondary indicators. The risk 

threshold (𝑅𝑇) of the debt burden ratio is 60%, the debt service ratio is 20%, the fiscal self-sufficiency ratio is 

100%, and the debt dependence ratio is 30%. The 𝐷𝑅𝐼 is computed for province 𝑖 at year 𝑡 as follows: 

                           𝑫𝑹𝑰𝒊,𝒕 =
∑

𝑺𝑰𝒋,𝒊,𝒕

𝑹𝑻𝒋

𝟒
𝒋=𝟏

𝟒
                                      (1) 

Therefore, we can easily find that 𝐷𝑅𝐼 = 1 is the risk threshold. However, the general risk threshold is 

usually based on the governments of developed countries. As a developing country with a unique political system, 

it is acceptable that Chinese local governments’ 𝐷𝑅𝐼 is higher than 1. Therefore, we define that 𝐷𝑅𝐼 ≤ 1 is the 

low-level risk, 1 < 𝐷𝑅𝐼 ≤ 2 is the mid-level risk, and 𝐷𝑅𝐼 > 2 is the high-level risk. In this case, we establish 

a better debt risk assessment system than the general debt risk indicator. 

3.2 Descriptive statistics based on DRI. 

We collect relevant data of all 31 provinces in China from 2001 to 2020 and calculate their 𝐷𝑅𝐼. Among the 

entire 620 samples, 140 cases are high-level debt risk. High-level risk cases account for 23% of the total samples, 

indicating that the debt risk of local government is an urgent problem that needs to be managed immediately. The 

numbers of cases on different debt risk levels in different regions are shown in Table 2. 

Table 2.  The number of cases on different debt risk levels in different regions 

Regions Cases on low-level risk Cases on mid-level risk Cases on high-level risk Total number 

The eastern provinces and 

municipalities 
166 36 38 240 

Other inland provinces 206 72 102 380 

All provinces 372 108 140 620 

Besides, we find that the proportion of debt risk has distinct regional characteristics. The proportions of 

different debt risk levels are shown in Figure 1. Although the amount of debt in the eastern provinces and 

municipalities is large, the proportion of high-level risk cases is significantly lower than other inland provinces 

because of their developed economy, reasonable economic structure, and high fiscal revenue. In contrast, the 

inland provinces have more cases of mid-level risk and high-level risk. 

 

Figure 1. The proportions of debt risk levels in different regions 
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The development of local government debt risk also has an increasing pattern in time. We average the risk 

levels of all provinces yearly from 2001 to 2020 and visualize the debt risk development pattern in Figure 2. We 

find that the average debt risk level of inland provinces is always higher than that of eastern provinces and 

municipalities. Before 2014, the average local government debt risk level was between low-level and mid-level. 

After 2014, the debt risk increases significantly and has risen to between mid-level and high-level. In 2020, the 

average local government debt risk level of all provinces is 2.93, which is very close to 3. 

 

Figure 2. Local government debt risk development pattern 

 

4. DESIGNING THE LOCAL GOVERNMENT DEBT RISK EARLY WARNING SYSTEM 

4.1 Explained variables and explanatory variables. 

In this section, we construct the explained variable and explanatory variable sets for the debt risk early 

warning system. We use the debt risk level calculated by 𝐷𝑅𝐼 as the explained variable. By labeling Low-level 

Risk as 1, Mid-level Risk as 2, and High-level Risk as 3, we construct a three-category explained variable. 

In terms of explanatory variables, we refer to the conclusions of the past literature on the causes of debt risk, 

thus constructing the explanatory variable set from four aspects: local government debt profile, local government 

fiscal profile, local economic development profile, and national macroeconomic profile. The following variables 

are the annual data of all 31 provinces from 2001 to 2020, collected from Wind and CSMAR databases. 

4.1.1 Local government debt profile 

Local government bond stock: the number of government bonds (𝑥1), the balance of government bonds (𝑥2), 

the proportion of government bonds (𝑥3). 

Local financing institution bond stock: the number of local financing institution bonds (𝑥4), the balance of 

local financing institution bonds (𝑥5), the proportion of local financing institution bonds (𝑥6). 

Total bond stock: the total number of bonds (𝑥7), the total balance of bonds (𝑥8), the growth rate of total 

bond balance (𝑥9). 

Issuance and redemption of local government bonds: the issuing amount of government bonds (𝑥10), the 

issuing number of government bonds (𝑥11 ), government bond redemption amount (𝑥12 ), government bond 

redemption number (𝑥13), government bond net financing amount (𝑥14). 
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bonds (𝑥15 ), the issuing number of local financing institution bonds (𝑥16 ), local financing institution bond 

redemption amount (𝑥17), local financing institution bond redemption number (𝑥18), local financing institution 

bond net financing amount (𝑥19). 

Issuance and redemption of total bonds: total issuance amount (𝑥20 ), total issuance number (𝑥21 ), total 

redemption amount (𝑥22), total redemption number (𝑥23), and total net financing amount (𝑥24). 

4.1.2 Local government fiscal profile 

Fiscal revenue status: local government fiscal revenue (𝑥25), fiscal revenue growth rate (𝑥26). 

Fiscal expenditure status: local government fiscal expenditure (𝑥27), fiscal expenditure growth rate (𝑥28). 

4.1.3 Local economic development profile 

Economic scale and development: GDP (𝑥29), GDP growth rate (𝑥30). 

Economic structure: primary industry GDP (𝑥31), secondary industry GDP (𝑥32), tertiary industry GDP (𝑥33), 

the proportion of primary industry GDP (𝑥34), the proportion of secondary industry GDP (𝑥35), the proportion of 

tertiary industry GDP (𝑥36). 

4.1.4 National macroeconomic profile 

Macroeconomic trends: Shanghai Composite Index (𝑥37), inflation rate (𝑥38). 

Therefore, we constructed an explanatory variable set containing 38 variables from the above four aspects of 

all 31 provinces from 2001 to 2020 annually. 

 

4.2 Constructing the training set and testing set. 

In order to predict the future debt risk levels, we need to use the explanatory variables of the past years to 

predict the future explained variable. In this case, we concatenate the explanatory variable sets of the past three 

years (𝑋𝑡−3, 𝑋𝑡−2, 𝑋𝑡−1) as new explanatory variable set 𝑋 and the explained variable of the current year (𝑌𝑡) 

as the forecast target 𝑌. 

Finally, we get 496 samples, we divided them into training and testing samples according to the proportion 

of 4: 1, thus getting our training and testing set for debt risk early warning system based on machine learning. 

4.3 Modeling and results. 

We implement machine learning to construct the local government debt risk early warning system. We not 

only use classic machine learning, such as Naive Bayes, the K-Nearest Neighbors, and Support Vector Machines 

but also use ensemble models, such as Random Forest and Gradient Boosting Decision Tree. The entire local 

government debt risk early warning system based on machine learning is shown in Figure 3. 

 

Figure 3. The entire local government debt risk early warning system 
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We use the training set to train these machine learning models, and acquire their prediction performance on 

the testing set. The prediction performance of these machine learning models is shown in Table 3. 

Table 3.  The prediction performance of machine learning models 

Machine learning models Accuracy on the testing set 

Support Vector Machines 59.4% 

Naive Bayes 75.0% 

K-Nearest Neighbors 80.2% 

Decision Tree 81.3% 

Gradient Boosting Decision Tree 89.6% 

Random Forest 90.6% 

According to the results, we can easily find that Random Forest has the highest overall accuracy. In this case, 

we further calculate its precision, recall, and F-measure, thus exploring its prediction performance on different 

risk levels. The prediction performance on different risk levels of Random Forest is shown in Table 4. 

Table 4.  Prediction performance on different risk levels of Random Forest 

Risk Level Precision Recall F-Measure Support 

Low-level Risk 0.98 0.98 0.98 57 

Mid-level Risk 0.71 0.71 0.71 17 

High-level Risk 0.88 0.88 0.88 25 

Overall accuracy 0.92 99 

We find that Random Forest has better performances on low-level risk prediction and high-level risk 

prediction, and performs slightly worse on mid-level risk prediction. This may be due to the rapid increase of debt 

risk in many provinces after 2014, resulting in a small sample size of mid-level risk. However, the local 

government debt risk early warning system performs well in the prediction of high-level risk (F-measure = 0.88). 

In this case, we can accurately forecast high-level debt risk in advance. 

4.4 Feature importance. 

Exploring explanatory variables that have a greater impact on the future debt risk level and making the 

horizontal comparison of different explanatory variables is a focus of this study. In this way, we are looking 

forward to helping the local government focus on key issues in debt management. 

We use the feature importance of Random Forest to help us achieve this goal. Feature importance is generally 

calculated by Gini Index. We use 𝐺𝐼 to represent Gini Index, 𝐹𝐼 to represent feature importance. 

Gini Index is calculated as follows: 

     𝑮𝑰𝒅 = ∑ ∑ 𝒑𝒅,𝒌𝒑𝒅,𝒌′𝒌′≠𝒌
𝑲
𝒌=𝟏 = 𝟏 − ∑ 𝒑𝒅,𝒌

𝟐𝑲
𝒌=𝟏                         (2) 

The number of sample categories is 𝐾. 𝑝
𝑑,𝑘

 represents the proportion of category 𝑘 at node 𝑑.  

The feature importance of the explanatory variable 𝑥𝑗 at node 𝑑 is the change of Gini Index before and 

after node 𝑑 branching: 

     𝑭𝑰𝒋,𝒅
(𝑮𝒊𝒏𝒊)

= 𝑮𝑰𝒅 − 𝑮𝑰𝒍 − 𝑮𝑰𝒓                                (3) 

𝐺𝐼𝑙 and 𝐺𝐼𝑟 is the Gini Index of the two new nodes 𝑙 and 𝑟 after branching at node 𝑑. Supposing 𝐷 is 

the node set of 𝑥𝑗 in decision tree 𝑖, then the feature importance of 𝑥𝑗 in tree 𝑖 is: 

    𝑭𝑰𝒊,𝒋
(𝑮𝒊𝒏𝒊)

= ∑ 𝑭𝑰𝒋,𝒅
(𝑮𝒊𝒏𝒊)

𝒅𝝐𝑫                                   (4) 

Supposing that the number of decision trees in the Random Forest is 𝑛, then: 
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     𝑭𝑰𝒋
(𝑮𝒊𝒏𝒊)

= ∑ 𝑭𝑰𝒊,𝒋
(𝑮𝒊𝒏𝒊)𝒏

𝒊=𝟏                                    (5) 

Finally, assuming that the number of explanatory variables is 𝑀, we normalize the feature importance of the 

explanatory variable 𝑥𝑗: 

     𝑭𝑰𝒋 =
𝑭𝑰𝒋

(𝑮𝒊𝒏𝒊)

∑ 𝑭𝑰𝒎
(𝑮𝒊𝒏𝒊)𝑴

𝒎=𝟏

                                      (6) 

In this way, we can acquire the feature importance of each explanatory variable. We show the ten variables 

with the highest feature importance in Random Forest and their feature importance scores in Figure 4.  

 

Figure 4. Feature importance scores of the ten variables with the highest FI 

For predicting the risk level of year 𝑡, 𝑥17,𝑡−1 is the local financing institution bond redemption amount of 

year 𝑡 − 1 , 𝑥10,𝑡−1  is the issuing amount of government bonds of year 𝑡 − 1 , 𝑥1,𝑡−1  is the number of 

government bonds of year 𝑡 − 1, 𝑥22,𝑡−1 is the total redemption amount of year 𝑡 − 1, 𝑥16,𝑡−2 is the issuing 

number of local financing institution bonds of year 𝑡 − 2, and 𝑥14,𝑡−1 is the government bond net financing 

amount of year 𝑡 − 1. We find that bond redemption pressure (𝑥17,𝑡−1) is the most important feature, and bond 

redemption pressure often comes from excessive debt issuance scale (𝑥10,𝑡−1 and 𝑥16,𝑡−1). Therefore, the primary 

task of preventing debt risks is to control the scale of debt issuance, thereby alleviating the future debt redemption 

pressure. This also requires the joint efforts of local governments and financing institutions. 

Besides, we find that local economic structure also has an important impact on future debt risk. 𝑥36,𝑡−3 is 

the share of tertiary industry GDP of year 𝑡 − 3, 𝑥36,𝑡−1 is the share of tertiary industry GDP of year 𝑡 − 1, and 

𝑥32,𝑡−3 is the secondary industry GDP of year 𝑡 − 3.  It is easy to find that adjusting the economic structure and 

accelerating the development of the tertiary industry is crucial to increasing fiscal revenue. 𝑥28,𝑡−1 is the local 

government fiscal expenditure growth rate of year 𝑡 − 1 , which indicates that we also need to control fiscal 

expenditure within a reasonable scale and maintain the balance between fiscal revenue and expenditure. 

4.5 Comparing our debt risk assessment and early warning system to the general indicator. 

Different debt risk indicators are different in constructing concepts and modeling methods. In this research, 

we select several indicators from two perspectives of debt status and fiscal performance to design a comprehensive 

assessment system, thus ensuring the robustness of the assessment results. However, the general debt risk 

assessment indicator "debt ratio" is still worth to be considered and compared to our assessment system.  

We calculate the yearly debt ratio (𝐷𝑅) for all 31 provinces and find that the risk threshold of the debt ratio 
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is 100%. By implementing the same methodology for defining the risk level in our assessment system, we define 

that 𝐷𝑅 ≤ 1 is the low-level risk, 1 < 𝐷𝑅 ≤ 2 is the mid-level risk, and 𝐷𝑅 > 2 is the high-level risk.  

Among the entire 620 samples, 82 cases are high-level risk under the assessment of 𝐷𝑅, accounting for 13%. 

However, high-level risk cases account for 23% under our assessment system based on 𝐷𝑅𝐼. This comparison 

indicates that our comprehensive debt risk assessment system can effectively recognize more potential high-level 

risk cases than the general indicator. Furthermore, we find that our debt risk assessment system can detect the 

deterioration of debt status earlier than the general indicator. We compare the average risk level growth pattern of 

all provinces based on 𝐷𝑅 and 𝐷𝑅𝐼 in Figure 5. Our assessment system detects the rapid risk growth trend in 

2014. In contrast, the general assessment system based on 𝐷𝑅 responses to the deterioration in 2016. 

 

Figure 5. The comparison of the average debt risk level based on DR and DRI 

We also use the debt risk level based on 𝐷𝑅 as explained variable to construct an early warning system. 

Random Forest still has the best performance on the testing set with the overall accuracy of 91%. Similarly, we 

further explore the ten variables with the highest feature importance for the early warning system based on 𝐷𝑅. 

However, these variables are mainly about the issuance and redemption of local government because the 

assessment indicator 𝐷𝑅  is relatively simple and partial. These variables are 𝑥10,𝑡−1 , 𝑥14,𝑡−1 , 𝑥2,𝑡−1 , 𝑥1,𝑡−1 , 

𝑥11,𝑡−1, 𝑥20,𝑡−2, 𝑥15,𝑡−2, 𝑥21,𝑡−1, 𝑥20,𝑡−1, 𝑥10,𝑡−2, illustrating that they are all belonged to local government debt 

profile. Apparently, these variables cannot indicate the key issues from the economic structure and the balance 

between fiscal revenue and expenditure like our early warning system does. 

To sum up, our debt risk assessment system based on 𝐷𝑅𝐼 can effectively recognize more potential high-

level risk cases and detect the deterioration of debt status earlier than the general indicator 𝐷𝑅. Besides, our debt 

risk early warning system has a better overall prediction accuracy than the system based on 𝐷𝑅, and our early 

warning system can indicate the key issues of debt risk management more comprehensively. 

 

5. CONCLUSIONS AND LIMITATIONS 

In this research, we design a local government debt risk assessment system from two perspectives of debt 

status and fiscal performance. According to the debt risk index (𝐷𝑅𝐼), we define the debt risk levels of local 

governments. We find that the debt risk has distinct regional characteristics since the proportion of high-level risk 

cases in eastern provinces and municipalities is significantly lower than that in other inland provinces. Also, the 

development of local government debt risk has a rapidly increasing pattern especially after 2014, which indicates 
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that the debt risk of local government is an urgent problem that needs to be managed immediately. 

Based on the debt risk index (𝐷𝑅𝐼) and extensively collected explanatory variables, we implement machine 

learning to establish a local government debt risk early warning system. We use various machine learning 

algorithms and ensemble models, thus acquiring their prediction performance on the testing set. We find that 

Random Forest has the best prediction performance, with an overall accuracy of 92% and a high-level risk 

accuracy of 88%. Furthermore, we use feature importance to make the horizontal comparison of explanatory 

variables. We illustrate ten variables with the highest feature importance and explain how we can better arrange 

the debt management by focusing on key issues according to these variables. Finally, we verify that our debt risk 

assessment and early warning system has a better performance than the general debt risk indicator. 

There are still some limitations of our research. Due to the limitation of data sources, we are unable to obtain 

some of the explanatory data we expect, such as land transfer fees of local governments. Besides, we only assess 

and forecast the local government debt risk from the perspective of a single province. However, there are also risk 

spillover effects between neighboring provinces. Therefore, how to comprehensively consider individual 

government risk and regional risk spillovers is an important topic of future work on debt risk management. 
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Abstract: Rating and reviews provided by customers can send many signals to the market, especially in online marketplace. 

How to formulate an outstanding sales strategy and show users the most useful information of the product is particularly 

important. In this paper, we study the review information cascade and build a MLP model to distinguish the spam and 

informative reviews from the noise reviews. The information cascade phenomenon in E-commerce reviews is identified by 

Multinomial Logistic Regression. After seeing a series of one/five star ratings, consumers are more likely to write low/high 

score reviews and the effect caused by low star rating is more significant than that of high star rating. Therefore, we use the 

helprate of the review as the label to distinguish the informative reviews and spam reviews. The one-hot review vectors is 

reduce to 136 principal components components as the input variables to train the MLP Model. The accuracy of the model 

on the test set is 78.5%, and AUC is 0.713. The E-commerce companies can evaluate the informative review, improve online 

sales strategies, enhance the product desirability and identify customers’ preferences through the model proposed in this 

paper. 

 

Keywords: E-commerce reviews, Information Cascade, MLP, spam detection 

 

1. INTRODUCTION 

Rating and reviews provided by customers can send many signals to the market. In E-commerce, the rating 

and reviews system consists of three components: individual ratings called “star ratings”, text-based messages 

called “reviews” and ratings on these reviews as being helpful or not called “helpfulness rating”. In the online 

marketplace, all the rating and reviews are available to the public to help customers have a clear image about the 

product, which may influence the product’s reputation to a large extent. On the other hand, companies can 

understand consumers’ demands better and adapt their design features and sales strategy to enhance product 

desirability. Therefore, understanding and analyzing the patterns of rating and reviews has high research value 

for both purchaser and producer. However, information cascade phenomenon in E-commerce reviews will 

influence the above comment system. Information cascade is also called the bandwagon effect, which refers to 

the phenomenon that readers are more likely to give an unfair review after reading an extreme star rating. For 

example, when “One-star” rating appears, the following users’s probability to give an extremely negative 

emotion will significantly increase.  

In this paper, we will establish an excellent e-commerce review identification model based on open source 

dataset which contains the ratings and reviews for some products sold in Amazon marketplace during 2002-2015. 

We make the following assumptions to simplify the problem and ensure its rationality: 1) Whether the review is 

informative has nothing to do with the product category; 2) We do not take some special logic (like double 

negation) of language into account; 3) The sample distribution of each industry is the same as the overall 

distribution; 4) A product’s reputation consists of customers’ attention and praise (high-level star rating rate). We 

use the helprate of the review as the label to distinguish the informative reviews and spam reviews. The review 

vectors is reduce to 136 principal components. The principal components and the text features selected by 

LASSO is the input variables to train the MLP Model. The accuracy of the model on the test set is 78.5%, and 
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AUC is 0.713.  

To sum up, our contributions are threefold: 

 We identified the information cascade effect in e-commerce comments through dynamic multinomial 

logistic regression, which proves that users will be affected when reading the comments on 

e-commerce platforms and causes bias. 

 This paper propose a spam comment detection model combines text features and semantic 

information, which can effectively filter spam comments in the real world e-commerce scenario. 

 Our approach can help the E-commerce companies to evaluate the informative review, improve online 

sales strategies, enhance the product desirability and identify customers’ preferences through the 

model proposed in this paper. 

 

2. RELATED WORKS 

Spam comments mainly spread on three platforms: blog, social software and e-commerce system. In this 

paper, we mainly focus on the junk comments on e-commerce platform, which is also called the spam 

review.The kind of spam we want to detect in this paper is usually referred to as in e-commerce platform. Our 

study purpose is to detect the commodity comments on e-commerce platform are spam comments or not. Spam 

reviews are highly sequential related and different from the other spams categories from various perspectives. 

One of the most prominent differences is the fuzziness because it is hard to measure whether the subjective 

comments given by users are objective or not. However, spam reviews have a great negative impact on both the 

purchaser and producer. It not only give the consumers unreasonable reference, but also bring bad reputation to 

a brand. 

Spam reviews can be further divided into four aspects: advertising comments, repeated comments, 

irrelevant comments and fake comments. The first two aspect can be filtered based on simple rules; The latter 

two need to be recognized in combination with text content and text features which are also the main research 

aspects of this paper. In the field of e-commerce, identifying spam comments often starts from two aspect: text 

features and reviewer characteristics [1]. The spam review detection model on e-commerce platforms often use a 

two-class classifier from two aspects[2]: the user's background features, and the features extracted from the 

comment content and the data labels are labeled manually. One of the earliest researches on spam review is 

Jindal and Liu[1], in which they attempt to detect fake product reviews on Amazon. Since then, this topic has 

been brought into highlight, and there are many following researches like Lim et al.[3] and Xie et al.[4]. 

However, the above method has great drawbacks, because the manually constructed features have bias and 

require a large number of manual rules. In addition, these manual rules need to update frequently from the 

candidate feature set. In the e-commerce spam reviews detect tasks, even annotators can't tell whether a 

comment is spam or not, which will cause the unfairness of the labels [5]. Myle et al. reported a very low 

annotator agreement score when annotating the spams from a review corpus[6]. In contrast, most of the email 

spams, web spams, or social network spams are fairly easy to spot by an experienced user. At the same time, 

manual annotation consumes a large labor cost. To address the above problems, this paper uses automatic 

feature extraction method LASSO and the review’s help rate from the users as label to filter spam comments, in 

order to make the model more practical and unbiased. 

 

3. INFORMATION CASCADE IN E-COMMERCE REVIEWS 

In this section, we identify information cascade in e-commerce reviews. The result find that the influence 

of the existing ratings and reviews to potential consumers is significant. It is important to discuss how the 

existing ratings and reviews influence the attitude of potential consumers who want to write reviews. Given that 
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reviews are strongly associated with rating levels, we use star ratings as a proxy variable. This problem can be 

solved by performing a Dynamic Multinomial Logistic Regression(M-logit). A dynamic penal data is 

established according to the time-based patterns, using “day” as the unit of time. 

We first establish a Utility Function of a potential consumer: in in inu v  
, where inu

 represents the 

utility of individual i when choosing product n, in  is the error term, and inv
 represents the influence of the 

existing ratings and reviews, which can be further described as: in inv x  
. Let inP

 denote the probability 

that the customer can maximize his utility, we have: 
 maxin kn

k
P P u u 

  For each customer, their 

objection is to maximize their utility under any circumstances. Suppose the error term 
 in  is i.i.d and it 

follows Type I extreme value distribution, then we have: 
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                                 (1) 

Table 1 shows the M-logit regression results. In the current period, we use Three-Star as the benchmark and 

eliminate the collinearity. It can be seen that there is a bandwagon effect of ratings and reviews. When specific 

star rating appears, it is likely that some type of reviews may appear. For example, as is shown in Table 1, when 

the appearance of “One-star” rating increase one unit, there is significant increase in the probability of more 

reviews with extremely negative emotion (L. One-Star). This bandwagon effect may last for more than one 

phase. However, as for positive ratings, the bandwagon effect of “Five-star” rating is much weaker if we focus 

on the reviews in lag 1 phase. What deserves noticing is that in lag 2 phase, the influence of “Five-Star” rating 

become stronger in margin. Although a “Five-star” rating cannot bring more positive reviews with Five-Star 

rating, it can significantly reduce the amount of negative ratings and reviews in lag 2 phase. 

Information Cascade theory which was originally studied by Lisa and Charles [7-8] can perfectly explain this 

phenomenon. In certain environments the decisions of individuals tended to reflect only the decisions of those 

who went before them and did not reflect the information they held privately. May’s Theorem also shown that 

the only group decision function that satisfies decisiveness, anonymity, neutrality and positive responsiveness is 

simple majority rule. Another research result shows that the number of negative reviews and the quality of the 

comment review text content have a negative impact on consumer purchasing behavior. More importantly, there 

is no interaction between the number of negative reviews and the quality of the interactive review text-based 

content. It will inevitably have a negative impact on consumers' buying behavior. Only when high-quality bad 

review appears will the number of bad reviews reduce the possibility of consumers buying [9]. 

Table 1.  Dynamic Multinomial Logistic Regression 

 One-Star One-Star Two-Star Two-Star Four-Star Four-Star Five-Star Five-Star 

L.One-Star 0.575*** 0.570*** 0.174** 0.134* 0.0925 0.130 -0.362*** -0.278*** 

 (4.18) (4.07) (2.17) (1.83) (0.79) (1.09) (-3.43) (-2.60) 

L.Two-Star 0.341** 0.0331 -0.152 -0.0824 -0.1000 -0.0814 -0.336*** -0.277** 

 (2.30) (0.21) (-0.84) (-0.45) (-0.75) (-0.60) (-2.89) (-2.35) 

L.Three-Star -0.213 -0.231 -0.159 -0.0823 0.124 0.136 -0.197* -0.142 

 (-0.13) (-1.54) (-0.99) (-0.50) (1.08) (1.17) (-1.94) (-1.37) 

L.Four-Star -0.508*** -0.253** -0.462*** -0.157* 0.237** 0.264*** -0.0840 -0.0411 

 (-4.02) (-2.01) (-3.24) (-1.75) (2.52) (2.76) (-0.99) (-0.47) 

L.Five-Star -0.424*** -0.302*** -0.266** -0.183 0.137* 0.140* 0.193** 0.111* 

 (-3.95) (-2.77) (-2.28) (-1.54) (1.80) (1.79) (1.97) (1.76) 
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L2.One-Star  0.276*  0.137*  -0.256**  -0.566*** 

  (1.71)  (1.66)  (-2.26)  (-5.70) 

L2.Two-star  -0.186  -0.276  -0.0954  -0.433*** 

  (-1.14)  (-1.49)  (-0.73)  (-3.73) 

L2.Three-Star  -0.355**  -0.273*  -0.0333  -0.333*** 

  (-2.41)  (-1.66)  (-0.30)  (-3.35) 

L2.Four-Star  -0.160  0.00592  -0.110  -0.288*** 

  (-1.25)  (0.04)  (-1.23)  (-3.65) 

L2.Five-Star  -0.562***  -0.511***  0.0197  0.0722* 

  (-5.18)  (-4.15)  (0.27)  (1.73) 

_cons 0.154 0.504*** -0.321** 0.0795 0.532*** 0.558*** 1.962*** 2.126*** 

 (1.31) (3.25) (-2.49) (0.46) (6.14) (5.14) (25.17) (21.80) 

Note: (1) t statistics in parentheses (* p < 0.10, ** p < 0.05, *** p < 0.01); (2) “L.” represents lag one, and “L2.” represents lag two. 

 

In conclusion for this part, bandwagon effect of ratings and reviews does exist. Furthermore, bandwagon 

effect of negative ratings and reviews pass faster than that of positive ones. The online e-commerce platform 

should take care of some ratings and reviews with extreme value closely to adjust their sales strategy and 

product design features. 

 

4. OUR APPROACH 

4.1 DATASET 

In this paper, we use the Amazon product data to evaluate our method. This dataset contains product 

reviews and metadata from Amazon, including 142.8 million reviews spanning May 1996 - July 2014. This 

dataset includes reviews (ratings, text, helpfulness votes), product metadata (descriptions, category information, 

price, brand, and image features), and links. 

4.2 FEATURE SELECTION 

In our paper, the review data is vectorized by the TF-IDF Model, and the high-dimensional vectors for each 

review are obtained. For the traditional statistics model, the high-dimensional data will cause the overfitting 

problem and dimension disaster. Therefore, we use the PCA and feature selection method to reduce the input 

dimension. The classic solution of the feature selection is using regularization. For linear regression models, the 

classic penalty regression is LASSO Regression (Least Absolute Shrinkage and Selection Operator). However, 

the Lasso regression is biased. In order to get the unbiased estimation of the feature of words, Belloni et al. 

proposed the Post Double Lasso Regression[10]. The method is to delete the redundancy variables that are under 

the significant level in the first regression stage then use the selected variables to carry out the OLS regression. 

Table 2.  Lasso regression 

Positive Lasso PD Lasso Negative Lasso PD Lasso 

adorable 0.4148102 0.6984165 annoy -0.7837718 -1.8394925 

amazing 0.4173960 1.0487653 awful -2.0708660 -2.9537236 

awesome 0.7473301 1.0796962 bad -2.0043258 -2.1390828 

comfortable 0.0018916 0.6662282 burnt -0.4057664 -1.7981232 

compliment 0.0604489 1.1652974 choke -0.3809821 -1.6375437 

comfortable 0.0018916 0.6662282 dangerous -2.7818355 -3.0493823 

daughter 0.2484637 0.4398958 disappoint -1.9507684 -2.5260236 

enjoy 0.0652949 0.6999416 fake -0.6825718 -2.2437396 
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exact 0.1441077 0.6264478 frustrating -0.5152176 -2.4439440 

excellent 0.6508276 0.9310531 heavy -0.3185593 -0.7726373 

fantastic 0.6232899 1.3951805 junk -3.7279031 -3.8595142 

favorite 0.7950107 1.0285492 leak -0.2242432 -0.8863464 

five 1.8256588 3.0494801 loud -0.6290767 -1.1889072 

friend 0.3755859 0.7863640 melt -0.5488885 -1.5694183 

gift 0.3420769 0.4272349 overprice -0.1376485 -1.6820070 

good 0.2112128 0.5556372 plastic -0.4323263 -0.5954471 

grandson 0.0322434 0.4156137 plug -0.0692597 -0.3577292 

happy 0.6948543 1.0246901 red -0.2101598 -1.1239613 

love 1.6620482 1.5169349 sad -1.1457216 -2.0824643 

Mom 0.2568337 0.7824537 smoke -1.5854177 -2.1438746 

nice 0.4253121 0.7073229 spark -2.5221133 -2.8322112 

recommend 0.2184024 0.1403427 terrible -2.7162331 -3.1586878 

satisfied 0.1264550 0.9114049 uncomfortable -0.2758357 -1.5649763 

shower 0.0715228 0.4098420 unsafe -2.6324747 -4.2564315 

wonderful 0.6871538 1.1169403 useless -3.4313305 -4.0348976 

 

Table 2 show the Lasso regression result of 25 main words. The left column reports the Lasso Estimators 

and the right column reports the Post Double Lasso Estimators. As is shown in the Table 2, those representative 

words can be divided in to two parts: positive words and negative words. Positive words are strongly correlated 

with high helpful rate reviews with high star level ratings, while negative words are correlated with high helpful 

rate’s reviews with low star level ratings. When customer give reviews with negative emotion, they are intended 

to describe the quality problem they met in details. For example, they use “overprice” to complain the high price 

when the product is far from their satisfaction.As for positive reviews, it is interesting that words like “daughter”, 

“friend”, “grandson” and “mom” appear in the reviews. Customers are likely to recommend the products they 

like to others. This may increase the number of potential consumers. The selected text feature will concatenate 

with the tf-idf principal component after PCA as the input of the spam review filtering model. 

4.3 EXPERIMENT DESIGN 

Ratings and reviews may influence the reputation of products so that consumers may change their desire to 

buy this product. The problem is how to choose useful information. Since ratings are strongly correlated with 

the type of reviews[11], we can use both text-based and rating-based measures to choose informative ratings and 

reviews.  

In this paper, we define what is an informative rating and review. In order to identify informative ratings 

and reviews, we form a classifier based on TF-IDF and PCA. After the data preprocessing, we filter out the first 

1000 words according to their importance based on the term frequency using the TF-IDF model. However, the 

dimensionality of the filtered words is still too high for us to apply to practice. We use PCA to reduce the 

dimensionality of the filtered words and a small set of unrelated variables were obtained to reflect the content 

information of the text. The scatter plot based on the eigenvalues of each principal component as shown in 

Figure 1. We choose 136 PCs with the cumulative contribution rate of 50.3527%. 

Whether the information is useful depends on ratings and reviews. In addition to word frequency, the 

length of the review body and the star rating are also taken into account. Because the ultimate goal of screening 

useful review information is to understand the customer's demands, we uses the proportion of customers who 

consider the review to be useful (helprate) to measure the usefulness of the information, with 0.5 as the cut-off 
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point, divided into useful or useless. 

_

_

helpful votes
helprate

total votes
                                      (2) 

We take review body, length of review body, and star rating as input variables. Then we use helprate to 

complete machine supervised learning. The classifier helps us get a binary variable (whether the information is 

useful) as output variables. We divide the data set into two part: training set and test set with the ratio 8: 2. 

 

We use BP Neural Network and determine the hidden layers and the number of nodes of the neural network. 

The activation function we use in this case is Sigmoid function. The Sigmoid function can reflect the gradual 

transition process of the model from approximately linear to non-linear during the continuous weight correction 

process well. It is not only non-linear and monotonic, but also infinitely differentiable, which enables BP to use 

gradient descent to adjust weights continuously. The principle is minimizing the omission of any useful 

information. Since it is a binary classification task, we assume the value of positive class is 1 and that of 

negative class is 0. The BP neural network weights are shown in Figure 2. 

 

5. RESULT AND ROBUSTNESS TEST 

In this section, we use the left 20% of sample as test set to test the BPNN model. The text-based 

information is retained if they are the same as that of training set. The PCs of the test set is obtained by 

multiplying the term frequency of test set by the eigenvalue matrix given by training set. We will compare the 

results of test set with training set. 

We define the confusion matrix as: 

Table 3.  Confusion Matrix 

Confusion Matrix 
Predicted value 

Positive Negative 

Truth Value 
Positive TP FP 

Negative FN TN 

Furthermore, Sensitivity and Specificity are defined as: 

TP
TPR Sensitivity

TP FN
 


                                        (3) 

TN
TNR Specificity

TN FP
 


                                       (4) 

We use a classifier to classify the sample data. The classifier will give the probability of each data being a 

  

Figure 1.  Eigenvalues of the term frequency Figure 2.  BP-neural network weights 
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positive example. We can set a threshold for this. When the probability that a sample is judged as positive is 

greater than the threshold, the sample is considered to be a positive example, otherwise it is considered to be 

negative. Then we can get a (Specificity, Sensitivity) pair, which is a point shown in figure. After continuously 

adjusting this threshold, we get several points to draw ROC (Receiver Operating Characteristic) curve. AUC 

(Area Under Curve) of the ROC curve represent the area under it. The ROC curve of BP-neural network is 

shown in Figure 3. 

 

Figure 3.  The ROC of BP-neural network 

 

As is shown in Figure 3, the value of AUC equals 0.713, meaning the classifier performs relatively 

satisfactorily. Given the threshold as 0.5, the confusion matrix of the test set and the training set is shown in 

Table 4. The accuracy rate of the training set is 81.56%, and the accuracy rate of the test set is 78.53%. 

Informative ratings and reviews are distinguished well by this classifier. 

Table 4.  The confusion matrix of the test set and the training set of BPNN 

 

6. CONCLUSIONS 

With the rapidly development of mobile phones, online e-commerce has become an indispensable part of 

people's life, and the rating and reviews provided by customers can send many signals to the market, especially 

in online marketplace. How to formulate an outstanding sales strategy and show users the most useful 

information of the product is particularly important. In this paper, we study the review information cascade and 

build a MLP model to distinguish the spam and informative reviews from the noise reviews. The information 

cascade phenomenon in E-commerce reviews is identified by Multinomial Logistic Regression. After seeing a 

series of one/five star ratings, consumers are more likely to write low/high score reviews and the effect caused 

by low star rating is more significant than that of high star rating. Therefore, we use the helprate of the review as 

the label to distinguish the informative reviews and spam reviews. The accuracy of the model on the test set is 

78.5%, and AUC is 0.713. The E-commerce companies can evaluate the informative review, improve online 

sales strategies, enhance the product desirability and identify customers’ preferences through the model 

proposed in this paper.  

Train Data  Test Data 

  Predicted value    Predicted value 

  0 1    0 1 

Truth Value 

0 591 1395  

Truth Value 

0 122 372 

1 185 6401  1 88 1561 
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Abstract: Based on SOR model, this paper studies the network platform intelligent recommendation characteristic and its 

influence on consumer purchase behavior, which provides a certain theoretical reference value and practical guidance 

significance for promoting e-commerce study and optimization of e-commerce platform operation. It is concluded from 

empirical analysis that the accuracy, richness, novelty and effectiveness of network platform intelligent recommended 

commodity information and the authority of the authority of the reference have positive effect on consumer purchase 

behavior, the value and intensity of recommended information and the e-commerce platform have no effect on consumer 

purchase behavior while non e-commerce platform has negative effect on consumer purchase behavior. Therefore, it is 

necessary to improve the accuracy, richness, novelty and effectiveness of the commodity recommendation information in the 

network platform. Network platform store should select not only the authorized and reliable reference but also e-commerce 

platform as recommendation channel.  

 

Keywords: network platform intelligent recommended commodity information, consumers’ behavior, SOR model  

 

1. INTRODUCTION 

More and more people begin to select online shopping as the science and technology currently develop 

rapidly. Compared with traditional shopping in store, it can save more time for consumers when shopping online. 

Consumers are able to get what they need without going outside. However, based on big data background, the 

network platform intelligent recommendation is able to collect and portray consumers’ information, set up 

model according to historical interest data, extract users’ characteristics and recommend the commodity 

information in multiple channels. The network platform becomes the first choice of marketing means for these 

stores because network platform intelligent recommendation is able to efficiently to transform information 

browser into actual consumers. Therefore, it has become the focus of study for scholars on how to improve the 

quality of the network platform intelligent recommended information and how to transform information browser 

into actual consumer. Based on SOR model, this paper studies the network platform intelligent recommendation 

characteristic and its influence on consumer purchase behavior, which provides a certain theoretical reference 

value and practical guidance significance for promoting e-commerce study and optimization of e-commerce 

platform operation. This paper studies the e-commerce platform recommended system based on commodity 

recommended information, analyzes the influence of commodity recommended information on consumer 

intention through empirical data and reflects the application of consumers’ purchase decision theory in 

e-commerce field. The empirical study and logical reasoning mode in this study provide a certain theoretical 

reference value and practical guidance for the e-commerce study.  

                                                           
*
 Corresponding author. Email:540089009@ qq.com (Wenbin Qu)  



The Twenty one Wuhan International Conference on E-Business－Artificial intelligence & IoT（AIoT）enabled Business Innovation             693 

2. LITERATURE REVIEW 

2.1 Study on network platform intelligent recommendation 

It is believed by foreign scholars that network platform intelligent platform can help shorten the 

consumers’ range（smith, M. D，2002）, reduce consumbers’ search time cost（Haubl&TriftS，2000）[1], 

simplify commodity selection and evaluation process and reduce risk , thus promoting consumers’ purchase 

decision（Xiao and Benbasat，2007）[2] and significantly improve decision quality（Montgomery A. L. K.  

Hosanna，2004）. 

There are few researches on this aspect by domestic scholars. Ye Qunlai(2007) [3] has set up online 

shopping recommendation evaluation model so as to evaluate online shopping recommendation result from 

consumers’ experience and consumers’ decision making behavior. Zhou He(2011)[4] has studied the intermediate 

variable of emotional factor. The result shows that the intelligent recommendation is able to provide useful 

product information, reduce decision making cost and promote consumers’ decision making. It is believed by 

Zhou Xuefang(2012)[5] that intelligent recommendation is able to change the information browsers into actual 

consumers. Sun Yongbo(2018)[6] believes that intelligent recommendation is able to improve consumers’ 

expression and understanding of product.  

Some scholars have different opinion on the impact of intelligent recommendation product information on 

consumer purchase behavior. It is found by Burke (2011)[7] that 23.56% consumers suspect and dislike 

intelligent recommendation system and they believe that the intelligent recommendation platform aims to induce 

consumers and improve consumption sales volume rather than enhance consumers’ purchase quality. It is 

discovered in Print (2000)[8] research that decision support system affects consumers’ confidence of decision 

making in a reverse way because consumers are lack of sense of trust for this system and the intelligent 

recommendation system will make consumer purchase behavior more complicated on the contrary.  

2.2 Study on influencing factor of consumers’ online shopping behavior 

There are four major factors affecting consumers’ online shopping behavior, respectively consumers’ 

individual characteristic, product characteristic, online shopping platform characteristic and online consumption 

environment.  

Consumers’ individual characteristic. It is believed by Jozee (2005) that consumers’ individual 

characteristics include the basic situation of consumers’ online shopping consumption, i.e., online shopping 

times, online shopping consumption, online shopping habit, online shopping mode, etc. apart from educational 

background, gender, occupation, age and other demographic variables. At the same time, Bowonder B (2002)[9] 

has proposed five individual characteristic afftecting consumers’ online shopping behavior, including 

consumers’ online shopping attitude, online consumption experience, basic population statistics variable, 

product evaluation, leader’s opinion, risk tolerance, etc.  

Product characteristic. It is believed by ( 2015)[ 10] product evaluation is able to reflect its characteristic and 

consumers will get to know others’ evaluation on this product evaluation before consumption. Feng Jia(2016) 

takes fresh agricultural products as an example and believes that the freshness, taste, condition and other product 

property will directly affect consumers’ online shopping behavior.  

Online shopping platform characteristic. It is believed by cooke, A(2006) that online shopping platform 

characteristic include platform image, platform brand value, platform reputation, platform stable transaction 

volume, etc. Domestic scholars have paid attention to online store image, online store design style, online store 

technique application, etc. For example, Fan Jun(2014) believed that the incomplete product information image 

displayed n the online store will have negative impact on consumers’ purchase intention. However, store 

pictures and sharing pictures by other consumers will significantly increase consumers’ purchase intention.  

Online consumption environment. It is believed by L . JarvenPaa (2003) that the stability, protection degree 
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of user’s information and security of online payment will directly affect consumers’ online shopping behavior. It 

is discovered in Xu Linyu’s research that college students’ major recognitions for online shopping environment 

are website technical risk, fund security risk, product quality risk and individual privacy risk, etc. 

2.3 Literature review 

Based on the existing literature, it is found that it mainly studies the consumption psychology(user 

satisfaction degree, trustiness), recommendation effect(information adoption intention, behavior intention, 

purchase decision) and marketing practice for the influence effect of product recommendation information. It 

mainly studies the consumers’ attitude, perception value, perception risk, theory of planned behavior, TPB) for 

consumers’ purchase intention, involving the subjective and objective influencing factors of purchase intention, 

such as consumers’ individual characteristic, product internal and external factor, situation factor, market factor, 

etc. Generally speaking, most studies in domestic focus on consumer purchase behavior theory for the impact of 

recommended product information on consumer purchase behavior or intention. 

 

3. RESEARCH HYPOTHESIS 

Based on Hu Xuesong[11], Deng Lingbin[12] and other scholars’ researches, this paper determines the 

network platform intelligent recommendation information characteristic from nine perspectives, then proposes 

the reasonable assumption for the relation between these characteristics and consumer purchase behavior and 

determine the empirical analysis.  

3.1 Authority based on recommender of intelligent recommended information 

Authority effect means that people are more likely to trust in those who have high position big power and 

are highly respected. Therefore, people are easier to make purchase decision when authoritative people(such as 

star, network performer) recommend the product information. Therefore, it has proposed the following 

assumptions. 

H1：The authority of the recommender of network platform intelligent recommended product information 

will have positive impact on consumer purchase behavior. 

3.2 Accuracy based on intelligent recommended information 

The accuracy of network platform intelligent recommended product information is the fitness degree of 

e-commerce recommendation system and consumers’ individual level. The accuracy is reflected in consumers’ 

style, interest, habit, consumers’ expected service level, price level and psychological motive. Currently, most 

network platforms recommend the product information that is close to consumers’ style according to their 

purchase and browse record, which may evoke their inner desire and purchase intention and promote purchase 

behavior. Therefore, the higher the accuracy of recommended product information, the more likely it will evoke 

consumer purchase behavior. Therefore, it proposes the following assumption.  

H2: The accuracy of network platform intelligent recommended product information will have positive 

impact on consumer purchase behavior.  

3.3 Channel based on intelligent recommended information 

There are two channels of network platform intelligent recommended product information, i.e., 

e-commerce platform(Taobao, Jingdong, Pinduoduo) and non e-commerce platform(Tik Tok， Bilibili, Little 

Red Booklittle). It is pointed out by Gyudong Lee et al. (2009) that the recommendation system of e-commerce 

platform production information can evoke consumer purchase behavior. Compared with e-commerce platform, 

non e-commerce platform is of privacy. But consumers have low trustiness on the product information issued on 

non e-commerce platform and even resist the products. Therefore, it proposes two assumptions.  

H3：E-commerce platform intelligent recommended product information will have positive impact on 

consumer purchase behavior.  
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H4：Non commerce platform intelligent recommended production information will have negative impact on 

consumer purchase behavior.  

3.4 Intensity based on intelligent recommended information  

The research proves that the higher intensity of network platform recommended product information, the 

more likely consumers will purchase the products. However, this situation will be weakened as the 

recommendation intensity increase because consumers will resist the product and have few purchase intention 

for this product when they frequently see the same product information. Therefore, it proposes the following 

assumption.  

H5： The intensity of intelligent recommendation product information on the network platform will have 

negative impact on consumer purchase behavior. 

3.5 Richness based on intelligent recommended information 

The intelligent recommendation product information on the network platform is rich and multiple. In other 

words, the product information is diversified. The richer the recommended product information on the network 

platform, the more selection consumers will have. Consumers will show great interest for the product, spend 

more time for browsing and begin to purchase. Therefore, it has proposes the assumptions below.  

H6：The richness of intelligent recommended product information on the network platform will have 

positive impact on consumer purchase behavior.  

3.6 Novelty based on intelligent recommended information 

Consumers will find new and interesting products as there are more novel recommended product 

information on the network platform for their selection, which will improve their shopping enjoyment and 

efficiency and satisfaction. Therefore, it has proposes the following assumption. 

H7：Novelty of intelligent recommended product information on the network platform will have positive 

impact on consumer purchase behavior.  

3.7 Effectiveness based on intelligent recommended information.  

The platform will push relevant recommendation to consumers according to their search, browse, purchase 

behavior as soon as possible because the intelligent recommended information on the network platform is 

effective. However, the current intelligent recommendation algorithm is far behind. Usually, the platform 

constantly pushes relevant information after consumer purchase behavior, thus disturbing consumers. Therefore, 

it proposes the following assumption. 

H8：Effectiveness of intelligent recommended product information on the network platform will have 

positive impact on consumer purchase behavior.  

3.8 Value based on intelligent recommended information 

Consumers will not make a purchase decision only by relying on one push information when the platform 

push high valued product to them. Instead, they will have a detail understanding before making a decision 

because consumers are very cautions when purchasing high valued products. But consumers will directly make 

purchase decision when the platform recommends low valued product. Therefore, it proposes the following 

assumption. 

H9：Intelligent recommended product information on the network platform will have negative impact on 

consumer purchase behavior. 

 

4. STUDY MODEL  

S-O-R model is used to study mankind behavior, i.e., irritation——individual physiology, 

psychology——reaction, which is widely applied in the research of purchase behavior, particularly the research of 

online shopping. This model will irritate consumer purchase behavior and consumers’ physiology, psychology and 
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external environment factor will produce this irritation. Consumers will have the purchase motive under the 

irritation, make purchase decision and finally purchase products. At the same time, they will evaluate the product, 

purchase channel and manufacturer. It is a complete purchase experience. Davis (1986) further constructs technical 

acceptance model(TAM) from new perception feasibility and perception usefulness. This paper has set up the 

model as shown in Figure 1 based on the theory and research assumption. 

 

Figure 1.  Study model 

 

5. EMPIRICAL ANALYSIS 

5.1 Questionnaire design and validity analysis  

It has designed one dependent variable. i.e., consumer purchase behavior（X） and relevant   independent 

variables of the intelligent recommended product information on 9 network platforms in this questionnaire, 

respectively accuracy（T1）, richness （T2）, novelty（T3）, effectiveness（T4）, value（T5）, authority （T6）, 

intensity （T7）, e-commerce platform（T8） and non e-commerce platform. At the same time, it can set 

“completely agree”, “agree”, “generally” and “disagree” options according to Likert scale. See Table 

1 for interviewee basic information. We can see that 66% consumers purchase for over 6 times every month and 

have strong online shopping habit. It conforms to the research scope. Table 2 is reliability test and the result 

shows that reliability coefficient value is 0.762, higher than 0.7, showing that the research data are of good 

reliability quality. The CITC value of the analysis item is higher than 0.4, showing that the analysis items have 

good relation and reliability level. In conclusion, reliability coefficient value of the research data is higher than 

0.7, showing that date reliability is of high quality, which can be used for further analysis. Table 3 is validity test. 

The result shows that KMO value is 0.873, higher than 0.8. The research data are applicable for information 

extraction(better validity reflected from side).  

Table 1.  Descriptive statistics 

Name Option 
Frequen

cy  

Percentage 

(%)  

Cumulative 

percentage (%)  

1. Your gender 
Male 111 55.5 55.5 

Female 89 44.5 100 
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2. Your age 

19years’ old and below 35 17.5 17.5 

20-29 years’ old 82 41 58.5 

30-39 years’ old 56 28 86.5 

40-49 years’ old 22 11 97.5 

50 years’ old and above 5 2.5 100 

3、Your educational background 

Junior high school and below 17 8.5 8.5 

Senior high school / technical secondary 

school / technical school 
43 21.5 30 

Junior college 50 25 55 

Undergraduate 67 33.5 88.5 

Master degree and above 23 11.5 100 

3. Your occupation 

Government or public institution workers 15 7.5 7.5 

Company manager 21 10.5 18 

Student 70 35 53 

General staff 59 29.5 82.5 

Freelance 30 15 97.5 

Other 5 2.5 100 

5.Your average month salary 

1000yuan and below 23 11.5 11.5 

1001 yuan -3000 yuan 61 30.5 42 

3001 yuan -5000 yuan 70 35 77 

5000 yuan and above 46 23 100 

6. Frequency of your online shopping 

(times / month) 

1time and below 13 6.5 6.5 

2-5 times 55 27.5 34 

6-10 times 90 45 79 

11-14 times 29 14.5 93.5 

15 times and above 13 6.5 100 

 

Table 2.  Cronbach Reliability Analysis 

Name 
Total correlation of correction terms 

(CITC)  

α coefficient 

deleted  

Cronbach 

αcoefficient  

Consumer purchase behavior（X） 0.843 0.697 

0.762 

Accuracy of recommended information（T1） 0.617 0.712 

Richness of recommended information（T2） 0.499 0.731 

Novelty of recommended information（T3） 0.63 0.712 

Effectiveness of recommended information（T4） 0.569 0.723 

Value of recommended information（T5） 0.566 0.723 

Authority of recommender （T6） 0.547 0.725 

Intensity of recommended information（T7） 0.5 0.731 

E-commerce platform of recommended channel

（T8） 
0.504 0.731 

Non e-commerce platform of recommended 

channel（T9） 
-0.679 0.865 

Standard Cronbach αcoefficient：0.768  
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Table 3.  KMO and Bartlett Test 

KMO value 0.873 

  

Bartlett sphericity test Approximate chi square 935.445 

 df 45 

 p  value 0．000 

 

5.2 Correlation analysis  

This paper studies the relation of the 9 independent variables and 1 dependent variables by correlation 

analysis and shows the relevant weakness by using Pearson correlation coefficient. The result is shown in Table 

4 that there is significant positive correlation of the accuracy, richness, novelty, effectiveness, value, authority, 

intensity and e-commerce platform recommended channel and purchase behavior while there is significant 

negative correlation between the non e-commerce platform recommended channel and purchase behavior.  

Table 4.  Pearson Correlation  

 X T1 T2 T3 T4 T5 T6 T7 T8 T9 

X 1          

T1 0.673** 1         

T2 0.627** 0.354** 1        

T3 0.698** 0.527** 0.350** 1       

T4 0.636** 0.390** 0.323** 0.434** 1      

T5 0.546** 0.508** 0.389** 0.405** 0.381** 1     

T6 0.610** 0.403** 0.295** 0.460** 0.468** 0.421** 1    

T7 0.494** 0.390** 0.399** 0.409** 0.313** 0.326** 0.235** 1   

T8 0.481** 0.327** 0.339** 0.355** 0.426** 0.324** 0.389** 0.394** 1  

T9 -0.720** -0.439** -0.484** -0.456** -0.460** -0.436** -0.464** -0.403** -0.451** 1 

* p<0.05 ** p<0.01 

5.3 Regression analysis 

The further regression analysis is shown in Table 5. Model R chi-square value is 0.851. It means that the 

accuracy, richness, novelty, effectiveness, value and recommender’s authority, recommendation intensity and 

recommendation channel can be explained as the 85.1% change reason of consumer purchase behavior. It is 

found from model F test(F=120.773，p=0.000<0.05) that the accuracy, richness, novelty, effectiveness, value, 

recommender authority, recommendation intensity and recommendation channel will affect consumer purchase 

behavior. In addition, it is found from multicollinearity test of the model that VIF value in the model is less than 

5. It means that there is no colinearity problem and D-W value is around 2. Therefore, there is no 

self-correlation of the model or association of the sample data. It can be known from the analysis that the 

accuracy, novelty, effectiveness and recommender’s authority have positive impact on consumer purchase 

behavior, the value, intensity, channel of the recommendation of the e-commerce platforms have no impact on 

consumer purchase behavior and non e-commerce platforms have negative impact on consumer purchase 

behavior. 
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Table 5.  Regression result 

 

Non standard 

coefficient 

Standard 

coefficient 
t  p  VIF  R ²  Adjust R ²  F  

B  
Standard 

error  
Beta  

Constant 1.355 0.206 - 6.587 0.000** - 

0.851 0.844 F (9,190)=120.773,p=0.000 

T1 0.157 0.026 0.219 5.972 0.000** 1.715 

T2 0.168 0.024 0.239 7.044 0.000** 1.465 

T3 0.18 0.028 0.232 6.339 0.000** 1.715 

T4 0.155 0.029 0.191 5.447 0.000** 1.566 

T5 0.004 0.029 0.005 0.133 0.894 1.58 

T6 0.107 0.027 0.139 3.922 0.000** 1.608 

T7 0.025 0.025 0.033 0.972 0.332 1.457 

T8 -0.008 0.026 -0.011 -0.326 0.744 1.476 

T9 -0.19 0.03 -0.239 -6.35 0.000** 1.816 

D-W 值：1.857 

* p<0.05 ** p<0.01 

 

6. CONCLUSIONS 

The accuracy, richness, novelty, effectiveness and recommender’s authority of the recommended product 

information on the network platform have positive impact on consumer purchase behavior, the value, intensity, 

channel of the recommendation of the e-commerce platforms have no impact on consumer purchase behavior 

and non e-commerce platforms have negative impact on consumer purchase behavior. 

Therefore, it is necessary for the network platform to constantly upgrade the recommended system and try 

to improve the accuracy, richness, novelty, effectiveness of the recommended information. At the same time, it 

should take into account of appropriateness, maximum reduce consumers’ search cost and meet diversified and 

individual demands. Stores on the network platform should select authorized and trustable recommender and 

also e-commerce platform for promotion channel in marketing, thus promoting consumers’ purchase intention 

and decision making.  
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Abstract: Given the massive online reviews from online travel agencies, it is difficult for users to find high-quality reviews. 

Evaluating online reviews’ quality has been an important matter of concern. In this study, a review quality assessment model 

based on feature richness was proposed by combining grounded theory and semantic similarity. The proposed model can 

properly evaluate the quality of online reviews from the perspective of feature richness, and the more comprehensive the 

review content, the higher the quality is. Based on the online review from ctrip.com, experimental results showed that the 

proposed model can accurately identify the reviews that contain rich information with a high reference value for other users. 

 

Keywords: Online reviews, Review quality, Grounded theory, Semantic similarity 

 

1. INTRODUCTION 

With the popularization of Online Travel Agencies (OTA), online reviews have played a significant role in 

providing valuable information for travelers’ decision-making. However, the number of reviews has been largely 

increased, making it far beyond the ability of users to read and process. Therefore, how to find the reviews that 

are useful to consumers from massive reviews is a matter of concern.  

To help consumers quickly identify effective and high-quality reviews, many online platforms provide 

users with review filters based on the number of users’ voting or rating which is regarded as a proxy of reviews’ 

helpfulness. In the society of academia, various methods have also been proposed to evaluate the helpfulness of 

online reviews. For example, some studies have investigated the potential factors that influence the helpfulness 

of a review[1]; the Likert scale has also been applied to score the online reviews to measure their helpfulness[2]; 

the integrated econometrics and machine learning methods is another mainstream to predict the review’s 

helpfulness based on the influencing factors of review helpfulness[3]. However, the users’ voting or rating on 

reviews’ helpfulness is usually under-estimated, because a review’s voting is largely affected by many factors 

such as the review’s date and place order.  

This study proposed an unsupervised review quality estimation and ranking model. In this model, a review 

is regarded to be helpful if it contains rich information that readers concern. Specifically, we first extract 

important features through grounded theory based on online tourist reviews on ctrip.com. The featured words 

are used to as tourists’ attention from the reviews. And then, PMI is applied to estimate reviews’ feature richness, 

which is a criterion about whether the review text contains rich features and detailed descriptions. 

 

2. LITERATURE REVIEW 

To solve the problem of too many online reviews and redundant information, scholars have proposed a 

variety of quality assessment methods for online reviews to classify or filter reviews. Among those methods, 

evaluation methods based on the helpfulness of reviews are the most common. Review helpfulness can be used 

to measure review quality to a certain extent. The higher the review helpfulness, the greater the reference value 

to users, and the higher the review quality[4]. At present, there are two main methods for evaluating the 

helpfulness of reviews, econometric regression and supervised learning. 
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Econometric regression is one of the most common methods used in review helpfulness research. Scholars 

took the helpfulness of the review votes as the evaluation index, and use the econometric regression model to 

study the important factors affecting the helpfulness of the review. Min et al.[5] mainly considered two types of 

influencing factors, one is the characteristics of the review itself, such as the degree of detail of the review, the 

semantics of the review, the time of the review, etc.; the other is the characteristics of the reviewer, including the 

reviewer's identity, professional degree, reliability, etc. Xiang et al.[6] compared three major foreign online travel 

websites, and explored the helpfulness factors of online reviews on different platforms. The results show that the 

linguistic features, semantic features, sentiment, and reviewer information of online reviews are different on 

different platforms and industries, and the impact on review helpfulness and review ratings varies widely. Shin 

et al.[7] studied the effects of hotel attributes, review length, and review readability on the review helpfulness 

using review ratings as moderating variables. The results show that review ratings moderated the impact of hotel 

attributes on review helpfulness. Different hotel attributes can have a positive impact on review helpfulness 

when matched with positive or negative reviews. Korfiatis et al.[8] analyzed the impact of review length and 

review readability on review helpfulness, and the results show that review readability had a greater impact on 

review helpfulness than review length. In addition, considering that there is an underestimation problem in 

online reviews, that is, there may be some or even a large number of readers who have read the reviews but did 

not vote[9], to solve this problem, some scholars have used TF-IDF, Word2Vec and cosine similarity to evaluate 

the helpfulness of other reviews based on the helpfulness of existing reviews[10,11]. 

The method of supervised learning is to take the review helpfulness as a classification problem, set review 

training sets through different classification standards, and use the extracted feature sets to test and evaluate the 

effect of classifiers, then find effective review features, so as to automatically identify high-quality reviews. 

Chen et al.[12] and Liu et al.[13] classified reviews into five categories according to their helpfulness (i.e. high 

quality, medium quality, low quality, duplicate, and spam), trained their classification models using manually 

annotated labels, and an effective information quality framework is adopted to extract representative review 

features. Zheng et al.[14] and Ghose et al.[3] classified reviews by setting a threshold of positive vote percentage 

(usually 60%),  reviews with a percentage of positive votes above this threshold were considered helpful, and 

vice versa did not help. Ma and Li[15] proposed a review usefulness classification model by integrating 

multi-modal features, such as image semantic features, text vector embeddings. 

To summarize, the existing studies mainly focused on investigating the influencing factors of review 

helpfulness or predicting whether reviews are useful, but few studies considered the review quality to evaluate 

the reviews’ helpfulness. 

 

3. METHOD 

This research aims to construct a review quality evaluation model based on feature richness by combining 

qualitative and quantitative methods. The model consists of three steps (see Figure 1): extraction of featured 

words, evaluation of feature richness, and review ranking. The grounded theory is used to qualitatively extract 

features, and then the feature richness is evaluated based on the Pointwise Mutual Information (PMI). Finally, 

the reviews are sorted in descending order according to the feature richness. 
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Figure 1.  Quality assessment model based on feature-richness 

 

3.1 Extraction of featured words 

This paper used grounded theory to systematically code and summarize featured words from tourists’ 

reviews.  The Grounded theory is a qualitative research method that uses a systematic process for the inductive 

derivation of a phenomenon[16]. As a form of users’ opinions, online reviews have become an important source 

of information for obtaining users' opinions in grounded theory[17,18]. In the absence of research on review 

quality ranking in the field of online tourism, this study chooses a more standardized programmatic grounded 

theory to encode and categorize the crawled online reviews, so as to extract featured words as important features 

of online reviews. The details of featured words extraction based on the grounded theory will be illustrated in 

section 4.2. 

3.2 Evaluation of feature richness 

We use PMI to evaluate the feature richness of online reviews. In the field of natural language processing, 

PMI is used to calculate the semantic similarity between two words. Its basic idea is to calculate the probability 

that two words appear at the same time in the text. The higher the probability, the more likely it is semantically 

related[19].  

The procedure of feature richness calculation and ranking is showed in Figure 2. At first, each review will 

be processed by word segmentation and stop words removal, after which each review is represented by words 

set Wi. For each word, its semantic similarity with 19 selected featured words is calculated and then summed up, 

achieving an overall semantic similarity pt. To limit the influence of the text length on the final score and avoid 

the phenomenon that a longer text has a higher score, the top 20 semantic similarities were used to calculate the 

feature richness scorei. That is, for each review, the PMI values of at most 20 words is accumulated to obtain the 

final score of the text, which is called feature richness. The richer of the review information, the greater the 

feature richness is. Finally, the reviews can be sorted by the value of feature richness.  

Figure 2.  Feature richness calculation and ranking model 

Feature Richness Calculation and Ranking Model 

input：reviews R={r1,…,rx}，featured words K={k1,…,k18} 

1 for ri ∈R do 

2 cut words and get Wi={w1,…,wm} 

3 for wt ∈Wi do 

4 pt ← ∑PMI(wt,kq), kq ∈K 

5 end for 

6 len ← length of ri 

7 if len ≤ 100 then 

8 n ← [20 * len/100] + 1 
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9 else 

10 n ← 20 

11 take the first n words in descending order of pt from Wi to form a set S={s1,…,sn} 

12 scorei ← ∑PMI(sa,kq), sa ∈S, kq ∈K 

13 store scorei 

15 end for 

16 all reviews are sorted by score in descending order 

output：final result 

 

4. EXPERIMENTAL RESULTS 

4.1 Data preparation 

Review data were collected from Ctrip.com, which is one of the largest online travel agencies in China. In 

this study, a total of 24,487 review data were crawled. Reviews come from Hongcun, Anren Ancient Town, 

Famen Temple, Hengdian, Huangguoshu Waterfall, and other attractions in different types and styles. After 

segmenting the review text into words by the Jieba module in Python, we further filtered out function words, 

punctuation, symbolic expressions, high-frequency adjectives and modal particles based on the HIT’s stop word 

expansion table. 

4.2 Features extraction 

4.2.1 Open coding 

Open coding is the process of conceptualizing and defining the phenomena mentioned in online reviews. 

This is followed by mining the categories to be named, and finally using words or phrases to represent the 

essence of the reviews. We extracted 200 high-frequency words after word segmentation and removal of stop 

words. Words without actual or obvious meaning, such as "very" and "much", and nouns that are not universally 

representative such as "waterfall" and "town" were eliminated, and finally, 73 high-frequency words were 

remained. Table 1 lists the top 30 high-frequency words. 

Table 1. High frequency words in user reviews (Top 30) 

Ranking Item Frequency Ranking Item Frequency Ranking Item Frequency 

1 view 7896 11 
cost 

performance 
1373 21 

good 

looking 
833 

2 worth 6900 12 tickets 1363 22 like 788 

3 spot 5014 13 beautiful 1202 23 service 763 

4 experience 4782 14 time 1098 24 photograph 729 

5 funny 3917 15 architecture 1080 25 hour 722 

6 interesting 3152 16 scenery 1078 26 grand sight 671 

7 attractions 2409 17 housing 931 27 hotel 657 

8 feel 1577 18 performance 924 28 guide 657 

9 play 1545 19 characteristic 916 29 tourist 646 

10 convenient 1384 20 tour 904 30 eat 644 

 

4.2.2 Axial coding 

Axial coding refers to the process of discovering and establishing relationships between concepts and 

reducing data to a small set of topics or categories. At this stage, the similar concepts are grouped into the same 

conceptual label[20]. In this study, the main axial coding is performed on the 73 high-frequency words, and the 

high-frequency words with similar meanings are assigned to the same category to obtain secondary indicators. 
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4.2.3 Selective coding 

Selective coding is the selection of core categories among the discovered conceptual categories and 

systematically linking them with other categories. This coding process involves identifying core categories[21] 

that represent major research themes, integrating categories derived from the open and axial coding process into 

a conceptual framework. In this phase of the analysis, the concepts and relationships revealed by the encoding 

process are compared with the existing literature. Based on to the traditional six elements of tourism, “food, 

accommodation, travel, shopping and entertainment” and related literature[22,23], the primary and secondary 

indicators obtained in this paper are shown in Table 2. 

Table 2. Process of Online Review Feature Induction 

Primary indicator Secondary indicators Keyword Frequency 

food and sup food and sup eat 644 

accommodation accommodation 

housing 931 

hotel 657 

guesthouse 600 

trip 

traffic 
traffic 430 

car 417 

time 

time 1098 

hour 722 

in line 353 

together with 

children 488 

friend 421 

together 358 

tour 

spot 

spot 5014 

attractions 2409 

architecture 1080 

view 
view 7896 

scenery 1078 

playability 

play 1545 

tour 904 

playability 395 

ticket 
ticket 1363 

fare 363 

service 

service 763 

guide 657 

worker 355 

explain 348 

shopping commercialization 

commercialization 560 

business 487 

buy 638 

entertainment 
performance 

performance 924 

program 643 

show 421 

photograph photograph 729 
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photo 509 

shoot 417 

cultural deposits 

history 511 

China 438 

culture 436 

personal experience 

cost performance 
worth 6900 

cost performance 1373 

price level 

expensive 503 

price 455 

free 330 

convenience convenient 1384 

description of scenic 

spot features 

beautiful 1202 

good-looking 833 

pretty 424 

funny 3917 

interesting 3152 

fantasy 419 

shocked 388 

description of experience 
experience 4782 

feel 1577 

For each secondary indicator, a core keyword is selected as the basis for the subsequent calculation of PMI 

values, that is, a total of 19 words shaded in Table 2. The keywords are selected generally based on the 

frequency of occurrence, and secondly consider the generality. For example, "together" can better identify users 

with other relatives and friends when traveling than "children" and "friends". “Culture” is more intuitive than 

"History" and "China" to reflect the cultural heritage of the scenic spot. 

4.3 Feature richness calculation and ranking 

According to the ranking model proposed in this paper, the score of each review is calculated, and the final 

ranking result is obtained by descending order. Table 3 only shows the partial ranking results of more than 

20,000 review data. Take Huangguoshu Waterfall as an example. 

The sorting algorithm in this paper considers the richness of information, and screen the high-quality 

review based on PMI-based feature-richness. Table 3 (a) shows the top 2 ranked reviews among thousands of 

reviews. As shown in the table, the top-ranked reviews have mentioned much more aspects, and gave specific 

information in details, rather than simply or generally evaluating good or bad. For example, the first review has 

covered at least five aspects, such as tickets, transportation, accommodation, attracted scenic spots, and food. 

Table 3(a). The top 2 ranked reviews 

Review ID Review Feature 

richness 

14444  [About tickets] Current discounted fares: 40% off tickets for one-yard tour of Guizhou and sightseeing 

bus. If the 40% off tickets are sold out, you can buy 50% off tickets on other platforms, the fare is 140. 

Tips: 1. It is recommended to book tickets at least 3 days in advance. 2. The Huangguoshu Escalator needs 

to purchase additional tickets, or you can walk up and down. 3. Qingdao residents can enjoy 20% off the 

tickets. 4. Tickets are valid for 2 days, and the scenic spots that have been visited cannot be re-entered. 

341.8969 
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[About Transportation] 1. Take the high-speed rail to the north of Guiyang Anshun West, the fare is 46.5 

yuan and the duration is about 30 minutes. There is a bus in Anshun West, which is said to be every hour, 

22 yuan. Take the bus from Anshun Station to Anshun East Station to Huangguoshu Waterfall takes 22 

yuan. 3. The shuttle bus for a day trip on the tourism platform is only responsible for your round-trip 

transportation, and you can play by yourself when you arrive at the scenic spot. This way I choose: 

Departure at 7:00 am to Huangguoshu at 9:00, return at 4:00 pm. [About accommodation] Originally 

planned to live in Anshun, because I didn't want to drag a suitcase there, I chose to go back and forth on the 

same day, and I can finish the game. [About the distribution of attractions] Huangguoshu The scenic spot 

includes three scenic spots, each of which is independent. There are shuttle buses between the scenic spots. 

The recommended tour sequence: Tianxing Bridge - Huangguoshu Waterfall – Doupotang. Tianxing 

Bridge: the most time-consuming and physically demanding. When I went here, the whole scenic spot is 

divided into the first half and the second half. There is basically nothing to see in the first half. It is good to 

walk quickly. The scenery is concentrated in the second half. Remember to go left and right at 

Gaolaozhuang. When you leave, you are out of the scenic spot. Generally, group tours only take you to the 

first half, and then tell you that there is nothing to see in the second half. Don't believe it! The most 

beautiful part of the second half is the Silver Chain Falling Pool Waterfall. I personally think that it is not 

inferior to Huangguoshu Waterfall. Huangguoshu Waterfall: the core scenic spot, unlike the Tianxing 

Bridge, there are many attractions along the way, there is only one Huangguoshu Waterfall. You can spend 

money to take the escalator, or you can walk up and down. The one-way escalator is 30 yuan, and the 

round-trip is 50 yuan. I walk the whole journey. If you only take one journey, it is recommended to take the 

escalator for the return journey. The Great Falls has 3 viewing platforms with good viewing angles. You 

can check in one by one. The Shuilian Cave will not be open when I go there. It is said that the opening 

time of the Shuilian Cave is very limited every year - Steep Pond is the smallest scenic spot. Someone 

introduced it before. Said that if there is not enough time, we can give up here. We hurry up and trot all the 

way and still check in here. This is the scene of the four masters and apprentices leading their horses across 

the river in the 86 version of Journey to the West. Although the Doupotang Waterfall is not as spectacular 

as the Huangguoshu Waterfall, it is wider than the Huangguoshu Waterfall. The food and beverage prices in 

the Huangguoshu scenic spot are quite conscientious. The corn is 10 yuan for 3, and the Liangpi is less 

than 15 a bowl. It is recommended to arrange 3-4 hours for Tianxing Bridge, 2-3 hours for Huangguoshu 

Waterfall, and 1 hour for Steep Pond. 

23910 The first time I come to Guizhou, the first stop must be the Huangguoshu Waterfall~ Now the scenic spot is 

in the off-season, although the weather is a bit cold, there are a lot fewer tourists, which is what I like. 

Hehe~ Huangguoshu Waterfall is the largest waterfall in China and Asia, has always been known for its 

vast water potential. Although its water flow in early winter is not as good as in summer, it is still very 

shocking, and the roar of the valley can be heard from far away. There are several viewing platforms near 

and far along the route, and the locationc are very good. It takes about 20 minutes to walk from the 

entrance to the waterfall. It takes about 20 minutes to go down the mountain. It is a bit tiring to go back up 

the mountain. You can also take the escalator, which costs 30 yuan one way or 50 yuan round trip. 

Doupotang Waterfall is the widest waterfall in the Huangguoshu Waterfall group. It is named after the 

water flows down the steep hillside. It is no less spectacular than the Huangguoshu Waterfall. This is still 

the original scene where the four of Tang Seng and his apprentice walked through the waterfall in the 

ending song of the 86 edition of Journey to the West. When you walk to the waterfall from the entrance, 

you will pass through beautiful woods and plank roads. There are several viewing platforms, and then the 

original road. Tianxingqiao has a typical karst landform, craggy rocks, and gurgling clear water surrounded 

308.5545 
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by it. The scenery is particularly beautiful, and it must be cool in summer. Divided into two sections, each 

section of the tour takes about 1.5-2 hours, depending on the individual's physical strength, only the first 

half of the tour or the entire journey. Counting steps has 365 stones with dates engraved on them, and you 

can find your birthday punch cards. In Journey to the West, Gao Laozhuang, where Zhu Bajie married his 

daughter-in-law, is also here, but it is now a shop selling souvenirs and food. Tickets for 160 yuan, shuttle 

bus for 50 yuan, off-season package ticket for 135 yuan (including scenic spot insurance). The winter is 

very cold, so be sure to keep warm. There are shuttle buses between each scenic spot in the scenic area. 

They are bundled together when you buy tickets. You must fasten your seat belts when riding. Wear 

comfortable clothes and shoes. For the first time, you need to swipe your ID card and facial recognition at 

the entrance. You don't need an ID card at the later attractions. You can directly swipe your face, which is 

very convenient. 

 

Table 3(b). The last 5 ranked reviews 

Review ID Review Feature richness 

19855 The experience is good and worth recommending. -2.686 

21010 It's a beautiful view. -6.3355 

11585 Nice! I like it! -6.7773 

18895 Worth recommending. -7.7356 

19596 Worth recommending. -7.7356 

 

Table 3(b) shows some of the lower-ranked reviews, which are characterized by mentioning very few 

specific aspects, or simply mentioning featured words but not describing details. 

In summary, the ranking model in this paper has the following characteristics: 

(1) Fully combine qualitative research methods with quantitative research methods. Extract important 

features by word frequency statistics, and use grounded theory to summarize and effectively represent the 

important aspects that users pay attention to when traveling; 

(2) It can better distinguish high-quality or low-quality reviews from the perspective of information 

richness. It can be seen from Table 4 that the top-ranked reviews contain more specific features and detailed 

information, and have higher reference value for other users, while general and simple reviews get low scores 

and will be ranked at the back. 

 

5. CONCLUSION 

This study explored the quality assessment of online reviews and built a ranking model for users’ online 

reviews based on grounded theory and semantic similarity. Different from the traditional helpfulness-based 

evaluation, this paper used the qualitative research method of grounded theory in extracting important features. 

The constructed ranking model has achieved good results in empirical experiments, and can distinguish reviews 

that contain rich information and have high reference value for other users, and have certain practical value. 

Overall, this research contributes in the following aspects: 

(1) We propose an effective online review quality evaluation model for the online travel industry. The 

richer the information contained in the review, the more aspects involved, and the more specific the details 

mentioned, the more valuable it is for other users. Then the score will be correspondingly higher and the ranking 

will be higher. The ranking model proposed in this paper performs well in experiments and has certain practical 

value. 

(2) In terms of research methods, different from traditional purely qualitative research or purely 
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quantitative research, this research adopts a combination of qualitative and quantitative research methods. When 

extracting important features, the grounded theory induction system is used to extract the parts that reviewers 

pay attention to, which not only obtains the important features of online reviews, but also systematically 

explains the main points that users pay more attention to tourism. After that, quantitative research methods are 

used to calculate the feature richness score of each review, and the quality of each review is presented intuitively 

as a score. In addition, the obtained featured words are universal in the online travel industry and can be used to 

calculate and sort online reviews of different scenic spots without re-exploring and summarizing user attention 

indicators for different scenic spots. 

(3) It provides some ideas in the in-depth mining of online reviews. In the traditional online review quality 

assessment research, there is a problem that the content of the text itself is not sufficiently mined. Many studies 

only use linguistic features such as text length, review time, and reviewer identity to evaluate review quality. 

The ranking model proposed in this paper is based on aspects extraction and semantic similarity calculation. It 

deeply mines the review texts from the word level and considers the information richness of the text itself to 

find the key aspects that users pay attention to when traveling, so as to filter out valuable reviews. 

In the future, the research will be improved from the following two perspectives. 

(1) Further validation of the proposed model. The proposed model can be regarded as an unsupervised 

approach. To further validate the results of the proposed model, we will invite users to manually annotate the 

usefulness of reviews and examine the difference between annotated and calculated ranks. 

(2) In the proposed model, the PMI value at the word level is used to estimate the semantic similarity. In 

the future, the extended SO-PMI (Semantic Orientation Pointwise Mutual Information) based model will be 

explored to consider the interaction of emotional tendencies. 

 

ACKNOWLEDGEMENT 

This research was supported by the National Key Research and Development Program of China under 

Grant 2019YFB1405600. 

 

REFERENCE 

[1] Fang, B., Ye, Q., Kucukusta, D., & Law, R. (2016). Analysis of the perceived value of online tourism reviews: Influence 

of readability and reviewer characteristics. Tourism Management, 52: 498-506. 

[2] Casaló, L. V., Flavián, C., Guinalíu, M., & Ekinci, Y. (2015). Avoiding the dark side of positive online consumer reviews: 

Enhancing reviews' usefulness for high risk-averse travelers. Journal of Business Research, 68(9): 1829-1835. 

[3] Ghose, A., & Ipeirotis, P. G. (2010). Estimating the helpfulness and economic impact of product reviews: Mining text and 

reviewer characteristics. IEEE transactions on knowledge and data engineering, 23(10): 1498-1512. 

[4] Yang Ming, Qi Wei, Yan Xiangbin, Li Yijun. (2012). Research on utility analysis of online product reviews. Journal of 

Management Sciences in China, 15(05): 65-75. (in Chinese) 

[5] Min Qingfei, Qin Liang, Zhang Keliang. (2017). Factor s affecting the preceives usefulness of online reviews. 

Management Review, 29(10): 95-107. (in Chinese) 

[6] Xiang, Z., Du, Q., Ma, Y., & Fan, W. (2017). A comparative analysis of major online review platforms: Implications for 

social media analytics in hospitality and tourism. Tourism Management, 58: 51-65. 

[7] Shin, S., Du, Q., Ma, Y., Fan, W., & Xiang, Z. (2021). Moderating effects of rating on text and helpfulness in online hotel 

reviews: an analytical approach. Journal of Hospitality Marketing & Management, 30(2): 159-177. 

[8] Korfiatis, N., García-Bariocanal, E., & Sánchez-Alonso, S. (2012). Evaluating content quality and helpfulness of online 

product reviews: The interplay of review helpfulness vs. review content. Electronic Commerce Research and 

Applications, 11(3): 205-217. 



710             The Twenty one Wuhan International Conference on E-Business－Artificial intelligence & IoT（AIoT）enabled Business Innovation 

[9] Guo, X., Chen, G., Wang, C., Wei, Q., & Zhang, Z. (2021). Calibration of Voting-Based Helpfulness Measurement for 

Online Reviews: An Iterative Bayesian Probability Approach. INFORMS Journal on Computing, 33(1): 246-261. 

[10] Radev, D. R., Jing, H., Styś, M., & Tam, D. (2004). Centroid-based summarization of multiple documents. Information 

Processing & Management, 40(6): 919-938. 

[11] Shi Da, Wang Lele, Yi Bowen. (2020). Deep data mining for online reviews usefulness: Hotel reviews data on 

TripAdvisor. Nankai Business Review, 23(05): 64-75, (in Chinese) 

[12] Chen, C. C., & Tseng, Y.-D. (2011). Quality evaluation of product reviews using an information quality framework. 

Decision Support Systems, 50(4): 755-768. 

[13] Liu, J., Cao, Y., Lin, C.-Y., Huang, Y., & Zhou, M. (2007). Low-quality product review detection in opinion 

summarization. Proceedings of the 2007 joint conference on empirical methods in natural language processing and 

computational natural language learning (EMNLP-CoNLL),  

[14] Zheng, X., Zhu, S., & Lin, Z. (2013). Capturing the essence of word-of-mouth for social commerce: Assessing the 

quality of online e-commerce reviews by a semi-supervised approach. Decision Support Systems, 56: 211-222. 

[15] Ma Chao, Li Gang, Chen Sijing, Mao Jin, Zhang Ji. (2020). Research on usefulness recognition of tourism online 

reviews based on multimodal data semantic fusion. Journal of the China Society for Scientific and Technical 

Information, 39(2): 199-207. (in Chinese) 

[16] Glaser, B. G., Strauss, A. L., & Strutzel, E. (1968). The discovery of grounded theory; strategies for qualitative research. 

Nursing research, 17(4): 364. 

[17] Sthapit, E., & Björk, P. (2019). Sources of distrust: Airbnb guests' perspectives. Tourism Management Perspectives, 31: 

245-253. 

[18] Liao Xiumei, Chen Yetian, Mi Chuanmin. (2019). Study on consumer satisfaction of Tangshan Hot Spring based on 

online reviews. Chinese Journal of Management Science, 27(7): 186-194, (in Chinese) 

[19] Church, K., & Hanks, P. (1990). Word association norms, mutual information, and lexicography. Computational 

linguistics, 16(1): 22-29. 

[20] Nunkoo, R., & Ramkissoon, H. (2016). Stakeholders’ views of enclave tourism: A grounded theory approach. Journal of 

Hospitality & Tourism Research, 40(5): 557-558. 

[21] Daengbuppha, J., Hemmington, N., & Wilkes, K. (2006). Using grounded theory to model visitor experiences at 

heritage sites: Methodological and practical issues. Qualitative Market Research: An International Journal. 

[22] Lian Yi, Wang Xia. (2004). A case study and application of cunsumer satisfaction evaluation system in tourist 

destinations based and TDCSI. Tourism Tribune, 19(5): 9-13. (in Chinese) 

[23] Dai Bin, Li Zhongguang, Tang Xiaoyun, Yang Honghao, He Qiongfeng. (2012). On the construction of tourist 

satisfaction evaluation system and its empirical study. Tourism Tribune, 27(07): 74-80. (in Chinese) 

 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

INDEX OF AUTHORS 
 
 

 
 





INDEX OF AUTHORS                                                                                                                                                           713 

Aiyi Zhu        533 

Ben Niu        196 

Bengang Gong        100 

Bingchen Han        40 

Bingkun Cao        357 

Cai Lihua        78 

Caihong Jiang        355 

Chen Baixue        244 

Chen Li        417 

Chen Xiao        13 

Chen Zou        30 

Cheng Yang        583 

Chengyi Le        18 

Chunmei Gan        13 

Chuxin Zou        523 

Dan Xie        62 

Dandan Wang        264 

Dunhu Huang        116        326 

Eleonora Vegliant        446 

Elpida Bampouni        295 

Fang Wang        310        69 

Fei Wang        591 

Feicheng Ma        264 

Feiyan Qiu        18 

Guangqian Peng        88 

Guoshun Wang        385 

Guoxin Li        324 

Guozheng Zhang        310 

Haibin Liu        196 

Haichao Zheng        126        673 

Haihan Wang        62 

Haijun Wang        612 

Haoran Zhang        684 

Hong Chen       346 

Hong Miao        257 

Honglong Wang        324 

Hongxiu Li        157        346 

Hongye Li        407 

Hu Jiao        244 

Hu Yang        612 

Huosong Xia        305        643 

Ji Hongyue        78 

Jia Gu        458 

Jia Liu        565 

Jiali Zhao        602 

Jialin Nie        479 

Jian Shi        147        490 

Jian Tang        194 

Jian Xu        40 

Jiang Wu        701 

Jiangping Wan        317        400        544 

Jiaqi Wang        373        645 

Jiayi Xu        573 

Jie Zheng        355 

Jing Zhang        317        400 

Jing Zhao        591 

Jinglei Yang        365 

Jingqi Zou        481 

Jingxin Li        385 

Jin-Xing Hao        268 

Jinxu Ou        400 

Ju Tu        552 

Juan Chen        295 

Juho Hamari        295 

Jun Chen        513        533 

Jun Liu        77 

Jun Yin        1        562 

Junfeng Yin        88 

Junzhe Zhao        407 

Kailin Zhou        645 

Kaiyu Liu        701 

Kee-Hung Lai        210 

Kun Li        242 

Lai Weiqing        600 

Lei Huang        581 

Lei Liu        653 

Lei Zhu        392 

Li Changrong        78 

Li Chen        30 

Li Fan        600 

Li Huang        100 

Li Li        244        357 

Li Peng        310 

Lifang Peng        221 

Lin Ni        336 

Lincan Zou        573 



714                                                                                                                                                           INDEX OF AUTHORS 

Ling Wang        523 

Lingmin Jin        602 

Linjun Huang        365 

Liting Li        126 

Liu Yang        417 

Lufeng Han        20 

Luyao Wang        129 

Marco De Marco        446 

Meilian Chen        165 

Mengjiao Su        500 

Mengqian Guo        116        326 

Mengting Yang        573 

Mengxin Qi        194 

Mengyu Tu        426 

Min Zhang        129        436        663 

Ming Yang        458 

Ming Yi        3 

Muchun Li        40 

Naiwen Xu        500 

Nan Jiang        373 

Nannan Xi        100        295 

Nianxin Wang        257 

Nianxing Wang        90 

Pan Jiali        78 

Peiwen Ye        643 

Ping Gao        88 

Ping Wang        3        306 

Po Cao        15 

Qi Zhang        426 

Qianling Feng        544 

Qianru Sun        147        490 

Qing Zhu        175 

Qiongqiong Wang        692 

Qiuyao Wu        562 

Quanyu Zhong        77 

Reima Suomi        157        278 

Renxian Zuo        490 

Rong Huang        157 

Rongkai Zhang        139 

Rui Liu        15 

Rui Wang        268        417        643 

Ruotong Huang        257 

Ruzhen Xiao        544 

Shan Liu        175 

Shan Wang        69 

Shaohui Wu        324 

Shasha Zhou        308 

Shengli Li        287 

Shengpei Ren        565 

Shili Chen        116        326 

Shilun Ge        562 

Shining Song        50 

Shuai Zhang        673 

Shuaikang Hao        221 

Shuang Geng        196        30 

Shuang Zhang        573 

Shuiqing Yang        308 

Shuqing Chen        210 

Sicheng Li        565 

Siqi Tan        583 

Tao Zhou        581 

Tian Le        108 

Tian Zhou        513 

Tianjiao Wang        77 

Tianmei Wang        500 

Tianqi Zheng        653 

Tianshi Wu        210 

Tie Zhang        581 

Ting Long        278 

Tingting Zhang        203 

Wang Cao        287 

Wang Wenche        600 

Wanjun Liang        196 

Weiwei Yan        129 

Weiying Wei        3 

Wen Chen        306 

Wenbin Qu        692 

Wenfang Xie        305 

Wu Jinhong        469 

Wuhua Chen        165 

Wuhuan Xu        645 

Wule Jike        407 

Xianfeng Meng        230 

Xiangbin Yan        203 

Xiangdong Li        147        490 

Xiao Huang        701 



INDEX OF AUTHORS                                                                                                                                                           715 

Xiao Xiao        69        77 

Xiaobo Zhou        175 

Xiaodong Li        100 

Xiaofei Zhang        479 

Xiaoli Li        242        622 

Xiaolin Li        116        326        139 

Xiaoping Liu        229 

Xiaowei Zhao        436        663 

Xiaowen Liu        481 

Xiaoyi Tang        612 

Xingnan Wu        40 

Xinjia Tong        308 

Xinxue Zhou        194 

Xinyan Liu        481        552 

Xinyin Tang        221 

Xinyuan Zheng        365 

Xitong Guo        210        511 

Xiumei Ma        511 

Xiuxiu Zhai        552 

Xu Liu        62 

Xu Wang        407 

Xueqing Tan        436        663 

Xuesong Wang        116        326 

Yan Kuang        622 

Yan Wan        50 

Yan Zhang        88 

Yang Zhou        3 

Yankai Cai        467 

 Yefei Yang        479 

Yi Huang        612 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yi Jiang        467        653 

Yimin Zou        129        436        663 

Yin Chen        684 

Ying Li        632 

Ying Wang        581        591 

Ying Xiong        373 

Yishu Wu        264 

Yixuan Liu        392 

Yongqiang Sun        511 

Yu Liang        336 

Yu Xueliang       469 

Yuangao Chen        308 

Yuanyue Feng        139 

Yuhan Wei        203 

Yuhao Li        355 

Yuhao Wu        523 

Yunxia Zhao        230 

Zengyuan Wu        602        632 

Zhao Du        30        69        77 

Zhao Pan        523 

ZhaozhaoYin        373 

Zhen Zhu        108        573        583 

Zhengmei Wang        229 

Zhenyi Yang        357 

Zhiqin Cui        591 

Zhong Yao        645 

Zhongyi Hu        701 

Zhou Xingjian        78 

Zhou Zhang        90 

Ziyue Zhou        1 



 

 

Alfred University 
Our Mission: 

In all of our actions, we seek to assure that our students and faculty attain 

distinction to their personal, public and professional lives 

Our primary vehicle for this is the development and delivery of programs of instruction and scholarship in professional 

management. Recognizing that we live in world in which technical advances, political shifts and social changes are all 

occurring rapidly, our principal objectives is to be a dynamic learning organization that prepares our students for 

leadership roles in their professions. We will design our systems and  provide for incentives that build ongoing 

commitment to improving the quality of what we do. 

 
In support of this mission our educational objectives are to: 

1. Provide undergraduate and graduate programs that are excellent in quality, innovative in delivery, and relevant to 

current business practices. 

2. Develop leadership and lifelong leadership skills. 

3. Provide an environment, which fosters understanding and appreciation of cultural diversity and ethical conduct. 

4. Support, conduct and disseminate scholarship in business. 

5. Serve the community through programs and partnerships that enhance the intellectual quality of the region, and that 

enhance our core intellectual activities. 

6. Provide active learning opportunities, which develop distinction through the acquisition of professional business skills. 
 

Phone 607-871-2124 Fax 607-871-2114 Email businesscollege@alfred.edu Website http://business.alfred.edu 

 

China University of Geosciences 

China University of Geosciences has gone through many changes and significant difficulties since 1952. The academic 

culture of universities like Beijing University, Qinghua University, etc. has greatly influenced the creation and the direction 

of this university. There are successively over 60 academicians who have ever industriously carried out teaching in the 

university; even more middle-aged and young experts have started their careers here. The university became one of the key 

universities in 1960, and was authorized to set up Graduate School in 1986. In 1997, it entered the 211 Project as one of the 

first group of universities in our country.   It is therefore a key university being mainly created in China. 

The university has splendid glories brought by outstanding records. It has shaped its own traditions and demeanors 

of being self-supporting and realistic. Up to now, the university has cultivated over 80,000 graduates. They are engaged 

in their own fields and dedicated themselves to the development of the country. Many of them have become academic 

elites, political genius, business tycoons, and excellent athletes. Premier Wen Jiabao and 21 academicians of Chinese 

Academy of Sciences and Engineering are typical representatives among them. 

Over more than fifty years, people of CUG have been forging ahead, keeping pace with the times, and carrying out 

innovations. They have caught hold of the opportunities brought about by the reforms, and achieved rapid progress with their 

intelligence and efforts. Today, CUG has changed from just a geological college with single discipline to a comprehensive 

university offering multi-disciplines with geology, resources, environment, and geological engineering technology as the main 

features along with the development of sciences, engineering, liberal arts, management, economics and law. 

Presently, the university has raised the goal of constructing itself into a world-class the field of earth sciences. In order 

to achieve the goal, we will inherit and carry forward the excellent traditions of CUG. We will regard people as the resource, 

discipline construction as the guide, improvement of teaching strength as the core, and talent cultivation as the lifeline. At 

the same time, we will intensify the conception of competition, quality and services, carry out reforms while remaining 

innovative, and aim to achieve outstanding credits in order to meet the demands of both the history and the future. 

Yanxin Wang 

President of China University of Geosciences, Wuhan, China 

mailto:businesscollege@alfred.edu
http://business.alfred.ed/



	WHICEB2022序言-2022-5-19(27日已改）
	组合 1
	59
	60
	87
	109
	121

	组合 2
	6
	21
	34
	67
	79
	103
	129

	组合 3
	13
	27
	29
	33
	52

	组合 4
	26
	30
	73
	112
	127
	131

	组合 5
	9
	56
	70
	114
	123
	130

	组合 6
	8
	17
	18
	24
	62
	138

	组合 7
	28
	43
	49
	74
	97
	142

	组合 8
	2
	55
	61
	82
	110
	139

	组合 9
	3
	14
	15
	23
	37
	48
	51
	54
	68
	77
	90
	100
	119

	组合 10
	12
	85
	96
	113
	125新
	136
	146

	组合 11
	44
	76
	118
	124
	143

	组合 12
	65
	83
	133
	134
	141

	组合 13
	71
	116
	145

	组合 14
	4
	11
	20
	22
	53
	63
	78
	94
	120

	组合 15
	16
	36
	98
	144

	2022索引
	空白页面
	空白页面
	空白页面
	空白页面

