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Preface

The annual Wuhan International Conference on E-Business (WHICEB) is an AIS affil-
iated conference. The 22nd Wuhan International Conference on E-Business (WHICEB
2023) was held at Wuhan from May 26 to 28, 2023. 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 e-business, global and corporate financial issues, and the neces-
sity for continuous innovation. The conference aims at presenting innovative research
findings, solutions and approaches tomake the Internet a productive and efficient vehicle
for global commerce. Whether running an e-business or transforming a business into an
e-business, we constantly encounter challenges ranging from technological to behavioral
issues, from marketing to data analysis issues, and from effectiveness to security issues.
In recent years all over theworld initiatives have been started for the next step of develop-
ment, i.e., Industry 4.0 or the 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 their locations and sizes, should
consider having a strategic decentralized planning effort that includes e-business as a
pillar for sustainable competitive advantage.

The proceedings of the 22nd WHICEB document the breadth and depth of research
from different aspects of business and from different disciplines that havemajor implica-
tions 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 proceedingswill be
recommended to international academic journals including but not limited to the follow-
ing: Electronic Commerce Research and Applications, Electronic Commerce Research,
and International Journal of Networking and Virtual Organizations (Compendex).

The research papers in the proceedings went through a double-blind peer review pro-
cess. Papers were accepted based upon a clear research methodology and contributions
to the knowledge of e-business including but not limited to case study, experiment, simu-
lation or survey. The efforts made by our track chairs in reviewing submissions are really
appreciated, for they ensured the quality of the proceedings. On behalf of the confer-
ence organization, I thank them for their professional diligence. They are: Xiaobo (Bob)
Xu, Weiyong Zhang and Fei Ma, Digital Empowerment and Social Impact; Yaobin
Lu, Ling Zhao and Jiang Wu, Artificial Intelligence & IoT (AIoT) Enabled Business
Innovation; Guoyin Jiang, Xiaodong Feng and Wenping Liu, Computing and Complex-
ity in Digital Platforms; Dongxiao Gu, Jia Li, Ying Yang, Zhixiong Zhang, Fenghong
Liu, Yiming Zhao, Shuping Zhao and Xiaoyu Wang, Data Analytics and Data Gover-
nance in Behavioral and Social Science Studies; Cong Cao, Xiuyan Shao, Jun Yan
and Wen-Lung Shiau, Digital Economy; Zhongyun (Phil) Zhou, Yongqiang Sun
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and Xiao-Ling Jin, Digital Enablement and Digital Governance; Yi Wang, Yuan Sun,
Si Shi and Jindi Fu, Digital Technologies and New Ways of Working; Xiaoling Li, Lu
Wang and Qing Huang, E-business Strategy & Digital Marketing; Shaobo Wei, Xiayu
Chen, Jinmei Yin and Hua Liu, Emerging Technologies and Social Commerce; Nannan
Xi, Hongxiu Li, Juan Chen and Juho Hamari, Engaging Technologies; Zhaohua Deng,
Tailai Wu and Jia Li, Healthcare Service and IT Management; Haichao Zheng, Yuxiang
Zhao, Bin Zhu, Bo Xu and Kai Li, Human-Machine/Robot Interaction in the Era of
AI; Hefu Liu, Zhao Cai and Meng Chen, Information Systems and Operations Manage-
ment; Zhao Du, Fang Wang, Shan Wang and Ruoxin Zhou, Information Technology in
Education; ChunmeiGan,YongLiu andMingYi,User Behavior in Information Systems.

This year, the proceedings consists of two volumes. The papers which are included
in the proceedings have gone through at least three double-blind reviews by themembers
of the Editorial Board of the Proceedings. We would like to thank all of them for their
invaluable contribution, support and efforts.

Yiliu Tu
Maomao Chi
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The Impact of Digital Finance on the Operating
Performance of Commercial Banks: Promotion

or Inhibition?
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Abstract. The vigorous development of digital finance has lent fresh impetus
to the traditional financial market, and has also had an influence on the business
situation. This article uses crawler technology to construct digital finance indica-
tors, and based on the financial data of 42 listed commercial banks from 2011 to
2021, uses the SYS-GMMmodel to study the impact effect, transmission mecha-
nisms and heterogeneity of digital finance on the operating performance from two
dimensions of profitability and risk level. The results show that: First, in terms of
linear relationship, digital finance reduces the profitability and increases the risk
level of commercial banks; Second, as regards nonlinear relationship, there is a
U-shaped relationship between digital finance and the profitability of commercial
banks, and an inverted U-shaped relationship with the risk level of commercial
banks; Third, digital finance inhibits the operating performance by deteriorating
the deposit structure, loan structure and increasing the proportion of non-interest
income. Fourth, compared with national commercial banks, the inhibitory influ-
ence on the profitability of regional banks is more pronounced, but its impact on
risk level is not significantly different.

Keywords: Digital Finance · Commercial Bank · Operating Performance

1 Introduction

The process of deep interaction between digital finance and commercial banks is full of
competition and cooperation. On the one hand, with the help of emerging technologies,
the operational capacity of banks has been significantly improved. On the other hand,
digital finance has also launched fierce competition with commercial banks in traditional
financial business.

There are two main points of view on this topic in academia: The first view is that it
will improve the performance, and the second view is that it will inhibit the performance.
In the first view, by analyzing the problem from the perspective of commercial bank risk-
taking, the data results show that digital finance will reduce the systemic financial risk
[1]. At the same time, when the asset size is larger, the impact will be more obvious
[2]. Then it is found that it will reduce the credit risk of enterprises by improving the
Total Factor Productivity and reducing the degree of Asymmetric Information [3]. In the
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second view, digital finance intensifies bank risk-taking by raising management costs
[4]. And it is found that it has impacted the capital side and debt side [5], and will
restrain their operating performance [6]. To sum up, this impact has both promotion and
inhibition effects, and it has not yet reached a consensus conclusion on this issue [7].
However, through the combing of the literature, we can find that the current research
still has shortcomings in the following aspects: The existing research focus more on
the profitability side, but ignores the risk side, and does not start with the three major
businesses of commercial banks. In addition, since digital finance is still in the process of
sustainable development, its impact on the operating performance should change in the
dynamic process. However, the academia has not paid attention to the dynamic changes
of this impact.

In view of this, this article examines the effect of digital finance on the operating
performance from the perspectives of profitability and risk level, deeply analyzes the
impact transmission mechanism from three aspects of deposit business, loan business
and intermediate business, and analyzes the dynamic changes of the impact.

2 Theoretical Analysis and Hypotheses

2.1 Linear and Nonlinear Impacts of Digital Finance on the Operating
Performance

Digital finance will promote technological progress and improve business performance
through technology spillover effect [8]. Through the optimization of the riskmanagement
model, digital finance reduces the default risk faced by banks [9].More importantly, com-
mercial banks optimize the service process through the enhancement of digital finance,
improve operational process through technological innovation [10].

Digital finance has competitive spillover effect on the market covered by traditional
banks by virtue of its advantages [11]. In terms of deposit business, digital financial
transactions are more flexible and convenient, and its deposit interest yields are higher
[12]. Therefore, digital finance diverts the deposit business of traditional commercial
banks, the dependence of commercial banks on financial products and inter-bank liabil-
ities has significantly increased [13], which also increases the cost of liabilities and risk
of banks [14]. This situation forces commercial banks to develop intermediate business,
support deposit and loan business with non-interest income. At the same time, commer-
cial banks will be forced to explore the long tail customers with high default risks by
lowering the qualification approval threshold [15], which leads to the increase of risk
preference of commercial banks [16].

At present, digital finance inChina is not yet fully developed, itwill affect the stability
of the banking system to a certain extent [17]. However, after the underlying technology
is mature and can be widely applied, competitive spillover effect will gradually weaken
until it is replaced by technology spillover effect.

The hypotheses are as follows:

H1: Digital finance inhibits the operating performance of commercial banks.
H1A: The development of digital finance reduces ROA.
H1B: The development of digital finance improves the NPL ratio.
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H2: There is a nonlinear relationship between digital finance and the operating
performance.
H2A: There is a U-shaped relationship between digital finance and ROA.
H2B: There is an inverted U-shaped relationship between digital finance and the NPL
ratio.

2.2 Heterogeneity of the Impact of Digital Finance on the Operating Performance

Due to the differences in asset size, employee education level and technical foundation,
banks have different abilities to resist this impact.

State-owned and joint-stock commercial banks account for a relatively large pro-
portion of intermediate business, while urban and rural commercial banks specialize in
traditional credit business [18]. National banks have larger assets and stronger ability
than regional banks to resist risks. In addition, state-owned and joint-stock commercial
banks have strong strength, sufficient internal talent reserves and good technical support,
so they are less affected by the impact on deposit business, loan business and intermedi-
ate business. Urban and rural commercial banks, due to their long-term roots in counties,
have higher customer acquisition costs, and a large proportion of long tail customers.
Coupled with the small size of the bank, the lack of internal talents in the bank, poor
technical conditions, and weak ability to resist the impact, the inhibitory effect on them
will be even stronger.

The hypothesis is as follows:

H3: The impact of digital finance on the operating performance is different between
national and regional commercial banks.

3 Research Design

3.1 Variable Setting and Description

Explanatory Variables. There are two explanatory variables in this paper. The first one
is the development level of digital finance A (BDFIN), which will be used to test the
benchmark model of the impact. The second is the development level of digital finance
B (DIGIFIN), which will be used to test the robustness of the impact.

The Development Level of Digital Finance A. This variable is synthesized through Baidu
news crawler and Principal Component Analysis. The specific steps are as follows:
Firstly, a total of 24 keywords are selected from the four perspectives of Financial
Security, Payment and Settlement, Channel Technology and Resource Allocation, the
original thesaurus is shown in Table 1, then crawlBaidu news search results through “city
+ keyword”, and count the search volume of 24 keywords corresponding to each city
every year. Secondly, through Principal Component Analysis, the search volume of 24
keywords in each city is reduced to synthesize this indicator. The cumulative variance
contribution rate of the digital finance development level A synthesized by Principal
Component Analysis is 72.38%, indicating that this indicator has a high explanation rate
for the overall search volume.
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Table 1. Original thesaurus of digital finance.

Financial Security Payment and
Settlement

Channel Technology Resource
Allocation

Investment Decision
Support

NFC Payment Cloud Computing Internet Finance

Intelligent Customer
Service

Open Bank Big Data Intelligent Data
Analysis

Robo-Advisor Mobile Payment Machine Learning Smart Contract

Biometrics Third-Party
Payment

AI Mobile Internet

ASR DC Deep Learning NUCC

Credit Investigation Authentication Blockchain Crowdfunding

The Development Level of Digital Finance B. This variable is obtained by secondary
calculation of the provincial and municipal indices in the Digital Financial Inclusion
Index of Peking University [19]. The specific calculation method is as follows: The
digital finance development level of regional commercial banks is measured by the index
of the cities where the banks’ headquarters are located in that year. The development
level of national banks is calculated as follows:

DIGIFINi,t =
34∑

p=1

Bi,p,tFp,t

34∑
p=1

Bi,p,t

(1)

where DIGIFINi,t represents the development level of digital finance faced by bank i in
the year t, t = 2011, 2012, · · · , 2021; Bi,p,t represents the number of bank outlets in
the province p in the year t of bank i; Fp,t represents the index of the province p in the

year t;
34∑
p=1

Bi,p,t represents the sum of the number of bank outlets in all provinces of the

country in the year t of bank i.

Predicted Variables. This paper analyzes the commercial banks’ operating perfor-
mance from the two perspectives of profitability and risk level. Profitability is measured
by ROA, and risk level is measured by the NPL ratio.

Controlled Variables. Banks’ operating performance is not only affected by banks’
micro factors, but also by the macroeconomic factors. Therefore, this paper selects four
bankmicro indicators of equity-to-asset ratio (HA), total asset level (LNASSET), capital
adequacy ratio (CAR), and net interest margin (NIM), as well as two macroeconomic
indicators of economic level (LNGDP) and inflation rate (CPI).
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Mediators. The mediation effect is analyzed from three perspectives: deposit business,
loan business and intermediate business. The deposit business ismeasured by the deposit-
liability ratio (DS). The loan business is measured by the loan-to-asset ratio (LA). The
intermediate business is measured by the proportion of non-interest income (NI).

3.2 Model Setting

Linear Relationship. The models are as follows:

ROAi,t = α0ROAi,t−1 + α1BDFINi,t +
5∑

k=2

αkControlk,i,t

+α6LNGDPt + α7CPIt + μi + εi,t

(2)

NPLi,t = β0NPLi,t−1 + β1BDFINi,t +
5∑

k=2

βkControlk,i,t

+β6LNGDPt + β7CPIt + μi + εi,t

(3)

where ROAi,t means the ROA of the bank i in the year t; NPLi,t means the NPL ratio of
the bank i in the year t; BDFINi,t means the development level of digital finance faced
by bank i in the year t; Controlk,i,t means the controlled variables related to the micro
characteristics of commercial banks; LNGDPt means the economic level of the year t;
CPIt means the inflation rate of the year t; μi means the characteristics of each bank
that do not change over time; εi,t means the stochastic disturbance term.

Nonlinear Relationship. The models are as follows:

ROAi,t = ς0ROAi,t−1 + ς1BDFINi,t + ς2BDFIN2i,t +
6∑

k=3

ςkControlk,i,t

+ ς7LNGDPt + ς8CPIt + μi + εi,t

(4)

NPLi,t = ξ0NPLi,t−1 + ξ1BDFINi,t + ξ2BDFIN2i,t +
6∑

k=3

ξ kControlk,i,t

+ ξ7LNGDPt + ξ8CPIt + μi + εi,t

(5)

where BDFIN2i,t means the quadratic term of BDFINi,t .

Mediation Effect Models. The models are as follows:

MEDλ,i,t = χ1BDFINi,t +
5∑

k=2

χkControlk,i,t + χ6LNGDPt

+χ7CPIt + μi + εi,t

(6)
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ROAi,t = δ0ROAi,t−1 + θMEDλ,i,t + δ1BDFINi,t +
5∑

k=2

δkControlk,i,t

+ δ6LNGDPt + δ7CPIt + μi + εi,t

(7)

NPLi,t = η0NPLi,t−1 + ϕMEDλ,i,t + η1BDFINi,t +
5∑

k=2

ηkControlk,i,t

+ η6LNGDPt + η7CPIt + μi + εi,t

(8)

4 Empirical Results

4.1 Linear Relationship: The Impact of Digital Finance on Bank Performance

Columns (1) and (2) of Table 2 report the impact on commercial bank operating
performance in a linear relationship.

The test results of the impact from the perspective of linear relationship show that
digital finance will inhibit the profitability and increase the risk level, that is, it will
inhibit the operating performance of commercial banks.

Table 2. The impact on the operating performance of banks.

Variables (1)
ROA

(2)
NPL

(3)
ROA

(4)
NPL

L.ROA 0.854***
(0.187)

0.810***
(0.196)

L.NPL 0.735***
(0.103)

0.725***
(0.113)

BDFIN −0.066**
(0.031)

0.210***
(0.057)

−0.320**
(0.150)

0.826*
(0.423)

BDFIN2 0.001*
(0.001)

−0.003**
(0.001)

Controlled Variables Yes Yes Yes Yes

Bank FE Yes Yes Yes Yes

AR(2) 1.248 −1.610 0.503 −1.343

AR(2)-P 0.212 0.107 0.615 0.179

Hansen 15.292 25.401 16.393 18.851

Hansen-P 0.359 0.330 0.229 0.128

***p < 0.01, **p < 0.05, *p < 0.1, the same below.
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4.2 Nonlinear Relationship: The Impact of Digital Finance on Bank Performance

Columns (3) and (4) of Table 2 report the impact on bank performance in a nonlinear
relationship. The result of column (3) shows that there is aU-shaped relationship between
digital finance and the profitability of commercial banks. The result of column (4) shows
that there is an inverted U-shaped relationship between digital finance and the NPL
ratio. The impacts on the profitability and risk level at different stages of development is
different,making it change from restraining profits and improving risk level to promoting
profits and reducing risk level.

4.3 Heterogeneity Analysis

Due to the differences in profit, service, size and other micro-levels, they respond
differently to this influence.

To examine the different impacts, this paper divides ROA and NPL into two groups
according to whether the bank belongs to the national commercial banks. It can be
preliminarily found that compared with the NPL ratio, the difference of ROA between
the two groups is more obvious.

Next, the Independent Samples t-test is carried out on the two groups of ROA and
NPL ratio. According to the test results, it can be found that only ROA has significant
differences among different types of banks.

Based on the conclusions obtained from the above analysis, this paper conducts group
regression on ROA of national and regional commercial banks. The group regression
results are shown in Table 3 below. It shows that the inhibitory effect on regional banks is
more significant. This conclusion is also consistentwith the previous theoretical analysis.

Table 3. Heterogeneity analysis of ROA.

Variables National
ROA

Regional
ROA

L.ROA 0.593**
(0.215)

0.472
(0.338)

BDFIN −0.025
(0.038)

−0.161**
(0.060)

Controlled Variables Yes Yes

Bank FE Yes Yes

AR(2) 0.313 1.066

AR(2)-P 0.755 0.286

Hansen 12.604 2.571

Hansen-P 0.399 0.922
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4.4 Mediation Effect Analysis

In order to test whether the three businesses of commercial banks are the inter-mediate
transmission mechanism of the impact, this paper focuses on the deposit-liability ratio
(DS), loan-to-asset ratio (LA) and non-interest income ratio (NI). The three variables are
analyzed by establishing mediating effect models. The mediation effect analysis process
consists of two steps: Step 1, as shown in Table 4 below, reports the impact on the three
intermediate variables. Step 2, as shown in Table 5 below, reports the impact of the three
intermediate variables together with the digital finance on the operating performance.

Column (1) inTable 4 shows the influenceon thedeposit-liability ratio, indicating that
digital finance will reduce the deposit-liability ratio and deteriorate the deposit structure.
Column (2) shows the influence on the loan-to-asset ratio, indicating that digital finance
will reduce the loan-to-asset ratio and deteriorate the loan structure. Column (3) shows
the influence on the proportion of non-interest income, indicating that it will increase
the proportion of non-interest income, and digital finance has promoted the development
of intermediate business, which is also a manifestation of the influence on the deposit
business and loan business, forcing banks to develop intermediate business.

Table 4. Mediation effect step 1.

Variables (1)
DS

(2)
LA

(3)
NI

L.DS −0.860**
(0.331)

L.LA 0.765***
(0.131)

L.NI 0.961***
(0.073)

BDFIN −0.280*
(0.161)

−0.018*
(0.010)

0.078*
(0.041)

Controlled Variables Yes Yes Yes

Bank FE Yes Yes Yes

Number of ID 34 34 34

AR(2) −0.930 −0.55 −1.211

AR(2)-P 0.352 0.585 0.226

Hansen 5.431 24.684 11.783

Hansen-P 0.711 0.645 0.161

The result of column (1) in Table 5 shows that the deposit-liability ratio has no
significant impact on ROA. The result of column (2) shows that the higher the deposit-
to-liability ratio, the lower the NPL ratio will be. Therefore, it can be concluded that the
deposit-liability ratio plays a partial mediating effect in the impact on the NPL ratio.
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The result of column (3) in Table 5 shows that the higher the loan-to-asset ratio is,
the stronger the profitability will be. The result of column (4) shows that the higher
the loan-to-asset ratio, the lower the NPL ratio will be. Therefore, it can be concluded
that the loan-to-asset ratio plays a partial mediating effect on the impact on ROA, and a
complete mediating effect on the impact on the NPL ratio.

The result of column (5) in Table 5 shows that the higher the proportion of non-
interest income, the weaker the profitability will be. The coefficient of the proportion
of non-interest income in column (6) is not significant, it has no significant impact on
the NPL ratio. Therefore, it can be concluded that the proportion of non-interest income
plays a fully mediating role in the impact on the profitability.

Table 5. Mediation effect step 2.

Variables (1)
ROA

(2)
NPL

(3)
ROA

(4)
NPL

(5)
ROA

(6)
NPL

L.ROA 1.029***
(0.228)

0.709***
(0.196)

0.740***
(0.187)

L.NPL 0.395***
(0.088)

0.299
(0.365)

0.722***
(0.092)

DS 0.066
(0.123)

−0.055*
(0.030)

LA 0.025***
(0.006)

−0.101*
(0.051)

NI −0.312**
(0.128)

0.156
(0.301)

BDFIN −0.067*
(0.035)

0.189**
(0.072)

−0.133***
(0.048)

0.083
(0.232)

−0.010
(0.038)

0.167**
(0.073)

Controlled Variables Yes Yes Yes Yes Yes Yes

Bank FE Yes Yes Yes Yes Yes Yes

Number of ID 30 31 30 34 30 34

AR(2) −0.531 −0.936 0.718 −0.576 0.678 −1.513

AR(2)-P 0.595 0.349 0.473 0.565 0.498 0.130

Hansen 16.254 17.072 11.103 7.302 20.854 23.321

Hansen-P 0.236 0.381 0.134 0.199 0.184 0.717

4.5 Robust Test

This article verifies the robustness of this impact by replacing the variable of digital
finance development level.
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Columns (1) and (2) of Table 6 show the impact of the linear relationship. Columns
(3) and (4) of Table 6 show the impact of the nonlinear relationship. The model results
show that the impact analyzed in this article is robust.

Table 6. Robustness test results.

Variables (1)
ROA

(2)
NPL

(3)
ROA

(4)
NPL

L.ROA 0.775***
(0.146)

0.757***
(0.228)

L.NPL 0.804***
(0.118)

0.761***
(0.087)

DIGIFIN −0.038***
(0.010)

0.201***
(0.044)

−0.119**
(0.046)

0.375***
(0.084)

DIGIFIN2 0.001*
(0.001)

−0.002*
(0.001)

Controlled Variables Yes Yes Yes Yes

Bank FE Yes Yes Yes Yes

Number of ID 29 33 29 33

AR(2) −1.041 −0.842 −1.524 −0.528

AR(2)-P 0.298 0.400 0.127 0.598

Hansen 15.102 11.530 21.57 18.29

Hansen-P 0.372 0.117 0.119 0.248

5 Suggestions

Combining the current background of digital finance and the conclusions of this article,
the suggestions are proposed from the perspectives of macro policy and micro banking:

First, promote and regulate the development of digital finance, reduce digital finan-
cial risk factors through penetrating supervision. Digital financial technology has many
advantages, but due to its insufficient development, it has a temporary inhibitory effect
on banks. Therefore, policies should continue to promote the development of digital
finance and prudently treat the risk factors brought by digital finance, use penetrating
supervision to reduce the uncertainty of digital finance development.

Second, we should continue to empower the business development of commercial
banks with technological attributes, and strengthen the digital risk management capabil-
ities. Commercial banks should actively innovate financial products and services, and
improve their technical foundation by introducing talents and increasing technology
investment. In addition, strengthen the risk management of banking business, focusing
on the rationality of deposits, loans, non-interest income and other indicators.
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Third, in the process of digital finance development, we should focus more on
regional commercial banks. Regional commercial banks have small assets, weak techni-
cal foundation, which are more prone to generate large risks. Therefore, more attention
and support should be paid to small and medium-sized commercial banks.
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Abstract. More and more enterprises promote their products by publishing short
videos on social platforms, but not all short video marketing can achieve the
expected results. There aremany factors that affect themarketing effect. This study
aims to explore how the narration of short video, especially the story plot, impress
consumers to realize marketing goals, on the basis of Narrative Transportation
Theory. In this study, 402 sample questionnaires were collected and themodel was
verified by structural equation model. The conclusion shows that the six factors
affect advertising attitude and product attitude through narrative transportation.
Finally, according to the conclusion, the corresponding suggestions for the creation
of short video are provided.

Keywords: Story Plot · Narrative Transportation · Short Video · Story Marketing

1 Introduction

Marketing is one of the important links in enterprise competition. In recent years,with the
intensification of market competition, how to carry out effective marketing and improve
the efficiency of marketing has become the focus of enterprises. In recent years, story
marketing has gradually attracted the attention of academia and enterprises. Storytelling
is a very effective tool to convey experience. It can promote the emotional connection
between consumers and brands, and even affect consumers’ purchase decisions. At the
same time, short video has a large number of users, which provides the basis for story
marketing. Therefore, it is necessary to explore the story marketing of short video.

At present, most of the relevant studies are based on the brand story and the text
materials. Different from previous studies, first of all, this study systematically hackled
the relationship between the relevant characteristics of the story plot and narrative trans-
portation. Second, this study is based on the emerging media of Douyin short video. The
content on Douyin short video mainly comes from the creation of ordinary users which
is different from the brand stories, and short video presents more vivid information to
the audience. Third, this study points out that the relationship between plot familiarity
and narrative transportation is negative in the context of Douyin short video, which is
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contrary to the conclusion of previous studies in the field of story marketing about story
familiarity. Therefore, this study aims to supplement the narrative transportation theory
by exploring the relationship between plot characteristics and narrative transportation,
and provide some reference for the creators of short video in terms of content creation.

2 Literature Review

2.1 Narrative Transportation Theory

In addition to being quantified as a concept to measure the level of transportation, narra-
tive transportation is also a unique persuasive theoretical mechanism of stories or novels.
When the audience is exposed to the story, the audience will stay away from the sur-
rounding real world and enter the world in the story. When they return to the original
real world, the audience’s beliefs and attitudes will change and become consistent with
those in the story.

2.2 Influencing Factors of Narrative Transportation

At present, the academia has carried out extensive research on story marketing based
on narrative transportation theory. The current research on the influencing factors of
narrative transportation shows that these influencing factors are mainly divided into the
factors of the story itself and audience related factors.

In terms of the factors of the story itself, the degree to which individuals are trans-
ported into the narrative world depends on the quality of the story. Some scholars also
believe that the attractiveness of the text itself, the attractiveness of books, the font def-
inition and the text quality of story will affect the transportation level [1]. Narrative
structure is also the key influencing factor of narrative transportation. In addition, the
story plot also has a certain impact on narrative transportation. Story plot refers to the
narration of a series of coherent events. The vivid plot helps the audience to imagine and
immerse themselves in the story, just like their real experience [2], which will enhance
the transportation level of they experience. Relevant research shows that the clarity of
the story can reflect a good structure, and also prove that the clearer the plot, the higher
the narrative transportation level of the audience through empirical research.

In terms of audience related factors, Dal Cin et al. and Laer et al. point out that some
people are easier to be transported than others [3, 4]. This is a personal trait. This differ-
ence is called transportability, which has nothing to do with the story itself, the situation
and other external factors, but depends on their own empathy and psychological simu-
lation ability [3]. An individual’s motivation for emotional needs also affects the level
of transportation they experience. Individuals with anxiety type attachment personality
hope to obtain attention or support by asking or controlling their partners, which is a
morbid personality. People with high anxiety type attachment have a higher level of nar-
rative transportation than others. The audience’s familiarity with the story will affect its
narrative transportation level [2]: the audience’s prior knowledge or personal experience
will affect its transportation level. If the audience is familiar with the content or theme
of the story, it will help them experience a higher level of narrative transportation. In
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addition, the similarity between the audience and the story characters is also one of the
important factors affecting the audience’s narrative transportation [5].

From the relevant literature on the factors affecting narrative transportation men-
tioned above, it can be found that relevant scholars have pointed out some factors that
will affect narrative transportation, but no one has systematically explored the rela-
tionship between the plot and narrative transportation, so we will make a systematic
exploration of the plot.

2.3 Short Video Features

Short video advertising attracts the audiencewith its short and interesting characteristics,
which meets the audience’s consumption demand for content in the era of fragmentation
[6]. Entertainment motivation is one of the main motivations for users to use Douyin
through empirical analysis of Douyin’s users. In the research on the original short video
advertisement of Douyin, it is pointed out that in the list of Douyin video products, the
drama beauty and comedy categories account for a large proportion and can carry out
product publicity without trace. Entertainment funny videos mainly meet the entertain-
ment needs of the audiences. In the short video application, the creators will not be
subject to strict language norms. Many content creators and characters in the video are
of grass-roots origin, and they come from all corners of the world. In the videos they
create, the reasonable use of voice and intonation, local dialect, network language and
action expression constitute the humorous and funny style in the short video.

In addition, in the short video platform, the content seen by users is recommended
according to users’ preferences, which is also the difference between short video and
traditional video. In the process of watching short videos, the short video platform often
recommends similar short videos to the same users. When users often watch the content,
they are likely to be disgusted with the video content.

The Douyin has these unique characteristics, which may lead to different impacts
on the audience. Therefore, this paper focuses on the story advertisements in Douyin,
explores which characteristics of the story plot will affect the advertising effect, and tests
the intermediary mechanism, thus supplementing the relevant literature on short video
advertising.

3 Hypothesis Development

In this study, we first conducted in-depth interviews with 16 users who have watched
Douyin and bought beauty products. The main question of in-depth interviews is “what
features of the story plot in short videos are attractive”. Through the summary of the
interview content, we found these six factors. According to Laer’s theoretical model in
meta-analysis, it can be divided into two categories from the perspective of storytelling
and reception [3] (Fig. 1).
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Fig. 1. Theoretical model

3.1 Plot Reversal

Story plot refers to a series of events that develop and change according to the time
sequence and causality. Therewill bemany conflicts or contradictions in the development
of these events. The characters in the story need to solve these conflicts or contradictions
in order to promote the development of the story. Plot reversal refers to the climax or
turning point of the story, which represents that the protagonist’s emotions or actions
have taken surprising turns or reached unexpected levels [7]. When there is a reversal
of the plot, the audience will feel unexpected and more attracted. When there are more
contradictions and conflicts in the story, there will be more suspense and these suspense
will urge the audience to receive and process the content to think about how the story
characters will solve the difficulties, so the audience’s attention will be more convergent
to pay close attention to the development of the plot. At the same time, suspense will
keep the audience in a state of hope and fear, which will make the story more dynamic
and make the audience at a higher level of arousal. This will also make the audience feel
more creative and more enjoy the content, so as to achieve emotional touch. In addition,
this reversal of the plot makes the plot more vivid, it helps to promote the audience’s
imagination of the story.

H1: Plot reversal positively affects narrative transportation.

3.2 Plot Humor

Plot humor refers to the audience’s perception of the degree of plot humor [7]. Many
humorous and interesting advertisementswill leave a deep impression on people.Humor-
ous information helps the audience form a positive attitude towards the product and
enhance the persuasive effect of the information [8]. Humor is a monotonous destroyer
and it can be used as a tool. The audience will be attracted by the humor of advertising.
Humor can bring the audience from the busy and anxious real world to a relaxed and
happyworld. Therefore,when the plot is humorous, it willmake the storymore attractive,
make the audience’s attention more focused, and generate more associations, making
the audience happy. Relevant scholars believe that watching humorous advertisements
can improve the audience’s attention and improve the possibility of audience’s under-
standing. Relevant research also points out that humor can enhance the user’s cognition.
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In the short video, the humorous plot matches the audience’s entertainment purpose,
providing good conditions for the audience to enter the story world.

H2: Plot humor positively affects narrative transportation.

3.3 Plot Integrity

Plot integrity refers to the degree to which the story fully and completely presents the
whole story content [9]. Information integrity can reduce uncertainty. Compared with
uncertain situations, people have a higher preference for certain situations. In addition,
processing fluency refers to the degree of difficulty the audience feels in the process
of processing information. A full and clear plot will make it easier for the audience
to process the information during watching the short video and feel a higher sense of
fluency, which helps the audience give positive feedback to the relevant information. In
the process of watching the short video, the audience mainly focuses on the development
of the story. A complete and sufficient plot canmake the audiencemore fully immersed in
the story, comparedwith no results, stories with positive results can arouse the audience’s
love to a greater extent and it can bring satisfaction, joy and other positive emotions to
the audience, and urge the audience’s thinking to follow the development of the plot and
imagine the subsequent development of the story [9]. In the study of brand stories using
text materials, it is believed that the clearer and fuller the plot, the higher the narrative
transportation level of the audience.

H3: Plot integrity positively affects narrative transportation.

3.4 Plot Familiarity

Plot familiarity refers to the prior knowledge or experience of the audience on the story
[3]. In relevant studies, it is believe that the more familiar the audience is with the
theme of the story, the higher the narrative transportation level of the audience will be
[3]. However, as an application with content ecosystem service as the core, ordinary
users can participate in the creation of short videos, and it can use its recommendation
algorithm to push the content to the target users. In this case, when an interesting video
appears on the Douyin, it will attract a large number of users’ imitation and creation.
Coupled with the push of its recommendation algorithm, it is likely to push videos with
similar content to the same group of users. In the research on familiarity in other fields,
it is pointed out that familiarity will reduce the persuasive effect, so when the audience
is familiar with the content and routines of the story, it will lead to the negative emotion
of the audience’s boredom with the story. Therefore, in this situation, if the audience is
familiar with the story, they may be tired of it and will not be attracted by the story, so
the level of transportation in the story is low.

H4: Plot familiarity negatively affects narrative transportation.
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3.5 Plot Authenticity

As one of the important elements of a story, authenticity is the key to determine whether
a story is a good story. Authenticity is often fiction, not fact. When the audience thinks
it is true, it is true. When the audience compares the clues in the advertisement with
those in real life and feels that they are similar, they will feel that it is in line with their
psychological expectations, and then theywill think that it is true. Plot authenticity refers
to the possibility that that the audience perceives that the plot is close to life and actually
occurs in real life [10]. Relevant empirical studies have proved that the authenticity of
stories has an important impact on consumers’ cognition [11]. When the plot is true,
consumers are more motivated to reduce risks by obtaining personal experience from
others’ real experience [12]. Similar to Green’s research, Laer et al. also believe that the
authenticity of the story refers to the possibility of the actual occurrence of the story, and
prove that the authenticity of the story has a positive impact on the audience’s narrative
transportation level through meta-analysis [3]. When the storyteller uses real sentences
to express, such as "this is my personal experience", the audience will be more willing to
believe. The more authentic the plot is, the more likely the audience is to use cognitive
resources to connect the plot with their own memories and deepen their understanding
and immersion of the story [13].

H5: Plot authenticity positively affects narrative transportation.

3.6 Plot Connection

Plot connection refers to the degree to which the product is integrated into the story
[14]. According to the anchoring and adjustment theory, when people face a situation,
they will generate an initial anchor point according to the initial state. When they are
stimulated, the anchor pointwill also change accordingly, thus affecting the final attitude.
In story advertisements, products generally appear with the development of the plot, that
is, they generally appear in the middle of short video advertisements. Advertisements
with low plot connection are easy to be identified by the audience, which is very obvious
and abrupt. When this kind of advertisement appears in the short video, it may be the
stimulus that causes the audience’s anchor point to change. According to the anchoring
and adjustment theory, the audience will produce an initial anchor point when they see
a storytelling advertisement. And they think that it is a story. When the product and the
plot fit well, the audience’s initial anchor point will not be adjusted, so it will be easier
to accept the advertisement in the story and the product information. On the contrary, if
the product and plot fit relatively low, the audience’s initial anchor point will change due
to the appearance of advertising information, that is, the anchor point will be adjusted
from story to advertisement. This kind of advertisements show high intrusiveness and
this intrusiveness of advertising will lead to the audience’s cognitive, emotional and
other aspects of the advertising avoidance response, which will affect the audience’s
concentration on the whole short video and affect the emotional connection between
the audience and the story due to the audience’s resistance, so it is likely to make the
audience lose interest in the whole short video story and no longer imagine and think
about the subsequent plot.
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H6: Plot connection positively affects narrative transportation.

3.7 Narrative Transportation and Advertising Effect

When Green proposed narrative transportation, he also proved the persuasive effect
of narrative transportation when reading novels [1]. When the audience is exposed to
the story and in the state of narrative transportation, they will experience a sense of
suspension that is physically far away from the real world, as if they are separated from
the real world and enter the story world. At this time, they will not feel the gap between
the story world and the real world. When people are in this state, they will inhibit the
formation of their own counterargument. In addition, the audience will sympathize with
the story characters and feel the world in the same way as the story characters, which
will enable the audience to establish a positive emotional connection with the story.
When the audience experiences the story world and returns to the real world, they will
retain their attitude in the story world. Therefore, narrative transportation will make the
audience have the same attitude as in the story [3].

H7: Narrative transportation positively affects advertising effects.
H7a: Narrative transportation positively affects advertising attitude.
H7b: Narrative transportation positively affects product attitude.

4 Methodology

4.1 Treatment Design

In this study, first of all, through literature review and in-depth interviews with 16 users,
six variables of story plot are summarized. After that, a questionnaire was designed.
Because beauty products are widely popular in short video advertisements, this research
is about beauty products. The video material in the questionnaire is short videos with
high ratings on Douyin. Finally, 402 valid questionnaires were received.

4.2 Measurement

The scale of this questionnaire is as follows. First of all, about the independent variables,
five items were adapted from Lan [13], Chiu [7] and interviews to measure plot authen-
ticity (e.g. “The plot in the short video is true”). Five items were adapted from Chiu
[7]and interviews to measure plot reversal (e.g. “In this short video, there is a climax in
the story”). Five items were adapted from Russel [14], Fontaine [15] and interviews to
measure plot connection (e.g. “Products play an important role in this story”). Five items
were adapted from Chiu [7] to measure plot humor (e.g. “The plot is interesting”). Five
items were adapted from Laer [3] to measure plot familiarity (e.g. “I am familiar with
the content and routine of this short video”). Five items were adapted from Jun [9] and
Ryan [16] to measure plot integrity (e.g. “The plot is complete”). For mediating factor,
we adapted 13 items from Green [1] to measure narrative transportation (e.g. “When I
watch this story, I can easily describe the events in it”). For dependent variables, three
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items were adapted from Mitchell [17] to measure advertising attitude (e.g. “Overall, I
think this type of advertising is very good”). Other three items were adapted fromDawar
[18] and Gillespie [19] to measure product attitude (e.g. “I like this product”). Finally,
for control variables, three items were adapted from Dal [4] to measure transportability
(e.g. “I will immerse myself in the story”). Other three items were adapted from Bhat-
nagar [20] to measure self character similarity (e.g. “I am very similar to the characters
in the story”).

5 Data Analysis

5.1 Measurement Model Assessment

Because narrative transportation is a construct with three dimensions, the two-stage
method of SmartPLS is used in this study. The reliability and validity are good. Cron-
bach’s alpha is over 0.7 (except for transportability, this control variable’s Cronbach’s
alpha is over 0.6, it’s also acceptable), the CR is over 0.6, the AVE is over 0.5, and the
values of square root of AVE on the diagonal are larger than the correlation below the
diagonal. In addition, the factor loading of every indicator in itself is larger than other’s
(Relevant tables are omitted here).

5.2 Hypothesis Test Results

PLS results are shown in the table below. The sample of boosttrap is 5000, and all
hypothesis have been verified. In addition, the two control variables are also significant
(Table 1).

Table 1. Conclusion

Path Coefficient p-Value Conclusion

Narrative Transportation → Product Attitude 0.796 0.000 Support

Narrative Transportation → Advertising Attitude 0.805 0.000 Support

Transportability → Narrative Transportation 0.069 0.031 –

Plot Connection → Narrative Transportation 0.141 0.001 Support

Plot Reversal → Narrative Transportation 0.112 0.003 Support

Plot Humor → Narrative Transportation 0.084 0.030 Support

Plot Familiarity → Narrative Transportation −0.097 0.001 Support

Plot Authenticity → Narrative Transportation 0.099 0.005 Support

Plot Integrity → Narrative Transportation 0.164 0.000 Support

Self Character Similarity → Narrative Transportation 0.382 0.000 –

(continued)
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Table 1. (continued)

Path Coefficient p-Value Conclusion

Goodness of model fit
SRMR = 0.076

Structural model fit
R2 (product attitude) = 0.634
R2 (advertising attitude) = 0.648
R2 (narrative transportation) = 0.826

6 Conclusion and Discussion

In the past, the research of story marketing took the story as the research object, and did
not specifically study the story plot. This study systematically explored story plot and
it is based on the emerging short video. Specifically, it explored which features of story
plot are important in short video advertisement, and verified the relationship between
these features of story plot and narrative transportation, advertising effects. Conclusions
are as follows:

We take the story plot as the research object rather than the story as the research
object, and point out that plot reversal, plot humor, plot integrity, plot authenticity, and
plot connection will positively affect the narrative transportation and indirectly affect
the advertising attitude and product attitude, which means that the more prominent these
plot characteristics of short video advertisement are, the better the advertising effect will
be. However, the plot familiarity will negatively affect the narrative transportation to
affect the advertising attitude and product attitude, which shows that when the audience
is familiar with the plot, it will have a negative effect, it is contrary to previous research
findings in the field of storymarketing. In addition, the transportability and self character
similarity also have a positive impact on the narrative transportation, which means that
these two factors related to individuals will have a positive impact on the advertising
effect through the positive impact of narrative transportation.

7 Theoretical Contribution and Practical Significance

7.1 Theoretical Contribution

First of all, in the previous studyof storymarketing, the storywas the researchobject. This
study took the story plot as the research object, systematically explored the relationship
between the relevant characteristics of story plot, narrative transportation and advertising
effect, and supplemented the relevant literature in the field of narrative transportation.
Second, due to the insufficient research on the plot in the past, the scale of the plot
is immature, this study supplements the scale of the plot. Third, short video has its
unique characteristics. This study uses narrative transportation theory to study short
video advertising, and also supplements the relevant literature of short video marketing.
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7.2 Practical Significance

In traditional advertising, the traces of advertising are obvious, and the audience is easy
to get tired of this kind of advertising with obvious persuasive intention. In order to meet
the needs of the audience and better promote the products, advertising needs to be more
creative. With the development of short video applications, each short video application
has become a high-quality platform for advertising, and short video applications give
users more control. In this case, the creativity of advertising has becomemore important.
This study mainly studies the influence of story plot related factors in short video adver-
tising on its advertising effect, which can provide some reference for content creators
and short video platform, so as to help related beneficiaries improve the efficiency of
advertising. For content creators, they should create short video advertisement with plot
reversal, humor, integrity, authenticity and high connection to the product, and try not to
imitate others to reduce familiarity. For short video platforms, the frequency of pushing
short videos with similar plots to the same users should be reduced at the level of its
recommendation algorithm.

8 Research Limitations and Future Prospects

First, the material used in this study is from short video, which contains rich information
and many uncontrollable factors. In future research, we can consider using experimental
research methods to better control variables. Second, the mechanism of the influence of
narrative transportationon subsequent behavior and attitude has not been further explored
in this study. In future research, we can further explore the mediating mechanism before
narrative transportation and behavior and attitude variables. Third, this study is based
on beauty products. In the future, we can consider using other products for research or
explore the differences between different categories of products. Finally, this study does
not explore the moderating factors, which can be further explored in future research.
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Abstract. Users’ emotional attachment is the key to promoting their loyalty.
However, few studies have explored how to improve users’ emotional attachment
in the context of intelligent recommendation systems. To bridge the research gaps,
our research mainly uses attachment theory and uses and gratifications theory as
our research basis to explore the effect of intelligent recommendation systems
(i.e., accuracy, serendipity, and personalization) on users’ emotional attachment.
The mediating effect of self-construction (i.e., self-actualization, self-pleasure,
and self-expressiveness) and the moderating effect of personality trait are also
explored in our research. To examine our theoretical model, we conduct a survey
and collect 305 valid questionnaires. The research results show: (1) Accuracy,
serendipity, and personalization have positive and significant effect on users’ self-
actualization, self-pleasure, and self-expressiveness respectively; (2) Self-pleasure
and self-expressiveness are positively associated with users’ emotional attach-
ment, while self-actualization do not have significant effect on users’ emotional
attachment; (3) Extraversion has a positive moderating effect on the relationship
between personalization and self-expressiveness. However, our research does not
find evidence to support the moderating effect of extraversion on the relationship
between accuracy and self-actualization as well as the relationship of serendipity
and self-pleasure. This study can help developers of intelligent recommendation
systems understand users’ continuous usage behavior from the perspective of
emotional attachment.

Keywords: Intelligent recommendation system · Emotional attachment · Uses
and gratifications theory · Extraversion

1 Introduction

In recent years, intelligent recommendation systems have become increasingly pop-
ular due to their ability to provide personalized recommendations and enhance user
experience. However, the impact of these systems on users’ emotional attachment and
subsequent loyalty is not yet fully understood. Emotional attachment plays a vital role
in promoting user loyalty towards intelligent recommendation systems. However, few
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studies have explored how to improve users’ emotional attachment to these systems. A
recommendation system provides personalized recommendations to users based on their
preferences, which creates a sense of satisfaction for the users. Existing research shows
that if users’ satisfaction with the entity continues, they will have emotional attachment
to the entity [1].

Attachment theory suggests that individuals have a fundamental need for attachment
and that their attachment style influences their behavior and relationships [2]. Further-
more, the use and gratifications theory suggests that users actively seek out media that
fulfill their needs, including the need for emotional attachment [3]. In the context of
intelligent recommendation systems, recommendation systems can directly or indirectly
influence users’ emotional attachment level, thereby affecting their continued use behav-
ior. The direct impact of a recommendation system refers to providingmore personalized
and accurate recommendations, thereby enhancing users’ emotional attachment to the
product or service. The indirect impact refers to the recommendation system increasing
users’ satisfaction and trust in the entire platform, thereby strengthening users’ emo-
tional attachment to the platform. Understanding the impact of recommendation sys-
tems on emotional attachment can help us better design and optimize recommendation
algorithms. This improves users’ satisfaction and emotional attachment to products or
services, and then promote users’ continued usage and loyalty.

Moreover, personality traits can also play a significant role in the user’s emotional
attachment and experience with intelligent recommendation systems. Previous studies
have shown that extraversion, one of the Big Five personality traits, can influence users’
responses to personalized recommendations [4]. Therefore, it is reasonable to assume
that extraversion may have a moderating effect on the relationship between intelligent
recommendation systems and emotional attachment.

In summary, this study contributes to the understanding of the impact of intelligent
recommendation systems on users’ emotional attachment and the role of personality
traits in this relationship. By exploring the mediating effect of self-construction and
the moderating effect of extraversion, this study provides insights for developers of
intelligent recommendation systems to improve user loyalty and satisfaction.

2 Literature Review

A recommendation system is an information technology tool based on the web net-
work. It can provide personalized recommendations based on users’ historical records,
preference orientations, and other information. The most important characteristic of a
recommendation system is its ability to “guess” users’ preferences and interests by ana-
lyzing their behavior, thereby generating personalized recommendations [5]. Personal-
ization and accuracy are key attributes of recommendation algorithms. On the one hand,
when users feel that the recommended content is personalized to their needs, they will
perceive the recommendations as useful and experience a sense of satisfaction. On the
other hand, high-quality recommendations can improve users’ experience. The quality
of the recommended content depends on the accuracy of the system’s recommendations.
However, although accuracymetrics can enhance users’ perception of the quality of gen-
erated recommendations, they can only partially reflect the overall user experience. To
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address this situation, some researchers have evaluated other features beyond accuracy,
such as diversity and novelty, which are expected to be the future development trend
of intelligent recommendation systems [6]. Chen et al. found that serendipity positively
affects user satisfaction and its contribution is much higher than that of novelty and
diversity [7]. Therefore, this paper examines how the three features of recommendation
systems - accuracy, personalization, and serendipity - affect user emotional attachment
and continued usage behavior.

3 Theoretical Basis and Research Hypotheses

3.1 Attachment Theory

According to attachment theory, emotional attachment refers to individuals’ tendencies
to form, maintain, and dissolve intimacy with specific others [8]. This concept has
been widely explored and lots of scholars have developed its meaning. Among them,
Park has provided a conceptual framework to show that individuals are more likely
to be attached with products that satisfy their functional (self-realization), experiential
(self-gratification), and emotional (self-enrichment) needs [2]. The concepts of self-
enrichment, self-realization, and self-gratification have similar connotations to users’
self-expressiveness, self-actualization, and self-pleasure, respectively. In the context of
the intelligent recommendation system, self-expressiveness means that users show their
preferences and personalities by clicking likes and collecting recommended information;
Self-actualization means that intelligent recommendation system enables users to obtain
their favorite contents more efficiently, so as to satisfy their own expectations; Self-
pleasure indicates that intelligent recommendation system recommends information that
users are interested in, helping users to obtain the sense of pleasure and enjoyment more
easier. Our research uses self-expressiveness, self-actualization and self-pleasure as the
mediations to explore the relationship between intelligent recommendation systems and
users’ emotional attachment.

3.2 Uses and Gratifications Theory

Uses and gratifications theory was first proposed by Katz, which suggests that users
produce certain needs and goals based on their own living environment and psychology
thoughts, rather than passively and blindly choose and contact entities that meet their
needs [9]. Uses and gratifications theory mainly consists of two different parts: seeking
and obtaining satisfaction. Seeking satisfaction is identified as the corresponding need to
use a particular medium, while obtaining satisfaction is considered as an actual result or
obtained satisfaction [3]. Uses and gratifications theory proposes that users choose and
consume the media according to their own needs to actively meet their own needs. In the
context of intelligent recommendation system, different feature designs of intelligent
recommendation systems can affect users’ adoption of the technology and subsequently
influence their willingness to use it [10]. Intelligent recommendation system can bring
users pleasure and encourage users to continue to use intelligent recommendation system.
Therefore, uses and gratifications theory is used as the theoretical basis in our research.
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3.3 Self-construction Affects Emotional Attachment

Our research mainly explores the self-construction in three aspects: self-actualization,
self-pleasure, and self-expressiveness, which is in line with prior research.

Self-actualization Affects Emotional Attachment. Self-actualization is related to the
realization of an effective and capable “self”. Prior research has indicated that compe-
tence is the key for users to satisfying themselves, which further leads to users’ emotional
attachment [11]. The user’s sense of self-actualization efficacy arises from the situation
of effectively solving problems and meeting actual needs. The sense of efficacy makes
users think they are capable and efficient at solving real problems. When individuals
perceive that their abilities are not enough for them to meet their needs of development,
they will actively seek reliable entity to help themselves achieve their goals. When a
reliable entity helps users to have the ability to complete a take, the users become emo-
tionally attached to it. For users, intelligent recommendation systems can be regarded as
a reliable entity. Users expect that using intelligent recommendation systems can help
them have the ability to effectively complete tasks and saving time, which means that
users hope that they can obtain the targeted information quickly. When users realize
that intelligent recommendation systems can help them achieve goals that they could
not achieve in the past, users will regard intelligent recommendation systems as the
extension of their ability, thereby leading to users’ emotional attachment. Based on the
discussion above, we propose the following hypothesis:

H1: Self-actualization is positively associated with users’ emotional attachment.

Self-pleasure Affects Emotional Attachment. Self-pleasure is related to satisfying
individuals’ hedonic needs, which involves user’s positive sensory experience of prod-
ucts. It is the perception of mental and physical pleasure and enjoyment for users. Intel-
ligent recommendation systems can analyze users’ historical browsing history and then
provide related contents. This can bring sensory pleasure and relaxing experience to
users. When intelligent recommendation systems motivate users to have pleasure and
satisfy their hedonic needs for many times, individuals will view intelligent recommen-
dation systems as useful tools to require entertainment, thus resulting in users’ emotional
attachment. Based on the discussion above, we propose the following hypothesis:

H2: Self-pleasure is positively associated with users’ emotional attachment.

Self-expressiveness Affects Emotional Attachment. Self-expressiveness refers to
revealing information about “self” to others, which can strengthen the intimacy between
people [12]. Users will have a closer emotional bond with the entity that can meet their
psychological needs to express themselves. In the context of intelligent recommenda-
tion system, users display information that are associated with their self-personality
to others by clicking likes and collecting contents. Such behaviors can express who
they are. Intelligent recommendation systems accurately recommend information that
meets users’ preferences, which can be regarded as the symbol of the “self”. During this
process, intelligent recommendation systems can meet users’ psychological needs to
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express themselves andmotivate their continuous usage, thus leading to users’ emotional
attachment. Based on the discussion above, we propose the following hypothesis:

H3: Self-expressiveness is positively associated with users’ emotional attachment.

3.4 Recommendation System Affects Self-construction

Accuracy Affects Self-actualization. Moussawi et al. argue that intelligent systems
with high efficiency and adaptability will help users perform daily tasks and achieve
personal goals [13]. Intelligent recommendation systems have the advantages of high
efficiency, adaptability, goal-oriented behavior, and the ability to handle complex infor-
mation. Its accuracy can improve users’ satisfaction with recommended results, thereby
increasing their trust and frequencyof use in recommendation systems.When recommen-
dation systems can accurately recommend products or content that users are interested
in, users can quickly find the information they need, save time and energy, and have a
better user experience. In this way, users can better understand their interests and needs,
and are more likely to achieve self-goals and improve self-worth. Based on the above
discussion, we propose the following hypothesis:

H4: Accuracy is positively associated with self-actualization.

Serendipity Affects Self-pleasure. Improving the serendipity of recommendation sys-
tems is a common way to improve users’ satisfaction. Existing research has shown that
most serendipity can increase user preferences [14]. Recommendation systemswith high
serendipity should be related to users’ current needs and bring unexpected surprises to
users. When using intelligent recommendation systems with high serendipity, users can
receive a content which is interesting but difficult for them to find out by themselves.
The unexpected and interesting recommendations can bring cognitive stimulation and
sensory excitement to users, allowing them to obtain hedonic satisfaction and pleasure.
Based on the discussion above, we propose the following hypothesis:

H5: Serendipity is positively associated with self-pleasure.

Personalization Affects Self-expressiveness. Brand or product with personalized
design can help users display their core identity and extent their self-awareness [15].
Prior research indicates that providing users with personalized services can affect users’
emotional attachment [16]. In the context of intelligent recommendation systems, artifi-
cial intelligence can accurately predict a range of intimate personal attributes to recom-
mend information that meet users’ preferences and aesthetics. In order to express their
personalized tastes, users can actively share these recommended contents with others.
During this process, intelligent recommendation systems help users achieve their iden-
tity construction and self-expressiveness. Based on the discussion above, we propose
the following hypothesis:

H6: Personalization is positively associated with self-expressiveness.
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3.5 Moderating Effect of Extraversion

Individual differences play an important role in user’s perception of various information
systems. Prior research has indicated that integrating the elements that reflect users’
personalized characteristics into the intelligent systems can improve users’ satisfaction
[17]. Among them, extraversion has an impact on user’s continued use of recommen-
dation systems, and it has been demonstrated to be positively correlated with addictive
tendencies [18]. Extraversion reflects that individuals are easy to get excited, good at
expressing and social interaction, Individuals with high extraversion are more eager to
show themselves to others for social purposes. In contrary, introverts do not have high
level of socialization. They use virtual space to delight themselves and counteract nega-
tive emotions such as loneliness. In the context of intelligent recommendation systems,
extraversion can affect the relationship between recommendation system characteris-
tics and users’ self-construction, which can be reflected in the following aspects. First,
our research proposes that individuals with high extraversion prefer to express them-
selves in the spotlight of the crowds in a way that expresses themselves. They want
to present their unique self-image through personalized contents, thus satisfying their
needs of self-expressiveness. Second, accurate intelligent recommendation systems pro-
vide users with meaningful information, which can achieve users’ utilitarian goals Our
research proposes that individuals with high extraversion have stronger motivations and
clearer goals for task achievement, which is related to their self-confidence and other
characters. Therefore, users with high extraversion are more inclined to complete tasks
with the help of intelligent recommendation systems, resulting in feelings of being con-
fident to complete goals. Third, our research proposes that introverted users may pay
more attention to hedonic feelings than highly extraverted users. They not only have
less motivation to complete tasks, but also try to avoid social interactions online. The
presence of loneliness prompts them to have some kind of sensory stimulus to divert
attention from loneliness. Therefore, they prefer using intelligent recommendation sys-
tems to delight themselves and get positive emotions such as happiness. Based on the
discussion above, we propose the following hypotheses:

H7a: Extraversion positively modulates the relationship of accuracy and self-
actualization.
H7b: Extraversion negativelymodulates the relationship of serendipity and self-pleasure.
H7c: Extraversion positively modulates the relationship of personalization and self-
expressiveness.
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Figure 1 shows the research model in this paper.

Fig. 1. Research model

4 Empirical Research

4.1 Data Analysis

To examine our theoretical model, we conducted a survey to collect our research data.
The measurement items of the constructs in our questionnaire are adapted from prior
research based on the context of NetEase CloudMusic. NetEase CloudMusic is a music
software that includes music recommendation and sharing, friend recommendation and
social networking. It is much popular in China. Users have high stickiness to it. We use a
seven-point Likert scale (1 = strongly disagree; 7 = strongly agree) to score and access
the measurement items. The measurement items of our questionnaire are concluded
in Table 1. We distributed questionnaire through Wenjuanxing Website, which is the
largest and the most popular online survey website in China. We collected a total of 330
questionnaires at first and removed 25 invalid questionnaires according to the following
rules: (1) respondents who did not pass the attention test; (2) respondents spent less
than 52 s filling out the questionnaire. At last, 305 valid questionnaires were collected.
Table 1 shows the basic information of respondents in our research.

We also analyze the research data to test its reliability and validity of all measure-
ments. Our research finds that: (1) Cronbach’s alpha values for all constructs were higher
than 0.5; (2) The value of combined reliability (CR) was greater than 0.7; (3) The value
of average variance extracted values (AVE) was greater than 0.5. Hence, our research
data has well reliability and validity.
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Table 1. Sample characteristics

Variable Indicator Frequency Percentage

Gender Male 132 43.3

Female 173 56.7

How often you use NetEase Cloud
Music

Every day 114 37.4

Once every two or three days 98 32.1

Once a week 37 12.1

Once a month 8 2.6

Once a few months 5 1.6

Seldom 43 14.1

Age <18 5 1.6

18–24 278 94.1

25–30 8 2.6

>30 5 1.6

Time spent using NetEase Cloud
Music

Less than a month 35 11.5

One month to half a year 17 5.6

Half a year to a year 15 5.0

More than a year 238 78.0

4.2 Hypothesis Validation

Empirical Results. In this paper, the method of Bollen-Stine Bootstrap method was
used to estimate the Chi-square value of the model. The main fitting index of the model
is as follows: χ2/DF = 1.473, RMSEA = 0.039, GFI = 0.941, TLI = 0.978, and CFI
= 0.980, which shows that our empirical model fits well. The results of our empirical
model are presented in Fig. 2.

Fig. 2. The results of research model
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First, our research proposes that three needs (i.e., self-actualization, self-pleasure,
and self-expressiveness) to achieve self-construct are positively associated with users’
emotional attachment. The empirical results show that self-pleasure (H2: β = 0.527, p<

0.001) and self-expressiveness (H3: β = 0.273, p< 0.001) are positively related to users’
emotional attachment. However, our research does not find statistically significance
between self-actualization and emotional attachment (H1: β = 0.034, p= 0.699> 0.05).
Hence, H2 and H3 are supported while H1 is not supported in our research. Second,
our research proposes that three characteristics of intelligent recommendation systems
(i.e., accuracy, serendipity, and personalization) are respectively related to three needs
of self-construction (i.e., self-actualization, self-pleasure, and self-expressiveness). Our
research finds that all three characteristics have positive effect on three needs of self-
construction (H4: β = 0.704, p < 0.001; H5: β = 0.627, p < 0.001; H6: β = 0.954, p <

0.001). Therefore, H4, H5, and H6 are all supported in our research.

Results of Moderation Effect. Our research also examines the moderation effect
of extraversion on the relationship between intelligent recommendation and self-
construction. Table 2 shows the results of the mediating effects. The result indicates
that extraversion has a positive moderating effect on the relationship between personal-
ization and self-expressiveness (H7c: β = 0.113, t= 2.556, p= 0.011< 0.05). But we do
not find statistical evidence on the moderation effect of extraversion on the relationship
between accuracy and self-actualization (H7a: β = 0.585, t = 0.944, p = 0.345 > 0.05)
as well as the relationship between serendipity and self-pleasure (H7b: β = 0.004, t =
0.067, p = 0.947 > 0.05). Hence, the results of our research support H7c but do not
provide evidence to support H7a and H7b.

Table 2. Results of moderation effect

Variable Coefficients

IV M DV β t p Type of mediation

A E SA 0.585 0.944 0.345 No

S E SP 0.004 0.067 0.947 No

P E SE 0.113 2.556 0.011 Partial

5 Discussion and Implications

5.1 Discussion of Results

Based on the use-satisfaction theory and attachment theory, this study explored the
effects of intelligent recommendation system on user’s emotional attachment as well as
the mediating effects of extraversion. Table 3 shows the hypothesis testing results in this
paper.
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Table 3. Hypothesis testing results

Hypotheses Support

H1 Self-actualization → Emotional attachment No

H2 Self-pleasure → Emotional attachment Yes

H3 Self-expressiveness → Emotional attachment Yes

H4 Accuracy → Self-actualization Yes

H5 Serendipity → Self-pleasure Yes

H6 Personalization → Self-expressiveness Yes

H7a Extraversion → Accuracy and Self-actualization No

H7b Extraversion ← Serendipity and Self-pleasure No

H7c Extroversion → Personalization and Self-expressiveness Yes

First, self-pleasure and self-expressiveness have positively effect on user’s emotional
attachment while self-actualization does not have statistically effect on users’ emotional
attachment. The possible explanations are as follows: our research context is NetEase
Cloud Music, which makes it very easy for users to get the results they expect. Getting
the desired results too easily may lead to the lack of self-fulfillment of users’ sense of
efficacy.

Second, three characteristics of intelligent recommendation systems (i.e., accuracy,
serendipity, and personalization) have positively effect on users’ self-construction (i.e.,
self-actualization, self-pleasure, and self-expressiveness) respectively. Accurate recom-
mendation enables users to have the sense of self-actualization; Occasional recommen-
dation provides users with psychological satisfaction and personalized recommenda-
tion information helps users express themselves better. Therefore, characteristics of
intelligent recommendation systems can affect users’ self-construction.

Third, extraversion, one of personality traits, positively moderates the relationship
between personalization and self-expression. However, extraversion does not signifi-
cantly moderate the relationship between accuracy and self-actualization and the rela-
tionship between serendipity and self-pleasure. The possible explanations are as follows.
Extraversion is typically associated with aspects such as sociability and exploration.
However, serendipity and self-pleasure involve more psychological processes and emo-
tional experiences. They may not have a strong correlation with extraversion. Therefore,
even if extraversion has some impact on the relationship between serendipity and self-
pleasure in the context of recommendation systems, its moderating effect may not be
significant.

5.2 Theoretical Implications and Practical Implications

This study has several theoretical contributions. Firstly, this study innovatively com-
bines attachment theorywith the uses and gratifications theory. This provides insights for
future research onuser’s continueduse of intelligent recommendation systems. Secondly,
attachment theory is rarely used in the field of intelligent recommendation systems. The
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issue of user retention requires an integrated exploration from both technological and
marketing perspectives. This study discussed from the perspective of intelligent recom-
mendation systems, broadening the application field of attachment theory. Third, this
paper explores the moderating effect of extraversion on the relationship between rec-
ommender system characteristics and emotional attachment antecedent variables, this
helps us better understand the complex relationship between recommendation systems
and emotional attachment. The results of this paper also bring two practice implications
as follow: First, the conclusion of this study supports enterprises to conduct AI social
marketing activities. If enterprises want to use the intelligent recommendation system
for social marketing and achieve good results, it is important to make users invest emo-
tions in the intelligent recommendation system, which can be implemented from the
three perspectives of self-actualization, self-pleasure and self-expressiveness. Second,
for intelligent recommendation system designers, this study depicts the design direction
of recommendation systems. When designing a recommendation system, enterprises
can adjust it according to the function of the software and the emotional expectations of
users, so that users can truly participate in the recommendation system.

6 Conclusion

Although there are many studies on emotional attachment, few academic researchers
pay attention to the moderating effect of personality traits on the relationship between
intelligent recommendation systems and users’ emotional attachment. To bridge the
research gaps, our research mainly uses attachment theory and uses and gratifications
theory as our research basis to explore the effect of intelligent recommendation sys-
tems (i.e., accuracy, serendipity, and personalization) on users’ emotional attachment.
The mediating effect of self-construction (i.e., self-actualization, self-pleasure, and self-
expressiveness) and the moderating effect of personality trait are also explored in our
research. To examine our theoretical model, we conduct a survey and collect 305 valid
questionnaires. The research results show: (1) Accuracy, serendipity, and personaliza-
tion have positive and significant effect on users’ self-actualization, self-pleasure, and
self-expressiveness respectively; (2) Self-pleasure and self-expressiveness are positively
associated with users’ emotional attachment, while self-actualization do not have signif-
icant effect on users’ emotional attachment; (3) Extraversion has a positive moderating
effect on the relationship between personalization and self-expressiveness. However,
our research does not find evidence to support the moderating effect of extraversion on
the relationship between accuracy and self-actualization as well as the relationship of
serendipity and self-pleasure. This study can help developers of intelligent recommen-
dation systems understand users’ continuous usage behavior from the perspective of
emotional attachment.

References

1. Ghorbanzadeh, D., Rahehagh, A.: Emotional brand attachment and brand love: the emotional
bridges in the process of transition from satisfaction to loyalty. Rajagiri Manag. J. 15(1),
16–38 (2021)



34 Z. Zhan et al.

2. Park, C.W., Macinns, D.J., Prester, J.: Beyond attitudes: attachment and consumer behavior.
Soc. Sci. Electron. Publishing 12(2), 3–36 (2006)

3. Hussain,A., Shabir,G., Taimoor,U.H.:Cognitive needs anduse of socialmedia: a comparative
study of gratifications sought and gratification obtained. Inf. Discov. Deliv. 48(2), 79–90
(2020)

4. Meng, K.S., Leung, L.: Factors influencing TikTok engagement behaviors in China: an exam-
ination of gratifications sought, narcissism, and the Big Five personality traits. Telecommun.
Policy 45(7), 102172 (2021)

5. Resnick, P., Varian, H.R.: Recommender systems. Commun. ACM 40(3), 56–58 (1997)
6. Cano, E., Morisio, M.: Hybrid recommender systems: a systematic literature review. Intell.

Data Anal. 21(6), 1487–1524 (2017)
7. Chen, L., Yang, Y., Wang, N., et al.: How serendipity improves user satisfaction with 38

recommendations? A large-scale user evaluation. In: World Wide Web Conference (WWW),
pp. 240–250 (2019)

8. Bowlby, J.: The making and breaking of affectional bonds: I. Aetiology and psychopathology
in the light of attachment theory. Br. J. Psychiatry 130(3), 201–210 (1977)

9. Katz, E.: Utilization of mass communication by the individual. In: The Uses of Mass
Communications: Current Perspectives on Gratifications Research, pp. 19–32 (1974)

10. Pu, P., Chen, L., Hu, R.: Evaluating recommender systems from the user’s perspective: survey
of the state of the art. User Model. User-Adap. Interact. 22(4), 317–355 (2012)

11. Ki, C.W.C., Cuevas, L.M., Chong, S.M., et al.: Influencer marketing: social media influencers
as human brands attaching to followers and yielding positive marketing results by fulfilling
needs. J. Retail. Consum. Serv. 55, 102133 (2020)

12. Puntoni, S., Reczek, R.W., Giesler, M., et al.: Consumers and artificial intelligence: an
experiential perspective. J. Mark. 85(1), 131–151 (2021)

13. Moussawi, S., Koufaris, M., Benbunan-Fich, R.: How perceptions of intelligence and anthro-
pomorphism affect adoption of personal intelligent agents. Electron. Markets 31(2), 343–364
(2021). https://doi.org/10.1007/s12525-020-00411-w

14. Kotkov, D., Konstan, J.A., Zhao, Q., et al.: Investigating serendipity in recommender systems
based on real user feedback. In: Proceedings of the 33rdAnnual ACMSymposium onApplied
Computing, pp. 1341–1350 (2018)

15. Belk, R.W.: Possessions and the extended self. J. Consum. Res. 15(2), 139–168 (1988)
16. Cao, X., Gong, M., Yu, L., et al.: Exploring the mechanism of social media addiction: an

empirical study from WeChat users. Internet Res. 30(4), 1305–1328 (2020)
17. Nguyen, T.T., Maxwell Harper, F., Terveen, L., et al.: User personality and user satisfaction

with recommender systems. Inf. Syst. Front. 20(6), 1173–1189 (2018). https://doi.org/10.
1007/s10796-017-9782-y

18. Blackwell, D., Leaman, C., Tramposch, R., et al.: Extraversion, neuroticism, attachment style
and fear of missing out as predictors of social media use and addiction. Personality Individ.
Differ. 116, 69–72 (2017)

https://doi.org/10.1007/s12525-020-00411-w
https://doi.org/10.1007/s10796-017-9782-y


Understanding Multi-platform Social VR
Consumer Opinions: A Case Study in VRChat

Using Topics Modeling of Reviews

Dion Deng(B), Mila Bujic, and Juho Hamari

Tampere University, Tampere, Finland
xiaohang.deng@tuni.fi

Abstract. Due to the significant advancements in virtual reality (VR) technolo-
gies over the years, more research has been done on how these technologies could
promote more effective communication in social applications to enhance collabo-
ration and social connectivity.Most studies about social VR conducted experimen-
tal tasks in different communication contexts to evaluate communication quality,
which has limited relevance to the VR industries and ambiguous generalizabil-
ity of findings outside of lab settings. This study tries to solve this problem by
conducting a case study on one of the most popular commercial social VR appli-
cations to understand what factors impact consumers’ user experience in social
VR applications. We used the Structural Topic Model (STM) based text mining
of VRChat’s steam reviews to explore topics that users discuss and classified the
topics into four clusters, including avatars and behaviors, complaints, hardware
and connection, and recommendation. The implications for game developers and
future social VR research are discussed.

Keywords: VRChat · Topic Modeling · Steam · Social VR

1 Introduction

Virtual reality (VR) is an immersive, multimodal technology that immerses users in and
allows them to interact with environments that are not physically present to them [1, 2].
Social VR refers to the applications that allow users to communicate with one another in
virtual spaces using head-mounted displays (HMDs) [3]. People may already communi-
cate remotely via text, voice, or video thanks to the widespread use of social networking
programs like Facebook and Zoom. However, compared to face-to-face communication,
these forms of communication do not offer an immersive communication environment,
which makes users feel less present and deprives them of opportunities for physical and
emotional closeness as well as interaction with their surroundings and objects. With VR,
an emerging alternative, users can “meet” in a shared, immersive virtual environment
and engage with virtual versions of each other, improving communication experiences
[4] and consequently, for example, collaborative efforts.

Commercial social VR applications such as VRChat, Rec Room, AltspaceVR, and
Facebook Spaces have recently drawn a large user base to engage in social interaction on
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both flat screens and VR displays [4]. These applications are being used in a variety of
fields, including employment, education, counselling, and entertainment [5]. Platforms
such as Mozilla Hubs have thus been increasingly used in professional and educational
contexts, driving the need for understanding user experiences, and fostering consumer
satisfaction and efficient use of the medium.

The rapid evolution of VR technology and social VR applications raise social VR
consumers’ expectations of their experience in the applications. According to the expec-
tation confirmation theory (ECT), if the actual performance of the applications does
not meet users’ expectations, users’ satisfaction will decrease, which will impact users’
intention to continue the use of social VR applications (Bhattacherjee, 2001). To improve
user experience and intention to use social VR applications, it is essential to understand
users’ expectations on social VR and their perceived performance of the applications.

To study users’ expectations on social VR and assess user experiences, research is
predominantly based on laboratory experiments in different communication contexts
[4, 6]. For example, letting participants play roles in collaborative tasks, talking tasks,
competitive tasks, etc., and assessing their communication efficiency [3]. In social VR
research, experiments are suitable to test theories about user interaction in VR environ-
ments in controlled settings with little intervention from reality. However, their limita-
tion for practical implications lies in the severe restriction to the experiment context and
commonly a one-time experience, with uncertain generalizability of findings outside of
laboratory conditions [7].

One way to fill these limitations is to conduct big data case studies on typical social
VR applications. Since social VR is still a relatively new area of study, case studies
could be used to give rich data describing phenomena involving communication in
VR environments. Research that focuses on describing and understanding particular
phenomena as well as constructing a hypothesis or theory utilizing grounded-theory
methodologies is particularly well suited to case studies [7].

Most social VR applications as experiential products have many customers who like
sharing their reviews online, which helps form social VR communities. To match new
trends in social VR, there is a high demand for online review analysis and user profiling
[8]. End-user evaluations of existing applications with a wide and diverse consumer
base, such as video games, can offer helpful insights that designers can use to advance
their applications [9].

To further the understanding of the advantages and pitfalls of social VR features, this
study employs a data mining approach on a large dataset of users’ reviews to explore:
what factors impact consumers’ user experience in social VR applications.

2 Related Works

2.1 Social VR

Two crucial elements, avatar and nonverbal cues, that influence users’ communication
patterns in social VR were found by Wei et al. [4] based on their systematic review of
social VR. Many studies about social VR have tested these two elements’ effects on
social VR communication through experiments. For example, Latoschik et. al. (2017)
investigated the effect of avatar realism on embodiment and social interactions in VR
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[10]. They discovered that the realistic avatars were evaluated as much more human-
like when employed as avatars for others and provoked a stronger acceptance in terms
of virtual body ownership when compared with abstract avatar representations based
on a wooden mannequin. In another experiment, male and female virtual confederates
with joyful, angry, and neutral faces approached the real males and females to see if
they altered their interpersonal distance in different ways. They found that individuals
preferred longer distances with virtual confederates who were furious rather than neutral
or cheerful [11].

Some qualitative studies also provided empirical data demonstrating how social
VR platforms enable novel occurrences, identity behaviors, and potential design ram-
ifications for future applications. Freeman and Maloney (2020) describe an extensive
empirical assessment of the presentation and perception of self in Social Virtual Reality
using outcomes of interview research [12]. In Freeman et al.’s (2020) study, they dis-
covered three major themes from 30 interviews that emerged in people’s perceptions
and experiences with their avatars in various social VR applications, including “AMore
Challenging Way to Create and Craft Avatars”, “Body as the Immediate and Sole inter-
face to Experience Avatars”, and “AMore Engaging and Embodied Approach to Explore
One’s Own Identity” [13].

2.2 User Satisfaction on VR

The expectation-confirmation theory (ECT) has been used extensively in studies on con-
sumer behavior. It explains the connection between an object’s reuse and the satisfaction
of consumer expectations. Bhattacherjee (2001) developed ECT on information systems
and discovered that there are discrepancies between an individual’s initial expectations
about a certain product before purchase or use and their subsequent expectations.Accord-
ing to the expectation-confirmation hypothesis, a crucial factor in defining a user’s first
user experience (UX) when using technology and in determining how satisfied they
are overall is the confirmation of expectations, which in turn affects their continuance
intentions.

VR as a developing technology needs to stick users to build a stronger metaverse
ecology. In recent years, many studies have applied ECT in the context of VR environ-
ments. For example, a study related to VR learning exhibited the participants’ intent to
continue using VR technology, their satisfaction with intercultural learning made pos-
sible by VR technology, and their perception that the technology met their expectations
(Shadiev et al., 2020). Bujic and Hamari’s (2020) study provides a steppingstone for
increasing our understanding of the expectation-confirmation theory in new contexts
and some of the demographic aspects of immersive journalism that may have an impact
on theory and practice. However, few studies with the context of ECT and VR analyze
costumers’ reviews of existing VR applications.

Except for expectations, users’ perceived satisfaction can be impacted by other fac-
tors, such as users’ intrinsic motivation, perceived usefulness, and perceived ease of
use (Deci et al., 2017; Venkatesh and Davis, 2000). According to Przybylski et al.’s
(2009) investigation on the connection between people’s motivation and satisfaction in
multiuser virtual environments, intrinsic motivation in a virtual environment is posi-
tively correlated with feelings of autonomy, competence, and relatedness, which is in
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accordance with the Self-Determination Theory (SDT). The Technological Acceptance
Model (TAM) is also relevant when discussing VR. Perceived usefulness and perceived
simplicity of use were proven to be significant predictors of intention to use in earlier
studies (Venkatesh and Davis, 2000).

3 Methods

3.1 Data Collection

Steam is one of the biggest digital distribution platforms for PC gaming with more than
8,000 titles accessible and more than 184 million active users. Steam reviews are widely
studied to evaluate product quality [14]. The game reviews offer a comprehensive data
source that can be used to better comprehend user-reported problems [15].

In this study,we gathered user review data forVRChat from the Steamplatformusing
Steamreviews, an open-source Python web crawling technology. Steamreviews requests
appID to get the review data. AppID is a unique number in the URL of each game’s
steam store webpage. For example, VRChat’s store page’s URL is “https://store.steamp
owered.com/app/438100/VRChat/” and its appID is “438100”. Steamreviews allows us
to restrict the reviews’ language, and this study collected English reviews only because it
is difficult to train a topic model with multi-language text data. We collected all 116,480
reviews in English from VRChat’s release date, April 5th, 2018, to September 21st,
2022. For each review, Steamreviews can also collect its metadata including the review
date, the review sentiment (recommend or not recommend), and the hours the reviewer
spends on VRChat before reviewing. The metadata will be used for the topic modeling.

3.2 Text Analysis

To analyze theVRChat reviewdata,we employedStructural TopicModels (STM),which
enables researchers to adaptably estimate a topic model that incorporates document-
level metadata (Roberts et al., 2019). STM has widely been used to analyze gaming
communities such as Steam reviews [9, 16] and Reddit discussions [17]. Compared to
the traditional topic modeling method Latent Dirichlet Allocation (LDA), STM enables
researchers to identify the key elements of study abroad participants’ experiences and
connected them to learning context metadata [16].

By fitting the topic model to the data set, it is possible to identify the underlying sub-
jects and their prevalences in each document in the collection. Topic modeling describes
document content as a mixture of underlying themes, each of which has a distribution
of typical terms. The subjects that emerge and how frequently they appear across the
documents can then be examined. The resulting topics can be used to characterize debate
topics as well as other aspects, such as writing style. Some collections of themes may be
very different from one another, but others may be more similar, expressing variations
in the emphasis placed on the same issue [9].

Prior to the analysis, the data were cleaned using a common preprocessing method
that involved eliminating stop-words and words that were often used in this text as well
as stemming the corpus of text [17].

https://store.steampowered.com/app/438100/VRChat/
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Using the searchK function included in the STMR package, we selected the number
of topics following the model diagnostics (Roberts et al., 2019). First, we conducted a
10-point interval search for topics with the values K = 40, 50,…, and 80. The search
was concentrated on K = 50 based on four metrics to estimate the model: held-out
likelihood, residuals, semantic coherence, and exclusivity. A more thorough search for
potential enhanced values with K = 46 to 54 was then carried out. Finally, the optimal
number of topics was set as K = 50.

To make the most significant connections between subjects in a text corpus clear,
we employed another R package, Factoextra, to cluster the 50 topics based on their
correlations with each other. With the function fviz_nbclust, N = 8 was selected as the
optimal cluster number.

4 Results

We first investigated the discovered themes and assigned them descriptive titles and
example reviews that prominently referenced the topic [9].We listed each topic’s descrip-
tive titles, the words that were used the most frequently, and the overall proportion (“Pr
(%)”) that indicated how much of the review material was related to that topic. As the
next step, we analyzed the clusters processed by Factoextra to organize the mass top-
ics. One of the clusters was redundant because of over-clustering, including T24 pog,
0.04%; T7 VRChat is good, 0.74%; T10 spam reviews, 0.82%. We removed T10 and
moved T24 and T7 to the cluster Recommendation. We also merged three clusters that
are both about complaints to VRChat. One cluster contains content that has low relation
with VRChat, including T26make up stories, 1.11%; T2 jokes, 0.96%; T20 folk, 1.31%;
T12 recipe, 0.46%; T5 other unrelated topics, 0.28%. Reviews in this cluster will not be
analyzed in this paper. Finally, there are a total of four clusters, which will be explained
in the following section. Clusters and topics in each cluster are displayed in Fig. 1.

4.1 Avatars and User Behaviors

This cluster includes discussions of avatars (T16 male voice with female avatars, 1.89%;
T47 furries and weebs, 0.45%), in-game behaviors that show some players’ motivations
(T34 entertainment activities, 1.24%; T22 escape from reality, 0.81%; T37 sitting in
front of a mirror, 0.95%; T25 full body tracking, 1.66%), negative behaviors (T11 rude
behaviors, 2.4%; T45 sexual behaviors on children, 1.71%; T46 annoying kids, 0.56%),
and two other topics that are not highly correlated with the cluster (T43 time spending
on VRChat, 4.08%; T18 silence protest against VRChat, 3.11%).

Interestingly, for reviews related to avatars, most people share their observations on
avatars’ inconsistency. Some inconsistencies are caused by non-human avatars such as
animals (“This game will turn you gay and into a furry lover.”). Some are caused by a
perceptual mismatch between voice and appearance, such as a female avatar with a male
voice (“Im not sure how to feel about seeing a bunch of anime girls and hearing deep
male voices to go with them.”). People’s opinions on inconsistent avatars are mixed.
Some like them because they are fun (“Danced to Kpop and Vocaloid songs with a
bunch of Russian dudes in anime girl avatars. 10/10 would rush B again”), and some
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feel uncomfortable (“Lots of weebs and made me cringe so hard that my own headset
killed its self”).

Some players’ in-game behaviors that are inconsistent with their age, race, etc. cause
negative effects on others, such as children players’ sexual behaviors (“It’s just wrong
seeing 10 years old children roaming freely everywhere and witnessing cussing and
indecent content and behavior”).

4.2 Complaints

This cluster includes players’ negative feedback on VRChat (T44 disappointed, 1.28%;
T29 abuse developers, 1.26%; T3 editing reviews, 0.89%; T40 bad; T4 VRChat is shoot-
ing itself, 1.2%), the reasons why they complain (0.81%; T1 VRChat’s Cease & Desist
letters, 1.13%; T27 spyware, 1.06%; T50 VRChat was fun, 0.88%), suggestions to
new players (T19 stay away from VRChat, 0.99%), and complaints on Easy anti-cheat
(EAC) (T8 developers ignore the community, 2.87%; T48 complains on EAC, 3.24%;
T49 revise reviews because of EAC, 2.14%; T39 play other social VR games, 1.96%;
T15 bad update, 2.33%; T21 developers ignore the players, 3.42%, T30 feedbacks on
EAC, 2.11%; T32 EAC destroys mods for deaf people, 4.06%; T36 why shouldn’t apply
EAC, 2.66%, T35 VRChat releases EAC).

Most of reviews in this cluster are aimed at explaining their complaints to the devel-
opers, including problems caused by EAC, Cease & Desist letters, spyware, etc. There
are also a few reviews that suggest consumers should not engage with VRChat because
of the ramifications of toxic user behavior. For example, one review said (“Stay away
from this horse sh** game unless you want your mental health to decline and to meet 1
or 2 decent people in a sea of backstabbing pricks”).

The sentiment of reviews about EAC is overwhelmingly negative. On July 26, 2022,
VRChat implemented its EAC intoVRChat,which blocked allmodified clients andbroke
plenty of mods. After that, a large number of reviews emerged on Steam to complain
about the new update. Parts of these reviews explain the reasons why VRChat should
not apply EAC, such as “disallows people to use mods, even mods for hard-of-hearing
and deaf people that allow on-screen subtitles”.

4.3 Hardware and Connection

This cluster contains discussions about VRChat’s accessibility, including hardware
requirement (T14playwithOculusQuest, 0.9%;T31highhardware requirement, 1.42%)
and connection problems (T13 unable to log in, 2.03%; T9 banned by EAC, 1.64%; T41
unable to log in because of EAC, 1.8%).

When it comes to hardware issues, some consumers point out that VRChat limits
some functions for Oculus Quest players and suggest linking it to a desktop to get a better
gaming experience, such as “For Quest users I recommend getting the Virtual Desktop
Streamer and a VR Link Cable, to get the most out of your experience”. Other reviews
mention that VRChat requests high hardware configuration (“This Game Takes Up Too
Much GPU Resources, Makes The PC Hot, Especially For High-end GPUs”). There are
also some reviews indicating connection problems, and most of them are caused by EAC
(“I can’t even play it anymore because of EAC, I use virtual desktop”).
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4.4 Recommendation

This cluster includes players’ positive feedback on VRChat (T6 VRChat is the best,
7.72%; T17 VRChat is nice, 1.04%; T23 VRChat is fun, 4.25%; T33 VRChat is cool,
3.47%; T24 pog, 0.04%; T7 VRChat is good, 0.74%;), the reasons why they like
VRChat (T42 fun to play with friends, 9.13%; T28 practising social skills, 4.24%),
and prerequisite of having fun in the game (T38 desktop mode, 3.07%).

Most reviews in this cluster are simply showing their appraisals on VRChat without
providing reasons, such as “This game is one of the best and funniest games i have
ever played!”. Two topics show reasons for appraisals, and both of them indicate social
function is the main reason. Some said VRChat helps them to overcome social anxiety:
“Good game to practice social skills, especially for people trying to overcome social
anxiety like me”.

5 Discussion

With the proliferation of applications utilizing head-mounted virtual reality to support
their goals such as education and collaborative work [5], it is becoming increasingly
relevant to understand the users’ expectations and consequent attitudes towards them.
Moreover, the consumer population ofVR is evolving as the required hardware is becom-
ing more affordable for individuals and institutions alike and the development of soft-
ware is becoming increasingly diverse. Due to these developments, early studies of VR
could rarely include more experienced consumers and the novelty effects of the tech-
nology were likely more prominent [7]. As consumers mature and diversify from early
adopters, it is reasonable to assume that our pre-existing understanding of motivations,
expectations, and experiences is becoming significantly outdated.

To understand this changing landscape of consumers it is necessary to examine exist-
ing practices in popular applications and utilize the wealth and breadth of daily global
experiences of VR. Some such studies include for example interviews with users and
investigations of various VR-specific phenomena [12, 13] and their communities and
their interactions inside and outside of VR [22]. However, the existing literature is pri-
marily concernedwith the perspectives of users as players and related experiences, rather
than examining users as consumers of a product and employing relevant approaches.

This study attempted at contributing to filling this gap by using a freely avail-
able and popular social VR application as the case study (namely, VRChat), apply-
ing topic modeling to its consumer reviews, and discussing them primarily through the
lenses of the technology acceptance model (TAM; Venkatesh and Davis, 2000) and
expectation-confirmation theory (ECT) [24] and needs satisfaction as outlined in the
self-determination theory (SDT) [26]. Through our analysis, we devised the follow-
ing themes: avatars and behaviors, complaints, hardware and connection, and recom-
mendation. Finally, we discuss them from the perspectives of hardware and platform
affordances and drawbacks, continuing with those relevant specifically to head mounted
virtual reality uses, and in the end, we focus on the application’s social aspects’ influence
on consumer attitudes.
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5.1 Hardware and Platform

When intending to useVR applications, the first potential obstacles consumers encounter
is related to the required hardware and specific bounds of the VR platform itself. Related
to this and according to TAM, users’ perceived ease of use of a given technology plays a
significant role in their future intention to continue its use [23]. A notable number of anal-
ysed reviews emphasised how a good experience requires very high-quality hardware,
or having negative attitudes due to not being able to log into the application because
of connection problems. These reviews show that these hardware problems impede
some users from experiencing it simply and smoothly. These problems will significantly
decrease users’ intention to use VRChat. From our results, nearly 7% of the reviews are
related to these problems, which is alarming to VRChat and other social VR application
developers.

Another problem about the VRChat platform that was widely mentioned is Easy
anti-cheat (EAC). From the topic model in the results, there are nine topics grouped into
the EAC cluster and almost all the reviews in this cluster are negative.Most reviews show
the leading reason for players’ negative feedback on EAC is that it smothers their creative
freedom, which can be related to motivational theories, such as the need for autonomy
in the self-determination theory (SDT) [26]. Previous studies on SDT have found that
the psychological demand for perceived autonomy is connected to user happiness and,
as a result, predicts users’ intentions to keep using virtual social applications [26]. The
negative attitudes caused by EAC potentially emphasise the perceived de-centralized
nature of virtual worlds and the assumed freedoms within them.

5.2 Virtual Reality Affordances

VRChat as a freely available social VR application on Steam provides users with a
good opportunity to experience VR. However, some reviews show that it is not available
to experience all the functions of the application with an Oculus Quest headset, they
have to use some more advanced and expensive VR headsets to fulfill the configuration
requirements. For users who do not have advanced VR devices, their perceived ease
of use will decrease because they have to spend extra money on buying or upgrading
devices, which negatively impacts their intention to use VRChat [23]. But users who
own advanced VR devices will experience all the functions of the application. Some
reviews indicated that they were satisfied with the full-body-tracking devices from their
additional purchase. As the advanced devices can enhance users’ experience such as
improving presence in the application, their perceived usefulness will increase, which
has a positive impact on the intention to use based on TAM [23]. So, VR affordances
can make users who do not have advanced VR devices give up using the application, but
give those who have VR devices more intention to use it.

5.3 Social Aspects

As a social VR application, users in VRChat need to meet other users in the virtual
world and communicate with them. From the results, we found that many users’ default
expectations of other users are the same as they are in real life, including their avatars and
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behaviors. According to expectation-confirmation theory (ECT), users’ confirmation of
expectations of a product affects the degree of satisfaction and continuance intentions
[24]. When other users’ avatars are incongruous and inconsistent with some users’
expectations, such as the avatar’s gender mismatches the user’s gender, or someone
uses a non-anthropomorphic avatar, these users will have negative feelings and refuse to
use VRChat. Some reviews also mentioned that others’ impolite behaviors in the virtual
world which are seldom seen in reality and inconsistent with social norms, can make
users uncomfortable.

Our results also have positive findings on VRChat’s social aspects. Some users
found that avatars help them to overcome social anxiety when communicating with other
players in VRChat. For example, one player said, “Good game to practice social skills,
especially for people trying to overcome social anxiety likeme.” For these users, VRChat
is a useful tool to practice social skills and therefore their intended use continuancemight
be based on this unintended, or tangential, function of the application. Therefore, it is
to be expected that, with enough critical mass in terms of the number of consumers,
they will likely find novel ways to transgress the normative use scenarios and essentially
enrich the application and their experiences. However, these behaviors might not always
be desirable and should be anticipated within the framing of the goal of the VR system.

6 Limitations and Future Works

Although informative on social VR consumer attitudes throughmultiple perspectives, as
discussed above, it is important to consider this study’s limitations in both explanatory
power and generalization, as reflected through its scope, case study selection, data source
and data wealth, and analysis methods.

Firstly, our framing presumes that the data collected stems from existing social VR
users and that they, unless otherwise indicated, refer to attitudes about the application as
experienced through a head-mounted virtual reality display. However, many of today’s
VR platforms and applications are versatile in terms of hardware required for accessing
and using them and the one this study is based on is no different. Indeed, VRChat is
available to users via a 2D computer screen and VR alike, rendering it impossible to
always ascertain which experience the review is based on – immersive, non-immersive,
or a combination of both. Whereas some experiences are only accessible through VR
as they are a unique technological affordance of VR, such as naturalistic embodied
interactions (e.g., T39) [22], others are accessible through both screen and VR display.
Nevertheless, while this study reflects the attitudes of the VRChat consumers, as shared
through Steam reviews, and is relevant to and to an extent generalizable to similar multi-
platform applications, future studies should aim at examining whether certain themes
are more prominent on one than the other platform.

Secondly, VRChat was deemed as a suitable case study due to being freely available
for several use, with a wide user base, and diverse experiences due to users’ freedom to
essentially build their own small worlds within the application (e.g., games, night clubs,
and nature retreats). However, its consumers’ experiences are thus bound to the primar-
ily voluntary and leisurely nature of interacting with the application, rendering these
results not necessarily generalizable to serious contexts, such as education, simulation
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training, work collaboration, and mental or physical therapy applications. Future stud-
ies should thus expand the scope of investigation and contrast and compare the results
so as to examine which consumer expectations are relatively universal, and which are
context-specific. Thirdly, another context-specific constraint to generalizations is the
source of reviews, as Steam is predominantly a platform for video games, including
product distribution and facilitation of communities. As such, it is likely that reviews
collected from the platform represent a specific population which might tend to have
higher familiarity with interactive media and VR and distinct expectations of seemingly
playful content (e.g., freedom for creativity and exploration). These results should thus
be complemented with, for example, reviews collected directly within the application
from a wide range of users.

Finally, while it is not reasonable to analyze approximately 100,000 reviews manu-
ally, the topic modeling approach presents its pitfalls when it comes to the non-explicit
and more intricate mapping of consumer experiences. For example, in our analysis,
we have encountered instances where implicit and culturally specific meaning was lost
through clustering solely of the explicit content. Moroever, due to relying on explicit
content, the modeling might even jeopardize the discriminant validity of the clusters. As
such, these results should not be interpreted as providing a definitive and clear mapping
of consumer experiences, but that the contribution is rather found in an extensive and
broad representation of the scope and types of aspects that consumers find relevant to
share.

Fig. 1. Affinity Diagram: thematic grouping of the found topics. Titles with a dash are topics,
boxes are groups or subgroups.
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Abstract. With changing lifestyles, increasing excessive eye use and rising con-
sumer health awareness, the field of eye health products is expected to become
a new blue ocean market. To identify the factors influencing the purchase inten-
tion of eye health products, by integrating the SOR model, TAM theory, per-
suasion theory, and health belief model, a theoretical framework for influencing
consumer decisions is constructed from the perspective of product and anchor lan-
guage characteristics, using e-commerce live broadcast as the information source.
Questionnaire research was conducted with college students as the main research
sample, and SEM models were constructed to verify the hypotheses and models.
The results showed that: First, the perceived usefulness and perceived ease of
use of eye health products, as well as the professionalism and authenticity of the
anchor’s language, positively influenced consumers’ purchase intention, but the
influence of the anchor’s language charm on consumers’ purchase intention was
not significant. Second, consumer trust fully mediated between perceived ease of
use and purchase intention, and partially mediated between perceived usefulness
and purchase intention. Third, Consumer health beliefs fully mediated between
anchor language professionalism and purchase intention, and partially mediated
between anchor language truthfulness and purchase intentions.

Keywords: Eye Health · E-commerce live broadcast · Purchase intentions

1 Introduction

According to the World Vision Report released by the World Health Organization in
2019, at least 2.2 billion people worldwide are visually impaired or blind, and at least
1 billion of them have preventable or unresolved eye health problems. The outbreak of
the COVID-19 pandemic in early 2020 has made “housebound” and “online” a major
theme in people’s daily lives.

Health products are effective in helping individuals improve their health. At present,
research on health products is mainly focused on the technical implementation and
functional exploration [1] of the products, but relatively little attention has been paid to
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consumers’ purchase intention, usage behavior, and their perception of health during the
consumption process. In the field of eye health products, the research on the consumer
is still in the initial stage. With the popularization of the Internet and the increase in
the intensity of eye use among the general public, eye health products have ushered
in a new “dividend period”. Exploring the characteristics of consumers’ consumption
of eye health products in terms of product and marketing behavior is important for the
development of this industry.

To fill the gap in this research area, this paper constructs a theoretical model based on
SOR theory, TAM theory, health belief theory, and persuasion theory. Using e-commerce
live streaming as a source of information for consumers, we explore the influence of
product attributes of eye health products and language characteristics of e-commerce
live streaming hosts on consumers’ intention to purchase eye health products. This
study attempts to answer the following research questions: First, how do the perceived
usefulness and perceived ease of use of eye health products affect consumers’ purchase
intentions? Second, how do the charm, professionalism, and authenticity of the language
of e-commerce live broadcast host influence consumers’ purchase intentions? Third,
health beliefs and the mechanism of trust influence in the process of consumer response.
The findings of the studywill helpmanufacturers in the eye health product industry chain
to design targeted product designs and marketing programs, and help to popularize the
concept of eye health.

2 Theoretical Basis

2.1 Eye Health Products

There are threemain types of eye health products on themarket today: myopia correction
device products, eye medicine products for the treatment of serious eyes, and eye care
products that focus on relieving visual fatigue and preventing myopia. The subjects of
this study are eye care products that can be freely purchased in the market. The current
eye health products market is still an emerging market with huge market potential.
However, the popularity and the consumer acceptance of the product is relatively low.
Themarket has not yet formed a sound industry norms. During theCOVID-19 pandemic,
the emergence of online production lifestyles accelerated the integration of the eye health
product market, traditionally sold offline, with the e-commerce business.

2.2 Theoretical Framework of SOR

Stimulus-organism-response (SOR) theory suggests that a stimulus may originate from
an external situation, and the stimulated organismwill develop a certainmental state. The
organism undergoes a series ofmental activities that result in a behavioral response to the
stimulus. The SOR theory based on Environment Psychology suggests that consumers’
purchase intentions are stimulated by product attributes and marketing behaviors, which
in turn influence consumers’ psychological emotions to products and purchase activities.
Eventually triggering consumers’ willingness and behavior to buy. In the framework of
SOR theory, the psychological state of the organism in response to external stimuli plays a
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mediating role in the generation of the final behavioral response [2]. In the context of live
e-commerce live broadcast for eye health products, based on the product characteristics
of eye health products and the marketing stimulus of the anchor’s words, it remains to be
explored what psychological state consumers need to experience to achieve a response
to the stimulus in order to purchase.

2.3 Health Beliefs

Health beliefs are a system of perceptions that individuals hold about preventing disease,
maintaining health, and striving to achieve optimal living, i.e., the perceptions of healthy
living that people adhere to in their daily lives. The traditional characteristics of health
beliefs by Glanz K et al. (1997) include individuals’ perceived barriers, perceived bene-
fits, perceived susceptibility, perceived severity, self-efficacy, and health consciousness.
Based on this, a study byBeibei Liu et al. [3] found that consumers’ intention to purchase
nutritious food is positively influenced by perceived susceptibility, perceived benefits,
consumer self-efficacy, and health beliefs. Health beliefs also motivate individuals to
adopt health-friendly behaviors.

2.4 Hofland’s Model of Persuasion and Aristotle’s Rhetorical Techniques

Hovland’s persuasion theory points out the role of four elements, including persuader,
persuasive content, audience, and persuasive situation, in influencing the effect of per-
suasion. Among them, the persuader is the main external stimulus in the persuasion
process and can have an impact on the audience’s attitude. In specific persuasive situa-
tions, the persuader can bring about a change in the audience’s attitude through textual
descriptions, and ultimately lead to a difference in their behavior [4]. In Aristotle’s book
Rhetoric, the linguistic features of persuasion are divided into three modes, namely:
appeal to personality, appeal to logic, and appeal to emotion. The use of different lin-
guistic expression features convey different emotions and produce different persuasive
effects. In the e-commerce live broadcast context, hosts as persuaders, their verbal factors
can be divided into professionalism, charm, authenticity, and uniqueness [5]. This study
focuses on the verbal persuasion factors of hosts during e-commerce live streaming. The
verbal factors of live e-commerce hosts for eye health products are distinguished into
charisma, professionalism, and authenticity to investigate which verbal characteristics
of e-commerce hosts are more influential on consumer attitudes.

2.5 Technology Acceptance Model, TAM

The TAM model was originally used to study the scenarios of users’ use of information
systems [8]. While with the advancement of technology and the increase of new prod-
ucts and technologies, the application of the model was gradually expanded. Scholars
introduced external variables such as perceived usefulness and perceived ease of use
to explore the acceptance process of individuals for different technologies. Min Zhang
et al. [6] identified the positive effects of perceived usefulness and perceived reliability
on consumers’ willingness to purchase health technology products from the perspective
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of product and consumer characteristics. Unlike traditional brick-and-mortar shopping,
consumers perceive stronger risks during product purchases through e-commerce plat-
forms. A study by Gefen D et al. showed that consumer trust in e-commerce influences
consumers’ purchase intentions more than trust in technology acceptance models. More
studies have explored the impact of product characteristics of new products on purchase
intentions andhave used trust as an antecedent andmediating variable affecting consumer
purchase intentions. As a product with relatively low public acceptance and popularity,
it is worthwhile to investigate what product features affect consumers’ purchase inten-
tions and throughwhat paths. Thus, this study classifies the product characteristics of eye
health products into perceived usefulness and perceived ease of use, which can trigger
consumer trust and increase purchase intention.

3 Research Hypothesis and Research Model

3.1 Product Attributes, Consumer Trust and Purchase Intention

Davis F D. defined perceived usefulness as the degree to which people perceive an
improvement in their performance through the use of some new technology or letter
system. Perceived usefulness is one of the variables often used by scholars to measure
cognitive and affective factors of consumers, and it has been shown that consumers’
perceived usefulness is an important factor influencing their attitude towards online
shopping and can affect their final decision [7]. In studies on the purchase intention
of health products, scholars have defined perceived usefulness as the extent to which
individuals believe that using health technology products will improve their health status
[6]. Substituting the consumption scenario of eye health products, this study defines
perceived usefulness as the degree to which individuals believe that using eye health
products will improve their own eye health.

This led to the hypothesis that:

H1a: Perceived usefulness positively affects consumers’ intention to purchase eye health
products

Perceived ease of use refers to the degree to which users think it is easy to use a
system. In this study, perceived ease of use is defined as the degree to which consumers
think they can easily use eye health products. Generally, whether consumers can use the
purchased products better or not will directly affect consumers’ purchase intention. The
research of Lin Chao qun et al. [8] shows that convenient and fast operation of shopping
websites can improve consumers’ willingness to buy agricultural products.

The following assumptions are proposed:

H2a: Perceived ease of use positively affects consumers’ intention to buy eye health
products

Trust can reduce the risk and uncertainty in the transaction process. In the e-
commerce environment, consumers do not have access to physical objects, so their
shopping has high risk, and they need to build trust between buyers and sellers to reduce
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the uncertainty of consumption. Based on TAM theory model, consumers will judge
things from their own perceived usefulness and perceived ease of use, which will also
profoundly affect consumer trust. Numerous studies have shown that the perceived char-
acteristics and trust inspired by consumers in the process of participating in e-commerce
do not exist separately, and both perceived usefulness and perceived ease of use have a
significant positive impact on consumer trust [9]. This leads to the hypothesis that:

H1b: Perceived usefulness positively affects consumer trust
H2b: Perceived ease of use positively affects consumer trust.

3.2 Language Characteristics of E-Commerce Live Broadcast Hosts, Consumer
Health Beliefs and Purchase Intentions

Unlike the traditional online marketing model, the host in the e-commerce live stream-
ing context can eliminate the time and space barrier between consumers and play a
stronger persuasive effect. In this context, the language characteristics of hosts have
an important impact on stimulating consumers’ purchase intentions. The study by Liu
Fengjun et al. [10] classified the characteristics of online red live broadcast’s information
sources as credibility, professionalism, interactivity, and attractiveness. Pointing out that
the professionalism and interactivity of online red live broadcast’s information sources
positively affect consumers’ purchase intention. A study by Gong Ting et al. [5] found
that the charisma and authenticity characteristics of the host’s language can positively
influence consumers’ purchase intentions. In this study, the popularity and acceptance
of eye health products in the current market are relatively low. The professional explana-
tion of the e-commerce live broadcast host can make consumers understand the product
information faster, reduce the time cost and risk perception, and promote the purchase
intention. The host’s words of the product function of the real transmission, reduce the
online shopping information asymmetry, improve the practical value of the product, and
stimulate customers to buy. Charismatic hosts share their emotions and feelings in the
process of information exchange, and convey healthy living concepts to consumers, trig-
gering their emotional resonance and thus stimulating purchase intentions. This leads to
the hypothesis that:

H3a: The charismatic nature of the host’s language positively affects consumers’
intention to purchase eye health products
H4a: The professionalism of the host’s language positively affects consumers’ intentions
to purchase eye health products
H5a: The authenticity of the host’s language positively affects consumers’ intention to
purchase eye health products

In e-commerce live broadcast, the language style of appealing to personality refers
to the host conveying reliable information about the product to consumers by using
professional language, proper nouns and knowledge and other linguistic expressions
[11], which can be analogous to the professionalism of the host’s language; appealing to
logic mainly refers to the persuader ensuring the clarity and authenticity of the delivered
information through logical arguments, and this persuasion style can be reflected through
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the authenticity of the host’s language; appealing to emotion means that the persuader
influences people’s rational judgment by evoking their emotions, and even makes the
audience produce reverse incentive, i.e., stimulating the urgency of demand by creating
fear [12]. This persuasion style can be reflected by the charm of the host’s language. The
process of introducing product information to consumers by hosts in the e-commerce live
broadcast of eye health products is also the process of popularizing health knowledge to
consumers, helping them to exclude false product information. The live broadcast with
strong emotional information may even trigger consumers’ anxiety about their own eye
health, thus stimulating the generation of consumers’ health beliefs. This leads to the
hypothesis that:

H3b: The charismatic nature of the host’s language positively affects consumers’ health
beliefs
H4b: The professionalism of the host’s language positively affects consumers’ health
beliefs
H5b: The authenticity of the host’s language positively affects consumers’ health beliefs.

3.3 Influence of Consumer Health Beliefs and Consumer Trust on Purchase
Intention

Among the studies related to health beliefs, Jiang et al. [13] investigated the mediating
effect of health beliefs in the effect of online information support on HPV vaccination
intention. A study by Min Zhang et al. [12]showed that health beliefs positively moder-
ated the effect of perceived usefulness on the willingness to purchase health technology
products. This led to the hypothesis that:

H6: Consumer health beliefs positively affect eye health product purchase intention

Many literatures have highlighted the importance of trust in consumers’ willingness
to purchase online. Jarvenpaa’s [14]study verified the ability of trust to influence con-
sumers’ online shopping intentions regardless of the culture they live in. A study by
Yuntian Xie et al. [15] showed that trust positively influences consumers’ behavior in
purchasing green agricultural products. Wang et al. [16] explored the positive influence
of consumer trust between the attributes of e-commerce hosts and consumers’ purchase
intentions. This led to the hypothesis that:

H7: Consumer trust positively affects purchase intention of eye health products.

3.4 The Mediating Role of Consumer Health Beliefs and Consumer Trust

In the e-commerce live broadcast of eye health products, hosts with verbal charisma
can mobilize consumers’ emotions and may even stimulate consumers’ health beliefs
by creating fear in order to achieve marketing goals, causing consumers to become
anxious about eye health, form health beliefs and then become willing to buy. The hosts
show their professionalism by talking about proper nouns and conveying professional
knowledge to educate the market, which can help consumers form health beliefs that
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lead to purchase intentions. By telling the truth about the product, the host removes
distracting information, reduces perceived barriers, and stimulates consumer’s health
beliefs, which leads to purchase intentions. This leads to the hypothesis that:

H8a: Consumer health beliefs mediate between the charismatic nature of the host’s
language and intention to purchase eye health products
H8b: Consumer health beliefs mediate the relationship between the professionalism of
the host’s language and the intention to purchase eye health products
H8c: Consumer health beliefs mediate between the authenticity of the host’s language
and intention to purchase eye health products

Eye health products are perceived by consumers to improve and help their eye health,
creating trust in the product and then stimulating their willingness to purchase. When
consumers are introduced to eye health products, they can feel that they have the ability
to learn quickly and use the product correctly, which creates trust in the product and
stimulates willingness to buy. This leads to the hypothesis that:

H9a: Consumer trust mediates the relationship between the perceived usefulness of eye
health products and the intention to purchase eye health products
H9b: Consumer trust mediates the relationship between perceived ease of use and
intention to purchase eye health products (Fig. 1).

Fig. 1. Research model

4 Research Design

4.1 Samples and Data Collection

This study adopts the virtual scenario research method, in which the respondents are
asked to read the research scenario first and then fill in the questionnaire. The survey
was conducted on a group of college students aged 18–28. China’s youth myopia rate
is the highest in the world. According to the “China Eye Health White Paper” released
by National Health Commission of the People’s Republic of China in 2020, the overall
prevalence of myopia among Chinese children and youth is 53.6%, and the overall
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prevalence among college students is over 90%. The eye health problems of college
students are more prominent, and college students also have strong spending power, so
it is representative to take college students as themain research target. The questionnaires
of this study were selected and distributed within the WeChat groups of students in each
school. 310 questionnaires were collected, and after excluding incomplete and regular
questionnaires, 283 questionnaires were valid, with an efficiency rate of 91.3%. The
following are the descriptive statistics of the sample.

The following are the descriptive statistics of the sample (Table 1).

Table 1. Sample characteristics

Variable Indicator Frequency Percentage

Gender Male 146 51.6

Female 137 48.4

Age <18 9 3.2

18–28 262 92.6

29–40 7 2.5

>40 5 1.7

Education Level Under the Bachelor-Degree Level 9 3.2

Bachelor-Degree Level 269 95.1

Master Degree Or Above 5 1.7

Feelings about eye health
status

Very unhealthy 27 9.5

Unhealthy 89 31.4

Moderate 104 36.7

Healthy 46 16.4

Very healthy 17 6

Have you used eye health
products

Yes 180 63.6

No 103 36.4

4.2 Measurement Tools

Most of the constructs in the framework of this study were derived from existing studies,
and some of them were modified and adjusted appropriately to fit the needs of the study.
The perceived usefulness and perceived ease of use were based on the study by Davis
F D. (1989), which included 6 items, and the scale was translated and adapted. The
host language charisma referred to the study of Gong T. et al. [5] included a total of 3
items. The professionalism and authenticity of host language refer to Liu Fengjun et al.’s
[10] study included a total of 6 items. Consumer trust reference Yang Q et al.’s (2015)
study included a total of 2 items. Health beliefs refer to the study of Hojjati (2015) et al.
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consisted of a total of 5 items. Purchase intentions refer to the scale developed by Dodds
et al. (1991) consisted of 3 items. All questionnaire items were based on a 7-point Likert
scale (7 = strongly agree and 1 = strongly disagree).

5 Data Analysis

5.1 Reliability and Validity

In our study, the questionnaire data were tested for reliability and validity using SPSS
28.0 and AMOS 28.0, and the test results are shown in Table 2. The reliability of the
sample data was analyzed using Cronbach’s alpha value and combined reliability (CR
value), and the Cronbach’s alpha values of each dimension of the variables were in the
range of 0.778–0.902, and the results obtained were all greater than 0.700, indicating
that the reliability of the scale meets the requirements; the CR values of each variable
were in the range of 0.778–0.903, and the results obtained were all greater than 0.700,
indicating that the scale’s internal consistency is good, so the scale in our study has high
reliability.

In our study, we drew on the established scales from domestic and international
literature in designing the scale, and carried out the process of direct translation back
translation and scenario transfer to ensure the semantic accuracy of the scale items.As the
test results showed, the absolute values of the standardized loadings for each item were
greater than 0.6 and showed significance, implying a good measurement relationship.
All the AVE values corresponding to the total 8 factors were greater than 0.5, and all
the CR values were higher than 0.7, implying that the data of this analysis had good
convergent (convergent) validity.

5.2 Analysis Results

Results of Direct Effect. Our study usedAMOS 28.0 to conduct multiple linear regres-
sion tests for direct effects, and the results showed that: perceived ease of use positively
affected consumers’ willingness to purchase eye health products (β = 0.313, P < 0.01)
and positively affected consumers’ trust (β = 0.386, P < 0.01), and hypotheses H1a
and H1b were verified; perceived usefulness positively affected consumers’ eye health
product purchase intention (β = 0.505, P< 0.01) and positively affected consumer trust
(β = 0.431, P < 0.01), hypotheses H2a and H2b were verified; the professionalism of
e-commerce live broadcast host language positively affected consumer eye health prod-
uct purchase intention (β = 0.127, P < 0.01) and positively affected consumer health
beliefs (β = 0.363, P < 0.01), hypotheses H4a and H4b were verified; the authenticity
of the language of the e-commerce live broadcast host positively affected consumers’
willingness to purchase eye health products (β= 0.666, P< 0.01) and positively affected
consumers’ health beliefs (β= 0.414, P< 0.01), hypotheses H5a and H5b were verified;
the charisma of the language of the e-commerce live broadcast host had no significant
effect on consumers’ willingness to purchase eye health product purchase intention was
not significant (β = 0.124, P> 0.05), and the effect on consumer health beliefs was also
not significant (β = 0.042, P > 0.05), and hypotheses H3a and H3b were not valid.
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Table 2. The results of data’s reliability and validity

Construct Item Loading AVE CR Cronbach’s alpha

Perceived usefulness PU1 0.842 0.721 0.886 0.884

PU2 0.848

PU3 0.857

Perceived ease of use PEU1 0.867 0.735 0.893 0.893

PEU2 0.862

PEU3 0.843

The charismatic nature CHL1 0.781 0.648 0.846 0.848

CHL2 0.795

CHL3 0.837

The professionalism PHL1 0.790 0.646 0.845 0.845

PHL2 0.811

PHL3 0.809

The authenticity AHL1 0.802 0.684 0.866 0.863

AHL2 0.848

AHL3 0.830

Consumer trust CT1 0.800 0.778 0.778 0.637

CT2 0.796

Consumer health beliefs CHB1 0.686 0.854 0.857 0.546

CHB2 0.807

CHB3 0.728

CHB4 0.748

CHB5 0.719

Purchase intentions PI1 0.862 0.902 0.903 0.755

PI2 0.895

PI3 0.849

Results of Moderation Effect. Our study used AMOS 28.0 to conduct multiple linear
regression tests for mediating effects, and the results of the study showed that.

The effect of consumer trust on purchase intention was significant (β = 0.631, p <

0.01). After adding consumer trust, the effect of product usefulness on purchase intention
decreases to 0.233, and this effect is significant and is partially mediated, indicating
support for hypothesis H9a. After adding consumer trust, the effect of product ease of
use on purchase intention decreases to 0.069, and this effect is not significant and is fully
mediated, which does not support hypothesis H9b.The effect of consumer health beliefs
on purchase intention was significant (β = 0.382, p < 0.01). After adding consumer
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health beliefs, the effect of professionalism of e-commerce live broadcast host language
on purchase intention decreases to -0.012, and the effect is not significant, which is
a full mediation, indicating support for hypothesis H9b; after adding consumer health
beliefs, the effect of truthfulness of e-commerce live broadcast host language on purchase
intention decreases to 0.508, and the effect is significant, which is a partial mediation,
indicating support for hypothesis H8c. After adding consumer health beliefs, the effect
of The charismatic nature of e-commerce live broadcast host language on purchase
intention decreases to 0.108, and this effect is not significant, leading to insignificant
mediation, which does not support hypothesis H9a.

6 Discussion

Based on SOR theory, TAM theory, health belief theory and persuasion theory, this
study explored the path model affecting the purchase intention of eye health products in
terms of product attributes and the amount of linguistic features of e-commerce hosts.
The following conclusions were obtained: First, Product perceived usefulness and per-
ceived ease of use positively affect consumers’ purchase intention and consumer trust.
The professionalism and authenticity of the language of the e-commerce live broadcast
broadcast hosts positively affected consumers’ purchase intention and consumers’ health
beliefs. However, the influence of the charm of the language of the e-commerce hosts on
consumers’ purchase intention, and the influence on consumers’ health beliefs was not
significant. Second, Consumer health beliefs and trust are important bridges between
the characteristics of eye health products and the language characteristics of hosts to
influence consumers’ purchase intentions. In the process of live-streaming eye health
products, the hosts’ professional and authentic words can enhance consumers’ health
beliefs and make them willing to purchase their recommended products. The perceived
usefulness and perceived ease of use of eye health products promote consumer trust,
which leads to the willingness to purchase the products. The study also confirms that the
charismatic nature of the host’s language in the live broadcast does not influence health
beliefs that lead to consumers’ purchase intentions (Fig. 2).

Fig. 2. Hypothesis testing results

Our study has some theoretical contributions. First, This paper takes eye health
products, a product with low popularity and acceptance, as the research object, and
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enriches the research on health products and e-commerce live broadcast marketing. Sec-
ond, our paper innovatively combines health beliefs and persuasion theories to explore
the psychological mechanisms of consumers when making live e-commerce consump-
tion decisions. Most of the previous studies on the purchase intention of health products
have not studied consumers’ health beliefs as the antecedent of external stimuli, but
this paper combines this psychological concept with marketing theory to broaden the
application area of health belief theory.

In terms of practical value, eye health products are undergoing a transition from
offline sales to online sales, and live e-commerce has provided a new boost to the
development of this industry. This study can provide theoretical support for the industrial
transformation of eye health product merchants. The research on product attributes and
language characteristics of live e-commerce hosts can provide a basis for product design
of manufacturers and marketing strategy design of distributors in the industry chain.

This paper also has certain limitations. First, our research method is relatively single
and has limitations. This paper only uses the questionnaire method for analysis, and
future research can be further explored by combining experimental methods. Second,
consumer purchasing behavior is a complex process, theremay be other variables besides
health beliefs and trust that influence purchasing behavior, and further research can be
conducted on more individual consumer emotions in the future.
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Abstract. This paper develops a stochastic equilibrium model for a joint product
network under customer stockout aversion. The model is addressed in a two-
echelon network topology where the producers simultaneously determine outputs
and retail prices of joint products. Three features of our model are worth stressing:
First, the model focuses on the pricing and output decisions of a joint product
network. Joint pricing mode has been used to optimize the benefit of joint product
supply chains. Second, the classical newsvendor model assumes unmet demand is
lost. This assumption implies that customers are stockout neutral. In practice, it is
usually unacceptable for firms to thoroughly lose the unmet demand. Considering
the uncertain demand that depends on both price and service level, we introduce
discrete choice models to characterize customer choice behaviors by assuming
that customers are stockout aversion. Third, newsvendor model-based variational
inequalities are used to formulate the equilibrium condition for a joint product
network.

Keywords: Supply Chain Network Management · Joint Product · Network
Equilibrium Model · Variational Inequality · Newsvendor Model

1 Introduction

The classical newsvendormodel assumes unmet demand is lost (Petruzzi &Dada, 1999).
Its assumption implies that customers are stockout neutral. In practice, it is usually
unacceptable for firms to thoroughly lose the unmet demand, because those unsatisfied
customers will attempt to purchase from their competitors (Feng & Zhang, 2017), even
will not be back anymore. This study devotes to the inter supply chain competition,
in which each firm in a supply chain maximizes the profits (or expected profits) and
optimizes the probability of customers choosing a joint product,which depends on selling
price and service level. The customers are assumed to be stockout aversion. We design
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a two-echelon supply chain network of joint products, including raw material suppliers
and joint product producers. Our results attempt to answer the following questions based
on that customers are stockout aversion. “How are the firms’ equilibria under affected
by joint production under demand uncertainty?” and “How is the effect of the variance
of demand fluctuation and customers service preference on the equilibria.”

The demand uncertainty of one of joint products often impacts the demands and
prices, even the cost of other joint products. The moderate cost of one of joint products
affects the demands of the markets of chlorine and caustic soda in Canada (Shastitko &
Shastitko, 2015). The price of soybean meal is influenced not only by the supply of
soybean and the demand of soybean meal, but also by the demand of soybean oil.
These phenomena are also quite common in petroleum refining industry (Griffin, 1972).
The inconsistency of supply and demand fluctuation in the joint products markets causes
dramaticwaste and loss, specifically petroleumandperishable products. The newsvendor
model is a common tool for uncertain demand, including known and unknown demand
distributions (Lariviere & Porteus, 1999). Most literature focuses on the analysis of
the impact on the production output of uncertain demand. However, they ignore it can
influence the production cost, even the retail pricing (Granot & Yin, 2008). Moreover,
the classical newsvendor model assumes unmet demand is lost (Petruzzi & Dada, 1999).
Hence, some companies often decrease the sales of one of joint products or limitmaterials
procurement to keep the sales of other joint products stable in practice (Shastitko &
Shastitko, 2015). The common method in literature is to adopt a single penalty cost to
offset the loss in the newsvendor model (Deng et al., 2014). This remains an issue in
joint products that has not been considered in a setting with a supply chain network
formed by two or more competing joint product supply chains. A main contribution
to the literature and practice is a stochastic equilibrium decision for the joint product
supply chains where customers are stockout aversion so as to reduce waste and loss. The
energy savings potential for the only petroleum industry can be huge (Liu et al., 2013).

To our knowledge, our study first bridges joint product supply chains with a network
equilibrium model under demand uncertainty. Special attention is given to the scenario
where the producers’ products are joint. On the one hand, the supply and demand of
one of joint products jointly affect the supplies and demands of other joint products. On
the other hand, the demand fluctuation of one of joint products brings additional surplus
(inventory) risk for other joint products because of joint production. The interaction
effect of supply-demand of joint products can offset the impact of commodity demands’
augment by customers. Consequently, the profits of joint products in producers or retail-
ers cannot be maximized in isolation. This also requires new methods because of the
interaction effect of the supply-demand of joint products. In this study, a network equi-
librium model incorporated with customer choice behavior is applied to optimize firms’
decisions under inter supply chain competition of joint product setting. Integrating net-
work equilibriummodels with discrete choice models is a challenge with dimensionality
augment. If customers consider more than two dimensions in their purchasing behav-
ior in the model, the equilibrium conditions will be complicated, and computational
speed will decrease exponentially. Therefore, customers are assumed to consider retail
price and service level in their purchasing decision in the proposed model. Based on
the equilibrium solutions, we can understand how various factors, such as competition,
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technology, and other joint products’ supply-demand, influence the joint product flows
among the supply chains, retail pricing, and surplus. Some valuable insights have been
obtained from our proposed model. These results could potentially provide implications
for governments and companies in making strategic decisions and policies, specifically
for some industries that their demand is uncertain and the service level is a crucial factor
on customer purchase behavior.

2 Model

2.1 Definitions and Assumptions

We develop a network equilibrium model for joint products under customer stockout
aversion. The risk of demand is captured through the variance of demand fluctuation.
We design a two-echelon joint product network constitutedwith suppliers and producers.
Consider I joint products being produced by producer m, m ∈ {1, · · · ,M } in a joint
product network. Each producer purchases materials from supplier n, n ∈ {1, · · · ,N }
and sells end joint products to demand markets k, k ∈ {1, · · · ,K}. The market demands
are uncertain, which is affected by many factors, including such things as weather,
transportation, politics, and traffic accidents. The suppliers and producers are set to
compete in a noncooperative fashion. In our model, we consider a fixed production
ratio, and the range of the ratio fluctuation can be treated as a measure of producer m’s
technology, for example production line flexibility. Let γ i

m denote the ratio of producer
m producing joint product i. Then, if the output of one of joint products is decided, we
can obtain other joint products’ output,

qimk = γ i
m

γ
j
m

· qjmk ,∀i �= j,∀m. (1)

2.2 Suppliers’ Optimality Conditions

Each supplier makes decisions by controlling wholesale price pnm and output qnm to
go for profit maximization, (pnm, qnm) := argmax πn(pnm, qnm), where πn is the profit
function of supplier n. The output of supplier n is equal to the flows that supplier n
delivers to all producers (Eq. (2)). Suppose supplier n has its production cost function
fn.

Qn =
M∑

m=1

qnm, (2)

fn = fn(Qn),∀n. (3)

Therefore, the optimization problem of supplier n can be formulated as function (4)
that the revenue supplier n earned as a raw material provider minuses the production
cost.

max
M∑

m=1

pnm · qnm − fn(Qn), (4)
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qnm ≥ 0, pnm ≥ 0,∀n,m. (5)

It is assumed that suppliers’ production cost functions are continuous and convex.
Therefore, the optimization function (4) for all suppliers constrained by function (5)
can be further written as variational inequality (6) (Nash, 1950; Nash, 1951; Lions and
Stampacchia, 1967; Nagurney and Dong, 2002; Nagurney, 2013).

N∑
n=1

M∑
m=1

[
∂fn(q∗

n)
∂qnm

− pnm
]

× [
qnm − q∗

nm

] +
N∑
n=1

M∑
m=1

[−qnm
] × [

pnm − p∗
nm

] ≥ 0,

∀qnm ∈ RNM+ .

(6)

where Ω = {qnm ≥ 0, pnm ≥ 0} is the feasible set of joint product suppliers’ decision
variables.

2.3 Producers’ Optimality Conditions

Here, producer m makes its production decision and pricing of joint products, which is
denoted by qimk and p

i
mk . In themodel, two decision variables are adopted by the producer

to optimize its expected profit: (i) via retail price to match supply and demand and (ii)
via its output (qimk ) to satisfy the uncertainty demand and influence the service level. The
unsold products may bring back additional overage costs. Note that γ i

m quantifies the
ratios of the raw material is produced into joint products in the joint-production process.
We assume that every producer goes for expected profit maximization by controlling
retail price and output,

(
pimk , q

i
mk

) := argmax πm
(
pimk , q

i
mk

)
, where πm is the expected

profit function of producer m. If market demands are elastic price functions, and I = 1
(assembly supply chains), this model will become a classical network equilibriummodel
provided by Nagurney, Dong, et al. (2002).

The transaction cost of producers includes such things as production cost, transporta-
tion cost, discarding cost, and insurance. For security consideration, each producer pur-
chases insurance from insurance companies. For example, in petroleum supply chains,
producers purchase insurance from such banks as ING Bank, Royal Bank of Scotland,
and Standard Chartered Bank. The total cost cimk of joint product i between producer m
and demand market k is combined with transaction cost tcimk and allocated split-off cost
scm · θi. Let cimk denotes the marginal cost of joint product i between producer m and
demand market k. The cost function of joint product i between producer m and demand
market k is given by:

cimk = tcimk + scm · θi,∀m, k, i. (7)

We utilize a multinomial logit function to model customer choice behavior purchas-
ing joint products in a supply chain. In our model, price pi and service level si of joint
product i are two decision variables affected customers’ choice behavior. The customer
utility function choosing joint product i is given by the following:

U
(
pimk , s

i
mk

)
= wi − αi · pimk + β i · simk + εi,∀i ∈ I . (8)
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where wi, αi and β i represent the intrinsic customer valuation, customer price and
service preference coefficient of joint product i, respectively. The demand depends on
the selling price and service level of the same joint products provided by all producers.
Let Nk denotes the total customers mass at demand market k, and P(U (i)) represents
the probability of customers choose joint product i of producer m at demand market k.
According to the multinomial logit model, the probability of customers choosing joint
product i of manufacturer m at demand market k can be listed as follows:

P(U (i)) = eU
(
pimk ,s

i
mk

)

1 +
M∑

m=1
eU

(
pimk ,s

i
mk

) (9)

Let Di
mk denotes the true demand of joint product i from manufacturer m at demand

market k. The demand of joint product i at the demand market k is described by the
general and continuous cumulative probability distribution function (cdf) Fi

mk(·|p, s).
Let f imk(·|p, s) denote the probability density function of demand of joint product i at
market k.

Fi
mk(·|p, s) = Fi

mk

(
Di
mk ≤ Nk · Pi

mk

)
=

∫ Nk ·Pi
mk

0
f imk(·|p, s)dDi

mk
. (10)

We assume that the uncertain demand follows a general, but known, continuous
distribution, for example, normal and uniform distribution. Assuming that unsold joint
products (surplus) in this selling season will bring back overage cost, and there is no
shortage cost. Therefore, the service level si in this model is defined as the probability
of the output of joint product i satisfying the random demand in a selling season, which
is defined as α-service level in Schneider (1981).

The cost of joint products in a producer includes such things as the split-off cost of
producers, transportation cost, insurance, and overage cost. Let cvimk and v

i
mk denote the

overage cost and expected surplus (inventory) of joint product i between producerm and
demand market k. The expected surplus vimk is the difference between the optimal output
and expected demand. Each producer goes for expected profit maximization considering
uncertain demands. Then, each producer has the following flow conservation,

Nk · P(U (i)) + vimk = qi∗mk , ifp
i
mk > 0,∀m, k, i. (11)

Hence, the service level si in the model can be given as, simk = ∫ qimk
ω

f (·|p, s)dDi
mk
.

Then the producers’ optimization problem is to control selling price pimk and service
level simk to optimize the following expected profit functions. Based on the newsvendor
model, the expected profit of producer m can be formulated by the difference between
the price multiplied by the demand and the cost of raw material, overage, split-off, and
transaction:

max
K∑

k=1

I∑

i=1

∫ qimk

0

(
pimk − cimk

)
· Di

mk · f imk (·|p, s)d
Dimk

+
K∑

k=1

I∑

i=1

∫ +∞
qimk

(
pimk − cimk

)
· qimk ·

f imk (·|p, s)d
Dimk

−
K∑

k=1

I∑

i=1

∫ +∞
qimk

cvimk ·
(
qimk − Di

mk

)
· f imk (·|p, s)d

Dimk
−

N∑

n=1

pnm · qnm,

(12)
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s.t.
I∑

i=1

qimk ≤ qnm · ϕm, qimk ≥ 0, pimk ≥ 0,∀m, k, i. (13)

where ϕm is the absorption coefficient (Erengüç et al., 1999). In this expression, the
difference between the first and fourth items is the expected revenue of producer m,
when the equilibrium outputs are above demands. The third item is the expected overage
cost.

It is assumed that the cost function for each producer is continuous and con-
vex. The equilibrium solutions of each producer reflect the stochastic equilibrium
conditions that no customer can unilaterally improve their perceived utility, and
no producer can unilaterally improve its expected profit. That is,

(
qi∗mk , p

i∗
mk

) ∈
argmaxUm

(
qimk , p

i
mk ,D

i
mk

)
,∀xi∗mk ∈ ximk ,∀pi∗mk ∈ pimk . If the quantitative or physical

unit method is adopted as the cost allocations method of joint products, the optimiza-
tion function (12) and the constrains (13) for all producers can be written as variational
inequality (14) (Nash, 1950; Nash, 1951; Lions and Stampacchia, 1967; Nagurney and
Dong, 2002; Nagurney, 2013).

M∑

m=1

K∑

k=1

I∑

i=1

[
cimk − pimk +

(
pimk − cimk + cvimk

)
· Fi

mk (·|p, s) + λm + δim

]
×

[
vimk − vi∗mk

]
+

M∑

m=1

K∑

k=1

I∑

i=1

[(
cimk − pimk

)
· Nk · ∂P(i)

∂pi∗mk
− Nk · Pimk − ∫ qimk

0 Di
mk · f imk (·|p, s)d

Dimk
− vimk + vimk ·

Fi
mk (·|p, s)

]
×

[
pimk − pi∗mk

]
+

M∑

m=1

[
I∑

i=1

K∑

k=1
qimk − qnm · ϕm

]
× [

λm − λ∗
m

]+
M∑

m=1

K∑

k=1

I∑

i=1

[
qimk − γim

γjm
· qjmk

]
×

[
δim − δi∗m

]
+

N∑

n=1

M∑

m=1

[
qnm

] × [
pnm − p∗

nm
]+

N∑

n=1

M∑

m=1

[
pnm − λm · ϕm

] × [
qnm − q∗

nm
] ≥ 0,

(14)

where Ω = {
vimk ≥ 0, pimk ≥ 0

}
is the feasible set of joint product producers’ decision

variables. The term λm and δim are the Lagrange multiplier for producer m associated
with constraint (1) and (13), respectively. According to KKT conditions, if qi∗mk and p

i∗
mk

are the solutions of maximization problem (12), then there exist unique scalars λm for
m ∈ M and δim for m ∈ M , i ∈ I . The economic interpretations of Lagrange multiplier
are revealed in much literature (see, Nagurney & Dong, 2002).

The equilibrium conditions in the entire joint product network must satisfy the sum
of the variational inequalities (6) and (14). Therefore, considering the joint product flows
conservation, the equilibrium conditions of the entire joint product network can be stated
as a newsvendor model-based variational inequality formulation based on variational
inequality theory.

M∑

m=1

K∑

k=1

I∑

i=1

[
cimk − pimk +

(
pimk − cimk + cvimk

)
· Fi

mk (·|p, s) − λm − δim

]
×

[
vimk − vi∗mk

]
+

M∑

m=1

K∑

k=1

I∑

i=1

[(
cimk − pimk

)
· Nk · ∂Pimk

∂pi∗mk
− Nk · Pimk − ∫ qimk

0 Di
mk · f imk (·|p, s)d

Dimk
− vimk + vimk ·

Fi
mk (·|p, s)

]
×

[
pimk − pi∗mk

]
+

M∑

m=1

[
I∑

i=1

K∑

k=1
qimk − qnm · ϕm

]
× [

λm − λ∗
m

]+
M∑

m=1

K∑

k=1

I∑

i=1

[
qimk − γim

γjm
· qjmk

]
×

[
δim − δi∗m

]
+

N∑

n=1

M∑

m=1

[
∂fn

(
q∗n

)

∂qnm
− λm · ϕm

]
× [

qnm − q∗
nm

] ≥ 0

(15)
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where Ω = {
qnm ≥ 0, vimk ≥ 0, pimk ≥ 0

}
is the feasible set of joint product suppliers’

and producers’ decision variables andλm and δim are the Lagrangemultiplier for producer
m associated with constraint (1) and (13), respectively. Variational inequality (15) also
characterizes the stochastic equilibrium defined in Sect. 3.

3 A Numerical Example

In this example, we design a two-echelon dairy network topology. There are two dairy
producers and two retailers in two markets (butter and cheese demand markets), respec-
tively. The two dairy producers produce butter and cheese, which are substitutable
and sold in these markets separately. The number of customers in both markets is
N1 = N2 = 1000. Both producers provide logistic services in two demand markets.
Suppose the demands of the butter and cheese are not correlated with each other. The
joint cost allocation after the split-off point they used is the quantitative or physical
unit method. The cost data of the dairy network are listed in Table 1. The output ratios
(γ) of the butter and cheese after the split-off point are 0.107:0.103 for producer 1 and
0.105:0.101 for producer 2. The absorption coefficients are 0.21 and 0.206 for producer
1 and producer 2, respectively. The overage cost in cv111 = 1, cv121 = 1, cv212 = 1,
and cv222 = 1. Considering two different scenarios, each scenario has special issues,
including technology update, service level improvement, and inventory management.
The customer utility function of joint product i as follows:

U
(
pi, si

)
= wi − αi · pi + β i · si + εi, i = 1, 2,

where the intrinsic customer valuation wi, i = 1, 2, the customer price and service
preference coefficients αi, i = 1, 2, and β i, i = 1, 2 follow a Normal distribution, w1 =
N

(
9, 12

)
, w2 = N

(
6, 12

)
, α1 = N

(
0.5, 0.12

)
, α2 = N

(
0.5, 0.12

)
, β1 = N

(
0.3, 0.082

)
,

andβ2 = N
(
0.3, 0.082

)
.Ma et al. (2020) elaborated amethod to estimate the parameters

in customer utility function from the customers’ sales record using maximum-likelihood
estimation (MLE), respectively (Fig. 1).

Demand market 1

Supplier 1 Supplier 2

Producer P1 roducer 2

Demand market 2

Fig. 1. The dairy network topology.
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Table 1. Link cost functions in the dairy network.

Cost function Cost function

tcb1 = 0.15xb1 + 0.000045x2b1 tcb3 = 0.2xb3 + 0.000045x2b3
tcb2 = 0.15xb1 + 0.000032x2b2 tcb4 = 0.1xb3 + 0.000032x2b4
tcb5 = 2.8xb5 + 70 tcb6 = 3.0xb6 + 70

tcb7 = 2.2xb7 + 60 tcb8 = 2.0xb8 + 60

sca1 = 2.05(xb1 + xb3) + 60 sca2 = 2(xb2 + xb4) + 60

Considering each scenario’s particularity, we utilize the parameters in Table 1 to
compute the equilibrium solutions. Following this, the outputs, prices and expected
surpluses yielded by the modified projection method in two demand markets at the
equilibrium pattern can be found. Based on the equilibrium solutions, the profits of
SC11, SC21, SC12, and SC22 are also provided in Table 2.

Scenario 1: The variances of demand distributions of joint product 1 and 2 in this
scenario are given as: σ 2

1 = 502 and σ 2
2 = 502. The equilibrium solutions, including

equilibrium prices, flows, service level, and expected profits, are reported in Table 2.
Due to the need of the service level sensitive customers, there necessarily exists butter
and cheese surplus in producer 1 and producer 2 in this scenario.

Scenario 2: Recalling that the output ratio γ can be treated as ameasure of producers’
technology. The decision maker in producer 2 intends to improve the output ratios of
butter and cheese from 0.105:0.101 to 0.108:0.106 and the absorption coefficients from
0.206 to 0.214, respectively. A higher cost is charged for the new technology resulting
in the new output ratios of butter and cheese. The new split-off cost function of producer
2 become:

sca2 = 2.08(xb2 + xb4) + 60

As the split-off cost becomes higher on link a2 than before, the equilibrium flows,
profits, and sellingprices onpathSC21 andSC22 change largely.Although the equilibrium
flows on supply chain SC22 increases due to the variation of output ratios, the service
levels and the expected profits of supply chain SC21 and SC22 decrease because of the
higher the split-off cost of butter and cheese. It is worth to note that selling prices and
service levels on path SC21 and SC22 change inversely, because of the selection of the
cost allocations of joint products. Although only producer 2 improves its output ratios
of butter and cheese, the expected profits of supply chain SC11 and SC12 increase from
the selection of producer 2’s new technology because of competition.

We find the variance of demand distribution σ 2 and the customer service preference
coefficient β are key parameters to affect the fluctuations of the equilibrium solutions,
including equilibrium flows, prices, service level, and expected surplus. To better discuss
and analyze the impact of the variance of demand, we assume that the variance σ 2 of
demand distribution and customers service preference coefficient β of joint product
1 vary from 402 to 502 and 0.31 to 0.40, respectively. The sensitivity of equilibrium
prices, outputs, service level, expected surpluses, and in demand markets are depicted as
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Table 2. Equilibrium solutions to Scenario 1–2. (ρ = 0.001, ε = 0.0001)

Scenario 1
(σ 2

1 = 502, σ 2
2 = 502)

Scenario 2
(σ 2

1 = 502, σ 2
2 = 502)

xb1 2826.06 2777.31

xb2 2316.53 2209.48

xb3 2260.85 2221.85

xb4 3088.71 2945.98

xa11 544.30 534.91

xa21 567.55 556.79

xa12 523.96 539.90

xa22 545.94 562.10

xb5 488.50 488.88

xb6 507.74 505.99

xb7 466.84 471.85

xb8 489.77 495.26

p11 8.79 9.38

p21 8.72 9.33

p12 7.77 7.22

p22 7.67 6.97

s1 86.78% 82.14%

s2 88.42% 84.52%

s3 87.34% 91.32%

s4 86.94% 90.94%

πsc11 2,105.3 2421.0

πsc21 2,890.7 2294.2

πsc12 2,341.7 2706.6

πsc22 3,058.2 2638.1

in sensitivity analysis. We analyze the impact of the variance σ 2 of demand distribution
and customer service preference coefficient β on the equilibrium prices, outputs, and
service level and get some meaningful observations from the sensitivity analysis.

4 Conclusions

Stockout aversion customer behavior has overly been ignored in newsvendor problems.
This paper fills the gap from several perspectives in the riskmanagement of the joint prod-
uct network: (1) In our model, the producer’s products are joint. The proposedmodel and
computational framework are widely applicable in joint product network management.
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Themodel can be used to deal with competition between joint product supply chains and
optimize the profit of joint products’ producers and providers, for example, petroleum
refining firms in petroleum supply chains, coal producers in coal supply chains, and
dairy producers in dairy supply chains. (2) An assumption is generalized and relaxed
by incorporating customer choice behavior into the joint product network. The assump-
tion that customers are stockout aversion is adopted in our model. Service level (α-type
service level) is a key influence factor on customers purchasing behavior. In practice,
many industries that customers are stockout aversion may employ this network equilib-
rium model to optimize the profit and service level. Based on the above assumption, our
analytical and numerical analyses reveal the effects of the variance of uncertain demand
and customer preference coefficient on the equilibrium solutions of the joint product
network. These findings may provide valuable insights to the producers, retailers, and
3PLs in a supply chain network when adjusting their strategies, including risk control
and customer service management. (3) Behavior-based market analysis models that cur-
rently worked as intelligent business tools in some internet companies can easily connect
with supply chains. Introducing customer choice behavior into a supply chain network
is also an attempt to connect intelligent business and supply chain management. This
model may seamlessly and efficiently connect with the behavior-based market analysis
models and intelligent business.
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Abstract. Based on theS-O-Rmodel, the structural equationmodel is constructed
to study the driving mechanism of the e-commerce anchors’ characteristics on
consumers’ impulse buying behavior, and to further explore whether the audi-
ence activity plays a moderating role in it. Through the empirical analysis of 327
valid data, the results showed that the similarity, attraction, professionalism and
interactivity of anchors all have significant positive effects on consumers’ plea-
sure emotions. Among them, similarity, attraction and professionalism positively
affect the impulsive buying behavior of consumers through the mediating effect of
pleasure emotion. Audience activity negatively moderates the influence of simi-
larity and attraction on consumers’ pleasure emotion. Now, anchors not only need
to further improve their work skills, but also need to build more attractive live
broadcast room according to their own characteristics to attract the attention of
consumers and stimulate them to buy products, which is particularly important
for the live broadcast rooms with low audience activity.

Keywords: E-commerce · Anchor’s Characteristics · Impulse Buying Behavior

1 Introduction

In recent years, due to its real-time interaction and immersive entertainment, ecommerce
live broadcasting has been rapidly promoted in the Internet consumer market, which
market size is expected to exceed 26 billion yuan in 2025 [1]. With the rapid growth
of the scale of e-commerce live broadcasting, a large number of people swarm into
this industry, the types of anchors become more diversified, consumers’ attention is
more dispersed, and the characteristics of anchors gradually become an important factor
affecting consumers’ shopping decisions [2]. Therefore, e-commerce anchors and e-
commerce enterprises have explored strategies to strengthen the characteristics of e-
commerce anchors in order to stimulate their desire to buy to the maximum extent. At
the same time, the increasingly diversified consumer psychology also put forward more
requirements for anchors. Therefore, it is necessary to further study the subdivision of
the characteristics of e-commerce anchors.
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Comparedwith traditional e-commerce, e-commerce live streaming hasmore impul-
sive consumption. Impulse buying refers to an individual’s immediate purchase response
after perceiving strong external stimuli without the prior purchase intention to buy a
certain or a certain type of product [3]. According to a survey conducted by China Con-
sumers Association, 44.1% of consumers believe that they have made impulse buying in
live streaming shopping [4]. But at present, few scholars have analyzed the influence of
anchor characteristics on consumers’ impulse buying behavior. Most studies on anchor
characteristics focus on the analysis of purchase intention or behavior [5], while those on
impulse buying behavior are more focused on the overall stimulus of broadcast room [6].
In addition, some scholars have found that audience behavior in broadcast room can also
significantly affect consumer perception, resulting in a herd effect. In fact, other viewers
can not only play part of the role of anchors, but also influence consumers’ judgment
on the ability and quality of anchors through group evaluation. Therefore, the number
of viewers may have a regulating effect on the stimulation of anchors’ characteristics
on consumers, but now there is little discussion on this point. Therefore, this study aims
to explore which characteristics of e-commerce anchors will stimulate the generation
of consumer attitudes and purchasing decisions. And whether audience activity in the
broadcast room has any effect on these effects?

2 Theoretical Background and Hypotheses Development

2.1 Anchor’s Characteristics

The anchor’s characteristics is refer to the characteristics of anchors in the livestream
shopping scenario.Most scholars classify the characteristics of anchors intowhether they
can be trusted, whether they are professional with rich knowledge, and whether they can
attract the interest of consumers [5]. Some scholars have further explored the subdivision
dimension of anchor characteristics. Liu [7] interviewed 55 interviewees and found that
it also included the interactivity of communication between anchors and audiences.
Liu [1] found that consumers tend to choose anchors similar to their own in terms of
viewing vision, interest and morality, and summarized the dimension of similarity. In
the scenario of livestream shopping, Anchors should have a more comprehensive and in-
depth understanding of products or services, and be able to market the audience through
strong social skills and communication skills. And from the perspective of personal
characteristics, distinctive and attractive anchors are more likely to attract consumers’
attention and stand out from the crowd. Meanwhile, some anchors will also convey
similar style preferences and aesthetic tastes to consumers to attract them. Therefore,
based on the above analysis, this paper divides the characteristics of e-commerce anchors
into similarity, popularity, attraction, professionalism and interactivity.

Similarity refers to the degree of similarity between anchors and themselves per-
ceived by consumers in terms of style, aesthetics, values, etc. The principle of similar
attraction in psychology indicates that the more similar others are to themselves, the
more easily they are attracted [6]. When consumers perceive the similarity between the
anchor and themselves in some aspect, they will have a favorable impression on the
anchor. Some scholars have pointed out that anchors create similarities in vision, inter-
est and morality, which can make consumers feel familiar and intimate [1]. Hu pointed



Research on the Influence of Anchors’ Characteristics 73

out that the perception of similarity among peers in social shopping websites can affect
their judgment on whether the information is credible [8]. However, there are few stud-
ies to verify whether similarity has a significant impact on consumers’ impulse buying
behavior. Based on the above analysis, this study proposes the following hypothesis:

H1: The similarity between anchors and consumers positively affects consumers’
pleasure emotion.

Anchor attraction refers to the attractiveness of anchor’s internal traits, professional
skills and other personal charm. Studies have shown that consumers tend to believe that
the information provided by highly attractive celebrities is more convincing, which is
more conducive to the audience’s love and recognition of anchors and their products [1].
Kim’s research shows that the attractiveness of anchors can significantly affect the flow
experience of consumers [9]. Zhu subdivides the attractiveness of anchors and finds that
both physical and social attractiveness of anchors can significantly affect consumers’
emotional trust [10]. Therefore, the following hypothesis is proposed in this study:

H2: The attractiveness of anchors positively affect consumers’ pleasure emotion.

The professionalism of e-commerce anchors refers to the professionalism of ecom-
merce anchors in terms of relevant knowledge, experience or skills [7]. For consumers
with purchase intention, by watching the professional display and recommendation of
anchors, they can quickly and effectively grasp the professional information related to
products, reduce the cost of searching for suitable products and improve the pleasure
of the purchase process [1]. For consumers who do not have clear purchase intention,
e-commerce anchors can highlight the use value of products, so that consumers can
trigger their cognition of their own potential needs, and be more willing to participate
in the live broadcast [11]. Accordingly, the following hypothesis is proposed:

H3: The professionalism of anchors has a positive impact on consumers’ pleasure
emotion.

Anchor interactivity refers to the degree of effective interaction between anchors
and consumers. The interaction between e-commerce anchors and audience can not
only satisfy consumers’ cognitive needs for products, but also satisfy their emotional
needs such as participation desire and sense of belonging, forming a deeper emotional
connection [5]. Liu [7]found that frequent interactions between anchors and audiences
can create a sense of immersion for consumers and enhance the perceived hedonic
shopping value. Chen [12] found that the building of social presence of consumers in
ecommerce live streaming can be achieved through the interaction between customers
and merchants. This study proposes the following hypothesis.

H4: The interactivity of anchors positively affect consumers’ pleasure emotion.
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2.2 Emotional Contagion Theory

Emotional contagion refers to the process by which a person or group influences the
emotions or behaviors of another person or group by inducing emotion and behavior.
Hoffman believes that emotion contagion is an “association-learning” mechanism, that
is, when people face positive or negative emotions induced by others, they will produce
similar feelings to others through association [13]. And as people continue to imitate
and learn from this emotional experience, they will be further induced to feel similar
experiences or indirectly make them recall similar experiences in the past, thus creating
a deeper emotional resonance. In the scenario of livestream shopping, when consumers
feel the stimulation from the anchor’s language, expressions and behavior, their inner
emotional experience will produce two levels of psychological changes in the chain
[14].When anchors describe and display their products throughwarm, friendlywords and
behaviors, they will awaken the audience’s positive emotional experience and generate
pleasant emotions. In addition, under the emotional induction of the anchor, the audience
will resonate with the scene described by the anchor and further generate emotional trust.
Therefore, the following hypotheses are proposed in this study:

H5: Consumers’ pleasure emotion will positively influence their emotional trust.

2.3 Consumers’ Emotion and Impulse Buying Behavior

Impulse buying is a strong reactive behavior produced by individuals after receiving
external stimuli, which is dominated by emotion. Zheng [11] found that consumers’
own positive emotions in online live shopping would have a positive impact on impulse
buying intention or behavior. Zhou [6] verified that emotional trust can be used as an
intermediary variable to stimulate the purchase intention of e-commerce live streaming
consumers. On this basis, Meng [14] through empirical analysis found that consumers’
positive emotions and emotional trust can significantly positively influence their impulse
purchase intention. Based on the above research results, the following hypotheses are
proposed in this study:

H6: Consumers’ pleasure emotion positively affect their impulse buying behavior.
H7: Consumers’ emotional trust positively affect their impulse buying behavior.
H8: Consumers’ pleasure emotion plays a mediating role in the interaction between
anchors’ characteristics and consumers’ impulse buying behavior.

2.4 Audience Activity

In this study, audience activity is defined as the degree to which consumers perceive
audience interaction in other broadcast rooms. From the perspective of interpersonal
interaction, the larger the number of audience, the more interaction between consumers,
and the influence of each other can lead to the herd effect [15]. Studies have shown
that when consumers have doubts about online sellers or advertisements, they are more
inclined to rely on the shopping information of friends or even strangers for reference
[16]. With the frequent exposure of dishonest and immoral events of caller anchors in
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recent years, consumers now will refer to the feedback of others in the scenario of live
broa casting. Based on this, the following hypothesis is proposed in this study:

H9:Activity plays amoderating role in the influence of anchor characteristics on pleasure
emotion.

2.5 Stimuli-Organism-Response Model

Stimuli-Organism-Response (SOR)model is themost common researchmodel in Ecom-
merce live streaming studies, which refers to thatwhen a person receives external stimuli,
it affects his or her internal emotional state or cognition, thereby causing an individual
to react with attitudes or behaviors [17]. This paper also builds a theoretical model based
on this framework. The research model is shown in Fig. 1.

Fig. 1. Study model

3 Theoretical Background and Hypotheses Development

3.1 Measurement Development

The design of the survey items was based on the previous literature. The questionnaire
is composed of 32 questions, slightly modified from the previous literature to make it
more applicable to the research background of livestreaming e-commerce. The items
for measuring item were adapted from those in the previous study (Table1). A five-
point Likert scale was applied to each item, with one being ‘strongly disagree’ and
five being ‘strongly agree’. In the questionnaire, respondent were asked to recall the
latest e-commerce live shopping situation, and then check the relevant options of the
questionnaire according to their personal situation.
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Table 1. Variable item Source

Variable Mark Source Variable Mark Source

Similarity S Li, et al. [1] Pleasure
emotion

PE Zhou et al. [6]

Interactivity IN Chen, et al. [12] Emotional trust ET Meng et al. [14]

Professionalism BP Zheng, et al. [11] Audience
activity

AA Kuan et al. [15]

Attraction BA Zhu, et al. [10] Impulse buying
behavior

IB Zheng, et al. [11]

3.2 Data Collection and Sampling

The sample of the survey was limited to customers who had livestream shopping expe-
riences to investigate the influence of anchors’ characteristics on consumers’ impulse
buying intention. First, we did a pilot test, targeted at 82 participants. Then adjustments
were made to clarify survey questions. The online survey on the wenjuanxing website
(www.wjx.cn) lasted from 25 August 2022 to 14 September 2022 with the hyperlink
published on social media such as WeChat. There were 327 of 415 responses were col-
lected. The valid rate of questionnaire collection was 78.80%, with a gender distribution
of 26.30% and 73.30% for men and women, respectively. The main range of the age
group was mainly between 18 and 30 years old, accounting for 88.68% of the total sam-
ple. The distribution between 31 and 40 years old accounting for 6.73%. Additionally,
the distribution of watching live streaming more than once a week on average, account-
ing for 67.58%. The above questionnaire survey results are consistent with the statistical
characteristics that Chinese e-commerce live streaming consumers are mainly female,
young andmiddle-aged people. At the same time, the subjects are active in live streaming
shopping behavior, and 81.65% of the them had e-commerce live streaming shopping in
the past six months. Therefore, distribution of samples collected in this study is in line
with the reality.

4 Results

4.1 Reliability and Validity Tests

In this study, the exploratory factor analysis was conducted using SPSS 21.0, showing
that Kaiser-Meyer-Olkin (KMO) was 0.910, more than 0.8, and the eight factor finally
extracted is consistent with the original research model, indicating that the questionnaire
design is reasonable. Then, as shown in Table 2, the Cronbach’s alpha coefficients of all
dimensions in the questionnaire were over 0.7, indicating that the good reliability of the
questionnaire. And the average variance extracted (AVE) and combined reliability (CR)
of variables were greater than 0.5 and 0.7, respectively, which belongs to the acceptable
level.

According to Table 3, the square root ofAVEof each latent variable is greater than the
correlation coefficient with other latent variables, showing good discriminative validity.

http://www.wjx.cn
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Table 2. Result of reliability and validity tests

Variable Cronbach’s alpha CR AVE Variable Cronbach’s alpha CR AVE

S 0.712 0.723 0.467 PE 0.750 0.751 0.504

IN 0.835 0.835 0.559 ET 0.740 0.745 0.494

BP 0.853 0.853 0.598 AA 0.803 0.808 0.584

BA 0.829 0.829 0.621 IB 0.781 / /

In summary, the reliability and validity of the scale designed in this study all meet the
requirements, so modeling and analysis can be continued.

Table 3. Result of discriminative validity tests

Variable ET IN IB PE P BA S

ET 0.703

IN 0.561 0.788

IB 0.270 0.193 0.764

PE 0.640 0.625 0.396 0.710

P 0.660 0.679 0.172 0.638 0.773

BA 0.611 0.696 0.279 0.699 0.670 0.748

S 0.555 0.401 0.216 0.573 0.497 0.553 0.683

4.2 Common Method Biases

The unrotated exploratory factor analysis showed that the explanatory variance of the
first common factor was 34.462%, which was less than the required critical value. The
commonmethod latent factormethodwas used for further test.After the commonmethod
deviation variable was added, the change value of RMSEA was only 0.009, no more
than 0.05, and the change of fitting index of the model was no more than 0.1. It can be
seen that there was no serious homology deviation in the data collected.

4.3 Comparison of Measurement Models

In this study the maximum likelihood method was used to examine the normal distri-
bution of the measured variables, and AMOS 24.0 was used to estimate the parameter.
The overall results of the fitting evaluation are as follows: RMSEA = 0.041 (0.05 or
below), CFI= 0.904 (0.9 or more), CFI= 0.959 (0.9 or more), The detailed information
is shown in Table 4. According to the structural models of this study, most values were
close to or completely in accordance with the standard values. That is to say, the model
fitting is sufficient.
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Table 4. Model fitting results

Fitting
index

χ2 df χ2/
df

GFI AGFI CFI NFI TLI RMESA

idea
state

/ / < 2 ≥ 0.9 ≥ 0.8 ≥ 0.9 ≥ 0.8 ≥ 0.8 < 0.05

Fitting
result

473.191 304 1.557 0.904 0.881 0.959 0.894 0.952 0.041

4.4 Test of Hypotheses

The standardized path coefficients and hypothesis testing results of the model are shown
in Table 5, and *, **, *** means p < 0.05, p < 0.01, p < 0.001 respectively. For
Hypothesis 1, anchors’ similarity in the scenario of livestreaming e-commercewas found
to be positively correlated with consumers’ pleasure emotion (β = 0.251,p< 0.001), and
thus hypothesis 1 is supported. In the same way, as shown in the Table 5, Hypothesis 2
(β = 0.297, p< 0.01), Hypothesis 3 (β = 0.236, p< 0.01), Hypothesis 4 (β = 0.176, p<
0.05) are all supported, anchors’ attraction, professionalism and interactivity were found
to be positively correlated with consumers’ pleasure emotion. Hypothesis 5 (β = 0.745,
p< 0.001), Hypothesis 6 (β = 0.394, p< 0.001) are supported too, Consumers’ pleasure
emotion will positively influence their emotional trust and impulse buying behavior. For
Hypothesis 7, emotional trust wasn’t found to be positively correlated with their impulse
buying behavior (β = −0.035, p > 0.05). It may have more influence on consumers’
other purchasing behaviors, such as repurchase intention.

In conclusion, the attractiveness, similarity, professionalism and interactivity of
anchors can all have a significant positive impact on the happy emotions of consumers,
among which the most influential feature of anchors is attractiveness. When consumers
perceive the stimulation of anchors, they will be infected, thus awakening their potential
purchase needs and joining in the live shopping activities.

Table 5. Results of path coefficient

Hypothesis Path Standardized β T value Result

H1 S → P 0.251 *** Support

H2 BP → PE 0.297 0.009** Support

H3 P → PE 0.236 0.004** Support

H4 IN → PE 0.176 0.045* Support

H5 PE → ET 0.745 *** Support

H6 PE → IB 0.394 *** Support

H7 ET → IB -0.035 0.756 Not support
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For Hypothesis 8, in this study, 2000 samples were tested by Bootstrap ML method,
the bootstrapping program was used to construct a 95% confidence interval for the bias
correction of the indirect effect, the results are shown in Table 6. The mediation of
the impact of anchor’s similarity, attraction and professionalism on consumer’s impulse
buying behavior was found to be realised by consumers’ pleasure emotion.

Table 6. Mediation effect test

Path Effect value SE Bias-corrected 95% CI Result

Lower Upper P

S → PE → IB 0.119 0.070 0.022 0.310 0.011 Support

BA → PE → IB 0.128 0.099 0.008 0.414 0.032 Support

BP → PE → IB 0.091 0.052 0.020 0.241 0.005 Support

IN → PE → IB 0.088 0.066 -0.011 0.247 0.071 Not support

For Hypothesis 9, In order to show the moderating effect of audience activity more
directly, regression analysiswas carriedout usingprocess v3.3.The subjectswere divided
into two groups according to the standard deviation of upper and lower (+1SD/-1SD),
and a simple effect graph was drawn according to the output data. The results showed
(Fig. 2) that audience activity had a moderating effect on the influence of anchor’s
similarity and attraction on pleasure emotion. When audience activity is low (M-1SD),
anchor’s similarity (t = −1.955, p < 0.1) and attraction (t = −2.040, p < 0.05) had
more significant effect on their pleasure emotion.

According to the moderating effect test, audience activity has a significant moder-
ating effect on anchors’ personal characteristic attributes (similarity and attractiveness),
but has no significant moderating effect on anchors’ personal skill attributes (profession-
alism and interactivity). The lower the audience activity, the stronger the influence of
anchor similarity and attraction on consumers’ happy emotions. Thus, in the broadcast
room with low audience activity, anchors should highlight their personal charm more
to attract consumers’ interest in watching, so as to mobilize their enthusiasm to partici-
pate in the live broadcast. However, in the broadcast room with high audience activity,
more attention should be paid to observing the content of bullet screen interaction of the
audience in the broadcast room and guiding them consciously.
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Fig. 2. Moderating effect breakdown drawing

5 Discussion

5.1 Research Conclusion

In this paper, the S-O-R paradigm is used to explore whether anchor characteristics
have a significant impact on consumer impulse buying behavior. Finally, the following
conclusions are reached:

First, the similarity, professionalism, attraction and interactivity have a significant
positive impact on pleasure emotion, thus stimulating consumers’ impulse buying behav-
ior. Among them, attraction is the greatest influence on pleasure emotion, followed by
similarity. Pleasure emotion plays a significant role in mediating similarity, attraction,
professionalism and impulse buying behavior. E-commerce anchors, as the most impor-
tant link between consumers and merchants (or products), can arouse similar emotional
experience and association of audience through language and other ways, thus triggering
consumers’ desire to buying impulsively.

Second, audience activity negatively moderates the relationship between anchor
attraction, similarity and pleasure emotion, while the moderating effect on anchor’s pro-
fessionalism and interactivity is not significant. In the broadcast roomwith high audience
activity, consumers are less influenced by the similarity and attraction of anchor. Obvi-
ously, bullet screen is used to conduct frequent real-time interaction among consumers.
Which will distract consumers’ attention from e-commerce anchor and replace part of
the attractiveness and similarity of anchors to meet consumers’ demand for interest and
resonance when watching live broadcasts. Therefore, anchors should pay attention to
the guidance of the audience discussion of bullet screen.
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5.2 Suggestion

For the merchants and e-commerce anchors with live broadcasting business, they can
focus on anchor’s attractiveness, similarity, professionalism and interactivity, and prove
it according to their own conditions and needs. Among them, attraction is particularly
important. Anchor should continue to strengthen the knowledge and create their own
style of live streaming according to their own advantages, so as to make customer more
willing to participate in live shopping. Anchors can also highlight their similarities with
consumers and set up a variety of interactive ways to crease consumers’ interest and
trigger their potential purchase demand. In addition, pay attention to the number of
audience in the living room is important. In addition, when the audience activity is low,
anchors can show more attraction and similarity, and when the audience activity is high,
they should put more energy on the interaction and feedback with the audience, so as to
gain insight into consumer needs.

For consumers of e-commerce live streaming, this study can let them better under-
stand the reasons for their impulse buying in e-commerce live streaming. When they
in the livestream shopping scenario in the future, they can consciously control impulse
buying after receiving the similarity, attraction, professionalism and interactive stimula-
tion of the anchors, so that keep a clear mind and place an order to their actual needs and
combined with the information of product quality and objective evaluation of others.

5.3 Limitations and Future Research

The questionnaire data in this study were filled in by the respondents based on their
experience. Therefore, there may be a discrepancy between cognition and actual behav-
ior. In future studies, scenario experiment method or crawler and other technologies can
be used to collect data. Secondly, the data used in this model construction is obtained
through snowball sampling, and the sample situation is relatively simple. In the future,
the sample size can be expanded to collect more samples of different age groups and
income levels for analysis. Finally, the types of e-commerce anchors are very rich, and
their influences on consumers’ impulsive buying behavior are not the same. So group-
ing can be considered to conduct heterogeneity test to further explore whether different
anchors have different influences on consumers’ impulsive buying behavior.
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Abstract. Literature has shown that IT ambidexterity can significantly enhance
organizational agility or performance. However, little attention has been paid to
how to foster IT ambidexterity. Through the lens of CIO-TMT knowledge interac-
tion, this paper empirically examines the effects two different types of CIO-TMT
knowledge interaction mechanisms (i.e., structural and social systems of know-
ing) on IT ambidexterity and the moderating effects of environmental dynamism.
Data analysis and model estimation are performed on matched-pair survey of 347
Chinese shipbuilding firms by applying structural equation model. Results show
that both structural and social systems of knowing positively affect IT ambidex-
terity and serve as substitutes. Environmental dynamism positively moderates the
relationship between social systems of knowing and IT ambidexterity, but has no
moderating impact on the structural systems of knowing and IT ambidexterity.
Moreover, the three-way interaction among environmental dynamism, structural
and social systems of knowing also suggests that the substitution effect between
structural and social systems of knowing will be weakened in dynamic envi-
ronments. This study extends the IT ambidexterity literature by examining its
antecedents through the lens of knowledge interaction between CIO and TMT,
which makes a significant contribution to both IS research and practice.

Keywords: IT ambidexterity · CIO-TMT knowledge interaction · structural
systems of knowing · social systems of knowing · three-way interaction

1 Introduction

In today’s changing business environment, the business activities of firms are more
dependent on the application and management ability of information technology (IT). In
the practice of business management, firms have two different focuses on the application
and management of IT. One is the exploration of new IT resources and practices, so as
to cultivate new capabilities and create new competitive advantages. The second is the
use of existing IT resources and practices to enhance firms’ capabilities and support or
simplify current business processes. However, if firms only focus on exploration, they
may fall into the trap of failure, and if they only focus on exploitation, they will fall into
the trap of success. Therefore, firms need to have the ability to explore and exploit IT
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resources and practices simultaneously (i.e., IT ambidexterity) tomeet the ever-changing
business requirements under the dynamic environments [1].

The pursuit of IT ambidexterity is a highly complex process that involves tremen-
dous uncertainty and thus requires adequate information processing by top management
teams to mitigate the complexity and tension underlying IT exploration and IT exploita-
tion. Organizational information processing is mainly carried out by senior managers
through the explanation of business events, strategic decision-making and formulation
of action plans, which requires them to coordinate among different business departments
and share and integrate information and knowledge [2]. Thus, the top management of
firms must integrate and understand business and IT knowledge to enhance the common
understanding of the role of IT in the organization [3]. In particular, the CIO (chief
information officer), as the leader of a firm’s IT department, has more prominent IT
knowledge than other senior executives, while the TMT (top management team, TMT),
especially the CEO (chief executive officer), is responsible for the business operation.
They are well versed in firms’ business strategies and objectives, and thus their business
knowledge is extensive. As the main body of firm IT strategy planning and implemen-
tation, both CIO and TMT should thus participate in the decision-making process of
IT ambidexterity and their knowledge should be integrated to process information and
mitigate the uncertainties. Thus, in this study, we propose that the knowledge sharing
and integration mechanism (i.e., knowledge interaction mechanism) between the CIO
and TMT will inevitably affect the cultivation of IT ambidexterity.

2 Conceptual Background

2.1 IT Ambidexterity

IT ambidexterity is derived from the concept of organizational ambidexterity. IT
ambidexterity has been typically defined in the information systems (IS) literature as a
firm’s ability to simultaneously pursue explorative and exploitative use of its IT resources
and practices [1]. IT exploration refers to the experimentation with new IT resources
or new practices with existing IT resources. It is related to a firm’s ability to under-
stand emerging ITs, evaluate advantages and disadvantages of a set of alternatives, and
select the one that is most likely to bring operational and strategic benefits to the firm.
In contrast, IT exploitation refers to the efficient leverage and refinement of existing
IT resources through known practices. It is related to a firm’s ability to make use of
its current portfolio of IT resources, to assimilate them in different business processes
based on proven methods, and to acquire complementary technologies to improve its
efficiency. The ambidextrous development of IT capability can not only make full use
of existing IT resources and enhance potential value but also bring new IT resources for
firms to create and maintain competitive advantages. Firms with higher IT ambidexter-
ity will respond more successfully to customer needs and develop new capabilities, thus
achieving higher organizational performance and greater profitability.

While organizational ambidexterity has been studied for more than two decades and
resulted in a large body of literature [4, 5], research on IT ambidexterity is just burgeon-
ing. Existing literature has fully explored the influence mechanism of IT ambidexterity
on organizational agility [1, 6, 7], performance [8, 9] or innovation capability [10, 11],
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emphasizing and confirming the business value of IT ambidexterity. However, little
attention has been paid to examining the antecedents of IT ambidexterity. The IS field
has not yet formed a systematic and clear understanding of which antecedent variables
can affect the cultivation of IT ambidexterity. In order to fill this research gap, this paper
explores the antecedents of IT ambidexterity based on the perspective of knowledge
interaction mechanism between the CIO and TMT.

2.2 CIO-TMT Knowledge Interaction Mechanism

CIO-TMT knowledge interaction refers to the process of transferring, communicat-
ing and sharing IT and business knowledge among senior executives. Its purpose is to
improve the CIO’s business knowledge and TMT’s IT knowledge, to promote the gen-
eration of shared domain knowledge between the CIO and TMT, and to achieve the
shared understanding about the role of IT in the firm. Since the pursuit of IT ambidex-
terity involves tremendous uncertainty and equivocality and requires organization-wide
information interpretation and sensemaking to address those challenges, we thus believe
that information processing and knowledge sharing within the firm has the most pro-
found impact on IT ambidexterity. Systems of knowing (SK), refer to the organizational
arrangements for information communication and exchange [2, 12] among executives,
will enable knowledge sharing and integration between the CIO and TMT [13].

There are two different types of SK based on formal working and informal social
relationship and interaction mechanisms [14]. We use structural SK and social SK to
represent formal and informal organizational communication mechanism respectively.
Structural SK are based on formal organizational structure and working relationship,
allowing structured and formal interaction. As a result, top managers can share and
integrate business and IT knowledge. Based on informal social relations, social SK can
realize informal contact, communication and socialization activities to promote efficient
information flow and rich communication between the CIO and TMT. It is also helpful
to establish a relationship of trust between the two sides and promote the development
of the CIO’s business knowledge, TMT’s IT knowledge, as well as common language
and understanding between them [14].

Prior research on IT strategic management has suggested that both structural and
social SK play important roles in developing shared and knowledge between the CIO
and TMT [14]. Thus, in this study, we regard structural and social SK as potential
antecedents and explore their effects on IT ambidexterity.

2.3 Environmental Dynamism

Environmental dynamism refers to the volatility and unpredictability of a firm’s external
environment. These uncertainties include customer demand, competitor actions, and
technological improvement. In stable environments, firms contend with less radical
changes and don’t need to adjust internal operations rapidly. While in dynamic envi-
ronment, firms contend with radical changes which require innovative responses and IT
solutions [15]. Next, we explore how environmental dynamism moderates the effects of
SK on IT ambidexterity.
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3 Research Model and Hypotheses Development

This paper aims to explore the potential influence of CIO-TMT knowledge interaction
mechanism on IT ambidexterity, and constructs a three-way interaction model of struc-
tural SK, social SK, environmental dynamism and IT ambidexterity, as shown in Fig. 1.
The model emphasizes the influence of structural SK, social SK and their interaction
effects on IT ambidexterity under different environmental dynamism.

Social SK

Structural SK

Environmental
Dynamism

IT Ambidexterity

Control Variables
Firm Size

Manufacturing Complexity

Fig. 1. Research model

3.1 Systems of Knowing and IT Ambidexterity

TheCIO andTMTwork togetherwithin a formal structure to develop processes, policies,
incentives and penalties to ensure that the desired level of IT capability can be achieved.
Prior studies have suggested that the CIO and CEO with a smaller hierarchical distance
are able to understand the intention of the TMTS more accurately; CIO involved in
TMT can not only have a better understanding of their firm’s business and direction
but also provide valuable information for TMT’s decision-making. Also, free from the
constraints of formal hierarchies, social SK can enable the CIO and TMT to increase
mutual understanding, reduce communication costs, and stimulate them to coordinate
with each other to address challenges in the development of IT ambidexterity.

Prior studies have shown that formal and informal organizational communication
mechanisms [16] and integration mechanisms [17] contribute to the development of
organizational ambidexterity. Therefore, we propose that both structural SK and social
SK can enhance information processing, knowledge sharing and integration between the
CIO and TMT so that they can better understand how the firm’s existing IT resources
can support current business strategies and how emerging IT can support new business
strategies [13]. Based on this, we propose the following hypotheses:

Hypothesis 1a: Structural SK is positively associated with IT ambidexterity.
Hypothesis 1b: Social SK is positively associated with IT ambidexterity.

3.2 Social SK and IT Ambidexterity: Moderating Effect of Structural SK

Armstrong et al. (1999) has showed a positive correlation between the social SK and the
CIO-CEO hierarchy distance, while a negative correlation between structural SK and
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social SK, because a greater hierarchy distance implies a lower structural SK. For CIOs
who are structurally close to theCEO, theywill havemore formal reporting opportunities
and thus informal interaction is not needed. In addition, CIOs who participate in TMT
can communicate and exchange more equally and effectively with other TMTmembers,
which can also reduce the dependence on informal communication to some extent. In
contrast, CIOs with larger hierarchical distance and less formal interaction with the
CEO need more informal interaction to express their views and obtain the approval of
the CEO. Thus, we propose that structural SK and social SK have substitution effect in
the process of enabling IT ambidexterity, and propose the hypothesis:

Hypothesis 2: Structural SK negatively moderates the relationship between social
SK and IT ambidexterity.

3.3 Moderating Effect of Environmental Dynamism

In stable environments, firms enter the market in a relatively simple way and the fre-
quency of competitive behavior is low. The conventional business processes and IT
utilization lead to a reduced reliance on CIO-TMT knowledge interaction. However, in
more dynamic environments, rapid changes of business processes and iterative updates
of IT may cause previously developed functions of firms to fail to keep up with frequent
changes of product, and excessive use of existing processes or capabilities will reduce
the flexibility to make effective adjustments [18]. Thus, firms’ demand for knowledge
interaction across different departments will increase, and more high-frequency and
effective knowledge interaction can effectively support the foster of IT ambidexterity.
In this context, the flexible and efficient interaction mode represented by social SK will
have an increased positive impact on IT ambidexterity, while the mechanical and rigid
interaction mode represented by structural SK will have a reduced positive impact on
IT ambidexterity. Thus, we propose the following hypotheses:

Hypothesis 3a: Environmental dynamism negatively moderates the relationship between
structural SK and IT ambidexterity.
Hypothesis 3b: Environmental dynamism positively moderates the relationship between
social SK and IT ambidexterity.

3.4 Three-Way Interaction Among Environmental Dynamism, Structural SK
and Social SK on IT Ambidexterity

When firms’ external environment becomes more unpredictable, it will bring more
ambiguity and uncertainty to the simultaneous exploration and exploitation of IT [19].
Because the greater the uncertainty of the task, the greater the amount of information
that decision-makers have to deal with during the execution of the tasks [12]. Thus, there
will be an increasing need for TMT to integrate business and IT knowledge in a more
dynamic environment. At this point, a single interaction mechanism is not enough to
meet the TMT’s demand for knowledge sharing and integration.
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In this sense, environment dynamism may impose different requirements on SK.
In stable environments, a high degree of structural SK may substitute the effect of
social SK on IT ambidexterity, and they don’t need to exist simultaneously. While in
dynamic environments, high degree of social SK can help CIO and TMT establish a
relationship of trust. Also, high structural SK can promote CIO’s business knowledge,
TMT’s IT knowledge and the development of common understanding, thus enhancing
IT ambidexterity. Therefore, we propose that the substitution effect between structural
and social SK will be weakened in dynamic environments:

Hypothesis 4: The moderating effect of structural SK on the relationship between
social SK and IT ambidexterity is positively moderated by environmental dynamism.

4 Methodology

4.1 Data Collection

Our studywas tested using amatched-pair surveyof business-IT executive.Wedeveloped
two questionnaires: the first targeted at senior IT executives and the second targeted at
the CEO. Structural SK; social SK and IT ambidexterity were measured by IT executive;
whereas environmental dynamism was measured by business executive. Before large-
scale data collection, two IS professors, two CIOs and three CEOs were invited to
revise the face validity of the questionnaire measurement items. We randomly selected
12,086 Chinese shipbuilding companies from the list of China Shipbuilding Industry
Association and sent questionnaires to 2,000 of them by E-mail. After tracking and
reminding the companies that did not reply in time, a total of 355 questionnaires were
collected, with a recovery rate of 17.75%. Due to the lack of individual questionnaire
filling, 8 questionnaires were deleted and 347 valid questionnaires were obtained.

To assess non-response bias, we compared differences between early and late respon-
dents based on revenue and number of employees. The T-test results revealed no signif-
icant difference between the first 87 (25%) and the last 87 questionnaires in these two
demographic variables. Thus, non-response bias is not a concern in this study.

4.2 Measurement Development

The measures for all constructs were adapted from the literature, as shown in Table 1.
The constructs in the model were measured using 7-point Likert scales.

Following general practice in the literature on ambidexterity, the measure of IT
Ambidexterity was typically an item-level interaction mathematically computed as a
multiplication of IT exploration and IT exploitation. We also controlled for the effect of
firm size and manufacturing complexity on IT ambidexterity. Firm size was measured
using the natural logarithm of the number of employees. Manufacturing complexity was
measured according to the industry classification code of the responding firm.
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Table 1. Measurements items and sources

Constructs Items Sources

Structural SK 1. I am often involved in major decision
makings with CEO
2. I interact with TMT members on a
formal basis (e.g., official meetings,
work-related phone calls, etc.)
3. I often directly report to the CEO

Preston and Karahanna (2009);
Liang et al. (2022)

Social SK 1. I often have informal contact with CEO
2. I socialize with the CEO
3. I have informal exchanges with CEO

IT exploration 1. Explore new IT resources for future
business models
2. Explore new IT resources for future
products/services
3. Explore new IT resources for future
business processes
4. Commit sufficient funding for
experimentation of next generation IT
5. Acquire new IT resources and practices
6. Experiment with new IT resources and
practices

Lee et al. (2015);
Liang et al. (2022)

IT exploitation 1. Utilize existing IT resources for
current business models
2. Utilize existing IT resources for
current business processes
3. Utilize existing IT resources for
current IT service capability
4. Reuse existing IT components, such as
hardware and network resources
5. Reuse existing IT applications and
services
6. Reuse existing IT skills

Environmental
dynamism

1. Market activities of your key
competitors
2. The tastes and preferences of your
customers in your principal industry
3. Rate of innovation of new operating
processes and new products or services in
your principal industry

Karimi et al. (2004);
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5 Results

5.1 Measurement Evaluation

Before testing the model, we evaluated the validity and reliability of the measures. As
Table 2 shows, we tested the validity of the measures through two procedures. First, the
square root of each construct’s average variance extracted (AVE) is much greater than
the construct’s correlations, suggesting sufficient discriminant validity. Second, factor
loadings and cross loadings were calculated. The loading of each item is over 0.80,
suggesting sufficient convergent validity. Also, each item’s factor loading is much higher
than its cross-loadings, confirming the sufficiency of discriminant validity. The reliability
was examined by computing composite reliability and Cronbach’s α coefficients. All
scores exceed Nunnally’s (1978) recommended cut-off of 0.70.

Table 2. Inter-construct correlations

CA CR 1 2 3 4 5 6 7

1.Firm size 1.000 1.000 1.000

2.Manufacturing
complexity

1.000 1.000 0.000 1.000

3.Envir.dynamism 0.915 0.940 −0.098 −0.080 0.893

4.Social SK 0.904 0.939 0.030 0.114* −0.110* 0.915

5.Structural SK 0.959 0.973 −0.028 0.026 −0.013 −0.457** 0.961

6.IT exploration 0.960 0.968 −0.110* 0.044 −0.040 0.171** 0.007 0.913

7.IT exploitation 0.968 0.974 0.019 0.012 −0.073 0.128* 0.238** 0.008 0.930

Note: The diagonal elements are the square roots of AVEs. ** p < 0.01, * p < 0.05

5.2 Common Method Variance Analysis

Although we collected paired data from business and IT executives, a single method and
paper-based survey was used and thus could lead to common method variance (CMV)
[20]. We carried out the Harmon’s one factor test by following Podsakoff et al. (2003).
The items of the five theoretical constructs were entered into a principal component
analysis. Five factorswere identified and the first factor of the unrotated solution explains
only 25.21% of the total variance, showing no existence of CMV.

5.3 Hypothesis Testing

As our sample size is relatively small, we used smart PLS 3.0 to test our model. We
show the step-by-step analysis in Table 3. InModel 1, we examined the effects of control
variables on IT ambidexterity. InModel 2, we added the direct effect of structural SK and
social SK. In Model 3, we added their interaction. In Model 4, we tested the moderating
effects of environmental dynamism on structural SK and social SK. In Model 5, we
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Table 3. Hieratical data analysis

Controls Impact on IT Ambidexterity

Model 1 Model 2 Model 3 Model 4 Model 5

Firm size −0.073 −0.073 0.082† 0.083† 0.084†

Manufacturing complexity 0.051 −0.007 −0.002 −0.019 −0.022

Direct effects

Social SK(SO) 0.388** 0.464** 0.402** 0.428**

Structural SK(ST) 0.332** 0.249** 0.334** 0.321**

Environmental Dynamism (ED) −0.024 0.084

Moderation effects

ST•SO −0.142**

ED•SO 0.058† 0.035

ED•ST 0.032 0.047

ED•ST•SO 0.185*

R2 0.008 0.148 0.178 0.165 0.179

Note: † p < 0.1; * p < 0.05; ** p < 0.01

tested the three-way interaction effects of structural SK, social SK, and environmental
dynamism on IT ambidexterity.

Direct Effects of Systems of Knowing. The results of Model 2 showed that the path
coefficients between structural SK and IT ambidexterity (β = 0.332, p < 0.01) and
between social SK and IT ambidexterity (β = 0.388, p < 0.01) were positive and
significant. So, both H1a and H1b are supported.

Two-Way Interaction Effects. We adopted the approach of Chin et al. (2003) and
standardized the indicator to generate the interaction term. In Model 3, the moderating
effect of structural SK on the relationship between social SK and IT ambidexterity was
negatively significant (β = −0.142, p < 0.01). Figure 2 displays the simple slope of
the moderating effect. At lower levels of structural systems of knowing (1SD below
the mean), IT ambidexterity increases rapidly with the increase of social SK. How-
ever, at higher levels of structural SK, the effect of social SK on IT ambidexterity was
minor because the slope changes little with the increase of social SK. Therefore, H2 is
supported.

Themoderating effect of environmental dynamismon the relationship between social
SK and IT ambidexterity (Model 4) was positively significant (β = 0.058, p < 0.1).
Figure 3 displays the simple slope to show the moderating effect. At lower levels of
environmental dynamism (1SD below the mean), IT ambidexterity increases with the
increase of social SK. At higher levels of environmental dynamism, the effect of the
social SK on IT ambidexterity is enhanced. Therefore, H3a is supported. However, the
moderating effect of environmental dynamism on the relationship between the structural
SK and IT ambidexterity was not significant, H3b is not supported.
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Three-Way Interaction Effect. The interaction item between environmental
dynamism, structural SK, and social SK (Model 5) is positively significant (β = 0.185,
p < 0.05), thus supporting H4. The three-way interaction between structural SK, social
SK, and environmental dynamism can be illustrated by plotting the relationship between
social SK and IT ambidexterity at high and low degree of environmental dynamism and
structural SK. Figure 4 Plot (4), which represents the relationship between social SK
and IT ambidexterity in both low degree of environmental dynamism and structural SK,
reveals that IT ambidexteritywill risewith the increase of social SK.However, Fig. 4 Plot
(3), which represents the relationship between social SK and IT ambidexterity in low
degree of environmental dynamism but high degree of structural SK, reveals that higher
levels of social SK can’t enhance IT ambidexterity. We calculated the slope difference
based on the study of Dawson and Richter (2006). Plots (3) and (4) are significantly
different from each other (t= 2.034, p< 0.05). In high environmental dynamism, struc-
tural SK no longer moderates the relationship between social SK and IT ambidexterity,
because social SK can always enhance IT ambidexterity (plots (1) and (2) are not signif-
icant different). In addition, under the context of stable environment and high structural
SK, the slope of the relationship between social SK and IT ambidexterity is significantly
different from the slopes in other three conditions. These results further support H4.
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6 Discussion

With continuous investment in IT, the ambidextrous applications of IT are playing an
increasingly important role in firms’ business operations. Thus, IT ambidexterity has
attracted a lot of attention from IS scholars who explore its impact on agility or other
performance. However, little attention has been paid to how to develop IT ambidexterity.
In this study, we endeavor to fill this gap by exploring the antecedents of IT ambidexterity
from the perspective of knowledge interaction between the CIO and TMT.

6.1 Implications for Research

First, from the perspective of the CIO-TMT knowledge interaction, we establish a theo-
reticalmodel by considering the effects of differentCIO-TMTinteractionmechanismson
IT ambidexterity, and confirm that structural and social SK are two important antecedents
of IT ambidexterity. By exploring the causal relationship between SK and IT ambidex-
terity, we have contributed to the IT ambidexterity literature. Second, by examining
the moderating effect of environmental dynamism, we focus on the influence of struc-
tural and social SK and their interaction effects on IT ambidexterity, which expands the
research context of the effects of SK on IT ambidexterity. Finally, the empirical results
confirm that there is a substitution effect between different types of SK, and this sub-
stitution effect is moderated by environmental dynamism, that is, the substitution effect
between structural and social SK only exists in the stable environment.

6.2 Implications for Practice

Firms should consciously improve and provide different types of communication mech-
anisms to strengthen the knowledge interaction and sharing between the CIO and TMT.
Through the design of appropriate organizational structure to improve the level of the
CIO or the CIO become formal TMT members to enhance structural knowledge inter-
action, or encourage the CIO and TMT members to establish informal social relations,
to participate in social activities to enhance social knowledge interaction. In addition,
firms should also consider the influence of external environment to avoid the nega-
tive impact caused by the substitution effect between structural and social knowledge
interactionmechanism. Specifically, in the dynamic environments, firms needmore inte-
grated information and knowledge in the decision-making process, in this context, the
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knowledge interaction between structural and social mechanisms will not be negatively
affected by the substitution effect.

6.3 Limitations

This paper has some limitations. First, the data are from Chinese shipping industry, and
economic or environmental factors in the same industry may limit the generalizability
of the findings. Second, our results rely on perception binary data from two respondents
in each firm’s business and IT domains, which may lead to bias. Third, developing IT
ambidexterity is an ongoing process influenced by numerous elements. Besides systems
of knowing, other antecedents should also be identified to gain a deeper understanding.

7 Conclusion

In this paper, we examine the effects of structural and social SK and their interaction on
IT ambidexterity under different environmental dynamism. Through empirical analysis
of the matched-pair data from 347 firms, the results support most of our hypotheses and
lead to the following conclusions. First, both structural and social SKcan positively affect
IT ambidexterity and have a substitution effect, that is, under the high degree of structural
SK, the positive influence of the social SKon IT ambidexteritywill beweakened. Second,
environmental dynamism positively moderates the relationship between social SK and
IT ambidexterity, but has no moderating effect on the relationship between structural
SK and IT ambidexterity. Third, the results of the three-way interaction show that the
substitution effect between structural SK and the social SK will be weakened in the
dynamic environment. That is, the substitution effect between structural and social SK
only exists in the stable environment. As the dynamics of the environment improve, the
substitution effect diminishes.
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Abstract. Chatbots are widely employed in various areas as an important product
of artificial intelligence techniques because they can simulate human conversa-
tions and satisfy business demands in various circumstances. However, users do
not always appear to be satisfied with chatbot anthropomorphism. This study pro-
poses a dual pathway by which the anthropomorphism of chatbots affects user
satisfaction from a theoretical perspective of task technology fit, and explores the
key boundary conditions of individual characteristics and task characteristics in
shaping user satisfaction. To test our study hypotheses, we conducted a social
survey and a laboratory experiment. We evaluated the parallel mediation effect
of perceived warmth and perceived competence via an online survey. In addi-
tion, users with high social phobia can enhance the effect of anthropomorphism
on perceived warmth. In the laboratory study, we used 2 (anthropomorphic: high
anthropomorphic vs. low anthropomorphic) x 2 (task creativity: high creative vs.
low creative) between subjects who were asked to buy clothes via an e-commerce
platform chatbot designed specifically for this study. They then completed an
online survey to evaluate their experience. The results showed that the anthro-
pomorphic chatbot induced higher perceptual abilities when performing creative
tasks. The current study not only contributes to the literature on AI user satisfac-
tion but also provides directions for the application of task-technology fit theory
to human-computer interaction.

Keywords: Anthropomorphism · User Satisfaction · Chatbot · Task Technology
Fit

1 Introduction

AI technologies are now incorporated in products and services in ways that provide four
user experiences: data capture, classification, delegation, and social [1]. AI is expected
to replace people in many jobs, and chatbots, also known as conversational agents, are
one of the most prevalent applications. A chatbot is considered as “a machine dialogue
system that interacts with human users through natural conversational language” [2].
However, user acceptance of chatbots has been mixed. According to the Expectancy
Confirmation Theory (ECT), users’ willingness to buy a product again or continue using
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a service is largely determined by their satisfaction with previous use of that product
or service [3]. Improving user satisfaction will therefore lead to the continued use of
chatbots and is key to the success of artificial intelligence.

Anthropomorphism refers to giving users a humanized experience by imitating
human language, behavior, or social signals, or even convincing them that they are com-
municating with real people [4]. Although previous studies have already discussed that
anthropomorphism has a positive impact on behavioral outcomes such as user satisfac-
tion and persistent use intentions, there are still some studies to suggest that individuals
may be unsatisfied when there is a mismatch between what users expect and how sat-
isfied they actually experience. Furthermore, research have shown that a high level of
anthropomorphism might cause the “Uncanny Valley” effect, which makes users feel
threatened and afraid. Existing research cannot determine the boundaries of technology
use and how to provide tailored services to meet user needs.

RQ1. How the anthropomorphism of chatbots shapes user satisfaction?

AI technology transforms human-computer interaction from passive and structured
input and output to active and adaptive. Chatbots can extract information about users
from their surroundings and context and understand the messages they send. So users no
longer accept a one-size-fits-all service model. Chatbots should dynamically adjust their
technical strength to suit the needs of specific individuals for specific tasks, exhibiting
tailored responses and services to enhance user perceptions and outcomes.

RQ2.Howdoes the path from anthropomorphism to user satisfaction for chatbots change
when dealing with different users in different tasks?

We extend task-technology fit theory and stereotype content model to explore how
anthropomorphism of chatbot shapes user satisfaction. We propose an intermediate pro-
cess with two dimensions of warmth and competence that argues that users are satisfied
only when their task requirements are matched with chatbots’ technical capabilities. In
addition, we explore whether different personalities of users and different types of tasks
have an impact on this fitting process.A social survey and a between-groups experimental
design in an e-commerce context have been investigated.

This study contributes to the formation of user satisfaction in the field of human-
computer interaction in twoways. First, previous studies solely stressed the instrumental
value of technology and ignored the emotional appeal of users caused by anthropomor-
phism [5]. By introducing the stereotype content model, we provide an integrated per-
spective to analyze users’ perceptions of how well anthropomorphic matches their task
needs in terms of both warmth and competence. Moreover, we propose an interaction
among social personality, task creativity and technical features based on the task tech-
nology fit theory to provide a reference for future research on the application of task
technology fit models in the context of artificial intelligence.
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2 Literature Background and Theory Development

2.1 Anthropomorphism and User Satisfaction

Anthropomorphism refers to the human-like characteristics, behaviors, or emotions ten-
dency that chatbots exhibit when conversingwith users [6]. Chatbots can act as “compan-
ions” when they communicate with users using human-like names and anthropomorphic
language and manage and share information in a specific format [7].

Anthropomorphism has been found to yield a number of outcomes, improving the
quality of user-chatbot interactions and facilitate social and emotional connections. Of
these results, user satisfaction is our main concern. User satisfaction is the feeling of
pleasure an individual receives when some need is satisfied. It reflects the relative rela-
tionship between individuals’ prior expectations of a product, technology or service
and how they actually feels after using it [8]. In fact, chatbots’ capacity to recommend
accuracy, convenience, customization, and efficiency allows them to convey broad and
reliable information to users, thereby increasing satisfaction. Meanwhile, anthropomor-
phism allows chatbots to behave more like human agents, evoking positive user attitudes
toward chatbots with humanized names and social language.

However, it is unclear whether a higher level of anthropomorphism would always
result in a better user experience and satisfaction. Because users have higher expectations
and demands for anthropomorphic chatbots, it is challenging to generate user satisfaction
and willingness to continue using them if they discover that the chatbots’ services and
capabilities do not yet satisfy their particular needs or initial expectations. For example,
Davenport et al. found that users prefer to interact with real humans in more complex
tasks [8]. Additionally, too much anthropomorphism might cause uneasiness. When
chatbots resemble humans to a certain degree, theymaybe perceived as uncannybyusers,
causing feelings of discomfort and revulsion, which is what robotics expert Masahiro
Mori proposed in his “Uncanny Valley” theory.

It is thus unclear how the effectiveness achieved by anthropomorphism fits users’
expectations and generates satisfaction. Most of prior user satisfaction studies have
concentrated on influencing factors such as systemquality, information quality, perceived
usefulness, and perceived ease of use [8]. However, anthropomorphism allows chatbots
to provide users with a humanized service experience by using human-like language,
appearance, and names, causing users to have various perceptions similar to those in
human interactions. User satisfaction may no longer be solely based on the system’s
functional performance, but should also consider emotional needs. Thus, we will discuss
the mechanisms of anthropomorphism on user satisfaction.

2.2 Warmth and Competence

Warmth and competence, two basic concepts in the stereotype content model, have been
used to indicate individuals’ perceptions of various social behaviors in interpersonal
relationships [9]. Prior research has shown that people are hardly motivated to feel
warmth when faced with a bot service and merely perceive an increase in competence
traits. However, the application of anthropomorphism to chatbots allows them to deliver
emotional value in addition to solving user-specific tasks potentially leading to higher
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perceptions of warmth and competence. In summary, we jointly explore the influence
path from anthropomorphism to user satisfaction in terms of the two dimensions of
perceived warmth and competence.

Firstly, perceived warmth refers to the degree to which individuals perceive intelli-
gent assistants to be friendly, kind, and caring [10]. Anthropomorphism allows chatbots
to be defined as conversational agents with emotional functions, prompting users to
develop emotional attachments [11]. Specifically, chatbot anthropomorphic cues like
name, voice, and linguistic style can increase user session participation. Users will then
generate warm comments like caring, kind, and friendly. Secondly, perceived compe-
tence refers to an individual’s perception of the intelligence, effectiveness and efficiency
of an intelligent assistant in task solving [10]. It has been shown that anthropomor-
phism makes users tend to believe that it has the same human problem-solving abilities
to accomplish the task at hand. As users’ task requirements are realized, their view of
the technology’s value rises automatically, resulting in an improved perception of the
system’s capabilities.

Furthermore, users’ perceived warmth can maintain and improve their harmonious
relationshipswith chatbots, thus obtaining higher satisfaction.Meanwhile, users reported
greater satisfaction with their interaction with the chatbot once they felt it had the ability
to meet their current needs for smooth problem-solving. Thus, we propose the hypothe-
sis that: H1. Perceived warmth mediates the relationship between anthropomorphism
and user satisfaction. H2. Perceived competence mediates the relationship between
anthropomorphism and user satisfaction.

2.3 Task-Technology Fit in Chatbots

In previous work, scholars have neglected to address whether technology matches the
user task and user characteristics in a given situation. Goodhue and Thompson (1995)
proposed the task-technology fit model to quantify the interaction between the user’s
perceived task, technology and individual [5]. The core of themodel is tomeasure how the
technology embedded in an information system product is adapted to the task at hand
and thus enhances user evaluation [5]. Therefore, to investigate how chatbots should
use anthropomorphism within appropriate boundaries, we introduce a task-technology
fit model to explore the adaptation between anthropomorphic technology, tasks and
individual characteristics, in an attempt tomore fully understand the beliefs and attitudes
of different individuals towards AI technology in different task contexts. We propose
two moderating variables, individual and task characteristics.

Social phobia is a recurrent feeling of anxiety or fear in social or performance
situations [12]. Firstly, interactions with chatbots become a form of safe behavior for
high-socially-phobic users seeking to avoid face-to-face contact. The more intelligent
and anthropomorphic the robot is, the more they are attracted to it because it not only
does not judge or reject them negatively, but also helps the user solve problems without
any surprises, thus, the perceived competence of the user is greatly increased. Secondly,
high-socially-phobic users who feel isolated or lack social connection, can recover this
social pain and increase perceivedwarmth by interactingwith anthropomorphic chatbots.
Thus, we propose the hypothesis that: H3. For users with high social phobia, the effect
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of anthropomorphism on perceived warmth (H3a) and perceived competence (H3b) is
higher.

Social butterfly refers to being cheerful and bold in social aspects, being able to
get acquainted with strangers, being willing to express oneself. In one possibility, users
with high social butterfly have higher social needs, so when the chatbot’s language style
or behavioral state is closer to that of human, the warmth and competence perceived
by users is also higher [13]. In another possibility, high social butterfly users do not
worry or fear negative comments. They are less sensitive to the resulting changes in
sociality even if chatbots become more anthropomorphic, and thus may not affect the
perceived warmth and competence of the user. Thus, we propose the hypothesis that:
H3. Individual’s social butterfly moderates between anthropomorphism and perceived
warmth (H3c)/perceived competence (H3d).

The measures of task creativity are novelty and utility [14]. Creative tasks require
divergent thinking, intelligence, personality and other innovative thinking to propose
novel solutions to such relatively subjective, complex and ill-defined problems [15]. It is
often believed that robots can only be used to perform non-creative tasks with objective,
clear answers. So in highly creative task scenarios, users are more likely to prefer the
help of a human attendant. When a chatbot performs more closely to a human, users
may be more likely to perceive it as having human-like abilities and to perceive more
warmth. Thus, we propose that: H4. When the user chatbot’s interaction is to execute
high-creative tasks rather than low-creative tasks, the effect of anthropomorphism on
perceived warmth (H4a) and competence (H4b) is stronger.

3 Study 1

3.1 Construct Measurement

All constructs were measured with multi-item, 7-point Likert scales.

Anthropomorphism (A). Chatbots talk to me: with human-like names/voice/greeting;
at a rate similar to that of a human; with onomatopoeia similar to human words.

Perceived warmth (PW). When I talk to chatbots: there is a sense of “con-
cern”/“affability”/“friendliness”/“human warmth”/“sociability”.

Perceived Competence (PC). In the course of helping me on my task: chatbots are
quick/efficient/powerful/skilled.

Social Phobia (SP). I get nervous in the street when people stare at me; I get nervous
if I’m sitting on someone in a car; I get nervous in the lift if someone is looking at me;
I often worry that I might do something to draw attention; When people look at me, I’ll
be shaking with nerves; I feel conspicuous when I stand in a row.

Social Butterfly (SB). I like to talk to a lot of different people at parties; I feel com-
fortable when there are a lot of people around; I enjoy being the center of attention
in a crowd; I like to initiate conversations with strangers; I love being on stage and
performing; I can find something to talk about with anyone.
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User satisfaction (US). After talking to a chatbot: I feel very satisfied/happy/relieved/
willing to use; I would recommend it to my friends.

3.2 Participants and Data Collection

The survey data were collected via paper file and online. Finally, 751 responses were
received, including 615 valid responses. The participants consisted of 41.6% males
and 58.4% females. 82.9% of them had a college or higher education. Additionally,
more than 71.5% of them use chatbots more than once a month. Thus, the respondents’
understanding of the questionnaire and the results are convincing.

3.3 Results

We analyze the reliability and validity of the measurement model by using SPSS 26
and Smart PLS 3.0. The results show that our research model demonstrated satisfactory
validity and reliability. The value of SRMR is 0.052, suggesting a good fit.

Collinearity among the predictor variables was not a concern since all VIF values
were below 2. The paths test was performed in PLS and the results are shown in Fig. 1.
The anthropomorphism of chatbots significantly facilitates users’ perceived warmth (b
= 0.385, p < 0.001) and perceived competence (b = 0.411, p < 0.01). Both perceived
warmth (b= 0.576, p< 0.001) and perceived competence (b= 0.255, p< 0.01) have a
positive effect on user satisfaction. In addition, perceived warmth has a stronger impact
on user satisfaction than perceived competence.

Anthropomorphism

Perceived warmth
R²=0.148

Perceived competence
R²=0.169

User satisfaction
R²=0.538

0.385***

0.411***

0.576***

0.255***

Control
Age(0.019, n.s.)

Gender(-0.047, n.s.)
Frequency(-0.061, n.s.)
Education(0.028, n.s.)
Experience(0.071, n.s.)

Fig. 1. PLS results test

We investigate the mediating role of perceived warmth and perceived competence
in the effect of anthropomorphism on user satisfaction. The result in Table 1 indicated
that the 95% confidence intervals for the mediating effects of perceived warmth and
perceived competence between anthropomorphism and user satisfaction did not contain
zero, confirming the mediating role of the above two variables, sup-porting H1and H2.
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Also, these two variables play a full mediating role in the effect of anthropomorphism
on user satisfaction. Particularly, the indirect effect of perceived warmth is significantly
stronger than that of perceived competence (effectPW-effectPC = 0.1267, BootCI =
[0.0635 ~ 0.1931]).

Table 1. Results of mediating effect testing

Paths Direct effect Indirect effect Results

effect BootSE LLCI ULCI effect BootSE LLCI ULCI

PW .0614 .0324 .0589 −.0023 .2273 .0297 .1715 .2871 Full

PC .0614 .0324 .0589 −.0023 .1006 .0194 .0638 .1396 Full

We tested the extent to which social phobia and social butterfly moderated the main
effects of anthropomorphism. As shown in Table 2, anthropomorphism × social pho-
bia interaction had a positive significant effect on perceived warmth. In contrast, none
of the moderation effects of perceived competence were significant. Therefore, of the
moderating hypotheses, only hypothesis 3b was supported. The moderation graph in the
left half of Fig. 2 further shows whether the effect of anthropomorphism on perceived
warmth changes under different levels of social phobia. As predicted, at high levels of
social phobia, the positive effect of anthropomorphism on perceived warmth is stronger,
i.e., as anthropomorphism increases, perceived warmth increases more (low SP: b =
0.2732, p< 0.001, BootCI= [0.1703~0.3761]; high SP: b= 0.5695, p< 0.001, BootCI
= [0.4507~0.6884]).

Table 2. Results of moderating effect testing

social phobia social butterfly

PW PC PW PC

Constant 3.7763*** 4.7699*** Constant 3.7884*** 4.7703***

A 0.4214*** 0.4234*** A 0.3693*** 0.3971***

SP 0.1837*** 0.0889** SB 0.3519*** 0.1888***

A × SP 0.1001*** 0.0357 A × SB 0.0491 0.0304

R2 0.2187 0.1843 R2 0.2715 0.2105

Int CI [0.049,0.151] [−0.013,0.084] Int CI [−0.004,0.102] [−0.021,0.082]
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4 Study 2

4.1 Experimental Design

In order to test the fit effect between anthropomorphism and tasks with different levels
of creativity, a 2 (high-anthropomorphic vs. low-anthropomorphic chatbot) × 2 (high-
creative vs. low-creative task) between-subjects design was employed. We developed
a text-based chatbot to replicate the context of online purchasing interactions between
users and intelligent customer service. Participants were asked to communicate with a
text chatbot to complete the designated tasks. Finally, participants were asked to fill in
a questionnaire based on their true feelings.

The anthropomorphic chatbot was designed to interact with participants using a
hu-man-like name (Xiao Zheng) and conversational cues similar to humans (such as
greeting and modal words). When participants send a message to the chatbot, a cue
indicating that the chatbot is typing a message will appear in the interface promptly,
and the chatbot will respond after a period of delay. The non-anthropomorphic chatbot
was designed to interact with participants in a stiff conversational style, using a non-
human name (Intelligent Customer Service # 1) and stereotypically indifferent words.
When participants give messages to the chatbot, the chatbot will respond without delay.
Participants who were given the high-creative task setting manipulation were asked to
talk to the chatbot and ask for suggestions about the style of T-shirts. And the participants
in the low-creative task group were asked to ask for information about T-shirt sizes.

Fig. 2. The moderation graph

4.2 Participants and Procedure

We recruited 138 participants to join this experiment over a two-week period. They had
an average age of 20.41 years (SD = 2.09), with 82 (59.4 percent) being female. At
the beginning of the experiment, participants were asked to view a 15-s overview of
the experiment to clarify their assigned task. Participants in the high-creative task group
spoke with intelligent customer service about their recommended T-shirt, and intelligent
customer service asked a few questions about their style preferences; participants in the
low-creative task group were asked to provide their height and weight information to
obtain size recommendations. After completing the experiment, participants were asked
to complete an online survey.
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4.3 Measures

We used the same scales as in Study 1 to measure perceived warmth, perceived compe-
tence, and user satisfaction. Anthropomorphism was measured on the same scale as in
Study 1 for manipulation checks, but the “I think the intelligent assistant and I have a
similar voice” item was excluded because the chatbot in the experiment was text-based.
In addition, manipulation check questions for anthropomorphism and task creativity
were included in the survey: “I think intelligent customer service is similar to humans”
and “The task of asking intelligent customer service to recommend size/style to me is
creative”.

4.4 Manipulation Check

An independent t-test was used to check the manipulation for anthropomorphism and
task creativity. According to the results, the degree of anthropomorphism in the anthro-
pomorphic chatbot group (M = 5.37, SD = 1.46, p < 0.001) was much higher than in
the non-anthropomorphic chatbot group (M = 3.24, SD = 1.92, p < 0.001). Thus, the
anthropomorphism manipulation was successful. In addition, the degree of creativity
was significantly higher in the high-creative task group than in the low-creative task
group. The manipulation question was answered with an average of 5.84 (SD = 1.32)
by participants in the style recommendation task, while participants in the size recom-
mendation task responded with an average of 3.14 (SD = 1.88). It showed a significant
difference (t = 9.735, p < 0.001). The task creativity manipulation was successful.

4.5 Results

A two-way ANOVA was used to test the interaction effects of anthropomorphism and
task creativity. The interaction effect of anthropomorphism and task creativity on per-
ceived competence was positively significant (F= 4.485, p< 0.05). The two-way inter-
actions are in Fig. 2. In the high-creative group, perceived competence increases sig-
nificantly as anthropomorphism increases(Anthropomorphic: M = 5.50, SD = 1.21;
Non-anthropomorphic: M = 4.21, SD = 1.89). In contrast, in the low-creative group,
perceived competence did not change significantly with increasing anthropomorphism
(Anthropomorphic:M=5.09, SD=1.46;Non-anthropomorphic:M=4.93, SD=1.67).
However, the interaction effect of anthropomorphism and task creativity on perceived
warmth was not significant. Therefore, only hypothesis 4b was supported.

5 Discussion

5.1 Summary of Findings and Discussion

This study was to figure out how chatbot anthropomorphism influences user satisfaction,
and to see if tasks with varying levels of creativity and individuals with varying social
personalities have an impact on the outcome. To test our hypotheses, we conducted a
survey and an experiment, and the results supported the majority.
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First, the findings indicated that perceived competence and perceived warmth play
a fully mediating role in the relationship between anthropomorphism and user satis-
faction. Specifically, only by stimulating the user’s perception of warmth and compe-
tence can chatbotswith anthropomorphic features acquire user satisfaction. Furthermore,
we discovered that users are more satisfied when they sense more warmth rather than
perceived competence, implying that consumers demand more human attention from
anthropomorphic beings than traditional information systems can give.

Second, the findings also provide interesting insights into the moderating role of
social phobia and social butterfly. The results suggest that only social phobia posi-
tively moderates the relationship between anthropomorphism and perceived warmth.
Our interpretation of this finding is that users with social phobia are afraid of real-world
interactions and adopt avoidance behaviors, when conversations with human-like chat-
bots can compensate for their missing social feelings in reality. Thus, for people with
high social phobia, their expectation of participating in a kind and pleasant session can
be satisfied to a greater extent, and thus they can perceive more warmth. However, an
individual’s level of social phobia has no effect on their perceived competence, possibly
because social phobia is unrelated to the user’s initial expectations about the chatbot’s
functionality, i.e., if the chatbot fails to solve the user’s problem, perceived competence
does not increase even for users with high social phobia.

Third, the findings provide an empirical evidence for the effect of specific tasks on
perceived task technology fit. The findings of Study 2 show that when users employ
a chatbot to perform a creative task, anthropomorphism is more likely to boost their
perceptions of chatbot capabilities. However, the relationship between anthropomor-
phism and perceived warmth was not influenced by task creativity. This finding can be
explained by the fact that while executing a more challenging class of tasks requiring
high creativity and complexity, consumers choose human help over machine help. Thus,
an anthropomorphic chatbot makes users feel that it is more like a real human and has
human-like abilities to solve problems, make suggestions, etc.

5.2 Theoretical Implications

First, this study extends the application of task-technology fit model in the context of
artificial intelligence from an anthropomorphic lens. Prior research on traditional IT,
based on the task-technology fit model, has focused on the problem-solving capability
of IT, which may only provide a limited interpretation for human-like chatbots’ jobs.
We proposed an integrated dual-fit model based on the warmth-competence, because the
user’s attitude is not entirely determined by the efficiency and utility of task solving. The
most significant feature of AI-powered chatbots is their anthropomorphic design, which
transforms them from instrumental assistants to social participants, with an emphasis
on bringing emotional comfort to users. Thus, the dual-fit model can fully explain the
relationship between anthropomorphism and user satisfaction.

Secondly, this study introduced two new individual characteristic variables, social
butterfly and social phobia, to investigate their interaction with anthropomorphism, and
found that social-phobic users gain more warmth in their interactions with the chatbot.
Previous studies have confirmed that relevant individual characteristics such as per-
sonality and Internet ability affect users’ psychological perception in human-computer
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interaction. However, users currently care more about the social experience in their inter-
actions than about problem solving, and the threshold of social need varies from person
to person. We found that social phobia affects the emotional experience of users during
their interaction with chatbots, providing a new entry point for exploring the influence
of users’ personal qualities on human-chatbot interactions.

Finally, this paper proposed a task characteristic variable to clarify the application
boundary of anthropomorphic technology in chatbot. Current research on chatbots shows
that users’ attitudes toward anthropomorphism remain mixed. Few studies have empir-
ically examined the interaction between task characteristics and AI technologies. This
study focuses on task creativity and finds that in highly creative tasks, users tend to
perceive anthropomorphic chatbots as more capable, which in turn generates higher
satisfaction. The findings of this paper provide an explanation for the controversy of
previous studies at the task level and lay a foundation for further research on the effects
of task characteristics on human-computer interaction.

5.3 Managerial Implications

This research also provides three managerial implications for both chatbot designers
and managers. Firstly, an increasing number of developers have previously worked on
enhancing algorithms that allow chatbots to identify and solve a wide range of prob-
lems, resulting in increased user satisfaction. On this foundation, this study found that
anthropomorphism not only enhances the user’s perceived competence, but also gains
user satisfaction by satisfying their emotional needs and giving them a sense of warmth.
In brief, service providers should focus their design on the two goals of improving the
competence and warmth of chatbots, and use anthropomorphism properly to stimulate
users to be infected by the intelligence and warmth of chatbots.

Secondly, our findings reveal that persons who are socially phobic have unique
perceptions of human-computer interaction. Developers can use social phobia as part of
a user’s personality label and mine information about the user’s behavior to determine
the user’s social phobia level, allowing them to target specific marketing to people with
different personalities. Chatbot developers should stress the social participant role of
chatbots for users with high social phobia, emphasizing their kind and compassionate
human-like features to suit users’ needs for warm social interactions.

Thirdly, we find that the use boundary of chatbot anthropomorphism is related to the
type of task. We suggest that marketers concentrate on activities that are more suited
to their abilities and leave to AI those on which they underperform. This article intro-
duces task creativity to distinguish between different types of tasks. To take e-commerce
scenario as an example, when chatbots perform high-creative tasks such as product rec-
ommendations, customer complaints, and price negotiation, the developers and suppliers
should intentionally emphasize the anthropomorphism of chatbots, making them close to
real human service providers, so as to enhance users’ perception of chatbots’ capabilities
and thus improve their satisfaction.
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5.4 Limitations and Future Research

This study also has some limitations that need to be addressed in future research. First, the
anthropomorphism we discuss is based on text-based chatbots, and there-fore involves
elements that do not include vocal and visual cues. Previous studies have shown that
anthropomorphic visual, identity, and conversation design cues all produce positive
behavioral outcomes. Future research can be extended to other types of chatbot applica-
tions. Second, There are more potential variables that can be measured at the emotional
level to reflect the user’s perception of task technology fit, such as social presence and
perceived empathy. Finally, individual personality traits are very complex, and there are
many unstudied variables, such as emotional instability and affinity, which will be a
future direction to explore.
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Abstract. Virtual KOL (Key Opinion Leader) is gradually gaining acceptance as
a new form of marketing. In this study, we investigate the influence of virtual KOL
and real KOL on consumers’ purchase intentions in different product types (search
goods and experience goods) concerning the SORmodel and using perceived trust
and consumer identification as mediating variables. We collected 248 valid data
through questionnaires and used SPSS and Process model 4 to conduct regression
andmediation analysis to test the hypothesis. This study identifies for the first time
the emerging marketing approach of virtual KOLs and examines the differences in
marketing effectiveness andmechanisms of action between real and virtual KOLs.

Keywords: Key Opinion Leader · Consumer Purchase Intentions · Search
Goods · Experience Goods

1 Introduction

In the age of self-media, the internet is increasingly becoming a method for acquiring
knowledge and sharing life. When consumers choose to make purchases online, they
are faced with the dilemma of not being able to observe and touch the actual product,
so they tend to actively search for and obtain information about the product and use
it as a basis for their purchase. At this time, KOLs (Key Opinion Leaders) can play a
central role in the group to guide and influence others. They can use their expertise to
actively participate in discussions in online communities, for example, by sharing real
experiences and feelings, announcing product information, driving communitymembers
to participate in discussions and interactions, arousing cognitive and emotional resonance
among followers [1].

At the same time, as digital connectivity continues to improve and VR technology
is constantly being updated, virtual characters have their unique advantages over real
people. Previous research has shown that virtual characters are customizable, easy to
shape, and adaptable. It is easier to avoid scandals associated with brands and products
due to their adverse public opinion [2]. At this stage, most of the research on virtual
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characters focuses on analyzing the impact of virtual spokespersons on brands and the
technological development and innovation of virtual characters. There is little research
comparing the relationship betweenvirtualKOLand realKOLonconsumers’ purchasing
behavior and their influence mechanisms.

We consider that consumers’ ability to obtain information for different types of
products is different; for example, products can be classified as experience goods and
search goods according to whether consumers can obtain information about product
quality before purchase [3]. Through scenario simulation experiments, this study aims
to use perceived trust and consumer identification as mediating variables to explore the
mechanisms of virtual and real KOL in virtual communities on consumers’ purchase
intention under different product types (search goods and experience goods). This study
is not only an extension of the research field related to KOL and virtual characters but
also can help companies better select the right KOL for their product attributes, further
highlight the business value of virtual characters, thus increasing the sales and profits of
companies and promoting the deeper development of the KOL industry.

2 Theoretical Foundation

2.1 Virtual KOLs

Virtual spokespeople are virtual characters created by companies to present brand
attributes, connotations and values to consumers, and to build strong brand relation-
ships and brand perceptions [4]. The characteristics of virtual spokespeople, such as
attractiveness, professionalism, relevance, and nostalgia, have an impact on consumers’
attitudes and purchase intentions [5].

Compared to traditional virtual spokespersons, virtual KOLs are more anthropomor-
phic in terms of appearance, and their appearance, body shape, and clothing are more
realistic in terms of setting and are no longer limited to virtual worlds such as anime, film
and television, or simple advertising design. Through daily operations, the avatars are
brought into the real world, participating in current social events and grasping trends,
expressing opinions and attitudes, giving them personality and emotional expression,
and creating a three-dimensional and rich character image.

2.2 Product Type

Product type is an important factor that affects consumer perceptions andbehaviors. From
the perspective of product information access, products can be divided into search goods
and experience goods [3]. Search goods refer to products whose quality and applicability
can be objectively assessed based on the information searching behavior before purchase,
with a low degree of information asymmetries, such as cell phones and computers.
Experience goods refer to productswhose quality can’t tell only by information searching
behavior before product purchasing but rely more on subjective experience after use to
assess product quality, with a high degree of information asymmetry, such as perfumes
[6].

Different products with different types of spokespersons have different marketing
effects. However, the relationship between virtual opinion leaders and search goods and
experience goods has not yet been studied.
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2.3 Consumer Identity

The basic concept of consumer identity is that people express the sameness or difference
between themselves, and others utilizing consumption and assign themselves to a specific
social group, thus positioning and categorizing themselves socially [7]. In real marketing
activities, for consumers to gain a sense of social identity anddepict a lifestyle, companies
invite idols and celebrities to endorse them according to their type.

2.4 Perceived Trust

Perceived trust is when a person trusts and is comfortable deciding his or her actions
based on information provided by others. Studies have shown that the professional and
interactive nature of KOLs facilitates the formation of perceived trust. Based on SOR
theory, perceived trust as a consumer psychological perceptionhas an important influence
on consumer behavioral decisions such as purchasing [8].

3 Theoretical Models and Hypotheses

3.1 Theoretical Framework

Our study considers that the external stimuli and influence paths may differ under dif-
ferent product types. Therefore, this paper investigates the differences in consumers’
purchase intentions when different types of KOLs are used as stimuli for consumers
under different product type conditions, using consumer identification and perceived
trust as mediating variables. The model is shown in Fig. 1.

Fig. 1. Theoretical model.
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3.2 Interaction of KOL Type and Product Type

In past studies, the effectiveness of celebrity endorsement advertising has been found to
vary by product type, reflecting the importance of the fit between celebrity and product
[9]. Nelson classifies product types as search products and experience products by the
degree to which consumers perceive product quality information before purchasing a
product [3].

When a product is an experience product, consumers focus on the experience and
details of the product due to the lack of objective criteria, and therefore they will process
the information available to them in greater depth to obtain enough useful information
to increase their trust in the product. In this case, external influences such as product
popularity will play a more important role in the consumer’s purchase decision [10].
When the product is a search product, the search product’s KOL is more of a showcase
and a matchmaker, building images and scenarios to highlight the product’s desired
characteristics and style. Therefore, when subjective feelings are no longer the focus of
consumers’ attention, the characteristics of virtual KOLs often provide a better match
with products. In summary, the following hypotheses are proposed.

H1: The interaction between the KOL and the product type affects consumers’ purchase
intention.
H1a: When the products are experienced goods, real KOLs can give consumers more
positive purchase intentions compared to virtual KOLs.
H1b: When the products are search goods, the virtual KOL makes consumers more
willing to buy than the real KOL.

3.3 The Mediating Role of Consumer Identity

Consumer identity is the perception of the degree of similarity between a particular
individual and one’s personality traits, including values and emotions. Studies have
shown that KOLs use their expertise to participate in discussions that can elicit cognitive
and emotional resonance from followers and build online community identity [11].

When the product is an experience good, consumers make judgments with the help
of external cues obtained during the shopping process. Consumers are more likely to
have emotional resonance, develop a sense of love and identity, and eventually follow
to produce purchase behavior. When the product is a search good, its practical value is
often realized through the characteristics and attributes of the product itself. Consumers
can fully understand the product quality through the Parameter information in the adver-
tisement content [12] and thus form their judgment of the product.With the use of virtual
KOLs, consumers are less disturbed by emotional factors of KOLs. Hence, consumers’
choice is more based on their initial judgment of product-related parameters and choose
the product that is consistent with their own identity, thus generating a higher sense of
consumer identification.

According to consumer behavior, consumers’ emotions and perceptions are the basis
for their purchase intentions. The increase in consumer identification will increase the
level of Consumer Preferences and thus lead to consumer purchase behavior. Therefore,
this study proposes the following hypothesis.
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H2: Under different product types, KOL types affect consumer identity differently.
H2a: When the product is an experience good, consumers have higher consumer
identification with real KOLs than virtual KOLs.
H2b: When the product is a search good, consumers have higher consumer identification
with virtual KOLs than real KOLs.
H3: Consumer identification has a positive effect on consumers’ purchase intention.

3.4 The Mediating Role of Perceived Trust

Consumers’ trust in products is a critical factor in their purchase decisions, and a high
level of trust can accelerate the consumer consumption process. The professionalism of
KOLs is an essential factor in establishing trust influence, where professionalism can be
judged based on their knowledge background, social identity, and the professionalism
and authority of their published statements [13].

When the product is an experience good, consumers can only know the attributes
of the product after using it, and they will perceive the product through the experience,
thus influencing the consumption experience and purchase decision. According to the
research, authenticity can improve consumers’ trust in the brand and make them form a
positive attitude toward the brand [14]. When the product is a search good, its quality
can be directly judged by search attributes, which is generally based on objective criteria
and is less difficult to judge. Most studies have shown that virtual KOLs and consumers
are more often a type of interaction like social interaction with less interaction and
feedback mechanisms between them when consumers are more willing to trust the
relevant attributes provided by the merchant itself about the search item, thus generating
a higher perceived trust in it.

McKnight found that perceived trust makes consumers willing to share personal
information and make purchases. Therefore, we propose the following hypothesis.

H4 Under different product types, KOL types affect perceived trust differently.
H4a When the product is an experience good, consumers have higher perceived trust in
real KOLs than in virtual KOLs.
H4b When the product is a search good, consumers have higher perceived trust in virtual
KOLs than in real KOLs.
H5 Perceived trust has a positive impact on consumers’ purchase intentions.

4 Research Design

This study used a situational simulation experiment with a 2(KOL type: real vs. virtual)
× 2 (product type: search goods vs. experience goods) between-group factorial experi-
mental design. The data required for the study was collected through an online survey
agency (www.wjx.cn). A total of 248 valid questionnaires were collected.

The formal questionnaire was divided into four parts, and in the first part the subjects
were guided through the stimulus material into scenarios of different KOL types and
product types. Subjects were asked to enter the corresponding procedure. Then, subjects
saw pictures of the KOL and her presentation of the product, and subjects in different

http://www.wjx.cn
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type groups saw different product presentations with control variables. To ensure the
consistency of other variables, the poster design and lay-out were kept the same, and the
distinction was made by labeling the real KOL and the virtual KOL.

The second part of the questionnaire was conducted to test the manipulation of
relevant variables and the measurement of confounding factors. The perception of KOL
typewasmeasured by asking subjects whether they perceived theKOL as a real character
or a virtual character, respectively, and to avoid subjects’ preference for the type of
product offered in the experiment itself, the product attractiveness was measured in this
paper using a seven-point Likert scale. The product type was perceived by informing the
subjects of the definition of search goods and experience goods and then asking them to
rate the related products (1 = search goods, 7 = experience goods).

The third part of the questionnaire measures consumer identification, perceived trust,
and purchase intention. The scale was adapted from the established scales of previous
scholarly research. (The abovemeasurementsweremade on a 5-point Likert scale, where
1 = strongly disagree; 5 = strongly agree).

The fourth part of the questionnaire measured the subjects’ demographic character-
istics, including gender, age group, education, occupation, and monthly income.

5 Data Analysis

5.1 Fundamental Analysis

This study tested whether the manipulation of product type was successful by inde-
pendent sample t-test. The results showed a significant difference between consumers’
perceptions of search and experience goods (M search goods = 3.24; M experience goods =
5.28, p < 0.01), indicating that the manipulation of product type was successful in
this experiment. This study tested whether the manipulation was successful for virtual
characters by independent samples t-test. The results showed significant differences in
consumers’ perceptions of virtual KOLs (M virtual = 2.56; M real = 4.13, p < 0.01),
indicating the success of this experiment on whether the manipulation was successful
for virtual characters (Table 1).

Table 1. Adjusting the results of the directed attribute manipulation test

latent variable Variables Sample size Average Standard Deviation
(SD)

p

KOL Types virtual KOL 2.56 1.530 133 0.00

real KOL 4.13 2.203 115

Product Types Search goods 3.24 2.090 121 0.00

Experience goods 5.28 1.567 127

In addition, to test the existence of the effect of different product types on consumers’
product attractiveness, this study was verified using ANOVA, which showed that, p =
0.107> 0.05, different levels of changes in the control variables did not have a significant
effect on the observed variables.
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To confirm the reliability and validity of the questionnaire, this study used SPSS
statistical software to analyze the data of the questionnaire for reliability, and the Cron-
bach’s alpha coefficient of each scale was greater than 0.8, and the total Cronbach’s
alpha coefficient was 0.958, indicating that the questionnaire had excellent reliability in
the formal research. In the KMO and Bartlett tests, the total KMO value is 0.927, which
is greater than 0.7, indicating that the questionnaire has high validity.

5.2 Interaction Test

In this study, we use hierarchical regression. From the analysis of the results of Model II,
it can be seen that the coefficient of the interaction term between product types and KOL
types is significant at the 0.001 level, indicating that product types play a significant
moderating role in the relationship between KOL types and purchase intention. Then,
we used linear regression to examine the main effects under the conditions of experience
goods and search goods, respectively (Table 2).

Table 2. Results of linear regression analysis

Variables Experience goods Search goods

KOL Types 0.276** 0.269**

R2 0.069 0.064

F 10.338** 9.252**

Note: ∗ ∗ ∗ p < 0.001, ∗ p < 0.05, ∗ ∗ p < 0.01

For experience goods, the effect of the real KOL on purchase intention was signif-
icantly higher than that of the virtual KOL (M real = 2.9333; M virtual = 2.3234, p =
0.002); for search goods, the effect of virtual KOL on purchase intention was signifi-
cantly higher than that of real KOL (M real = 2.4121; M virtual = 3.0152, p = 0.003). In
summary, hypotheses H1, H1a, and H1b held.

5.3 Mediating Effects Test

Consumer Identity. Under experience products, the predictive effect of KOL types on
purchase intention was significant (β = 0.5514, t = 3.2153, p = 0.002). The positive
predictive effect of KOL type on consumer identification was significant (β = 0.6326,
t = 3.7378, p < 0.001), and the positive predictive effect of consumer identification
on purchase intention was also significant. In addition, real KOLs better promoted the
formation of consumer identification. Under search products, the results showed that
the predictive effect o KOL types on purchase intention was significant (β = -0.5372,
t = -3.0418, p = 0.003). The negative predictive effect of KOL types on consumer
identificationwas significant (β=−0.4917, t=−2.76655, p= 0.007), while the positive
predictive effect of consumer identification on purchase intention was also significant.
In addition, virtual KOLs better promoted the formation of consumer identification,
hypothesesH2a, H2b and H3 held (Tables 3 and 4).
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Perceived Trust. Under experience products, the predictive effect of KOL types on
purchase intention was significant (β = 0.5514, t = 3.2153, p = 0.002). The positive
predictive effect of KOL type on perceived trust was significant (β, t = 2.677, p =
0.008), as was the positive predictive effect of perceived trust on purchase intention. In
addition, real KOLs better promoted the formation of consumers’ perceived trust. Under
search goods, the predictive effect of KOL types on purchase intention was significant
(β = -0.5372, t = -3.0418, p = 0.003). The negative predictive effect of KOL types
on perceived trust was not significant (β = -0.0302, t = -0.1647, p = 0.870), while
the positive predictive effect of perceived trust on purchase intention was significant.
In addition, perceived trust did not play a mediating role in KOL types on purchase
intention, hypothesis H4b did not hold and H4a, H5 held.

6 Conclusion and Discussion

This study explores the specific effects of different KOLs (real and virtual) on consumer
purchase intentions under different product types (search and experience products) and
their mechanisms of action. Firstly, there are significant differences between the two dif-
ferent KOLs on consumer identification and purchase intention in different product type
contexts. For search products, the recommendations of virtual KOLs generate higher lev-
els of consumer identification and purchase intentions than those of traditional real-life
KOLs; for experience products, consumers have higher levels of consumer identification
and purchase intentions for the recommendations of real-life KOLswith greater empathy
and authenticity than those of emerging virtual KOLs. At the same time, the study also
verified the mediating mechanism of consumer identification in the influence of KOLs
on consumer purchase behavior. Perceived trust is only significantly mediated in the
generation of purchase intentions for experiential products, but not for search products.

The theoretical contribution of this study is to identify for the first time the emerging
marketing method of virtual KOLs and to investigate the differences in the marketing
effects andmechanisms of action between real and virtual KOLs. It also proposes a theo-
reticalmodel of the influenceof consumers’ purchase intentions in different product types
(search products and experience products), deepens the understanding of consumers’
motivation in different product types, explains the mediating function of perceived trust
and consumer identification in the mechanism of action of KOLs, and provides a useful
addition to the existing theoretical research system in this field.

In practice, companies should use different KOLs to recommend their own products
and should distinguish whether their products are search products or experience prod-
ucts and adopt different marketing strategies. Companies should avoid blindly following
the trend and analyze their products rationally. If they are search products, they should
actively try virtual KOLs to help reduce marketing costs and increase online consumers’
willingness to buy. When designing the appearance of virtual KOLs, designers or com-
panies should match their intended persona. This will enable consumers to empathize
and gain a higher level of perceived trust and consumer identification, leading to better
marketing results.

This paper extends the research on KOLs to a certain extent, but it still has certain
limitations due to the research conditions. This study only distinguishes between real and
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virtual KOLs and does not examine the personality characteristics and product relevance
of virtual KOLs. In the future, data mining and other methods will be used to analyze
social platform data to further explore the effects of different characteristics.
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Abstract. Perinatal anxiety disorders are associated with adverse outcomes for
mothers and children. However, most studies investigating perinatal anxiety, espe-
cially during the Covid-19 pandemic, have focused on pregnancy symptoms at a
certain time. This study aimed to describe the prevalence of anxiety in four perina-
tal periods and to determine the relative importance of factors influencing anxiety
in different perinatal periods during the Covid-19 pandemic. This cross-sectional
study recruited 2030 women from February 28 to April 26, 2020, in Wuhan, Bei-
jing, and Lanzhou, China. A random forest model was used to identify factors
affecting anxiety during four perinatal periods, and the Shapley Additive explana-
tion (SHAP)method was used to further interpret the results. The results show that
during the Covid-19 pandemic, the prevalence of anxiety in the four trimesters
of pregnancy was 21.5%, 19.2%, 21.6%, and 27.2%, respectively. Depression,
insomnia, and worries or fears during childbirth are all important factors affecting
maternal anxiety, among which depression is the most important factor. However,
the relative importance of factors in different stages of pregnancy is different, so
precise intervention should be implemented in time to alleviate the occurrence of
maternal anxiety.

Keywords: Perinatal Anxiety Disorders · Covid-19 · Random Forest · Shapley
Additive explanation

1 Introduction

Since December 2019, Covid-19 has spread rapidly and widely around the world and
quickly became a global pandemic. In a high-risk and stressful environment caused
by infectious disease outbreaks, people tend to feel fear and uncertainty and are prone
to a range of psychological problems and physical symptoms [1]. During the Covid-
19 pandemic, the public was found to have more severe mental health problems than
before, with a relatively high prevalence [2]. Due to changes in the level and function
of the endocrine system during pregnancy, pregnant women are prone to physical and
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psychological stress reactions, and psychological stress reactions will lead to different
degrees of fear, tension, and other emotions, and these negative emotions will make
pregnantwomenmore psychological disorders such as stress, anxiety, and depression are
prone to occur, which have a great impact on the physical and mental health of pregnant
women and fetuses. Mei et al. [3] found a higher prevalence of anxiety and depression
in pregnant women during the Covid-19 epidemic than before the epidemic. In contrast,
a cross-sectional study of 156 participants showed that pregnant women had the same
rates of anxiety as before the pandemic and significantly higher rates of depression;
Pregnant women living in Wuhan have no higher levels of depression or anxiety than
those in other areas [4]. The impact of the COVID-19 pandemic on maternal mental
health outcomes has not been fully elucidated. Therefore, after the outbreak of the new
coronavirus, we conducted a survey of maternal mental health in different provinces
in China, including Wuhan (the first city of the outbreak, with the largest number of
confirmed cases), Beijing (the number of confirmed cases was moderate), Lanzhou (the
number of confirmed cases was relatively less). Demographic and COVID-19-related
characteristics, such as age, degree of education, and economic loss, were also collected
to analyze the mental health status of pregnant women during the Covid-19 pandemic.

Perinatal mental health is an important public health issue because of its negative
impact on maternal and fetal health and its significant economic cost to society if not
addressed and treated. Common mental health problems that women experience during
the perinatal period include anxiety, depression, insomnia, etc. Symptoms of perinatal
depressionhavebeen extensively studied, but perinatal anxiety has received limited atten-
tion from researchers and health professionals [5]. The research suggests that maternal
prenatal and postnatal anxiety may contribute to an increased risk of adverse mater-
nal sequelae, including higher negative somatic symptoms, postpartum depression, and
increased risk of suicide [6]. At the same time, there is evidence that the prevalence of
anxiety varies widely between different perinatal periods (0.9% to 22.9%) [7]. However,
most research on anxiety during pregnancy, especially during the Covid-19 pandemic,
has focused on anxiety in one or two trimesters, such as the second and third trimesters
[7]. Investigating potential clinical risk factors and associated factors for different peri-
natal anxiety disorders may help to more precisely target preventive interventions in
at-risk mothers.

Random forests (RF) provide a natural way to measure feature importance with
average feature impurity reduction [8]. Feature importance measurement using random
forests has attracted more and more attention in many fields [9]. The advantage of
using random forests instead of multiple linear regression methods is that it allows for
non-linearities and interactions between the data without explicitly identifying them [8].
Random forests are suitable for the problem of small sample data and are robust to unbal-
anced data. It can achieve higher prediction accuracy without rescaling and modifying
the data [10]. Although random forests can provide good classification and prediction
accuracy, the best performance models belong to very complex or ensemble models that
are very difficult to explain (black box) [11]. Diagnosis or treatment decisions that rely
on black-boxmachinemodels violate the principles of evidence-basedmedicine because
there is no explanation of reasoning or reason for a particular decision in an individual
case [11]. Hu et al. [12] usedXGBoost, logistic regression (LR), and random forests (RF)
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to build a prediction model to predict the mortality of critically ill influenza patients,
and then used SHAP to visualize the impact of selected features on mortality. There-
fore, this study introduces the interpretable machine learning SHAP (Shapley Additive
exPlanation) method to further analyze the results of random forests and enhance the
interpretability of the model. This study aimed to analyze maternal anxiety in different
perinatal periods, and use machine learning algorithms to determine the differences and
importance of the influencing factors of anxiety disorders in different pregnancy and
postpartum periods during the Covid-19 pandemic.

2 Materials and Methods

2.1 Participants

From February 28 to April 26, 2020, a cross-sectional study was conducted in Beijing,
Wuhan, and Lanzhou, China. Participants were recruited by staged sampling. In the
first stage, cities were selected for cross-sectional study according to the severity of
the epidemic (Wuhan, Beijing, Lanzhou) and economic development (Beijing, Wuhan,
Lanzhou). In the second phase, self-assessment questionnaires were sent to investigators
in the three cities, who then sent them to local obstetric health facilities. Finally, a self-
assessment questionnaire was completed by those who attended the obstetric health
facility.

A total of 2236 participants were recruited to complete the self-assessment ques-
tionnaire, and 2030 questionnaires were included in the study after analysis of the ques-
tionnaire filling situation. The population of Beijing, Wuhan, and Lanzhou in 2020 is
21.893 million, 12.448 million, and 4.384 million respectively. According to the popu-
lation difference between the three cities, the sample numbers of Beijing, Wuhan, and
Lanzhou are 824, 764, and 442 respectively. The criteria for inclusion were: (1) Partic-
ipants were adult pregnant women (no less than 18 years old); (2) Only participants in
Beijing, Wuhan, and Lanzhou were studied; (3) During pregnancy or within 8 weeks
after delivery.

2.2 Demographic and Clinical Characteristics

Demographic and clinical characteristics of the participants in three aspects, physical,
psychological, and social, were collected. A total of 19 characteristics were selected
as the influencing factors of maternal anxiety in different pregnancy periods analyzed
in this study, including Age, Marital status, Place of residence(indicates the severity of
the impact of the epidemic), Degree of education, Annual household income, Financial
loss in Covid-19, Number of pregnancies, Parity, Smoking, Drinking, Nausea and vom-
iting during pregnancy, Daily attention to fetal movement, Contractions, Stomach ache,
Impact of pregnancy on the action, Any worries or fears during childbirth, Depression,
Insomnia, and Be take care of.
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2.3 Anxiety

Participants’ anxiety was assessed using the Generalized Anxiety Disorder Scale (GAD-
7). The GAD-7 was developed by Spitzer et al. [13]. This single-dimension scale is a
seven-item self-assessment tool with a 4-point Likert scale ranging from 0 (never) to 3
(almost every day). The scalewas used tomeasure howoften the participants experienced
anxiety in the past two weeks. The Generalized Anxiety Disorder Scale (GAD-7) has a
total score of 21, with 0 to 4 indicating no anxiety, 5 to 9 indicating mild anxiety, 10 to
13 indicating moderate anxiety, 14 to 18 indicating moderate to severe anxiety, and 19
to 21 indicating severe anxiety. The Cronbach’s alpha of the scale was 0.92 in our study.
Therefore, in this study, 5 points of the cut-off score were used to classify participants
with and without anxiety.

2.4 Random Forest Classification

The random forest model first randomly samples data and features and uses the extracted
data and features to build a decision tree and forma combined classifier [14]. In this study,
four random forest models were established for samples of different gestational periods
to identify the influencing factors of maternal anxiety. Use the open-source sci-kit-learn
library in Python to implement the random forest algorithm and train the model.

2.5 Model Interpretation

Random forests can automatically generate relatively important scores for features, but
this score can only be used for variable interpretation, and the extent and direction of the
impact of features cannot be known. Therefore, an interpretable machine learning SHAP
method is introduced to further explain random forest results. SHAP is an additivity
explanationmodel inspired by Shapley values, which belongs to the post hoc explanation
method of models. The core idea of SHAP is to calculate the marginal contribution of
features to the model output, and then explain the “black box model” from the global
and local levels. Global interpretability reflects the positive or negative impact of each
feature on the target variable, while local interpretability evaluates the contribution of
features in each sample to explain the specific output of each instance. To further explain
our research model, this study employs TreeSHAP, which is developed based on the tree
model in the Python SHAP package.

3 Results

3.1 Demographic Characteristics of Participants

Information on specific demographic characteristics for the four trimesters is provided
in the Appendix. A total of 2030 maternal data were collected, with a total anxiety rate
of 21.23%. There were 461 samples in the first trimester, with an anxiety rate of 21.5%;
there were 449 samples in the second trimester and an anxiety rate of 19.2%; the largest
number of samples in the third trimester of pregnancy was 1039, with an anxiety rate of
21.6%; the smallest number of women in the postpartum period was 81 and the anxiety
rate was 27.2%.
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3.2 Testing Prediction Accuracy of Random Forest

To explore the influencing factors of maternal anxiety in different pregnancy periods,
four random forest models were established for analysis. Using grid search to optimize
the parameters of the established random forest model can ensure that the parameters
with the highest accuracy can be found within the specified parameter range, and find the
optimal parameters shown inTable 1.Theperformanceof the randomforest classifierwas
then evaluated using 10-fold cross-validation, and the results showed that the accuracy
of the first trimester was 0.84 with AUCs of 0.83; the accuracy of the second trimester
was 0.84 with AUCs of 0.86; the accuracy of the third trimester was 0.87 with AUCs
was 0.92; the accuracy of the postpartum model was 0.84, and the AUCs were 0.88 (see
Fig. 1. And Table 1.).

Table 1. Parameters of the Random Forest Model.

Hyper-parameter Range First
trimester

Second
trimester

Third
trimester

Postpartum

n_estimators [10,100,1000] 10 1000 1000 10

min_saples_split [2, 5, 10, 12] 5 12 12 12

max_features [2, 5, 8, 10, 12] 8 12 8 5

max_depth [2, 3, 5, 8, 10] 8 8 3 3

accuracy 0.84 0.84 0.87 0.84

AUCs value 0.83 0.86 0.92 0.88

Fig. 1. ROC curves for four perinatal periods. (a) First trimester, (b) Second trimester, (c) Third
trimester, and (d) Postpartum.
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3.3 Importance Ranking of Machine Learning

The random forest model determines the importance of features by the average impurity
reduction value, and the importance of the features is automatically distributed by the
model, but it cannot quantify the contribution of each feature to the model output. To
determine the positive and negative effects of features and give a quantitative description
of these effects, we use the SHAP method to analyze the factors that affect the output of
the machine learning model, which further improves the interpretability of the model.
Figure 2.a shows the feature importance results obtained from the random forest model
for the first trimester by SHAP. It was found that the top five important factors affecting
the anxiety of pregnant women in the first trimester were depression, insomnia, place
of residence, any worries or fears during childbirth, and the impact of pregnancy on the
action. Depression was the most important factor affecting anxiety in the first trimester,
changing the absolute probability of predicting anxiety by an average of 32 percentage
points. Insomnia and place of residence changed by 9%and 7% respectively. SHAP sum-
mary plot combines feature importance and feature impact, depicting the corresponding
contribution of each factor to the outcome variable. Each point on the summary plot is the
Shapley value of a feature and an instance, where the red and blue points reflect high and
low feature values respectively, and the distribution of the Shapley value of each feature
can be understood through the summary plot. For pregnant women in the first trimester,
most factors have a negative impact on anxiety. The SHAP summary plot shows that
fewer depression and insomnia scores are associated with a lower risk of anxiety, and
higher scores are associated with a higher risk of anxiety. Pregnant women with worries
and fears of childbirth are at higher risk of anxiety. The greater the impact of pregnancy
on the action, the higher the risk of anxiety. Factors that alleviate the anxiety of pregnant
women in the first trimester include the place of residence, financial loss in COVID-19,
and whether there is someone to take care of their daily life. Those who lived in areas
that were more severely affected by the epidemic (Wuhan), suffered more financial loss
in COVID-19, and took care of pregnant women’s daily life more, had a lower risk of
anxiety (see Fig. 2.b).

Figure 2.c shows the results of the feature importance analysis performed on the
data of pregnant women in the second trimester. For pregnant women in the second
trimester, depression, insomnia, financial loss in COVID-19, place of residence and any
worries or fears during childbirth are the top five important factors affecting anxiety.
Among them, depression is the most important influencing factor, which changes the
probability of predicting anxiety by 35% on average, and insomnia and financial loss
in COVID-19 change by 15% and 6%, respectively. Figure 2.d shows that depression,
insomnia, financial loss in COVID-19, and any worries and fears during childbirth have
a facilitative effect on anxiety. The higher the scores of depression and insomnia, the
greater the financial loss in COVID-19, the pregnant women who live in areas with
more serious epidemics (Wuhan), and the pregnant women who have worries and fears
during childbirth, the higher the risk of anxiety. Older, pregnant women, who have higher
annual family income, and havemore severe nausea and vomiting during pregnancy have
a lower risk of anxiety.

It can be seen from Fig. 2.e that the top five factors affecting pregnant women in
the third trimester of pregnancy are depression, insomnia, any worries or fears during
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childbirth, the impact of pregnancy on the action, and financial loss in COVID-19. As
in the first and second trimesters, depression and insomnia were the two most important
factors affecting maternal anxiety, changing the mean predicted probability by 27% and
12%, respectively. Figure 2.f shows that the higher the depression and insomnia scores,
the greater the worries or fears during childbirth, the greater the impact of pregnancy on
actions, and the greater financial loss in COVID-19, the greater the risk of anxiety.

The top five influencing factors affecting postpartum anxiety are depression, worries
or fears during childbirth, insomnia, financial loss in COVID-19, and age (see Fig. 2.g).
As with pregnancy, depression was the most important factor affecting anxiety in post-
partum women, changing the mean predicted probability by 19%. Any worries or fears
during childbirth and insomnia changed the mean predicted probability of anxiety by
15% and 8%, respectively. Figure 2.h shows that depression, worries or fears during
childbirth, insomnia, financial loss in COVID-19, and age are risk factors for anxiety
in pregnant women, and the impact of pregnancy on action has a mitigating effect on
anxiety.

Fig. 2. Mean SHAP value and summary plot in a, b: first trimester, c, d: second trimester, e, f:
third trimester, g, h: postpartum



126 X. Gan et al.

Fig. 2. (continued)

According to Fig. 2., the order of the importance of the characteristics affecting
maternal anxiety during the four pregnancy periods is shown in Table 2. Comparing the
importance rankings of influencing factors on anxiety in different pregnancy periods,
it was found that there were differences in the factors affecting anxiety in different
pregnancy periods. The impact of place of residence on anxiety during pregnancy is
more important, but for postpartum women, the importance of the place of residence
is relatively low. The impact of pregnancy on action is an important factor in the three
trimesters except for the second trimester, and the ranking of importance in the second
trimester is relatively low. Some factors are relatively important in the characteristics of
individual periods. For example, whether there is someone to take care of is relatively
important in the first trimester, annual family income and drinking have a greater impact
on pregnant women in the second trimester, contractions and stomach aches are the most
important in the third trimester, and the number of pregnancies has a greater impact on
postpartum women’s anxiety than other periods. Depression was the most important
influencing factor for maternal anxiety in all periods, and insomnia and worries or fears
during childbirth were also the most important influencing factors. In contrast, marital
status was less important for maternal anxiety in all periods, as was daily attention to
fetal movement and smoking.
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Table 2. Ranking of feature importance of anxiety in different pregnancy periods.

Attribute names First
trimester

Second
trimester

Third
trimester

Postpartum

Depression 1 1 1 1

Insomnia 2 2 2 3

Place of residence 3 4 4 18

Any worries or fears during childbirth 4 5 3 2

Impact of pregnancy on action 5 12 4 6

Age 6 6 8 5

Financial loss in COVID-19 7 3 5 4

We take care of 8 16 12 11

Degree of education 9 11 11 8

Nausea and vomiting during pregnancy 10 9 10 7

Annual household income 11 8 13 17

Number of pregnancies 12 13 14 9

Parity 13 18 15 10

Drinking 14 7 16 12

Daily attention to fetal movement 15 17 18 14

Contractions 16 10 6 13

Marital status 17 19 19 19

Stomach ache 18 15 9 15

Smoking 19 14 17 16

4 Discussion

Random forest models were used to predict maternal anxiety and to assess the impor-
tance of influencing factors affecting anxiety in different trimesters of pregnancy. The
experimental results show that the random forest model has high predictive performance
and discriminative ability, and it is effective in identifying maternal anxiety. However,
as a black-box model, random forest lacks an explanation of the prediction process
and results. Therefore, we conduct an in-depth analysis through the SHAP method to
quantify the influence of factors to explore how these factors affect maternal anxiety.

The study shows that the total anxiety rate of pregnant women is 21.23%, and the
anxiety rates of the four pregnancy periods are 21.5%, 19.2%, 21.6%, and 27.2%, respec-
tively. Anxiety prevalence was lowest in the second trimester and highest in postpar-
tum women. Farrell et al. [15] believe that women’s concern about new family mem-
bers makes postpartum women’s anxiety rate significantly higher than that of pregnant
women. In the second trimester, the fetus develops more smoothly, the growth rate is
relatively fast, and the overall symptoms of the mother are relatively stable [16]. Based
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on this, it is reasonable that the prevalence of anxiety in the first and third trimesters is
higher than in the second trimester.

For different pregnancy periods, depression and insomnia are the most important
factors affecting maternal anxiety, and they all have a positive impact on anxiety, that
is, the higher the scores of depression and insomnia, the higher the risk of maternal
anxiety. Depression and anxiety are highly comorbid, and it is generally believed that
anxiety and depression are closely related [17]. Insomnia, a stable marker of anxiety
and depression, is one of the common symptoms of both disorders [18]. In addition to
depression and insomnia, any worries or fears of childbirth is also high in all trimesters
of pregnancy, especially in the postpartum and third trimesters, possibly because these
two periods are closer to labor and more intuitive to the mother. Hu et al. [19] found
that worries and fears about childbirth were independent factors affecting mental health
during pregnancy.

The place of residence is more important to the anxiety of women during pregnancy,
whichmay be due to the different epidemic blockademeasures implemented in Lanzhou,
Beijing, andWuhan, and the degree to which women can receive routine prenatal care to
determine the health of the fetus and themselves [20]. Since this study was conducted in
China, there is a custom of “confinement”. Postpartum women stay at home regardless
of whether there is an epidemic or not and are less affected by the epidemic blockade
policies in different regions. The influence of place of residence on postpartumwomen’s
anxietymay also be related to the imbalance of postpartumwomen collected in this study
in the three cities. In the second trimester, the condition of the fetus and the pregnant
woman itself is relatively stable, and the mobility of the pregnant woman will not be
restricted too much [16].

The study found that the feature importance of maternal anxiety is different in dif-
ferent gestational periods. In addition to depression, insomnia, and any worries or fears
during childbirth, attention needs to be paid to women in the first trimester who live
in areas with relatively backward economic development (such as Lanzhou) and whose
pregnancy status has a greater impact on their actions. Forwomen in the second trimester,
special attention needs to be paid to women who have suffered greater economic losses
due to the epidemic, live in areas with severe epidemics (such as Wuhan), and younger
women who have drinking habits. For women in the third trimester, it is also necessary
to pay attention to the impact of pregnancy on the action, greater losses due to the epi-
demic, and increased frequency of contractions have a greater risk of anxiety. Among
postpartum women, the more worries or fears of childbirth, the greater the economic
loss, and the older they are, the more likely they are to suffer from anxiety disorders.
The results of the study show that there are similarities and differences in the feature
importance of maternal anxiety during different pregnancy periods, and more attention
should be paid to important factors (such as depression, insomnia, and worries or fears
during childbirth) for intervention.

This studyhas some limitations. First of all, this study adopts a cross-sectional design,
which makes it difficult to compare the changes in the incidence of anxiety before and
after the outbreak of Covid-19. At the same time, the cross-sectional design can only
explore relevant factors, but it is difficult to draw causal conclusions. Secondly, this
study uses Chinese multi-center data samples, which can provide some references for
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related research in China, but cannot provide sufficient reference significance for other
regions. Finally, the postpartum data collected in this study are relatively small, and there
may be insufficient research on postpartum anxiety. This study also has some strengths.
First of all, unlike previous studies on a certain period of pregnancy, our study analyzes
maternal anxiety throughout the prenatal and postpartum periods, which has stronger
integrity and generalization. Second, this study uses a random forest model to analyze
maternal anxiety, which enriches the research in this field. Our study also introduced the
SHAP method to further explain the precise impact of each factor on maternal anxiety
at different gestational trimesters.

5 Conclusion

This study combined the random forest and SHAP methods to identify and analyze
factors affecting maternal anxiety in different gestation periods. Random forest was
used to analyze the demographic factors of pregnant women, but due to the “black
box” nature of the random forest model, the SHAP method was introduced to further
explain the influence of various factors on maternal anxiety. Our results showed that
during the COVID-19 pandemic, the prevalence of anxiety varied across pregnancies,
with the highest prevalence occurring during the postpartumperiod. Therefore, the public
should paymore attention to the occurrence of women’s postpartum anxiety. In addition,
similarities and differences were found in the feature importance of maternal anxiety
in different trimesters. Depression, insomnia, and worries or fears of childbirth were
important factors for maternal anxiety in all trimesters, especially depression. Certain
factors are more important to the anxiety of pregnant women in a specific pregnancy,
such as place of residence, daily life with care, and annual family income. Based on
this, different interventions can be taken in different pregnancy periods to alleviate the
occurrence of maternal anxiety.
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Abstract. This paper explored the information anxiety of community residents in
different prevention and control states from the perspective of information tasks,
and provided suggestions on information service for future public health emer-
gency. Through in-depth interviews, the information anxiety scale of community
residents in five prevention and control states was constructed. The information
tasks and information anxiety of residents in each prevention and control statewere
investigated through questionnaires, and the differences and causeswere analyzed.
Our research found that information anxiety was highest when residents were iso-
lated at home, and lowest when they were in centralized isolation. The anxiety of
information environment, information quality and quantity were the highest in the
case of home isolation and community isolation. The highest degree of informa-
tion anxiety due to the heaviest burden of information tasks in home isolation, and
there is a positive correlation between the two. Residents’ information anxiety is
positively correlated with the proportion of material/life tasks, and is negatively
correlated with the proportion of daily epidemic notification tasks.

Keywords: Information Anxiety · Prevention and Control States · Public Health
Emergency · Information Task

1 Introduction

During the outbreak of the COVID-19 pandemic, massive epidemic information, false
news and negative reports will cause anxiety and panic among some people, and “info-
demic” has brought unprecedented challenges [1]. To control the spread of the pandemic,
modern quarantine strategies have proven to be highly effective means of reducing expo-
sure rates. China had taken very active and precise prevention and control measures to
reduce the spread of infectious diseases and protect the lives of the public. Different
quarantine strategies had been adopted for groups with different transmission risks to
achieve precise prevention and control. This not only controlled the spread of the dis-
ease, but also minimized the inconvenience caused by the quarantine measures to the
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public life. Although isolation is necessary for public health emergency, it also have an
impact on people’s mental health [2]. According to the precise quarantine strategies, the
living state of residents can be divided into several different types. Different lifestyles
caused by quarantine strategies also change the information behavior of the residents,
which is reflected in the information tasks under different prevention and control states.
For example, residents under home isolation are unable to go out to purchase materials,
thus generating special information tasks in this situation, such as searching material
information online and so on. Extra information tasks brought by quarantine strategies
also increase information anxiety [3]. The living mode and information task of residents
under different prevention and control states are generally different, which may lead to
different information anxiety.

This raises an important question for us, that is, does information anxiety present dif-
ferent characteristics under different prevention and control states? How can we reduce
information anxiety by effectively providing information services in different states?
However, existing research on information anxiety in the context of public health emer-
gency regard the epidemic prevention and control as the overall background, and rarely
further classify it, ignoring the change of information anxiety caused by the difference
of information tasks under different states. Therefore, it is necessary to explore the
epidemic-related information tasks and corresponding information anxiety of commu-
nity residents under different epidemic prevention and control states, and summarize
precise suggestions to alleviate information anxiety. This could provide recommen-
dations for information anxiety relief and information services delivery during future
pandemics and enrich the theory of information anxiety under public health emergency.
The objectives of this study are as follows: (1) To explore the information anxiety of
community residents under different prevention and control states. (2) Analyze the dif-
ference of information anxiety types of community residents under different prevention
and control states. (3) To understand the burden and composition of information tasks
of community residents under different prevention and control states, and to discuss the
causes of information anxiety from the perspective of information tasks.

2 Literature Review

The concept of information anxiety was first proposed by Wurman, who believed that
information anxiety is a black hole between data and knowledge, and a state of stress
resulting in anxiety when the required information cannot be accessed, understood and
utilized [4]. Information anxiety is a state in which negative emotions such as irritability
and anxiety occur in the process of searching, understanding, selecting, collecting and
utilizing information to meet specific information needs.

Some scholars have studied information anxiety under public health emergencies.
Past research mainly analyzed the influencing factors of information anxiety, including
information behavior, information factors and individual factors. Then corresponding
measures to relieve information anxiety were put forward. Qiong Wang et al. found
that there was a positive correlation between information overload and anxiety in the
context of public health emergencies, which was moderated by Confucian responsibility
thinking [5]. Compared with traditional information channels such as official websites
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and newspapers, obtaining information about public health emergencies from social
media channels is more likely to aggravate information anxiety [6]. The overuse of
social media caused by isolation also contributes to information anxiety [7]. Although
past research had considered the special impact of quarantine strategies on information
anxiety in public health emergencies, few research have differentiated between different
prevention and control states. As a result, the proposed measures to relieve information
anxiety are not precise.

Task-based information search theory puts forward that information task is one of
the motivations of many users’ information search behavior. Task prompts users to
generate information needs, and the types of tasks are diverse [8]. Scholars generally
classify tasks into different types from different perspectives based on research purposes
and needs [9]. In addition, information tasks are closely related to users’ working and
living situations, and the complexity of information tasks is closely related to users’
experience of information anxiety [10]. Community residents under different epidemic
prevention and control states have unique information task characteristics which cause
different information anxiety. Therefore, this paper chose information task as the theo-
retical perspective to explore information anxiety under different prevention and control
states.

3 Methodology

In this paper, based on previous literature, the existing information anxiety scale was
revised according to the research scene and interview data. The information anxiety
scale includes 4 dimensions, 19 sub-dimensions and 19 items. Through questionnaire
survey, information tasks characteristic and information anxiety of community resi-
dents under different epidemic prevention and control states were investigated. Based
on the results, the causes of information anxiety were discussed, and corresponding
mitigation strategies were proposed. The questionnaire was mainly divided into five
parts: basic demographic information, epidemic prevention and control status, epidemic
related information task burden, main information task types proportion and information
anxiety scale.

3.1 Questionnaire Preparation

By reviewing China’s COVID-19 prevention and control policies, the state of epidemic
prevention and control was divided into the following five types according to the restric-
tions of residents’ range of activity: (1) Centralized isolation: centralized management
organized by the government in designated places. (2) Home isolation: health mon-
itoring at one’s own home. (3) Community isolation: Partition isolation of residential
districts and grid management in communities. (4) Regional control: control administra-
tive regions at all levels to restrict the flow of people. (5) Social control: On the premise
of not affecting the normal production and life order, reduce population mobility without
additional compulsory measures.

This paper classified the information tasks under the state of prevention and control
according to the content of the tasks. Through interviews with community residents
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under different state of prevention and control, five types of epidemic-related information
which mainly searched and browsed by people was classified. They are materials/life,
health, community notification, daily epidemic notification, and other. Questionnaire
items were designed to investigate the proportion of time spent by residents to complete
each type of information in all related information, as the proportion of such information
tasks among residents.

3.2 Revised Information Anxiety Scale

Most of the existing studies are based on the five influential factors in Wurman’s infor-
mation anxiety theory. Starting from the different stages of information processing and
the influential factors of information anxiety, the measurement scale is developed and
revised. Due to the different research context, the construction of dimensions is also dif-
ferent. Based on information anxiety theory, this study constructed an interview outline
and selected eight community residents by random sampling from three cities ofWuhan,
Shanghai and Shanxi in China to conduct semi-structured interviews. The respondents
were from different epidemic prevention and control states, and ranged in age from 18
to 60. The questions outlined in the interview included: (1) Information tasks during
the epidemic prevention and control period. (2) Whether there had been information
anxiety and the reasons for the process. (3) Difficulties in finding, obtaining and using
epidemic-related information. (4) Suggestions on information services. Combined with
the scale dimension results of literature research, according to the steps and methods of
topic analysis [11], the interview results were artificially transcribed. After two rounds
of back-to-back coding and expert opinion consultation, the 4 dimensions and 20 sub-
dimensions of information anxiety in this research scenariowere preliminarydetermined.
Some of the coded data are shown in Table 1. The dimensions of the scale formulated
in the existing literature mainly include information quality and quantity, information
literacy, information environment, information technology and retrieval system quality,
personal traits, information access and so on.Most of the dimensions and sub-dimensions
were established with reference to previous studies [12, 13], while passive reception and
information channels are unique sub-dimensions in epidemic prevention and control
scenarios obtained from the interview results.

Table 1. Coded data of partial interviews with community residents.

Dimension Sub-dimension Partial original statement

Information quality and
quantity anxiety

accuracy P6: Concerned about whether the
number of cases in the
community is accurate

authenticity P5: Videos of rumors and rumors
are a little uncomfortable to
watch

usefulness P7: There is no list of more
helpful information for citizens

(continued)
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Table 1. (continued)

Dimension Sub-dimension Partial original statement

authority P6: Kind of distrust the current
information, no one channel has
enough authority to publish

timeliness P2: Our community does not
publish very timely, always
publish not timely

Lack of information P6: Local neighborhood
committees do not release
information

Excessive amount of
information

P8: Epidemic information
accounts for a very large
proportion of browsing
information, nearly half of it

Information acquisition
anxiety

Passive reception P7: I can’t take the initiative to
get the information I want
through wechat group, so I can
only accept it passively

Information channel P1: There is no unified channel
to publish notices

Missing information P3: I’m afraid of missing the
information inside buying group

Information selection P6: You have to figure out which
information is reliable and which
is needed

Time cost P6: It takes up a lot of time

Information environment
anxiety

Information disorganization P2: The information organization
and typesetting in wechat group
is quite chaotic

Negative information P5: Some negative information
on the Internet can actually cause
people anxiety

Behavior of others P1: Some people stock up on a
lot of supplies, and when you
read this news, you will stock up
on some supplies, which may
cause some panic

Rapid change of information P1: Local policy information
changes too much, too often

(continued)
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Table 1. (continued)

Dimension Sub-dimension Partial original statement

Information literacy anxiety Discriminating ability P2: Search information is also
not very good at identifying its
true extent

Search capability P4: I don’t know where to search
for the results I want. Sometimes
I can’t find the results I want

Ability to understand and
analyze

P2: The voice on the Internet is
more extreme, you have to
analyze yourself

Software capability P4: Don’t know how to use QR
codes

Based on the 4 dimensions identified, the initial scale of 20 items was compiled.
Using the Likert five-point scale from “completely disagree” to “completely agree”. The
questionnaire was pretested by online random sampling method, and 282 questionnaires
were collected. KMO and Bartlett sphericity tests were performed on the questionnaire
scale. KMO value was 0.925 and P value was less than 0.05, indicating that the question-
naire scale was suitable for factor analysis. The maximum variance orthogonal rotation
was used to extract four factors, and the cumulative variance interpretation rate after
factor rotation was 69.061%. The factor loading coefficient after rotation was analyzed,
and the inappropriate items are deleted, that is, the timeliness of information quality and
quantity anxiety. The factor loading coefficient of the remaining items were greater than
0.4. Combined with the opinions of three experts in the field of information science,
the four main factors that should be included in the scale were determined. Cronbach
reliability analysis was used. The α coefficient of the scale was 0.886 and α coefficient of
each dimensionwas between 0.5 and 0.9, indicating good reliability of the questionnaire.

Through the naming of factors, the four dimensions of information anxiety in this
study were defined as follows: (1) Information quality and quantity anxiety: The quality
of information received by residents is too low, and the amount of information is not
within a reasonable range, resulting in anxiety. Including all kinds of fake, unavailable
spam, toomuch information ormissing information. (2) Information acquisition anxiety:
It refers to the anxiety of community residents caused by poor information collection
and selection in the process of information acquisition, such as high time cost and lack
of official unified information channels. (3) Information environment anxiety: Anxiety
is caused by factors in the information environment, such as negative information trans-
mission and bad information behaviors of others. (4) Information literacy anxiety: The
ability to use, search, identify, analyze and understand is insufficient, resulting in anxiety
and irritability. Compared with previous studies, the scale constructed in this paper is
more applicable to epidemic prevention and control scenarios, with a wider range of
research objects, not limited to specific information media.
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3.3 Questionnaire Data Collection

The object of this study is the community residents under different epidemic prevention
and control states. A total of 557 questionnaires were collected through online distribu-
tion, and 538 effective questionnaires with an effective rate of 96.5% were obtained by
excluding the ones with short response time. The distribution characteristics of question-
naire samples are shown in Table 2. The sample data covers all regions and age groups,
which is extensive and representative.

KMO and Bartlett sphericity tests were performed on the questionnaire scale of
the formal experiment. The KMO value was 0.923 and the P value was less than 0.05.
The questionnaire scale was suitable for factor analysis. Four factors were extracted
by maximum variance orthogonal rotation, and the cumulative variance interpretation
rate was 68.3% after factor rotation. The factor loading coefficient after rotation was
analyzed. The factor loading coefficient of the question items were greater than 0.4,
and the questionnaire item and factor reached a reasonable corresponding relationship,
and the questionnaire validity was good. Cronbach reliability analysis was used, the α

coefficient of the scale was 0.89, and the α coefficient of each dimension was between
0.5 and 0.9, indicating good reliability of the questionnaire.

Table 2. Sample distribution characteristics.

Attribute Category Sample number Percentage

Age Below 18 46 8.6%

18–30 382 71%

31–45 66 12.3%

46–60 42 7.8%

Over 60 2 0.4%

State of prevention and control Centralized isolation 55 10.4%

Home isolation 98 18.2%

Community isolation 95 17.7%

Regional control 139 25.8%

Social control 150 27.9%

4 Results and Discussion

4.1 General Situation of Information Anxiety of Community Residents Under
Different Prevention and Control States

The overall situation and variance analysis of information anxiety under the five pre-
vention and control states are shown in Fig. 1 and Table 3. The results show that there
are significant differences in the degree of information anxiety of community residents
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under different prevention and control states. Residents under home isolation state had
the highest degree of information anxiety, while those under centralized isolation state
had the lowest degree of information anxiety. The restriction of home isolation and com-
munity isolation was relatively strict, and residents were most troubled by information
anxiety, and it is urgent to focus on improving their information services.
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Fig. 1. Information anxiety degree under different prevention and control states.

Table 3. Variance analysis of information anxiety under different prevention and control states.

Centralized
isolation

Home isolation Community
isolation

Regional
control

Social control F value

2.854 3.184 3.058 2.935 2.888 0.003

4.2 Analysis of Information Anxiety Types of Community Residents Under
Different Prevention and Control States

The distribution of information anxiety types of residents under five prevention and con-
trol states is shown in Fig. 2. The information environment anxiety, information quality
and quantity anxiety were higher under home isolation and community isolation. Under
regional control and social control, residents had the highest anxiety about information
environment and the lowest anxiety about information acquisition. In the centralized iso-
lation state, information environment anxiety and information acquisition anxiety were
higher.

Information environment anxiety in all states presented a high level, indicating that
the adverse network information environment had caused a relatively large impact on all
residents. It is the focus of relief and improvement. Studies have shown that receiving too
much negative information is a risk factor for aggravating anxiety and panic [14]. Resi-
dents obtain a large amount of negative information through themedia network, resulting
in negative information overload, which amplifies the risk and aggravates anxiety and
panic. Therefore, it is crucial to timely shift people’s attention to negative information,
conduct positive guidance, improve the social media environment and spread positive
information.

The residents in the state of home isolation also had difficulty in the quality and
quantity of information. It’s hard to guarantee the quality of information on social media
[15]. An important source of information during home quarantine was wechat groups
based on communities or buildings. However, such information is mainly communicated
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orally and it’s difficult to control the quantity and guarantee the quality of information.
In the interview with the residents who had been isolated at home, “There is a lot of
information and confusion in the group buying group” (P5). In addition, due to the high
demand for information in the range of activity under home isolation and community
isolation, it is difficult for the information server to release all aspects, and there was a
lack of relevant information. Residents who had been quarantinable at home mentioned:
“The official release of information lacks some information needed by residents” (P7).
Therefore, there are many problems in the community and building wechat group infor-
mation release mechanism, and it is critical to provide high-quality and comprehensive
information based on residents’ range of activity. Residents under centralized isolation,
home isolation and community isolation also had certain difficulties in obtaining infor-
mation, and it is necessary to further improve the information acquisition channel and
release mechanism under specific prevention and control states.
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Fig. 2. Distribution of information anxiety types under different prevention and control states.

4.3 Causes of Community Residents’ Information Anxiety in Different
Prevention and Control States from the Perspective of Information Task

The Influence of Different Information Task Burden on Information Anxiety.
In our research, the burden of epidemic-related information tasks under different pre-
vention and control states was investigated, and 84.4% of community residents felt the
burden. The information task burden was heaviest in the home isolation state, while the
regional control and social control were light. The material support supply at the cen-
tralized isolation points effectively reduced the information task burden. Figure 3 shows
that as the epidemic-related information task burden increases, the degree of information
anxiety increases significantly and presents a significant positive correlation. It can be
inferred that the restrictions under the state of prevention and control lead to a heavier
burden of related information tasks among residents, which leads to a higher degree of
information anxiety.
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Fig. 3. Information anxiety changed with the epidemic-related information task burden.

As shown in Table 4 and Fig. 4, residents with different burden levels had signifi-
cant differences in information environment anxiety, information quality and quantity
anxiety, and information acquisition anxiety. There are significant positive correlations
between them. The deeper the burden level, the higher the degree of these three types of
information anxiety. There was no significant difference in information literacy anxiety
among different epidemic information task burden levels, and the correlation was not
significant, indicating that residents’ anxiety caused by inadequate information literacy
was not affected by information task burden. The reason is that information literacy is the
inherent ability of residents, and residents’ perception of self-information literacy ability
defects will not increase due to the large task burden. Therefore, the resolution of infor-
mation literacy anxiety still needs to rely on the improvement of residents’ information
ability.

Table 4. Variance analysis and correlation of different types of information anxiety under different
burden.

Type F value P value Correlation coefficient

Information anxiety 22.850 0.000** 0.368**

Information environment anxiety 24.815 0.000** 0.383**

Information quality and quantity anxiety 17.943 0.000** 0.337**

Information acquisition anxiety 15.903 0.000** 0.317**

Information literacy anxiety 2.281 0.059 −0.08

note: *, p < 0.05, * ** *p < 0.01

Not at all Almost none A little bit Some Very

Information environment anxiety Information quality and quantity anxiety

Fig. 4. Different types of information anxiety change with the epidemic-related information task
burden.
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The Influence of Different Information Task Types on Information Anxiety.
In order to further explore the influence of different types of information tasks on infor-
mation anxiety, this paper classified information tasks according to their contents and
investigated the proportion of relevant tasks, See Fig. 5. In order to ensure the life of
families and individuals during the isolation period, the main information task of the
residents under home and community isolation was to obtain and use material/life infor-
mation, accounting for 30.73% and 25.49%. Material/life task burden of centralized
isolation were the least, in which residents were provided with living supplies by quar-
antine points, accounting for only 17.36% of the total. In the three states of centralized
isolation, home isolation and community isolation, the range of activity was severely
limited, and the task of obtaining community information was relatively large.
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Fig. 5. The proportion of each information task type under different prevention and control states.

Pearson correlation analysis was conducted on residents’ information anxiety degree
and the proportion of each information task type. Table 5 shows that there is a significant
positive correlation between material/life information task proportion and the level of
information anxiety. The more material/life information tasks occupy, the more likely
to aggravate the generation of information anxiety, including information environment
anxiety, information quality and quantity anxiety, information acquisition anxiety. The
provision of living materials at the centralized isolation point effectively reduces the
proportion of material/life information tasks, which can be considered as one of the
reasons for the low level of information anxiety of residents in the centralized isolation
state. However, there was a significant negative correlation between daily epidemic
notification task proportion and information anxiety. Therefore, it can be inferred that
providing convenient and high-quality material and life information for residents under
home isolation and strengthening residents’ attention to official information can reduce
the degree of information anxiety.
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Table 5. Correlation analysis between the proportion of different information task types and
information anxiety.

Correlation
coefficient

Materials/life Health Community
notification

daily epidemic
notification

other

Information
anxiety

0.157** −0.018 −0.048 −0.089* −0.032

Information
environment
anxiety

0.113** −0.034 −0.066 −0.052 −0.009

Information
quality and
quantity anxiety

0.178** −0.011 −0.071 −0.095* −0.036

Information
acquisition
anxiety

0.109** 0.001 −0.022 −0.074 −0.070

Information
literacy anxiety

0.003 −0.015 −0.015 −0.011 0.032

note: *, p < 0.05, * ** *p < 0.01

5 Conclusion

In the case of public health emergencies with quarantine strategies, the change of life
modewill change daily information tasks of residents accordingly,which lead to all kinds
of information anxiety. Taking the prevention and control of COVID-19 in China as an
example, this paper explored the information tasks and anxiety of community residents
under different prevention and control states from the perspective of information tasks.
On the one hand, the research results are helpful for providing experience and suggestions
for improving information services during the prevention and control period of future
public health emergencies.

According to the results of the study, there are great differences in information anx-
iety under different prevention and control states. It is worth noting that the anxiety of
the information environment has caused a huge pressure, indicating the importance of
information environment in the context of public health emergencies. It is essential to
maintain a positive information environment during public health emergency. Because
the excessive burden of information tasks will further aggravate information anxiety, it
is suggested that the improvement of information services should focus on enhancing its
convenience. Residents’ information anxiety is positively correlated with the proportion
of material/life tasks, and is negatively correlated with the proportion of daily epidemic
notification tasks. Therefore, thematerial/life information services under home and com-
munity isolation need to be improved, and directing the public to pay more attention to
the official information can reduce the generation of information anxiety.
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Abstract. How manufacturing companies can achieve digital transformation is
an important issue of concern in theory and practice. The research results of dig-
ital transformation of manufacturing enterprises are rich and the research topics
are diverse, but it is still necessary to systematically summarize previous achieve-
ments and build a relatively complete knowledge framework to provide support
for subsequent research. This paper analyzes the digital transformation literatures
of manufacturing enterprises by knowledge map with CiteSpace. First, identify
the research topics and key documents of digital transformation of manufactur-
ing enterprises based on co-citation analysis; Secondly, the research frontiers
and research hotspots are identified based on keyword co-occurrence analysis;
Finally, the knowledge framework of digital transformation research of manu-
facturing enterprises is constructed. In the knowledge framework, six research
themes are identified, i.e., digital technology, dynamic capability, circular econ-
omy, digital servitization, lean manufacturing and maturity model. Several cross-
topic research results were found, providing ideas for future research in the field
of digital transfor-mation of manufacturing enterprises.

Keywords: Manufacturing Enterprise · Digital Transformation · Knowledge
Map · Bibliometric · CiteSpace

1 Introduction

The main part of the real economy is the manufacturing industry, and the digital trans-
formation of industrial enterprises is quite significant. But digital transformation is a
complicated process that involves not only technical issues but also organizational and
management changes (Verhoef et al., 2021), which is both an opportunity and a chal-
lenge for manufacturing companies. At this point, both business managers and scholars
are interested in how manufacturing enterprises can achieve digital transformation.

In the existing research on the digital transformation of manufacturing enterprises,
scholars have focused on technology adoption (Agostini and Nosella, 2020), digi-
tal (Abou-foul et al., 2021), business model (Chen et al., 2018; Caputo et al., 2021)

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
Y. Tu and M. Chi (Eds.): WHICEB 2023, LNBIP 481, pp. 144–155, 2023.
https://doi.org/10.1007/978-3-031-32302-7_13

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-32302-7_13&domain=pdf
https://doi.org/10.1007/978-3-031-32302-7_13


A Systematic Literature Review of Digital Transformation 145

and ecosystems (Kohtamäki et al., 2019) from different perspectives. In general, the
research results of digital transformation of manufacturing enterprises are rich, and the
research topics are diverse, but it is still necessary to systematically summarize previous
achievements, build a relatively complete knowledge framework, and provide support
for subsequent research.

Systematically summarizing previous research results, identifying research frontiers
and hotspots, and establishing a knowledge framework for the digital transformation of
manufacturing companies will help researchers understand the field from a more com-
plete point of view and find new directions for future research. Based on the knowledge
mapmethod, this paper uses CiteSpace to do bibliometric analysis: (1) Study the collabo-
ration of authors, and the distribution of disciplines; (2)Use co-citation analysis to cluster
and identify research topics and find key knowledge; (3) Use a co-occurrence analysis
of keywords to find research frontiers and hotspots; (4) Based on the above, develop a
knowledge framework for the digital transformation of manufacturing enterprises.

2 Materials and Methods

2.1 Research Methods

Knowledge map is the main method of bibliometric visualization, which can compre-
hensively analyze the research status in various fields, examine development trends and
frontier areas. In this paper, the software CiteSpace 6.1R6 is used as a bibliometric and
visual analysis tool in the field of digital transformation of manufacturing enterprises,
which can perform co-citation analysis, co-word analysis, burst detection and cluster
analysis.

2.2 Data Processing

This article focuses on the digital transformation of manufacturing enterprises based on
the definition of three sets of search keywords, using data from the Web of Science core
database, principally SCI-EXPANDED and SSCI, from 2011 to 2021, in English.

• Group 1: digital keywords, namely “digital transformation” or “digital products” or
“digital servitization” or “digital services” or “digital platform” or “digital technolo-
gy” or “digital organization” or “digital enterprise” or “ digital strategy” or “digital
innovation” or “digitalization” or “digitalisation” or “digitization” or “robot” or “ict”
or “information communication technology” or “cloud computing” or “big data” or
“iot” or “ internet of things” or “artificial intelligence” or “ai” or “machine learning”
or “virtual reality” or “augmented reality”.

• Group 2: keywords related to manufacturing characteristics, namely “man-
ufacturing” or “manufacture” or “manufacturer” or “manufacturers” or “flexible
production” or “lean production” or “mass production” or “customized production”.

• Group 3: enterprise keywords, namely “enterprises” or “enterprise” or “business”
or “businesses” or “firm” or “firms” or “companies” or “company” or “corporate” or
“corporates” or “smes”.
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Combining the above three groups of keywords with “AND”, 2130 records were
obtained by subject screening in the web of science core database. On this basis, the
screening conditions were based on literature category papers, review papers, and con-
ference proceedings papers, and editorials were excluded Materials, book chapters and
letters, etc., finally got 2084 records.

3 Results

3.1 Publication Trends and Authors Analysis

In general, from 2011 to 2015, the growth of the publication number was relatively
stable. Since 2016, the growth has been very rapid, and in 2021, 698 documents were
published, indicating that more scholars are focusing onmanufacturing enterprise digital
transformation.

The centrality of all authors is less than 0.1, indicating that the authors cooperation
network is still relatively scattered, and a core group of authors has not yet formed.
CiteSpace analyzed the information of co-cited authors. Tao F and Zhong RY appear
as authors with high publication number and also as highly cited authors, which shows
that some prolific authors not only pay attention to the number of papers, but also pay
attention to the research quality.

3.2 Co-citation Analysis

Reference co-citation cluster network (Fig. 1) includes co-cited reference and clustering
information. In this paper, the clustering Modularity Q value is 0.8994, indicating that
the clustering results are well; the average value of Silhouette is 0.9673, indicating that
the clustering results have high reliability.

In reference co-citation cluster network map, the cluster labels are obtained by
extracting the keywords of the citing articles using the logarithmic likelihood algo-
rithm (LLR). A total of 18 clusters (see Fig. 1) were obtained for the cited articles in
this paper. Each cluster represents a research topic, in which each node is a cited arti-
cle, and the size of the node represents the degree of importance. The cited literatures
included in the cluster constitutes the research basis of this field. Among these clusters,
except for the cluster “#0 industry 4.0” as the background information and the cluster
“#13 digital transformation” as the keyword search, the other clusters with a cluster size
greater than 20 were merged as shown in Table 1, which shown six Thematic Area such
as maturity models, circular economy, lean manufacturing, dynamic capabilities, digital
servitization, and digital technologies.

The cited frequency and centrality represent the importance of the literature, and
the literature with centrality greater than 0.1 is generally a pivotal node that inspires
cross-domain research. The literature published by Liao YX in 2017 was the most cited,
with 110 citations; the rest of most cited references were Frank et al. (2019a) (98 cita-
tions), Xu et al. (2018) (98 citations), Lee et al. (2015) (81 citations). These highly cited
references mainly discuss the development and future research topics of Industry 4.0
and related technologies, transformation paths, and intelligent manufacturing (Lee et al.,
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2015; Kang et al., 2016; Liao et al., 2017; Zhong et al., 2017; Xu et al., 2018; Frank
et al., 2019a), which are cited as background literature for research on digital trans-
formation of manufacturing enterprises. Among the top 10 references with a centrality
greater than 0.1, apart from background documents such as Industry 4.0 and intelligent
manufacturing, they mainly involve servitization (Kowalkowski et al., 2015; Opresnik
and Taisch, 2015), business models (Mueller et al., 2018), cloudmanufacturing (Thames
and Schaefer, 2016) and other topics. These literatures have laid the foundation for the
research on the digital transformation of manufacturing enterprises.

Fig. 1. Reference co-citation cluster network and timeline network.

Table 1. Research topics based on co-citation analysis

Clusters Size Silhouette Mean (Year) Thematic Area

#1 maturity model 51 0.961 2016 maturity model

#2 circular economy 48 0.993 2018 circular economy

#3 lean manufacturing 41 0.962 2017 lean manufacturing

#15 dynamic capability 22 0.965 2019 dynamic capabilities

#4 servitization 41 0.95 2015 digital servitization

#7 digital servitization 35 1 2017

#11 cloud computing 27 0.945 2010 digital technologies

#5 big data analytics 40 0.968 2018

#9 data analytics 30 0.968 2017

#14 big data 23 0.846 2013

#17 internet of things 22 0.956 2012

#6 digital twin 40 0.994 2017

#10 cloud manufacturing 28 0.983 2012
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3.3 Co-occurrence Analysis

Keywords
Keyword co-occurrence analysis is mainly to statistically analyze the occurrence fre-
quency, centrality, and burst of keywords in citing articles, which can intuitively analyze
research topics and research hotspots. Figure 2 is a keyword co-occurrence networkmap,
which is composed of 560 keywords in the citing literatures (nodes in the figure). The
size of the node indicates the frequency of keyword occurrence; the nodes in the purple
outer circle represent the higher centrality of the keyword, play a pivotal role.

In the keyword co-occurrence network, the top 10 keywords in the past five years
are future (178 times), smart manufacturing (140 times), capability (82 times), business
model (79 times), digital twins (67 times), smart (59 times), data analytics (58 times),
circular economy (55 times), research agenda (48 times) and logistics (47 times), to some
extent represent the focus of current research, which can be summarized as intelligent
manufacturing, dynamic capabilities, business models, circular economy, digital tech-
nology and logistics, etc. Keywords with a centrality greater than 0.1 include “absorptive
capacity”, “competition”, “adoption”, “ahp”, “network”, “service”, “cloud manufactur-
ing”, “growth”, “manufacturing system”, and “product development”; from the average
year, these keywords cannot fully represent the latest developments, but they had played
a pivotal role in the research on the digital transformation of manufacturing enterprises.

Fig. 2. Keyword co-occurrence network.

Keyword Citation Bursts
Keyword burst detection can reflect changes in research hotspots within a certain period
of time, and can also observe emerging research topics. According to the results of
burstiness detection, in this paper 45 keywords were selected with strong bursts (Fig. 3).
From 2011 to 2021, the research frontier of digital transformation in manufacturing
enterprises has changed over time. “Competition” has a high burst and lasts the longest
(2012–2019), which is the external driving force for manufacturing companies to carry
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out digital transformation. Other keywords with strong bursts and long duration are
“cloud manufacturing”, “cloud computing”, “information technology” and “ict” (2011–
2017), all of which are related to digital technology. In recent years, the keywords
with strong bursts are “service innovation” and “research agenda”. “service innovation”
mainly discusses digital servitization (Frank et al., 2019b; Paiola and Gebauer, 2020);
“research agenda” includes digital technology (Dwivedi et al., 2021), digital servitization
(Paschou et al., 2020), circular economy(Cricelli and Strazzullo, 2021), etc.

Fig. 3. Top 45 keywords with citation bursts.

4 Knowledge Framework

In view of the complexity and exploratory nature of the digital transformation of theman-
ufacturing industry, it is necessary to build a relatively complete knowledge framework
to provide a reference for future research.

Basedon the analysis andprocessingof cooperationnetwork, co-citationnetwork and
keyword co-occurrence, this paper builds a knowledge framework for the digital trans-
formation of manufacturing enterprises. As shown in Fig. 4, the knowledge framework
of the digital transformation of manufacturing enterprises reflects the interdisciplinary
characteristics of this field, and presents the key research topics and contents. Generally
speaking, the digital transformation of manufacturing enterprises is a process in which
digital technology continuously empowers the management and business of manufac-
turing enterprises (such as circular economy, lean management, digital servitization,
etc.). Whether the transformation can be successful depends on whether the manufac-
turing enterprise can build dynamic capabilities; during the transformation process, it
is necessary to constantly evaluate the level of digital maturity, and dynamically feed-
back and adjust. According to the knowledge framework, this paper divides the digital
transformation of manufacturing enterprises into the following six research themes.
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Fig. 4. Knowledge framework for digital transformation of manufacturing enterprises.

4.1 Digital Technologies

Digital technology are the drivers behind digital transformation. The digital transforma-
tion of manufacturing under the Industry 4.0 scenario involves a large number of digital
technologies. In addition to general digital technologies such as cloud computing, big
data, Internet of Things, and blockchain, it also includes manufacturing-related Digital
technologies, such as hardware-driven technologies such as 3D printing and robotics,
and software-driven technologies such as blockchain (Hahn, 2020). Some scholars also
divide the digital technologies related to Industry 4.0 into three categories based on the
purpose of use: (1) smart data collection, storage, analysis and sharing technologies;
(2) shop floor technologies, such as virtual reality and augmented reality; (3) integrated
technologies, such as Physical Information System (CPS), etc. (Kamble et al., 2020)
and summarized the characteristics of digital technologies related to Industry 4.0 (Ciano
et al., 2021).

4.2 Dynamic Capabilities

Dynamic capability is a company’s strategic ability to integrate, build and reconfigure
internal and external resources to cope with and possibly shape a rapidly changing busi-
ness environment (Teece, 2012), including stages such as sensing opportunities, seizing
opportunities, and continuously renewal (Teece, 2014). Based on the early concept of
dynamic capability foundation, scholars have integrated dynamic capability theory with
resource-based theory, resource orchestration theory, and contingency theory to form a
new theoretical framework. Using this as a micro-theoretical basis to study new issues in
new scenarios, specifically, scholars use dynamic capabilities and their extended theo-
ries to study the impact of digital transformation capabilities (Sousa-Zomer et al., 2020),
digital manufacturing capabilities (Savastano et al., 2021), big data (Dubey et al., 2020)
on corporate performance, and the impact of digital capabilities on new product devel-
opment (Pan et al., 2021), etc. In addition, some scholars pay attention to big data and
lean management, and study the dynamic capability effect of big data (Wamba et al.,
2017), and the synergy between dynamic capabilities, big data and lean management
(Gupta et al., 2020).
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4.3 Circular Economy

Research on circular economy is always related to concepts such as Industry 4.0 and
sustainability. Due to the rapid population growth and the continuous consumption of
natural resources, there is a need to make optimal use of resources using the principles
of sustainable development, in contrast to the “one-off” philosophy of the traditional
linear economy towards recycling, which is known as the circular economy (Sahu et al.,
2022).Among the papers with the highest citation frequency, the research mainly dis-
cusses the mutually beneficial relationship between Industry 4.0 and related digital tech-
nologies and circular economy in the context of Industry 4.0 (de Sousa Jabbour et al.,
2018b), business models for reusing and recycling waste materials such as scrapmetal or
e-waste(Nascimento et al., 2018), sustainable supply chains, sustainable manufacturing
based on digital technologies (Machado et al., 2020) et al.

4.4 Lean Manufacturing

The main goal of lean management is to produce on demand and reduce waste. In the
digital environment of Industry 4.0, scholars mainly study how lean manufacturing and
digitalization are integrated (Jing et al., 2021; Rossini et al., 2021a), and the impact
on corporate performance (Buer et al., 2021). Driven by digital technologies related
to Industry 4.0, scholars have also paid attention to lean automation (Rossini et al.,
2021b), lean supply chain management (Núñez-Merino et al., 2020) and the impact on
performance. Some scholars have studied the impact of digital technologies on lean
management (Abd Rahman et al., 2021; Anosike et al., 2021), and summarized the
corresponding relationship between digital technology and lean production technologies
(such as VSM and JIT, etc.) (Gupta et al., 2020; Ciano et al., 2021). In addition, some
scholars have studied digital technologies and lean management (Ciano et al., 2021),
lean management, digital technologies (such as big data analysis) and circular economy
(Belhadi et al., 2020) across topics.

4.5 Digital Servitization

The topic of digital servitization mainly focuses on digital servitization and value co-
creation, and discusses how manufacturing enterprises can promote service-oriented
transformation through digitalization, so as to realize value co-creation. The research
in this topic is mainly divided into three categories. First, the basic concept of digital
servitization is defined, and digital servitization is considered to be the process of devel-
oping new services or improving existing services through the use of digital technology
(Paschou et al., 2020). Second, discuss how digitalization can promote the service-
oriented transformation of manufacturing enterprises. Some authors have explored the
role of digitalization in the service-oriented transformation of manufacturing enterprises
(Rymaszewska et al., 2017;Ardolino et al., 2018). Finally, some authors’ research on dig-
ital servitization focuses on digitization and business models, and explains the dynamic
relationship between digitalization and servitization in the process of shaping business
models from different perspectives (Frank et al., 2019b; Kohtamäki et al., 2019).
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4.6 Maturity Model

On the basis of the definition of Industry 4.0 and its related concepts (Lasi et al., 2014;
Liao et al., 2017; de Sousa Jabbour et al., 2018a), scholars use literature review and
other methods to propose maturity models from different perspectives, and give the
dimensions, indicators and maturity levels of maturity model evaluation.

Most of these maturity models include multiple dimensions such as technology and
management (Pirola et al., 2020; Santos and Martinho, 2020), and some only include
technology dimension (Pacchini et al., 2019). For the completeness of the maturity
model, Dikhanbayeva et al. (2020) gave an evaluation method based on eight principles
of digital transformation design.

5 Conclusions

This paper uses CiteSpace to conduct a visual analysis of the literatures on the digital
transformation of manufacturing enterprises from 2011 to 2021, and from the perspec-
tives of cooperation network, co-citation analysis and co-occurrence analysis, and to a
certain extent comprehends the research frontiers and hotspots in this field. This paper
draws the following findings from the analysis: (1) The research in this field is interdis-
ciplinary. The author cooperation network is still relatively scattered, and the core author
group has not yet formed; (2) Through the analysis of reference co-citation clustering
and summarizing 6 research themes of maturity model, circular economy, lean manu-
facturing, dynamic capability, digital servitization and digital technologies; (3) Through
keyword co-occurrence analysis, it is found that smart manufacturing, dynamic capabil-
ity, business model, circular economy, digital technology and logistics are the research
hotspots. “Service innovation” is the keyword of strongest burst in recent years, and it
will be a major focus of future research. The themes and directions of research that came
out of the co-citation analysis and the keyword co-occurrence analysis are mostly the
same.

This research is innovative to a certain extent. First, it classifies the research topics of
digital transformation of manufacturing enterprises, laying a knowledge base for subse-
quent research; secondly, it identifies the research hotspots of digital transformation of
manufacturing enterprises, andmakes suggestions for future research directions; Finally,
a knowledge framework for the digital transformation of manufacturing enterprises is
integrated, which includes six research themes: maturity model, circular economy, lean
manufacturing, dynamic capabilities, digital servitization and digital technologies. It
also finds the phenomenon of cross-subject research.

Nonetheless, this study still has certain drawbacks. This study did not do a full-text
analysis; instead, it relied solely on bibliometric analysis based on titles, keywords,
and abstracts. There is a certain shortage of information; second, there are too many
documents and too much information; and further interpretation is required.
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Abstract. Digital technology has reshaped the business landscape, E-Commerce
platform enterprises are becoming a new organizational vehicle, and their social
responsibility has attracted extensive discussions. However, most of the existing
studies focused on the connotation, boundaries, lack of responsibility and alien-
ation motives and management countermeasures of CSR in e-commerce platform
enterprises, and little research has clearly pointed out whether e-commerce plat-
form enterprises should choose to focus on a fixed theme to carry out high coher-
ence CSR activities or invest in diversified themes to carry out low coherence
CSR activities, and whether different coherence CSR activities will have different
effects on users’ purchase intention. Drawing on the social identity theory and
SOR theory, the present research develops the underlying mechanism through
which thematic consistency of CSR activities influences the purchase intention
by including consumer-company identification as a mediator. A theoretical model
proposed to describe the hypothesized relationships was tested by the method of
questionnaire survey and experiment. The results shown that consumer-company
identification partially mediates the relationship between thematic coherency and
users’ purchase intention and that the theme coherency of CSR activities of e-
commerce platform firms has a favorable influence on users’ buy intention. The
results point to the need for e-commerce platform companies to implement the-
matic coherence strategies in order to stimulate consumers’ more favorable pur-
chasing intents and to achieve the best possible thematic coherence strategies for
social responsibility initiatives.

Keywords: E-commerce platform enterprise · corporate social responsibility ·
thematic consistency · users’ purchase intention

1 Introduction

With the booming development of digital intelligence technology, e-commerce platform
enterprises play an important role in digital intelligence-enabled high-quality devel-
opment, and also gradually become an active force in promoting China’s economic
transformation and development. The absence and alienation of corporate social respon-
sibility (CSR) will aggravate the damage to various stakeholders and reduce the overall
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welfare level of society. Therefore, it has become an inevitable requirement for the high-
quality development of e-commerce platform enterprises to actively undertake CSR.
As a new type of organization in the era of Internet economy, the openness, extensi-
bility, virtuality and bilateral nature of e-commerce platform enterprises determine that
compared with traditional enterprises, the subjects and objects of CSR of e-commerce
platform enterprises are more special and their specific responsibility contents are more
complicated. Therefore, it is of certain practical significance to conduct CSR-related
research on e-commerce platforms.

One of the platform companies’ goals of carrying out CSR is to show responsible
social image to users, which could establish a pro-social connection. Although the pos-
itive effects of CSR activities have been repeatedly proven, practical results show that
not all CSR activities can directly achieve the expected results, and the final effect of
the activities will be influenced by a variety of factors. Therefore, how to maximize
the utility of limited resources has become a realistic problem for e-commerce plat-
form companies. Through the practical observation of CSR activities of e-commerce
platforms, there are distinct differences in the consistency of the CSR themes of most
e-commerce platform enterprises, as shown by the fact that some e-commerce platform
enterprises choose to keep a high degree of thematic consistency, but some decide to
maintain a strong thematic diversity.

Therefore, this study focuses on the issue of CSR consistency under the thematic
strategy of e-commerce platforms, i.e., the continuity of e-commerce platform com-
panies’ commitment to their chosen themes when carrying out CSR activities. This
study explored whether companies should maintain higher thematic consistency or
stronger thematic diversity to stimulate users’ stronger purchase intention, and intro-
duced consumer-company identity to study its impact on the path of CSR thematic
consistency and users’ purchase intention. This article attempted to provide theoretical
basis andpractical guidance for platformcompanies to optimize their socially responsible
thematic consistency strategies with the method of questionnaire survey and experiment.

2 Literature Review

2.1 Corporate Social Responsibility

CSR has been defined in various ways in the literature. CSR was first described by
Sheldon as a company’s obligation to consider how its operations affect other people
and the environment while advancing its own financial goals. Carroll defined CSR as
involving the economic, legal, ethical, and discretionary expectations that society has
on an organization at a given time [1]. On this basis, scholars have proposed that CSR is
a comprehensive responsibility undertaken by companies from the perspective of stake-
holders and society as a whole, i.e., the active management activities and responsible
behaviors adopted by companies to meet the needs of consumers at the social, envi-
ronmental and ethical levels. The ability of businesses to go above and beyond what
they were initially required to do or chose to do, and to engage in activities that con-
tribute to the betterment of society whenever possible, out of a general social need,
is now a more comprehensive definition of corporate social responsibility. Nowadays,
more research is examining the impact of CSR on customer attitudes and actions. CSR
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activities influence various consumer behavioral outcomes like purchase intention [2],
consumer brand preference [3], corporate reputation [4], recommendations and brand
equity [5]. However, according to Deng, “positive deeds are not always rewarded” by
businesses, and “unappealing” circumstances do occur [6]. When companies engage in
CSR activities with a lower brand match and more passive time selection, it stimulates
the creation of consumer psychological contract violation, which promotes consumer
boycott behavior [7]. In conclusion, the majority of current studies concentrate on how
CSR affects consumer behavior and offer suggestions on whether to participate in CSR.
In reality, more study is required to fully understand how businesses engage in CSR
because the results of current studies are not clear regarding the effects of CSR actions.

2.2 Consumer-Company Identification

According toBhattacharya [8], consumer-company identification is a state of connection,
proximity or similarity of perception between consumer and company. The perception
is brought about by a subjective comparison process between the organization’s identity
and the consumer’s own identity, where shared values play a very important role in
influencing the process [9]. Bergami found that consumer-company identification is not
a purely cognitive structure, but also includes an affective and evaluative component
[10]. Regarding the impact of consumer-company identification, previous scholars have
also agreed on this; the higher the level of consumer-company identification, the stronger
the connection between the firm and the consumer, and the more positive the consumer
response to thefirm.Lee stated thatwhen consumer-company identification is significant,
it has an impact on individuals’ judgments, choices, behaviors, and performance, and
that judgments based on identification are not easily changed [11]. This is due to the
fact that the formation of consumer-company identification implies that the individual’s
sense of self achieves some alignment with the firms’ perceptions, and thus consumers
tend to establish their moral superiority and sense of belonging through their purchase
behavior out of self-expression or reinforcement needs.

2.3 Thematic Consistency of CSR Activities

Coherency, which is frequently used to describe the fluidity or duration of an event,
instead refers to the consistency of a company’s commitment to social responsibility
when used to define CSR. Although there is no clear definition, scholars have repeatedly
categorized CSR activities into high and low coherence strategies from the perspective
of corporate practice based on time. According to Barnes CSR activities can be divided
into continuous activities and short-term one-off activities [12]. Existing studies suggest
that the coherence of CSR themes can be categorized into two strategies: “digging
deeper” and “digging more” according to the type of activity themes. Based on the
above clear delineation of the thematic coherence of social responsibility activities,
existing studies link social responsibility thematic strategies to consumer behavior and
explore the relationship between the two from different perspectives. Companies should
adopt a high-match continuous CSR theme strategy to achieve the most positive impact
on consumers.
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3 Hypotheses Development

3.1 Thematic Consistency of CSR Activities on E-Commerce Platforms
and Users’ Purchase Intention

The impact of the theme of CSR activities on e-commerce platforms, the subject of this
study, on users’ purchase intentions can be explained in the following two ways. On the
one hand, congruity theory suggests that people tend to achieve a balanced, harmonious
and highly consistent state when they perceive things. As a result, the content of CSR
information received by users in highly coherent activities is more consistent, and users
are more likely to respond positively because they have to pay less to obtain CSR-related
information. At the same time, the cue consistency theory states that the more consistent
the information that consumers receive from multiple leads, the more beneficial they
can be. Therefore, when the theme of CSR activities conducted by e-commerce plat-
form enterprises is more coherent, more coherent information with strong correlation is
delivered to users, and at this time, the information of social responsibility activities with
the same theme will be deepened and strengthened in users’ minds, eventually forming
a longer-acting and more impressive cognition of social responsibility activities, which
further has a positive impact on users’ purchase intention.

On the other hand, according to the theory of multi-attribute attitude, individuals’
behavioral attitudes, which in turn determine their behavioral intents, are formed by their
appraisals of the impacts and results of their activity. This means that anticipated impacts
of a company’s social responsibility efforts also affect how users respond to those efforts
[13], and if users are optimistic about the expected effects of the social responsibility
activities, they will show more positive attitudes and behaviors. Users tend to form a
clearer and more positive perception of the results of the CSR activities when the theme
is more cohesive, which makes them more willing to make positive comments about
the company and further generates more positive purchase intentions. Users also tend
to believe that the company will be more likely to help solve a public concern given the
large number of focused resources. Accordingly, our first hypothesis is as follows:

H1. Thematic Consistency of CSR Activities on e-commerce Platforms Has a
Significant Positive Association with Users’ Purchase Intention.

3.2 Thematic Consistency of CSR Activities on E-Commerce Platforms
and Consumer-Company Identification

It has been repeatedly shown that company commitment to CSR has a beneficial effect
on customer identification. Compared with the low coherence activities, when the CSR
activities carried out by e-commerce platform enterprises have a high coherence, the
CSR activities of enterprises can be more easily defined as a long-term commitment.
At this time, users’ suspicion of the ultimate purpose of the social activities of e-
commerce platform enterprises is greatly reduced, and social responsibility activities
have a stronger voluntary color, thus being defined as an act of pursuing the overall
interests of society. This increases users’ sense of corporate identity by fostering positive
perceptions of corporate social responsibility and overall corporate performance. With
low thematic consistency, users are more likely to attribute CSR activities conducted
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by e-commerce platforms as “promotional CSR” [14], the main purpose of which is to
help companies accomplish publicity and hype, thus failing to have a positive effect on
consumer-company identification.

Through social responsibility initiatives, companies also try to present an image of a
pro-social organization to consumers [15], which further trigger a closer connection with
consumers and thus make themmore inclined to identify with the organization. Whether
the corporate image information conveyed by e-commerce platform companies through
social responsibility activities can be well perceived and interpreted by consumers will
also have a crucial impact on the positive corporate image. In the context of a high
degree of coherence, e-commerce platform companies provide more time for users to
understand the connection between themselves and public welfare events, and users
can also more easily distinguish information about the company’s social responsibility
activities from its daily promotional information, resulting in improved user reception
and interpretation of CSR information. On this basis, it is also easier for users to build
a responsible image of the e-commerce platform as a company that cares about social
welfare, thus creating a stronger consumer-company identity. Thus, we hypothesize:

H2. Thematic consistency of CSR activities on e-commerce platforms has a
significant positive association with consumer-company identification.

3.3 Thematic Consistency of CSR Activities on E-Commerce Platforms,
Consumer-Company Identification, and Users’ Purchase Intention

The prerequisite for CSR to have an impact on consumer decisions is that it appeals
to the consumer’s self-concept, i.e., it gains the consumer’s approval. Existing studies
found that when consumers perceive that a company cares about the well-being of its
stakeholders and takes the initiative to be socially responsible, consumers will have a
higher sense of identification with the company and thus increase their willingness to
purchase the company’s products or services.

E-commerce platform enterprises build digital transaction and interaction interfaces
with the help of platforms, and complete the creation of economic and social values
by linking buyers and sellers or multiple parties [16]. The transaction activities of e-
commerce platform enterprises also have prominent features such as the absence of
experiential links, the virtual nature of transactions, the separation of physical and infor-
mation, and the separation of payment and delivery. Therefore, comparedwith traditional
purchasing behavior, platform users have a more limited right to know before purchas-
ing products or services from e-commerce platforms, and it is difficult for users to
make in-depth assessments of product characteristics and quality with only the product
information displayed on the platform. Therefore, users are more inclined to make pur-
chases based on their attitudes and emotions toward the e-commerce platform company,
so organizational identity, once generated, will have a more positive impact on user
behavior.

Organizational identity theory suggests that when consumers experience an emo-
tional connection with a platform company, they form a deeper psychological connec-
tion with the company, develop a strong sense that they belong to the organization, and
perceive that they have common interests with the organization [17]. Thus, users with
a stable consumer-firm identity have a stronger connection to the e-commerce platform
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company and are more likely to generate positive behavior toward the company. The
main behavior that individuals can exercise as users of e-commerce platform companies
is the purchase of the company’s products or services, and brand commitment based
on consumer-firm identity needs to be better expressed through this behavior. Purchas-
ing the products of the company they identify with becomes an act of expression and
projection of self, and the best way for users to demonstrate their alignment with the
company’s goals and preference for that company. Thus, we hypothesize:

H3. Consumer-company identification mediates the relationship between thematic
consistency of CSR activities on e-commerce platforms and users’ purchase intention.

Figure 1 presents the theoretical framework in this study.

Fig. 1. The proposed theoretical framework and hypothesis.

4 Data and Research Design

4.1 Data Collection Instrument

All of the constructs in the conceptual model were adapted from past research. We
measured consumer-company identification using four items from Einwiller. We mea-
sured users’ purchase intention using three items from Wang and Moon. We measured
thematic consistency of CSR activities using four items from Ellen. A five-point Likert
scale, ranging from “1= strongly disagree” to “5= strongly agree” was used to measure
all items.

4.2 Experiment Design

High and low levels of coherence were set up in the experimental design for this inves-
tigation. The CSR activities of e-commerce platforms in both contexts were set as
social responsibility activities with high matching in this study to avoid the interfer-
ence of activity matching. In the pre-experimental stage, based on the actual situation
of social responsibility activities carried out by current e-commerce platform compa-
nies, themes such as “e-commerce for agriculture”, “green logistics”, “intellectual prop-
erty protection”, “youth development support”, “non-traditional culture preservation”
and “women’s empowerment” were selected. Twenty university students were invited
to rate how well the above activities matched the e-commerce platform companies.
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Finally, “E-Commerce for Agriculture” and “Green Logistics” were selected as the
social responsibility activities with a good match.

During the experiment, first, the subjects were asked to read the materials in differ-
ent contexts. The CSR activities’ themes vary in their degree of thematic consistency
as follows: company A is an e-commerce platform enterprise that actively undertakes
social responsibility activities, and has carried out social responsibility activities like
“public welfare live event” for ten consecutive years. The low consistency group is
described as company B is an e-commerce platform enterprise that actively undertakes
social responsibility activities, and has engaged in various types of social responsibility
activities for ten consecutive years. After then, participants were asked questions about
the thematic coherence of the business’s CSR initiatives in order to assess the valid-
ity of the experimental manipulation. Finally, the subjects were asked to complete the
questions related to consumer-company identification and purchase intention in turn.
Demographic characteristics such as gender, age, and occupation were also measured.

4.3 Data Collection

Data was collected from users of e-commerce platform. The study mainly distributed
and collected questionnaires through sojump, a platform providing functions equivalent
to Amazon Mechanical Turk. The distribution of completed questionnaires using social
media platforms like WeChat, QQ, and Weibo. Ultimately, 158 were returned, but 8
questionnaires were excluded due to incomplete responses or incorrect selection of
polygraph questions. The remaining 150 questionnaires were used for final data analysis
and thus the effective rate was 94.9%. Male respondents accounted for 47.3% of the
sample. The highest percentage of respondents in this survey was full-time students,
totaling 62.0%.

5 Results

5.1 Measurement Model

Before testing the proposed theoretical model, all the constructs and their corresponding
subscales were assessed to ensure their validity and reliability with the assistance of
SPSS 26. Results showed that the Cronbach’s alpha for thematic consistency, consumer-
company identification, and users’ purchase intention were 0.864, 0.848, and 0.768,
respectively, which were all greater than 0.7, and the overall reliability of the question-
naire was also greater than 0.8. This indicates that the scales used in this questionnaire
have good reliability.

This research also examined the content validity and construct validity. All measure-
ment scales were referred to existing mature scales at home and abroad, and appropriate
adjustments were made to ensure the content validity of the scales to a certain extent. An
exploratory factor analysis (EFA) togetherwith a confirmatory factor analysis (CFA)was
performed to examine the construct validity in this study. The value of KMO = 0.834
was far greater than the standard value of 0.7. Meanwhile, the results from Bartlett’s
test also indicated good significance based on the value of the approximate chi-square
= 675.515 and p = 0.
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The convergent validity and discriminant validity were tested. The results imply
that the factor loadings are all greater than 0.7, indicating that each latent variable is
highly representative of the topic to which it belongs. The reliability CR of each variable
combination is greater than 0.7, and the average variance extracted AVE is greater than
0.5, which indicates good questionnaire aggregation validity. The discriminant validity
emphasizes the uniqueness of each construct from its other counterparts. The statistics
illustrates the good discriminant validity.

5.2 Experimental Validity Testing

To verify the rationality of the experimental design and the validity of the manipulation,
the questionnaire asked the subjects to rate the thematic coherence of CSR activities in
companies A and B respectively. Independent-sample test was used to test the validity
of the experimental manipulation. The test results clearly showed that the subjects’
perceived thematic coherence ofCSRactivitieswas significantly higher in the continuous
context than in the interrupted context (t = 21.390, p < 0.001), which indicates that the
material manipulation of the experimental setup regarding the thematic coherence of
activities was successful and both contexts had the expected impact on the subjects.

5.3 Hypothesis Testing

This study uses one-way ANOVA to test the difference of users’ purchase intention
under the two thematic coherence levels, and the test results show that users’ purchase
intention is significantly higher under the “high coherence” strategy than under the “low
coherence” strategy (F = 35.978, p < 0.001). That is, high theme coherence is more
likely to enhance users’ purchase intention compared with low theme coherence. These
results support H1.

Secondly, a one-way ANOVA was also used to verify the differences in consumer-
company identification under different levels of thematic consistency, and the test results
showed that consumer-company identification was significantly higher under the “high
coherence” thematic strategy than under the “low coherence” thematic strategy (F =
35.188, p < 0.001). That is, when e-commerce platform companies carry out CSR
activities, high theme coherency is more likely to enhance the consumer-company
identification. These results support H2.

5.4 Mediation Analysis

In order to test the proposed mediation effects (i.e., hypotheses 3), We used the process
plug-in v3. 3 of SPSS 26.0 and selected model 4 of the Bootstrap test for the mediation
effect. In this process, the thematic coherency of CSR activities was selected as the
independent variable, users’ purchase intention as the dependent variable, and consumer-
company identification as the mediating variable.Table 1 shows that the model has good
fitting effect with a 95% bootstrap confidence interval. Specifically contains a linear
regression fit of the mediating variable (R2 = 0.210, F= 39.345, p< 0.001) and a linear
regression fit of the dependent variable (R2 = 0.249, F = 24.344, p < 0.001).
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Table 1. Results of mediation role model testing.

coeff SE 95% CI R2 F-value P-value

Lower Upper

CCI Constants 2.825 0.152 2.524 3.125 0.210 39.345 0.000

Thematic Consistency 0.283 0.045 0.194 0.372

PI Constants 1.543 0.321 0.909 2.176 0.249 24.344 0.000

CCI 0.361 0.095 0.174 0.548

Thematic Consistency 0.203 0.059 0.087 0.319

The results of the intermediate effect test show that the total effect of thematic con-
sistency on users’ purchase intention is 0.305 with a 95% bootstrap confidence interval
(CI.95 = 0.197,0.413). The results show that the mediating effect value of consumer-
company identification is 0.102 with a 95% bootstrap confidence interval (CI.95 =
0.034, 0.227). And after controlling for mediating variables control, the value of the
direct effect of thematic coherence on users’ purchase intention is 0.203 with a 95%
bootstrap confidence interval (CI.95 = 0.087,0.319). It indicates that the direct effect
of thematic consistency on users’ purchase intention remains significant, i.e., there is
a partial mediating role of consumer-company identification between thematic consis-
tency of CSR activities of e-commerce platform and platform users’ purchase intention.
These results support H3. The results are presented in Table 2.

Table 2. Results of mediating effect between CSR thematic consistency and users’ purchase
intention.

Effect SE BootLLCI BootULCI

Direct effect 0.203 0.059 0.087 0.319

Indirect effect 0.102 0.049 0.034 0.227

Total effect 0.305 0.059 0.197 0.413

6 Conclusions and Discussion

Consistency of CSR activities on e-commerce platforms positively relates to users’
purchase intention. The higher the consistency of the themes chosen by companies in
their social responsibility activities, the stronger the willingness of users to purchase
the products or services. The reason for this may be that when e-commerce platform
companies choose to invest in social responsibility activities with the same theme, a large
number of social responsibility activities with strong correlation and high consistency
will be deepened and strengthened in users’minds, and it is easier to prompt users to form
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deep knowledge of social responsibility activities. Furthermore, when a large number of
resources for social responsibility activities are pooled together, users tend to think that
e-commerce platform companies are more sustainable in solving social problems in this
area, which will have a more positive impact on purchase intention.

Consumer-company identification partially mediates the relationship between the
thematic coherency of CSR activities on e-commerce platforms and users’ purchase
intentions. This shows that although there is not a single relationship between the
coherency of CSR activities on e-commerce platforms and users’ purchase intention,
the long-term commitment to a fixed theme of social responsibility activities is the
key to promoting users’ corporate identity and thus forming a positive willingness to
purchase.

6.1 Theoretical Contribution

This research made different theoretical contributions to the extant literature. First, this
study extended the existing literature through examining and validating the conceptual
framework and exploring the role of CSR activities of e-commerce platform compa-
nies in influencing users’ purchase intention. Only a little research has been done on the
outcomes of the CSR activities on e-commerce platforms, especially concerning the the-
matic consistency of CSR activities on e-commerce platforms. Thus, to our best knowl-
edge, the present study extends the literature on the underlyingmechanism throughwhich
e-commerce platforms’ CSR activities consistency is associated with positive behavioral
outcomes and result in a high consumer-company identification. Second, a few studies
have examined the impact of CSR themematching on users’ purchase intention, ignoring
the importance of coherence. Therefore, this research filled the gap by examining the role
of CSR topic coherence on users’ purchase intention. Finally, this study built empirical
support for the proposed model that the consistency of CSR activities of e-commerce
platforms influences users’ purchase intentions through mediating.

6.2 Managerial Implications

Our research findings have significant managerial implications. First of all, e-commerce
platform companies should further clarify the importance of social responsibility activi-
ties and consider social responsibility strategies comprehensively. For e-commerce plat-
form companies, the fulfillment of social responsibility cannot be achieved simply by
investing in any social responsibility activities, and the effect that can be achieved by
carrying out social responsibility activities will be influenced by many factors, such as
the company itself, the external environment and consumers. Therefore, how to consider
environmental factors and their own resource conditions, propose a better solution to the
theme of social responsibility, and finally achieve both economic and social benefits is
a realistic problem that enterprises need to solve.

Second, e-commerce platform companies should allocate activity resources reason-
ably according to their own reality to maximize the utility of CSR activity resources.
As the complexity of the current external environment and the subjective initiative of
consumers continue to increase, the resources available to companies are increasingly
limited, and the effects of social responsibility are increasingly restricted. In the actual
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operation process, if an enterprise has already carried out social responsibility activities
on a certain theme in the early stage, in order to make the limited activity resources have
a more positive impact on users, it can continue to increase the resources invested in the
theme activities. If an enterprise has not yet engaged in social responsibility activities, it
should fully consider the current market environment and its own actual situation, and
later choose a fixed theme of social responsibility activities for long-term investment as
far as possible, so as to finally realize the long-term development of its own business
and social cause.

Finally, e-commerce platform companies should integrate CSR into user relationship
management, fully recognizing the good role that CSR plays in maintaining the rela-
tionship between companies and users. For e-commerce platform companies, actively
carrying out highly coherent social responsibility activities can help users form a higher
level of consumer-enterprise identity, and the close relationship between companies and
users is derived from the high level of user identification with the company.

6.3 Limitations and Future Research

The present study has some limitations. First, the impact that a company’s social respon-
sibility activity can have on consumer behavior can be influenced not only by the subject
of the action, but also by external environmental conditions and consumers’ own fac-
tors. Therefore, future studies can further refine the research model along this direction.
Second, the study’s sample has some limitations. For example, the subjects are primarily
full-time students who are geographically restricted, and the sample’s representativeness
needs to be improved. Future studies should broaden the user sample, and in addition
to covering different occupational types and age groups, the sample should try to cover
multiple regions or cities. Finally, we only considered e-commerce platform companies.
Because organizational structures and culture differ by industry, the conclusions are
limited to e-commerce platform companies.
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Abstract. Online contents providers such asmusic platforms (e.g., NeteaseCloud
Music, QQMusic, etc.) generally adopt the mode that free users can listen to part
of the music library, and paying users can listen to all the music. This paper takes
online music platform as the research subject and takes the instability of net-
work environment and the uncertainty of digital music copyright playing effects
into consideration to study the copyright investment decisions of digital assets.
Firstly, this paper takes the playback effects of different levels of digital music
copyright and the operation cost of online music platforms as uncertain variables,
and then constructs an uncertain digital music copyright portfolio model consid-
ering the constraints of income, cost, and risk of the platform. Secondly, based
on the uncertainty theory, the uncertainty model is transformed into the corre-
sponding deterministic form. Finally, this paper calculates the optimal choice of
music tracks belonging to different levels through numerical examples, verifies the
effectiveness and practicability of the model and algorithm, and further explores
the influence of investment preference on investment decisions.

Keywords: Digital Music Copyright · Copyright Investment · Uncertain
Variable · Uncertain Programming

1 Introduction

With the progress of society and the development of information technology, people’s
demand for spiritual and cultural consumption is growing. More and more consumers
begin to obtain news, videos, music, knowledge, and other online contents through the
Internet [1]. Digital music is the digital format of a piece of music that based on network
technology and can be transmitted and downloaded through the Internet. Depending on
the platforms and media, digital music can be further divided into wireless music and
online music. The formation of online music industry is based on Internet and mobile
technology. iiMedia Research data shows that the scale of online music users and market
will continue to expand under the strong support of 5G, AI, and other cutting-edge
technologies1.

At the end of the 20th century, after the online music appeared in China, the public’s
copyright awareness of music was awakened gradually. In 2015, the National Copyright

1 Source: iiMedia Report 2020 China Online Music Industry Development Research Report.
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Administration issued the Notice on Ordering Online Music Service Providers to Stop
Unauthorized Dissemination of Music Works, and according to the notice, all major
music platforms removed all uncopyrighted music, and online music industry of China
officially entered the era of copyright. At the same time, with the increasing depth
and breadth of consumers’ access to the Internet, the competition for copyright among
online platforms is becoming increasingly fierce. Copyright protection policies have
been strengthened, online contents copyright owners and platforms actively safeguard
their legitimate rights and interests, and the investment environment for digital copyright
has been rapidly improved [2].

The rapidly rising cost of copyright investment has made it the biggest operating
expense for online music platforms. At the same time, more and more users are willing
to pay for high-quality online contents, and rich library resources become the basis
of payment and the key to user retention [3]. Copyright investment affects the revenue
models andpricing strategies of the platforms to someextent.After entering the copyright
period, the major online music platforms try to gain a competitive advantage by buying
as many Copyrights as possible. In this situation, the investment choice of digital music
copyright is extremely important for the healthy and orderly development of onlinemusic
platforms.Digital assets are gettingmore andmore attentions.Many scholars have begun
to investigate portfolio strategies for digital assets [4]. Petukhina et al. assess the out-
of-sample performance of eight portfolio allocation strategies relative to the naive 1/N
rule applied to traditional and crypto-assets investment universe [5]. Nevertheless, to our
best knowledge, there is a lack of research on digital copyright investment strategies.

Further, with the rapid development of mobile Internet in recent years and the impact
of COVID-19 on the network environment, the instability of social network environment
and the uncertainty of music copyright value have been greatly enhanced. For example,
a negative personal event of the singer of a musical track may affect the playing effect
of the music copyright. At this point, online music platforms cannot judge the future
data of music tracks according to the music playing data in the previous network envi-
ronment. These uncertain factors lead to decision-makers having nothing to rely on, and
uncertainty theory provides a theoretical framework for analyzing such situations.

Uncertainty theory was put forward by Liu [6] in 2007, which is the theoretical basis
for solving subjective uncertainty. Nowadays, the uncertainty theory has been widely
used in finance [7–12], the vehicle routing problem [13, 14], the intensive production
plan [15], socialmediamarketing [16] and other fields, to solve the uncertainty influences
in the areas mentioned above. In the copyright investment process, the product we are
investing in is usually new. Currently, we do not have enough historical data to determine
the probability distribution, so it is incomplete for us to consider uncertain factors as
random variables. The uncertainty theory is precisely a theory that uses reliability to
measure the possibility of events when the sample size is small. At this point, we can
determine the uncertain distribution that the variable satisfies. Therefore, in this paper,
the uncertain factors in investment process are considered as uncertain variables.

In view of digital copyright investment behavior, this paper regards the uncertain
factors in copyright investment as uncertain variables. In this paper, we treat the online
content service provider as the decision-making party, the copyright portfolio involved in
the copyright process as the background, the digital music copyright playing effect, and
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the cost of the decision-making party as the uncertain variables, the copyright income
effect, investment cost and investment risk as the constraints of promotion decision
optimization problem, the copyright investment decision of online music platform.

The remaining components of this paper are shown below. In the second section, an
uncertain music copyright portfolio model is established, which considers investment
income (playing effect), investment cost and investment risk. In Sect. 3, the uncertain
model is transformed into an equivalent deterministic model. In Sect. 4, numerical sim-
ulation experiments are carried out to demonstrate the effectiveness and practicability of
the model. In section five, conclusions and prospects are given. Finally, in the appendix
(available upon request), basic concepts in uncertainty theory are reviewed.

2 Uncertain Digital Music Copyright Investment Model

How to rationally invest in digital music copyright for platform vendors? Before answer-
ing the question, we put forward two assumptions based on the realistic situation and
research purpose.

Assumption 1: Digital music copyright levels are from grade 1 to grade n.

Onlinemusic platforms, as the decision-makingparty, grade digitalmusicCopyrights
according to the music type of the music track, the audience type and the creator and
singer of the music, which affects the music played. For example, “Netease Music
Cloud”, as an important music service platform, classifies the digital music copyright
according to the degree of the audience’s preference of the composer and singer of a
music track, as well as the relevant data of previous similar music.

Assumption 2: Digital music Copyrights of the same grade have the same value, and
the cost for decision makers to invest in digital music Copyrights of the same grade is
also the same.

Since the playing effect of digital music is subject to uncertain factors such as the
Internet environment and the popularity of the singer across the time, the existing data is
not enough to explain the future playing effect (such as the number ofmusic tracks played,
likes, and comments). Therefore, in this paper, the expected revenue effect of digital
music copyright of different levels is expressed by uncertain variables as ξ1, ξ2, · · · , ξn.

Before deciding, decision makers will have a certain expectation of the benefits. At
this point, the expected playback effect of the digital copyright is the expected income
of decision makers. The decision maker should ensure that the average expected return
reaches at least one level, which is set as α. Accordingly, the constraint conditions are
proposed, expected income constraint:

E[ξ1x1 + ξ2x2 + · · · + ξnxn] ≥ α (1)

Among them, E represents the expected value of uncertain variable. The proportion
of the digital music copyright from the level i is xi(x = 1, 2, · · · , n), which satisfies
x1 + x2 +· · ·+ xn = 1.xi is the decision variable and α is the lowest income expectation
given by the decision maker in advance.
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The copyright investment process generates costs. The cost to decision makers is
directly proportional to the performance of digital assets. Since the playing effect of
music copyright is an uncertain variable, the cost to be paid by the decision maker
should also be an uncertain variable. Let’s assume that the cost of the decision maker
for copyrights at level i is ci, i = 1, 2, · · · , n. Accordingly, the constraint conditions are
proposed cost constraint:

M {c1x1 + c2x2 + · · · + cnxn ≥ Y } ≤ β (2)

Among them, M is called the uncertainty measure. Y is the ratio of the maximum cost
that decision makers can pay to the total number of the digital music copyright, that is,
the highest average cost from the decision maker. β indicates the maximum tolerance
of the decision maker for exceeding the cost budget.

Decisions are accompanied by risks. It is assumed that the fluctuation of the expected
return of each decision is a risk. Therefore, the measure of risk can be measured by
variance. Decision makers should ensure that the risk of product promotion is not too
large, that is, it does not exceed the level λ. Accordingly, the constraint conditions are
proposed, risk constraint:

V [ξ1x1 + ξ2x2 + · · · + ξnxn] ≤ λ (3)

Among them, V indicates the variance of the expected communication effect. λ is the
maximum average risk tolerance given by the decision maker in advance.

The goal of decision makers is to maximize benefits and minimize risks. However,
because the units of benefit and risk are not consistent, decision makers often consider
minimizing risk on a per-unit basis. Therefore, this paper takes V/E minimization as
the decision-making objective, that is, minimizing the risk on the basis of unit return,
which also means maximizing the return when the risk is fixed. Therefore, the objective
function is,

min
V [ξ1x1 + ξ2x2 + · · · + ξnxn]

E[ξ1x1 + ξ2x2 + · · · + ξnxn]
(4)

To sum up, the uncertain digital music copyright investment model which considers
investment returns, investment costs and investment risks (Uncertain Digital Music
Copyright Investment Model, UDMCI-model):

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

min V [ξ1x1+ξ2x2+···+ξnxn]
E[ξ1x1+ξ2x2+···+ξnxn]

s.t.
E[ξ1x1 + ξ2x2 + · · · + ξnxn] ≥ α

M {c1x1 + c2x2 + · · · + cnxn ≥ Y } ≤ β

V [ξ1x1 + ξ2x2 + · · · + ξnxn] ≤ λ

x1 + x2 + · · · + xn = 1
xi ≥ 0
i = 1, 2, · · · , n.

(5)
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3 Model Transformation

Formula (5) is the general formof theUDMCI-model, and decision-makers cannot obtain
the optimal choice of copyright levels according to model (5). In order to facilitate the
solution of model (5), this paper gives the equivalent form of model (5) according to the
uncertainty theory.

Assume that play effect is an independent normal uncertainty variable. In this case,
has a continuous monotonically increasing uncertain distribution function. Assume
that, cost as an independent normal uncertainty variable. In this case, has a continu-
ous monotonically increasing uncertain distribution function. Therefore, model (5) can
be transformed into the following form:

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

min

(
n∑

i=1
σixi

)2/
n∑

i=1
μixi

s.t.
n∑

i=1
μixi ≥ α

n∑

i=1
xi(ei +

√
3δi
π

ln β
1−β

) ≤ Y
(

n∑

i=1
σixi

)2

≤ λ

x1 + x2 + · · · + xn = 1
xi ≥ 0
i = 1, 2, · · · , n.

(6)

The formula has been proven to have a unique solution [6]. According to Liu [6], ξi is
an uncertain variable, ξi ∼ N (μi, σi), i = 1, 2, · · · , n. Therefore, the income constraint
in model (5) is

E[
n∑

i=1

xiξi] =
n∑

i=1

xiE[ξi] =
n∑

i=1

xiμi.

Therefore, in the same way, according to Liu [6], there are

√
V [x1ξ1 + x2ξ2 + · · · + xnξn] = x1

√
V [ξ1] + x2

√
V [ξ2] + · · · + xn

√
V [ξn]

= x1σ1 + x2σ2 + · · · + xnσn

=
n∑

i=1

xiσi.

Therefore, the risk constraint in model (5) is

V [
n∑

i=1

ξixi] = (

n∑

i=1

σixi)
2 ≤ λ.
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ci is a normal uncertain variable,ci ∼ N (ei, δi), i = 1, 2, · · · , n. According to Liu [6],

the uncertain inverse distribution function of
n∑

i=1
cixi at β is:

n∑

i=1

xi	
−1
i (β).

According to the monotonicity of uncertain variable ci, the cost constraint in the model
(5) can be written as follows:

n∑

i=1

xi	
−1
i (β) ≤ Y ,

n∑

i=1

xi(ei +
√
3δi
π

ln
β

1 − β
) ≤ Y .

Therefore, the transformation of model (5) into model (6) can be proved.

4 Numerical Example

4.1 Experiment

In order to make decision makers better apply the UDMCI-model considering the con-
straints of benefits, costs, and risks in practice, a numerical example is used to illustrate
the application of the model. To keep things simple, decisionmakers have divided digital
music rights into eight levels. The playing effect of music tracks is affected by many
factors, and it is impossible to predict the future playing effect based on the existing
data. Therefore, this paper adopts the expert experiences method in the uncertainty pro-
gramming theory [17], in which experts estimate the final playing effect and investment
cost according to their own knowledge, ability and social network environment, and then
obtain the corresponding normal uncertainty distribution. Then, the least square method
[6] in the uncertainty theory is used for parameter estimation. The final parameter results
are shown in Table 1.
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Table 1. Uncertain distribution of expected play effect and cost.

Level i μi σi ei δi

1 25000 50 3000 30

2 50100 100 4500 87

3 100000 150 9900 56

4 350000 310 20000 77

5 1100000 360 110000 90

6 8800000 510 780000 97

7 15000000 750 1500000 125

8 38000000 1000 3000000 200

Suppose the decision maker decides to select a total of 50 music tracks for digital
music copyright investment, the expected playing effect (number of plays, likes and
comments) is 620 million, and the expected total cost is 90 million RMB. It is assumed
that decision makers use model (6) to deal with the above problems. The specific model
is:

⎧
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

min

(
8∑

i=1
σixi

)2/
8∑

i=1
μixi

s.t.
8∑

i=1
μixi ≥ 31000000

8∑

i=1
xi(ei +

√
3δi
π

ln 0.1
1−0.1 ) ≤ 4500000

(
8∑

i=1
σixi

)2

≤ 3000000

x1 + x2 + · · · + x8 = 1
xi ≥ 0, i = 1, 2, · · · , 8.

(7)

Among them, the lowest limit of average expectation is α = 31000000. The maximum
tolerance of average risk is λ = 3000000. The cost constraint threshold value acceptable
to decision makers is Y = 4500000, and the reliability that exceeds the threshold value
β cannot exceed 0.1.

By running Matlab R2018a and using fmincon solver, the optimal solution of the
model is 0.0244. At this time, the distribution ratio of different levels is shown in Table 2.

At this point, when the number of Copyrights selected by the decision maker at each
level is (2, 2, 2, 2, 2, 2, 36), the decision can well meet the expected income, and the
cost is reasonable and the risk is low enough. The results in Table 2 show that: when
making copyright investment decisions, the highest level of copyright should be the one
to focus on, and multiple levels copyright should also be involved. This can not only
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Table 2. Allocation ratio.

Level Allocation ratio

1 0.0241

2 0.0243

3 0.0238

4 0.0234

5 0.0238

6 0.0305

7 0.0382

8 0.8121

ensure the final investment returns, but also increase the diversity of platform repertoire
styles, which can better adapt to the different needs of the vast audience.

4.2 The Effectiveness of the Fmincon

The iterative convergence of the objective function value (OFV) is shown in Fig. 1. It
can be easily seen from Fig. 1 that the convergence speed of fmincon solver is very fast.
In addition, it stops when the number of iterations reaches 20, indicating that fmincon
solver is an effective method for solving this model.

Fig. 1. Fmincon’s iterative convergence graph of objective function value.
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4.3 The Effectiveness of the Model

In this section, this paper changes the value ofα, λ,andY to describe different preferences
of decision makers, including expected playing effect preference, risk preference and
cost preference. The simulation results are analyzed to explore the influences of different
investment preferences on portfolio decision, to verify the effectiveness of the model.

Fig. 2. OFV changing with αλ Y

Table 3. The optimal selection proportions for different α

α Optimal selection strategy x∗ OFV

29000000
x1 = 0.1014, x2 = 0.0587, x3 = 0.0282, x4 = 0.013,

x5 = 0.0119, x6 = 0.0142, x7 = 0.0107, x8 = 0.7618
0.0219

30000000
x1 = 0.0300, x2 = 0.0297, x3 = 0.0285, x4 = 0.0264,

x5 = 0.0265, x6 = 0.0336, x7 = 0.0387, x8 = 0.7867
0.0240

31000000
x1 = 0.0241, x2 = 0.0243, x3 = 0.0238, x4 = 0.0234,

x5 = 0.0238, x6 = 0.0305, x7 = 0.0382, x8 = 0.8121
0.0244

32000000
x1 = 0.0218, x2 = 0.0217, x3 = 0.0210, x4 = 0.0199,

x5 = 0.0200, x6 = 0.0256, x7 = 0.0305, x8 = 0.8396
0.0246

34000000
x1 = 0.0133, x2 = 0.0135, x3 = 0.0133, x4 = 0.0133,

x5 = 0.0136, x6 = 0.0176, x7 = 0.0228, x8 = 0.8927
0.0252

37000000
x1 = 0.0032, x2 = 0.0035, x3 = 0.0033, x4 = 0.0032,

x5 = 0.0035, x6 = 0.0043, x7 = 0.0056, x8 = 0.9734
0.0260

Table 3 describes the optimal selection under different expected playback effect
preferences and calculates the corresponding objective function values. As shown in
Fig. 2, high return is accompanied by high risk. The higher the return, the greater the
increase of risk. Therefore, the larger the value, the larger the value of the objective
function (Table 3).

Table 4 describes the optimal choice of investment decision under different risk
preferences. Under a certain risk threshold, the higher the risk threshold that decision
makers can bear, the greater the increase of risk under unit return, which is consistent
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Table 4. The optimal selection proportions for different λ.

λ Optimal selection strategy x∗ OFV

1700000
x1 = 0.0284, x2 = 0.0280, x3 = 0.0271, x4 = 0.0260,

x5 = 0.0264, x6 = 0.0341, x7 = 0.0103, x8 = 0.8196
0.0240

2000000
x1 = 0.0241, x2 = 0.0244, x3 = 0.0239, x4 = 0.0233,

x5 = 0.0238, x6 = 0.0306, x7 = 0.0378, x8 = 0.8120
0.0243

2500000
x1 = 0.0236, x2 = 0.0238, x3 = 0.0234, x4 = 0.0231,

x5 = 0.0235, x6 = 0.0301, x7 = 0.0403, x8 = 0.8122
0.0244

3000000
x1 = 0.0241, x2 = 0.0243, x3 = 0.0238, x4 = 0.0234,

x5 = 0.0238, x6 = 0.0305, x7 = 0.0382, x8 = 0.8121
0.0244

3500000
x1 = 0.0241, x2 = 0.0243, x3 = 0.0238, x4 = 0.0234,

x5 = 0.0238, x6 = 0.0305, x7 = 0.0382, x8 = 0.8121
0.0244

4000000
x1 = 0.0241, x2 = 0.0243, x3 = 0.0238, x4 = 0.0234,

x5 = 0.0238, x6 = 0.0305, x7 = 0.0382, x8 = 0.8121
0.0244

with the target value shown in Table 4. As shown in Fig. 2, when the risk threshold is
below 2500000, with the increase of the risk threshold, the value of risk under unit return
will be larger. However, when the risk threshold is set too high, the risk value under unit
income will not change basically. Therefore, the model is reasonable and effective.

Table 5. The optimal selection proportions for different Y

Y Optimal selection strategy x∗ OFV

2500000
x1 = 0.0302, x2 = 0.0299, x3 = 0.0282, x4 = 0.0354,

x5 = 0.0189, x6 = 0.0259, x7 = 0.0275, x8 = 0.8041
0.0219

3500000
x1 = 0.0156, x2 = 0.0103, x3 = 0.0070, x4 = 0.0031,

x5 = 0.0027, x6 = 0.0031, x7 = 0.0023, x8 = 0.8155
0.0222

4000000
x1 = 0.0258, x2 = 0.0257, x3 = 0.0247, x4 = 0.0232,

x5 = 0.0233, x6 = 0.0297, x7 = 0.0348, x8 = 0.8128
0.0243

4500000
x1 = 0.0241, x2 = 0.0243, x3 = 0.0238, x4 = 0.0234,

x5 = 0.0238, x6 = 0.0305, x7 = 0.0382, x8 = 0.8121
0.0244

5000000
x1 = 0.0257, x2 = 0.0255, x3 = 0.0246, x4 = 0.0231,

x5 = 0.0232, x6 = 0.0297, x7 = 0.0349, x8 = 0.8134
0.0243



178 X. Wang and N. Zhang

High investment leads to high returns. Moreover, when the cost input is high enough,
the risk can be avoided to a certain extent. Therefore, at a certain cost threshold, the value
at risk per unit of revenue increases. When the cost threshold is high enough, some risks
can be avoided, so there is no significant change in risk. This is consistent with the target
value results shown in Table 5 and Fig. 2. When the cost input is too high, the value at
risk will no longer change significantly.

In summary, the experimental results presented in this section confirm the rationality
and effectiveness of the model.

5 Conclusion

Digital music copyright is a powerful tool for online music platforms to gain profits as
well as the industry competitiveness. High-quality investment decisions are conducive
to the sustainable development of the platform. Under the condition of limited cost
expenditure, online music platform should minimize the promotion risk on the basis of
satisfying the expected playback effect, so as to make the optimal investment decision
reasonable. Considering the instability of the network environment and the uncertainty
of the playing effect of music tracks, this paper innovatively introduces the uncertainty
theory to build the digital music copyright portfolio model under the uncertain environ-
ment, which is expected to fill in the gap of investment strategy research in the field of
digital music copyright. The research results of this paper can provide a theoretical basis
for the scientific decision of copyright investment in online music platforms, and have a
guiding role in the rationalization of copyright investment in such platforms.

The main contributions of this paper are as follows: Firstly, the uncertainty theory
is applied to the research of digital music copyright for the first time. Secondly, the
portfolio strategy of digital music copyright under uncertain environment is studied.
Thirdly, the paper explores the influence of decision makers’ investment preference on
digital music copyright investment.

As digital music copyright investment involves the issue of trade secrets, this paper
uses the simulation value as an example in the simulation experiment, but there is a certain
deviation from the actual situation. In the future, we hope to obtain real data from online
music platforms through different channels and technical means to achieve better fitting
effect. In addition, this paper takes music copyright in digital copyright as an example to
build a single objective uncertain portfolio model. The next research direction is to con-
sider the investment process of digital copyright, conduct a detailed study, and propose an
optimal investment plan for multi-objective digital copyright investment. Finally, digital
music copyright investment has a variety of copyright investment methods, including
obtaining exclusive copyright, copyright sublicense, etc., which have different charac-
teristics and are subject to different factors. It is an important research direction to use
different ways of copyright investment to make portfolio decision. The model can be
further improved according to different combinations of copyright investment ways to
better adapt to the actual needs of the platform.
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Abstract. This paper explores the influence of two channel characteristics on
brand loyalty, namely, the vividness of online information presentation and offline
travel distance perception and the moderating effects of haptic perception demand
and price consistency in the new retail model based on the dual system theory of
decision making. A total of 537 valid samples were collected for model testing.
Results showed that the vividness of online information presentation had a signifi-
cant positive effect on customer behavior loyalty and attitude loyalty; offline travel
distance perception only had a significant negative effect on customer attitude
loyalty; haptic perception needs negatively moderated the relationship between
vividness of information presentation and customer behavior loyalty; and price
consistency positively moderated the relationship between travel distance percep-
tion and customer attitude loyalty. The findings have implications for different
experience-based FMCG brands to break out the “traffic” dilemma in new retail.

Keywords: New Retail Model · Vividness of Information Presentation · Travel
Distance Perception · Brand Loyalty

1 Introduction

New retail is a novel model that realizes the synergy and integration of traditional and
e-commerce retails with the help of digital technologies such as big data and artificial
intelligence to provide customers with a seamless shopping experience (Lee et al., 2021).
Popular clothing, shoes, hats, and bags are both experience-based and FMCG products,
and customers have a strong need to purchase both the experience of being present
and the convenience of repeated purchases. On one hand, the increasing number of
new brands and the diversification of purchase channels make it easy for old customers
to be attracted by other brands and to be “lost” in the process of repeated purchase.
On the other hand, the fierce competition also makes it costly for companies to obtain
new customers. The cost of “traffic” of new customers is increasing. These “traffic”
dilemmas have become obstacles to optimizing brand loyalty building. Studies have
highlighted the importance of omnichannelmanagement (Lee et al., 2021) and the impact
of channel integration on service satisfaction (Fisher et al., 2019). Research has also
explored the impact of specific factors on purchase decisions in a single channel (Kim
et al., 2019), and others have discussed customer channel preferences in omnichannel
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operations (Luo et al. 2020). Few studies have explored in depth the impact of online and
offline channel characteristics on brand loyalty in the channel integration process of new
retail. Therefore, breaking through the dilemma of customer “traffic” loss and optimizing
brand loyalty in the experience-based FMCG industry are important for new retailers
by effectively implementing omnichannel management, deeply exploring the different
channel characteristics of online and offline channels in omnichannel, and exploring
their internal influence mechanisms on brand loyalty.

2 Literature Review

An important driver of customer loyalty is customer satisfaction, based on expectation
confirmation theory (ECT). While, with the diversification of sales channels in retail
scenarios, studies have been conducted to explore other key factors affecting brand
loyalty from online or offline channels, respectively. For offline channels, the influence
of store atmosphere, brand image, corporate social responsibility, customer’s attitude,
confidence, and relationship with brand loyalty was discussed from the perspective
of social image and emotional relationship with the brand (Jung et al., 2020; Iglesias
et al., 2020). By contrast, for online sales channels, the influence of brand identity, brand
rewards, personalization of advertising messages, and perceived value of information on
brand loyaltywas analyzed from the perspective of emotional relationship andmarketing
approach of brands (Kaur et al., 2020; Shanahan et al., 2019).

The omnichannel of the new retail model consists of two types of channels, namely,
online and offline. Most existing studies have explored the effects of specific factors of a
single channel on channel integration, purchase behavior, and pro-social behavior. The
offline channel remains the main channel of the new retail model, which aims to satisfy
customers’ needs for on-the-spot experiences through stores. Early studies have focused
on service quality, store atmosphere, and travel factors (Francioni et al., 2018; Grewal
et al., 2012; Luo et al., 2020). The online channel is another feature of the new retail
model, which presents product information with the help of virtual digital technology.
Studies have analyzed the effects of information presentation in online channels from
two perspectives: local and overall feature. Based on local feature, existing studies have
explored the effects of information presentation characteristics such as picture content,
color, and size (Luo et al., 2021). Based on overall feature, existing studies have explored
the effects of information presentation methods, such as static pictures, zoomed images,
and rotated videos (Jai et al., 2021).

In summary, existing studies have mostly focused on the characteristics of only one
channel in new retail model, and information presentation effect and travel distance
has become key factors influencing customer decisions in offline or online channels,
respectively. For information presentation, customers’ judgment of product value is not
only based on the local characteristics of information presentation but also depends
on the overall characteristics of information presentation. Although some studies have
explored the overall characteristics, they have not yet fully discussed its influence on
customers’ brand loyalty. For travel distance, studies have discussed the influence of
travel factors on channel integration and purchase decisions, however, most studies have
ignored the difference between spatial travel distance and cognitive travel distance, and
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its impact on customer loyalty. It has important theoretical value to study the impact
of different characteristics of the two channels on customer loyalty, and has practical
guidance for FMCG band to break out the customer “traffic” loss dilemma.

3 Research Hypothesis

Studies have shown that brand loyalty can be finely measured in terms of attitude and
behavior loyalties (Chaudhuri et al., 2001). In the new retailing model, behavior loyalty
can improve the repeat purchase of old customers, while willingness to recommend of
attitude loyalty has a word-of-mouth effect and can help companies reduce the cost of
acquiring new customers. Therefore, both behavior and attitude loyalties are important
elements to focus on. From the perspective of brands and customers, both of them always
expect online and offline channels are complementary. Similarly, in the new retail model,
omnichannel is the key to influence customers’ purchase decision, and correspondingly
channel characteristics become an important factor affecting brand loyalty.

The Dual-system theory believes that human decision making has two modes: intu-
itive heuristic and rational analytical processing; the heuristic system relies on intuition
to deal with problems, processing speed is faster, more partial information is extracted
for processing, and decision bias is easily produced; whereas the analytical processing
system requires conscious effort to deal with problems, systematic information process-
ing, processing speed is slower, and decision bias can be somewhat avoided (Evans et al.,
2013). Customers have the tendency to use simple heuristics for decision making when
making repeated purchases and relatively unimportant decisions. This paper argues that
in the new retail model, customers are free to choose online or offline channels, the
vividness of information presentation is the evaluation of the overall display of product
information in online channels, and the travel distance perception is the customer’s cogni-
tive judgment of the spatial distance when purchasing in offline channels. Both of them
affect the customer’s choice of information processing mode in the decision-making
process. The conceptual model of this paper sees Fig. 1.

Online channels do not allow customers to touch and experience products on the
spot but rather display product information with digital technology, and the effect of
product information presentation in online channels also affects customers’ decisions.
According to the principle of perceptual organization, humans are more likely to under-
stand and remember things from a holistic visual perspective in an unconscious state
(Jimenez et al., 2017), and the vividness of information presentation makes it easier
for customers to understand and remember product information without extra cognitive
effort. For brands with low vividness of information presentation, customers need to
mobilize their analytical processing systems more to sort out, discriminate, and under-
stand product information, which requires additional cognitive effort. By contrast, for
high vividness of information presentation, customers can stimulate their visual nerves
more effectively and complete most cognitive tasks heuristically and autonomously,
which makes information processing less difficult and increases customers’ willingness
to purchase and recommend the brand. Kim et al. (2019) showed that positive image
processing can increase customers’ willingness to buy; Yu et al. (2017) found that online
information presentation forms with visual and interactive features are more likely to
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trigger customers’ online presence, which in turn stimulates customers’ willingness to
purchase and recommend. Therefore, the vividness of information presentation signif-
icantly affects behavior and attitude loyalty. In summary, the following hypotheses are
proposed:

H1: Vividness of information presentation significantly and positively affects
customers’ (a) behavior loyalty and (b) attitude loyalty.

Cognitive distance is the perception of distance between locations that are distant
and invisible to each other in a large-scale space (Ankomah et al., 1995), and customers’
perception of travel distance to offline stores is also a form of cognitive distance. Accord-
ing to existing retail store location studies, the closer the physical distance to the brand’s
store, the lower the travel cost and the greater the likelihood of customer repurchase.
However, actual distance is only the basis of perceived distance, and customers may use
perceived distance rather than actual distance when choosing a destination (Raghubir
et al., 1996). As the actual distance increases, the customer’s estimate of the perceived
distance also increases and produces some cognitive bias (Ankomah et al., 1995). In
this paper, we argue that for brands with perceived distant travel distances, customers
need to invest extra cognitive effort to process a large amount of travel information, and
decision inaccuracy and difficulty increase. By contrast, for brands with perceived close
travel distances, customers need to process less spatial distance information, completing
decisions through heuristic system, and more willing to purchase and recommend the
brand. Lin et al. (2008) found that cognitive distance estimates do not directly predict
tourists’ intention to visit but indirectly predict customers’ intention to visit through the
inaccuracy of cognitive distance; Raghubir et al. (1996) demonstrated that in the case of
map navigation, the cognitive distance formed is automatically used by the customer’s
heuristic system, and is more accessible and accurate than the actual distance and there-
fore is more likely to be preferred by customers’ recommendations. Therefore, travel
distance perception significantly affects behavior and attitude loyalty. In summary, the
following hypotheses are proposed:

H2: Travel distance perception significantly and negatively affects customers’ (a)
behavior loyalty and (b) attitude loyalty.

Compared with offline channels, online channels have difficulty providing haptic
experiences similar to those of physical stores through sensory systems. This lack of
sensory cues can cause hesitation among customers to shop in online channels. Hap-
tic perception needs can be defined as the preference of customers to access product
information through the haptic sensory system, which allows for obtaining a cognitive
evaluation of the product, establishing an emotional bond with the product, and thus
influencing customer attitudes and behaviors (Peck et al., 2006). De Canio et al. (2021)
found that customers with strong haptic characteristics prefer offline physical andmobile
channels that provide direct touch interfaces (e.g., touch screens, touch pads). Manzano
et al. (2016) used the fashion apparel industry as an example and found that customers
who chose online channels showed lower haptic demand than those who chose offline
channels. This paper argues that customers with low haptic perceptual demand prefer
digital information presentation, and those with high haptic perceptual demand prefer to
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experience product information in person. Therefore, haptic perceptual demand weak-
ens the impact of vividness of online information presentation on behavior customer and
attitude loyalty. In summary, the following hypotheses are proposed:

H3: Haptic perception needs play a negative moderating role between vividness of
information presentation and customers’ (a) behavior loyalty and (b) attitude loyalty.

Price consistency is defined as the customer’s perception of the difference in product
prices between offline and online channels. Chu et al. (2008) found that households
are more price sensitive to offline channels than online channels, and the closer the
household is to the brand’s offline store, the higher the customer’s price sensitivity. In
new retailing model, price is more likely to significantly influence customers’ shopping
choices in offline channels, and the closer the travel distance is perceived, the more
significant the effect to be. Price is an important signal of product quality, and price
inconsistency between online and offline is likely to lead customers to judge the quality
of the brand’s products as bad, thus reducing customers’ trust in the brand. Mookherjee
et al. (2021) showed that pricing inconsistency between online and offline influences
repurchase or retention behavior through customer regret and disappointment. This paper
argues that online and offline price consistency can enhance customer trust and positive
emotions toward the brand’s products, thus strengthening the impact of offline travel
distance perception on customer behavior and attitude loyalty. In summary, the following
hypotheses are proposed:

H4a: Price consistency plays a positive moderating role between travel distance
perception and customers’ (a) behavior loyalty and (b) attitude loyalty.

Fig. 1. Conceptual model
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4 Study Design

In this study, data were collected via an online questionnaire, and the respondents were
customers who had visited both online and offline stores of a clothing brand within the
last threemonths. The data collection was divided into two stages: pre-survey and formal
survey. A total of 700 questionnaires were distributed, and invalid questionnaires with
failed attention check, incomplete, and abnormal answer time were excluded. Finally, a
total of 537 valid questionnaires were obtained, with a valid recovery rate of 76.7%.

To improve the content validity of the scales, all scales used in existing studies were
used tomeasure the variables, and the vividness of information presentation was referred
to the scale of Yu et al. (2017), travel distance perception was referred to the studies of
Ankomah et al. (1995) and Lin et al. (2008) using the inverse measurement scale, haptic
perceived need was referred to the scale of De Canio et al. (2021), price consistency was
referred to Mookherjee et al. (2021), time pressure with reference to Hamermesh et al.
(2007), brand satisfaction with reference to Jung et al. (2020) and Francioni et al. (2018),
and brand loyalty with reference to Chaudhuri et al. (2001) and Jung et al. (2020). The
questionnaire items were also adapted to the study scenario. Each variable wasmeasured
on a 7-point Likert scale. In addition, customers’ gender, age, income, number of online
shopping trips, time pressure, and brand satisfaction affect brand loyalty, and related to
online information presentation and travel distance perception. Thus, these variables are
used as control variables.

5 Data Analysis and Results

5.1 Descriptive Statistics

Table 1 summarizes the descriptive statistical analysis of the survey sample. The pro-
portion of female samples is slightly higher than that of male samples, which is in line
with the current situation of female customers in the apparel industry.

Table 1. Demographics Summary

Variable Classification Number Percent (%)

Gender Female 328 61.1

Male 209 38.9

Age (years) 0–20 18 3.4

21–30 293 54.6

31–40 177 33.0

(continued)
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Table 1. (continued)

Variable Classification Number Percent (%)

41–50 29 5.4

>50 20 3.7

Degree High school and below 16 3.0

Specialist 63 11.7

Undergraduate 401 74.7

Graduate 57 10.6

Income Less than 1000 RMB 10 1.9

1001–3000RMB 89 16.6

3001–5000RMB 75 14.0

5001–8000RMB 172 32.0

More than 8000 RMB 191 35.6

Times of online purchases Nearly a
month

Less than 3 times 8 1.5

3–5 times 55 10.2

6–10 times 121 22.5

More than 10 times 353 65.7

5.2 Reliability Analysis and Common Method Bias Test

In this study, SPSS 22.0 and AMOS 20.0 were used to test the reliability and validity
of each variable, and Table 2 gives a summary. First, the Cronbach’s Alpha value of
each variable of the questionnaire in this study was higher than 0.6, and the overall
Cronbach’s Alpha value was approximately 0.8. The composite reliability (CR) of each
variable was higher than 0.6, and the quality of data reliability was good. In addition,
the factor loadings and the average variance extracted (AVE) values of each variable
showed that the factor loadings of each variable were greater than 0.6. The average
variance extracted (AVE) of each variable was more than 0.5, which indicated that the
convergent validity of the scale was good. Meanwhile, the square root of AVE values
was greater than the correlation coefficient of each variable, which indicates that the
scale has good discriminant validity as shown in Table 3.

The study conducted a factor analysis of all question items for each latent variable of
brand satisfaction, brand loyalty, vividness of information presentation, travel distance
perception, and haptic perception demand and time pressure. It then obtained an unro-
tated first principal component with a variance explained of 24.35%, with no significant
common method bias.
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Table 2. Reliability tests and AVE values for each variable

Construct Items Factor loading CR AVE

Information presented by Vividness (PV) PV3 0.726 0.71 0.55

PV5 0.763

Traveling Distance Perception (DS) DS1 0.917 0.94 0.79

DS2 0.921

DS3 0.798

DS4 0.912

Haptic perception needs (TC) TC2 0.844 0.93 0.76

TC3 0.885

TC4 0.873

TC5 0.892

Price Consistency (CN) CN2 0.771 0.84 0.72

CN3 0.920

Brands Satisfaction (SA) SA1 0.704 0.67 0.51

SA2 0.719

Time pressure (TP) TP1 0.896 0.95 0.84

TP2 0.917

TP3 0.931

TP4 0.924

Behavior Loyalty (LYB) LYB1 0.765 0.77 0.53

LYB2 0.655

LYB3 0.749

Attitude Loyalty (LYT) LYT1 0.784 0.82 0.60

LYT2 0.771

LYT3 0.770

Table 3. Pearson correlation with AVE square root values

PV DS TC CN SA TP LYB LYT

PV 0.745

DS 0.183 0.888

TC −0.052 0.070 0.874

CN 0.255 0.230 0.108 0.849

SA 0.428 0.217 0.046 0.157 0.712

TP −0.106 −0.126 0.165 −0.082 −0.121 0.917

LYB 0.413 0.209 −0.039 0.169 0.638 −0.186 0.725

LYT 0.454 0.275 0.017 0.302 0.644 −0.109 0.641 0.775

Note: Diagonal numbers are AVE square root values.
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5.3 Hypothesis Testing

The main research variables were centered prior to formal regression analysis using
SPSS 20.0 software. In addition, the VIF values of the research model were below 5.0,
indicating that the model in this study does not have serious multicollinearity prob-
lems. According to the regression results in Table 4, the baseline Model 1 indicates that
customer age, income level, channel preference, shopping time pressure, and brand sat-
isfaction significantly affect customers’ behavior loyalty to the brand; whereas gender,
education level, and number of online purchases in the last month have no significant
effect; the baseline model 5 indicates that customer education level, income level, and
brand satisfaction significantly affect customers’ attitude loyalty to the brand, whereas
gender, age, number of online purchases in the last month, channel preference, and time
pressure have no significant effect.

Model 2 indicates that vividness of information presentation has a significant positive
effect on behavior loyalty (β = 0.144, p < 0.01). Travel distance perception has no
significant effect on behavior loyalty. The regression results supported hypothesis H1a
but did not support hypothesis H2a. Models 3 and 4 further added moderating variables
and moderating interaction terms and found that haptic perceived demand negatively
moderated the effect of vividness of information presentation on behavior loyalty (β
= −0.089, p < 0.01), and price consistency did not significantly moderate the effect
of travel distance perception on behavior loyalty, supporting hypothesis H3a but not
hypothesis H4a.

Model 6 indicates that vividness of information presentation and travel distance per-
ception have a significant negative effect on attitude loyalty (travel distance perception
using the inverse measurement scale, β = 0.182, p < 0.01; β = 0.111, p < 0.01), sup-
porting Hypotheses H1b and H2b. Models 7 and 8 further added moderating variables
and moderating interaction terms and found that price consistency significantly and pos-
itively moderated the effect of travel distance perception on attitude loyalty (β = 0.058,
p< 0.1). Haptic perceived need did not significantly moderate the effect of vividness of
information presentation on attitude loyalty, which did not support hypothesis H3b but
supported hypothesis H4b.
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Table 4. Results of hierarchical regression analysis

Variables LYB LYT

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8

Control variables

Gender −0.003
(−0.099)

−0.005
(−0.154)

−0.008
(−0.242)

−0.002
(−0.046)

−0.027
(−0.796)

−0.030
(−0.925)

−0.039
(−1.210)

−0.037
(−1.140)

Age −0.090**
(−2.385)

−0.091**
(−2.459)

−0.089**
(−2.407)

−0.099***
(−2.671)

−0.032
(0.846)

−0.034
(−0.931)

−0.021
(0.0590)

−0.024
(−0.667)

Education
level

−0.052
(−1.502)

−0.042
(−1.228)

−0.040
(−1.179)

−0.047
(−1.387)

−0.084**
(−2.435)

−0.072**
(−2.162)

−0.063*
(−1.925)

−0.065*
(−1.991)

Income
level

0.146***
(3.816)

0.115***
(3.005)

0.114***
(2.972)

0.127***
(3.302)

0.174***
(4.572)

0.128***
(3.403)

0.123***
(3.340)

0.131***
(3.533)

Number of
online
purchases

0.035
(1.035)

0.043
(1.298)

0.043
(1.282)

0.039
(1.155)

−0.038
(−1.129)

−0.030
(0.906)

−0.034
(−1.047)

−0.037
(−1.141)

Channel
Preference

0.056*
(1.680)

0.045
(1.340)

0.035
(0.952)

0.035
(0.967)

0.012
(0.361)

0.005
(0.166)

0.015
(0.424)

0.016
(0.440)

SA 0.593***
(17.158)

0.531***
(14.344)

0.533***
(14.342)

0.522***
(14.055)

0.605***
(17.503)

0.518***
(14.283)

0.516***
(14.452)

0.509***
(14.194)

TP −0.097***
(−2.900)

−0.085***
(−2.576)

−0.078**
(−2.269)

−0.076**
(−2.227)

−0.017
(−0.511)

0.001
(0.043)

0.007
(0.225)

0.011
(0.340)

Independent variables

PV 0.144***
(3.936)

0.137***
(3.672)

0.151***
(4.021)

0.182***
(5.066)

0.147***
(4.091)

0.151***
(4.147)

0.182***
(5.066)

DS 0.045
(1.323)

0.041
(1.207)

0.054
(1.464)

0.111***
(3.354)

0.087***
(2.621)

0.109***
(3.073)

0.111***
(3.354)

Moderating variables

TC −0.032
(−0.884)

−0.010
(−0.270)

−0.020
(−0.576)

−0.012
(−0.337)

CN 0.026
(0.771)

0.008
(0.224)

0.154***
(4.679)

0.142***
(4.222)

Moderating effects

PV* TC −0.089***
(−2.631)

−0.031
(−0.960)

DS* CN 0.033
(0.963)

0.058*
(1.734)

R2 0.442 0.461 0.462 0.470 0.442 0.482 0.503 0.507

Adjusted
R2

0.434 0.451 0.450 0.456 0.434 0.472 0.492 0.493

F−value 52.350*** 45.019*** 37.569*** 33.122*** 52.340*** 48.971*** 44.183*** 38.291***

Note: *** indicates p < 0.01, ** indicates p < 0.05, * indicates p < 0.1.

To further verify the moderating effect mechanism, this paper also dichotomizes
the haptic perceived demand, price consistency variables for simple slope test. The test
results again prove the moderating effect of hypotheses H3a and H4b as shown in Fig. 2
and 3.
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Fig. 2. Moderating effect of haptic perception needs on the vividness of information presentation
and customer behavior loyalty

Fig. 3. Moderating effect of price consistency on travel distance perception and customer attitude
loyalty

6 Conclusion and Insights

6.1 Research Findings

Based on the new retail model, this paper constructs a research model affecting cus-
tomer loyalty from the perspective of online and offline channels; explores the influence
of two channel characteristics, vividness of information presentation, and travel dis-
tance perception on brand loyalty; and analyzes the moderating effects of customers’
haptic perception needs and online and offline price consistency. The vividness of online
information presentation was found to have a significant positive effect on customers’
behavior and attitude loyalty to the brand, indicating that the holistic presentation effect
of product information can indeed strengthen customers’ memory and understanding of
the brand and then form long-term purchase intention and emotional preference. This
finding indicates that with the realization of omnichannel, the influence of travel dis-
tance perception on customers’ own purchase decision is weakening. This phenomenon
is probably due to the fact that customers in the near distance can buy via online or
offline channels, and customers in the far distance prefer to buy through online chan-
nels. Therefore, the distance is no longer a key factor. This finding is in line with Luo
et al. (2020) who found complementary views of online and offline channels. The study
also found that haptic perception demand has a negative moderating effect on the rela-
tionship between vividness of information presentation and behavior loyalty, and price
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consistency has a positive moderating effect on the relationship between travel distance
perception and attitude loyalty, indicating individual differences about the influence of
channel characteristics on brand loyalty.

6.2 Theoretical Contributions and Practice Insights

This paper reveals the influence mechanism of different channel characteristics on brand
loyalty. Firstly, the new retail model seamlessly integrates online and offline channels.
However, most previous studies have analyzed the influencing factors of brand loyalty
in a single channel, ignoring the difference effect of channel characteristics on brand
loyalty. This paper bridges this gap, enriching the research on brand loyalty and new
retail models. Secondly, based on dual-system decision theory, this paper explores the
influence of online information presentation vividness and offline travel distance per-
ception on customers’ behavior willingness. it complements the research on the holistic
characteristics of information presentation and further reveals the influence mechanism
of information presentation effect on customers’ behavior decision. Meanwhile, using
subjective perception instead of objective measurement to measure travel distance is
more consistent with the regular of customers’ decision, and expands the measurement
of travel distance in retail location research. Finally, this paper gains insight about the
mechanisms of different channel characteristics on brand loyalty by dividing it into two
dimensions: behavior and attitude loyalties. The findings show that perceived travel dis-
tance has no significant effect on behavior loyalty, whereas it has a significant effect
on attitude loyalty. The latter may be due to the fact that individuals’ behavior of rec-
ommending is a dominant endorsement behavior and needs to like the product more
and have more credible information. Thus, they are more willing to choose brands with
perceived proximity.

The findings of the study also have implications for new retailers to break out the
“traffic” dilemma. New retail enterprises can divide customers into four groups accord-
ing to two indicators of haptic perception demand and price consistency sensitivity
in omnichannel operation and formulate operation strategies by combining customers’
travel distance perception and individual deviation: for two groups of customers with
high haptic perception demand, provide travel convenience information for their offline
store shopping, among which customers have long travel distance and high price consis-
tency sensitivity. For the two types of customers with low haptic perception needs, we
focus on vivid advertisements such as online live events or e-magazines to strengthen
customers’ brandmemory and give travel coupons to customers with long travel distance
and high price consistency sensitivity. The limitation of this paper is that only the apparel
industry is selected as an example for model construction and validation. Future research
can be conducted for different experience-based FMCG products to further verify the
applicability of the findings of this study.
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Abstract. With the rapid development of e-commerce and the intensified com-
petition between platforms and that between platforms and manufacturers, private
brand strategy has become the key for e-commerce platforms to gain competitive
advantages. Under the premise that the manufacturer relies on the e-commerce
platform to sell commodities through wholesale channel and platform channel,
basic decision model (without introducing private brand) and platform introduc-
tion decision model (introducing private brand) are established. Applying back-
ward induction to analyze the influence of channel preference, platform commis-
sion rate and the quality of private brand commodity on equilibriumprofit and opti-
mal decision, we can come to the conclusion that: (1) When consumer’s platform
channel preference is high or the commission rate is high, the e-commerce plat-
form should introduce private brand to enhance its competitiveness and increase
revenue; (2) After the introduction of private brand into e-commerce platform, the
wholesale price, sales price and revenue ofmanufacturer will be reduced; (3) After
the introduction of private brand into e-commerce platform, with the improvement
of the quality of private brand commodity, the revenue of e-commerce platform
may decrease.

Keywords: E-commerce platform · Private brand · Channel competition ·
Product quality

1 Introduction

With the advent of the era of e-commerce, consumers’ shopping behavior has undergone
great changes. The gradually normalized online shopping not only meets the daily life
needs of consumers, but also becomes a kind of spiritual dependence for consumers. At
the same time, browsing and buying commodities on e-commerce platforms has become
the mainstream online shopping method for consumers. Through the diversified inte-
gration of e-commerce platforms with social applications, their operating models have
become increasingly rich [1]. On the one hand, e-commerce platforms attract manufac-
turers to enter e-commerce platforms by charging platform usage fees (commissions)
to sell commodities directly to customers. At this point, the ownership of the commod-
ity still belongs to the manufacturer [2]. For example, the official flagship stores of
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merchants on e-commerce platforms. On the other hand, manufacturers can also resell
their goods to e-commerce platforms, which sell them to customers. For example, the
self-operated channels of e-commerce platforms.

While allowingmanufacturers to sell commodities through theplatform, e-commerce
platformswill also consider establishing their own brands (“private brands” in this paper)
to enhance their competitiveness. In the past two decades, private brands have been
discovered rapidly and achieved remarkable results, and have become an effective way
for e-commerce platforms to enhance their competitiveness [3]. The development of
private brands in other countries is much earlier than that in China. According to the
survey data of Nielsen in 2005, private brands account for about 16% of sales and grow at
an annual rate of 7% [4]. Private brands in the fashion and electronics sectors have grown
particularly fast. In 2009, the sales volume of electronic products of Best Buy, the largest
electronic products retailer in North America, reached 40% [5]. In 2018, according to
Nielsen data, the sales of private brand commodities inmajor retail channels in theUnited
States reached $129 billion, up 4.4% year on year, and the growth rate was four times
that of manufacturers’ brands [6]. In China, with the rapid development of e-commerce
in recent years, more and more e-commerce platforms have begun to introduce their
private brands. Walmart has launched 13 series of its own brand in China, and Tesco
has developed nearly 2,000 kinds of its own brand goods for the Chinese market [7]. In
addition, e-commerce platforms such as Jing Dong and Dang Dang have also become
the main force of private brands under the pressure of intensified competition and driven
by supply-side reform. For example, Jing Dong currently has a number of its private
brands such as Jing Zao, Jia Bai and Ba Xiang Shi.

As a new sales channel, private brand can not only enrich the sales channels of e-
commerce platform, but also attract consumers with its lower price and brand effect. In
the mixed channels of manufacturer, the revenue of e-commerce platform is passive and
limited by the manufacturer. The manufacturer’s wholesale channel (on the e-commerce
platform) can bring sales revenue to the e-commerce platform and the platform channel
can bring commission revenue to the e-commerce platform. After the introduction of
private brand, the e-commerce platform can carry out differentiated competition with
manufacturer, build its own brand, manage them from a strategic perspective, and avoid
homogeneous competition. Furthermore, the e-commerce platform can strive for more
initiative in the negotiations with manufacturers. The introduction of private brand is
bound to intensify channel competition and change the revenue of manufacturers and
e-commerce platforms.

Based on the above real-life contexts in practice, this paper constructs an online sales
system including a manufacturer and an e-commerce platform to explore the following
research questions. (1) Under what circumstances is the e-commerce platform inclined
to introduce its private brand? (2) What is the impact on the manufacturer and the e-
commerce platform after the introduction of private brand? (3) How does the product
quality of private brand affect the revenue of the e-commerce platform?
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2 Literature Review

This paper conducts the literature review from two aspects: one is the research on channel
competition of private brand in the sales system, and the other is the research on the
quality of private brand products.

The research on the channel competition of private brands in the sales system can
be carried out from multiple perspectives such as the game between private brands
and manufacturer brands, retailers’ overall profits and consumers’ preferences. There
are relatively many related studies on private brand and manufacturer brand games.
Chintagunta et al. [8] found that the introduction of private brands by retailers will
increase their bargaining powerwithmanufacturers, thus affecting their pricing decisions
and commodity demand. Jin et al. [9] studied the interaction between the manufacturer’s
channel strategy and the retailer’s private brand introduction strategy under wholesale
price discrimination and uniform wholesale price, and found that under wholesale price
discrimination, retailers are lessmotivated to introduce private brands in a single channel,
while under uniform wholesale price, retailers are less motivated to introduce private
brands in a dual channel. Choi et al. [10] studied the influence of power structure on the
decision-making of each participant in the supply chain for a supply chain composed of
one manufacturer and two retailers with private brands, and found that retailers should
maximize the difference between private brands and other brands, and manufacturers
can obtain higher benefits by cooperating with retailers with smaller power positions. Li
et al. [11] constructed a model in which retailers introduce private brand in the context
of two manufacturers and one retailer, and analyzed the impact of introducing private
brand on the market performance of retailers and manufacturers under the conditions
of indirect channel and mixed channel. From consumers’ preferences, Seenivasan et al.
[12] found that the introduction of private brands by retailers can increase consumer
loyalty. From the perspective of retailers’ overall earnings, Ailawadi et al. [13] found
that retailers selling private brands have lower prices and higher profit margins, but it is
not desirable to sell too many private brands at the expense of manufacturer brands, and
retailers need to balance the quantity of private brands and manufacturer brands.

In addition, a considerable part of the research on private brand focuses on product
quality. Wang et al. [14] considered that whether retailers can achieve the goal of devel-
oping their own brands depends on how to make pricing decisions on their own brand
products, and the actual product quality and consumers’ perceived quality are the key
to this problem. According to this, the Stackelberg game model with the coexistence
of manufacturer brand, manufacturer brand and retailer’s private brand are constructed.
Jiang et al. [15] sorted out the private brand product quality management mode from
multiple perspectives, analyzed the key points of private brand product management col-
laboration, and put forward management suggestions for retailers’ private brand product
quality collaboration practice. In the industry where product quality accidents cause
consumer trust crisis, high-end private brands become an important means for retailers
to use their own reputation to alleviate information asymmetry. Zhao [16] considers that
in the supply chain composed of retailers and manufacturers, there is a competitive rela-
tionship between private brand and manufacturer’s brand products, so retailers need to
take incentive measures to control the quality of private brand products, so as to achieve
the coordination, stability and mutual benefit of the supply chain.
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However, few papers have considered the impact of product quality on the decision
to introduce private brands and the impact on the revenue of e-commerce platforms after
the introduction of private brands. This paper differs from the above literature in the
following two aspects. Firstly, the manufacturer in this paper has two sales channels
(wholesale channel and platform channel) through the e-commerce platform, and there-
fore, the manufacturer’s relationship with the e-commerce platform is competitive and
cooperative. The e-commerce platform can obtain revenue from both the manufacturer’s
wholesale channel and the platform channel. Secondly, in addition to comprehensively
considering the impact of commission rate, channel preference and product quality on
the decision to introduce private brands, this paper also considers how product quality
affects the revenue of e-commerce platforms after the introduction of private brands.

Therefore, under the premise that manufacturers rely on e-commerce platform to sell
products throughwholesale channel and platformchannel, platformbasic decisionmodel
(without introducing private brand) and platform introduction decision model (introduc-
ing private brand) are established in this paper. Then we apply backward induction to
explore the influence of channel preference, platform commission rate and private brand
product quality on the private brand introduction decision of e-commerce platforms
and the changes in the revenue of e-commerce platforms and manufacturers after the
introduction of private brand.

3 Problem Description and Related Assumptions

3.1 Problem Description

There is an online sales system consisting of a manufacturer (M) and an e-commerce
platform (P), in which the manufacturer has two channels to sell commodities through
the e-commerce platform. One is the platform channel. M directly sells commodities
to consumers through P, and needs to pay the proportion of sales commission to P. The
other is the wholesale channel. M sells commodities to P, and then consumers can buy
commodities form P. In this case, P considers whether to establish their private brand to
bring themselves greater competitiveness. For the convenience of presentation, in this
paper, NB (National Brand) is used to represent the manufacturer Brand, and EB (E-
commerce Platform Private Brand) is used to represent the private brand of e-commerce
platform.

3.2 Related Assumptions

The following are the relevant assumptions of this paper.

1) Product quality. The degree of consumer sensitivity to the quality of the commodity
is used as the perceived value. Suppose that the quality of the NB commodity is qn
and the quality of the EB commodity is qe. In general, NB commodity has higher
quality than EB commodity. [11] qn = 1, qe = θqn = θ . (0 < θ < 1)

2) Channel preference. Considering that the commodity quality in the two sales chan-
nels of M is the same, the consumer’s preference for different channels is not only
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influenced by perceived price, but also by other factors such as service quality. In
reality, P will provide a higher level of logistics, after-sales and other service quality
for products in wholesale channel, so that consumers have a greater preference for
wholesale channel than platform channel [6]. In addition, as a channel for new entry,
P’s private brand is unfamiliar to consumers, so it is assumed that consumers have the
lowest preference for private brand. The consumer’s preference for wholesale chan-
nel is normalized to 1, consumer’s preference for platformchannel isβ. (0 < β < 1),
and consumers’ channel preference for private brand is γ . (0 < γ < β < 1).

3) 3) Commission rate. In the platform channel of M, the commission rate extracted
by P is λ .(0 < λ < 1)

4) Consumerutility function.Consumer utility functions are used to construct demand
functions. It is assumed that the consumer’s valuation of the commodity is sensitive
to quality [11]. When a consumer purchases the commodity of quality q at price p,
the utility obtained is U = αq − p, where αq represents the consumer’s valuation
of the commodity. Let α denotes the sensitivity of consumers to the quality of the
commodity, that is, the price they are willing to pay for a unit of quality of the
commodity.(0 < α < 1)

5) Commodity price. The wholesale price of NB commodity in the M’s wholesale
channel is ω, and the selling price pn is determined by P. The selling price of NB
commodity in the platform channel is pN . The selling price of EB commodity is pe.

4 Basic Decision Model

When P does not introduce private brand, consumers can only purchase NB commodity,
and the utility obtained from wholesale channel and platform channel are U 1

n = αq1n −
p1n = α − p1n,U

1
N = βαq1N − p1N = βα − p1N . Based on the principle of consumer

utility maximization, the demand of NB commodity in wholesale channel and platform
channel are as follow.

D1
n = 1 − p1n − p1N

1 − β
(1)

D1
N = p1n − p1N

1 − β
− p1N

β
(2)

M’s profit function and P’s profit function are as follow.

�1
n = ω1

(
1 − p1n − p1N

1 − β

)
+ (1 − λ)p1N

(
p1n − p1N
1 − β

− p1N
β

)
(3)

�1
e =

(
p1n − ω1

)(
1 − p1n − p1N

1 − β

)
+ λp1N

(
p1n − p1N
1 − β

− p1N
β

)
(4)

M is the leader in the Stackelberg game model, and P is the follower. In this case, the
decision order of the two is as follows: firstly, M decides the wholesale price ω1 of NB
commodity in the wholesale channel and the selling price p1N of NB commodity in the
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platform channel; than P decides the selling price p1n of NB commodity in the wholesale
channel.

Using backward induction we can get that: ω1∗ = 1−βλ
2 , p1N

∗ = β
2 , p

1
n
∗ = 3−β

4 ,

D1
n
∗ = 1 − p1n−p1N

1−β
= 1

4 , D
1
N

∗ = p1n−p1N
1−β

− p1N
β

= 1
4 , �1

n
∗ = 1+β−2βλ

8 , �1
e
∗ =(

p1n − ω1
)(

1 − p1n−p1N
1−β

)
+ λp1N

(
p1n−p1N
1−β

− p1N
β

)
= 1−β(1−4λ)

16 .

Proposition 1. When 0 < λ ≤ 1
4 , consumers’ platform channel preference β is posi-

tively correlated with M’s revenue and negatively correlated with P’s revenue. When
1
4 < λ ≤ 1

2 , it is positively correlated with M’s revenue and P’s revenue; When
1
2 < λ < 1, it is negatively correlated with M’s revenue and positively correlated
with P’s revenue.

Proof: ∂�1
n
∗

∂β
= 1−2λ

8 =
{

> 0, 0 < λ < 1
2

≤ 0, 1
2 ≤ λ < 1

, ∂�1
e
∗

∂β
= 4λ−1

16 =
{

> 0, 1
4 < λ < 1

≤ 0, 0 < λ ≤ 1
4
.

Fig. 1. Revenue change of P/M before the introduction of private brand

Figure 1 illustrates Proposition 1 and shows thatwhen the commission rate of P is low,
M’s revenue increases with the increase of consumers’ preference for platform channel,
while P’s revenue decreases with the increase of consumers’ preference for platform
channel. When the commission rate of P is high, the change trend of the revenue of both
parties is opposite to the previous one.

Corollary 1: When private brand is not introduced, e-commerce platform can set rea-
sonable and appropriate commission rates to promote healthy competition and increase
the benefits of both manufacturer and e-commerce platform.
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When the commission rate of the e-commerce platform is high, the manufacturer’s
revenue decreases with the increase of consumers’ preference for the platform channel,
which is unfavorable to themanufacturer. And themanufacturer may even choose to give
up selling products through the platform channel. If the manufacturer gives up selling
products through platform channel, it is also a loss for e-commerce platform. Therefore,
the e-commerce platform should formulate a reasonable and appropriate commission
rate, which means that the revenue of both parties will increase with the increase of
consumers’ preference for platform channel.

5 Introduction Decision Model

When private brand is introduced into P, consumers can purchase NB commodity from
wholesale channel and platform channel, and EB commodity from P. The utilities
obtained by consumers in the three ways are respectively as follow.U 2

n = αq2n − p2n =
α − p2n, U

2
N = βαq2N − p2N = βα − p2N , U

2
e = γαq2e − p2e = γαθ − p2e . Based

on the principle of consumer utility maximization, we can get that the demand of

NB and EB commodity are as follow. D2
n = 1 − p2n−p2N

1−β
, D2

N = p2n−p2N
1−β

− p2N−p2e
β−γ θ

,

D2
e
∗ = p2N−p2e

β−γ θ
− p2e

γ θ
= β(1−λ)

4β−2γ θ(1+λ)
.

M’s profit function and P’s profit function are as follow.

�2
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M is the leader in the Stackelberg gamemodel, and P is the follower. Using backward
induction we can get that: ω2∗ = 1−β

2 + β(β−γ θ)(1−λ)
2β−γ θ(1+λ)

, p2N
∗ = β(β−γ θ)

2β−γ θ(1+λ)
, p2n
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The demand of NB and EB commodity are D2
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Proposition 2. After the introduction of private brand into the e-commerce platform,
the wholesale price, selling price and revenue of the manufacturer will all decrease.

Proof:ω2∗−ω1∗ = − βγ θ(1−λ)2

2β−γ θ(1+λ)
< 0; p2N

∗−p1N
∗ = − βγ θ(1−λ)

2β−γ θ(1+λ)
< 0;p2n

∗−p1n
∗ =

− βγ θ(1−λ)
2β−γ θ(1+λ)

< 0; �2
n
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n
∗ = β(λ−1)

4 + β(1−λ)(β−γ θ)
4β−2γ θ(1+λ)

= − βγ θ(1−λ)2

8β−4γ θ(1+λ)
< 0

Figure 2 illustrates Proposition 2 and shows that after the introduction of private
brand, EB commodity and NB commodity compete directly, resulting in a decrease in
the wholesale price and selling price of the wholesale channel, a decrease in the selling
price of the platform channel, and a decrease in the total revenue.
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Fig. 2. Wholesale (selling) price change after the introduction of private brand

Corollary 2. After the introduction of private brand, the selling price of commodity is
less affected than the wholesale price in the wholesale channel.

Corollary 2 can be confirmed by Fig. 2. It shows that the introduction of private
brand can make e-commerce platform take the initiative in the transaction process of
manufacturer. In other words, e-commerce platform introduce private brand not only to
directly gain profit from the brand, is also a strategic measure to make the manufacturer
make concessions, so that e-commerce platform can obtain more favorable conditions
in the trade and negotiation process.

Proposition 3. When β
γ

> θ(1 + λ), the e-commerce platform choose to introduce

private brand; When β
γ

< θ(1 + λ), the e-commerce platform choose not to introduce
private brand.

Proof: �2
e
∗ − �1

e
∗ = βγ θ(1−λ)2(β−γ θ(1+λ))

(4β−2γ θ(1+λ))2
; when β

γ
> θ(1 + λ) and θ > 1

1+λ
时,

�2
e
∗ − �1

e
∗ ≥ 0; When β

γ
< θ(1 + λ), �2

e
∗ − �1

e
∗

< 0.

This proposition shows that when consumers have a high preference for the manu-
facturer’s platform channel or P has a low commission rate, P will choose to introduce
private brand. As can be seen from Proposition 2, with the introduction of private label,
the quantity demanded in the wholesale channel and the platform channel is unchanged
and the price is reduced. Therefore, the marginal revenue of the e-commerce platform
decreases, and the revenue obtained from thewholesale channel and the platform channel
also decreases. The introduction of private brand into e-commerce platform can increase
competitiveness, make up for the reduced revenue of distribution channels and platform
channels, and improve P’s revenue.

Proposition 3 shows that consumers’ channel preference, platform commission rate
and private brand product quality will all affect the decision of introducing private brand
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Fig. 3. The revenue of P and M after the introduction of private brand

on e-commerce platforms. Figure 3 illustrates Proposition 3 and reflects the influence of
product quality on the introduction decision-making of private brand. (β = 0.6, γ = 0.5
and λ = 0.5 in Fig. 3).

Corollary 3. Setting reasonable product quality and understanding consumers’ chan-
nel preference for goods in advance can help e-commerce platform make reasonable
decisions on the introduction of private brand.

It should be noted that the revenue of e-commerce platform may not always increase
after the introduction of private brand, and consumers’ preference for platform channel
and the quality of EB commodity still need to be considered. As can be seen from Fig. 3,
in the case that consumers’ channel preferences and platforms’ commission rates are
determined, the excessive pursuit of product quality is not conducive to the introduction
of private brands on e-commerce platforms.

Proposition 4. When θ <
2β

3γ (1+λ)
, the revenue of the e-commerce platform increases

with the increase of θ ; When θ ≥ 2β
3γ (1+λ)

, the revenue of the e-commerce platform
decreases with the increase of θ .

Proof: ∂�2
e
∗

∂θ
= β2γ (1−λ)2(2β−3γ θ(1+λ))

4(2β−γ θ(1+λ))3
; when θ <

2β
3γ (1+λ)

, ∂�2
e
∗

∂θ
> 0; when θ ≥

2β
3γ (1+λ)

, ∂�2
e
∗

∂θ
≤ 0.

Figure 4 illustrates Proposition 4. This proposition shows that the revenue of P will
decrease with the improvement of the quality of EB commodity. The reason may be
that the improvement of the quality of private brand products intensifies the competition
between the e-commerce platform and the manufacturer, leading to the decrease of the
revenue of the e-commerce platform through the wholesale channel and the platform
channel, which leads to the decrease of the total revenue of the e-commerce platform.
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Fig. 4. P’ revenue with the quality of EB after the introduction of private brand

Corollary 4. After the introduction of private brand, it is helpful for e-commerce plat-
forms to increase their total revenue by paying balanced attention to the revenue of
various sources and reasonably establishing the quality of private brand commodity.

After the introduction of private brand, e-commerce platform has three revenue
sources, which are sales revenue from private brand, sales revenue fromwholesale chan-
nel, and commission revenue from platform channel. When the quality of private brand
products is high, increasing product quality will excessively intensify the competition
between e-commerce platform and manufacturer, leading to a decrease in the sales rev-
enue of wholesale channel and the commission revenue of platform channel. Therefore,
after the introduction of private brand, e-commerce platform should formulate reasonable
quality of private brand commodity.

6 Managerial Insights

The research findings in this paper can provide theoretical reference for the decision-
making of introducing private brand on e-commerce platform. The main managerial
insights are as follows:

(1) The complex relationship among product quality, channel preference and com-
mission rate can affect the private brand introduction decision of e-commerce plat-
forms. When the consumers’ private label preference is high or the commission
rate is high, e-commerce platforms should introduce private brand to enhance its
competitiveness and increase revenue. In particular, in order to increase their total
revenue, e-commerce platforms can pay more attention to the income sources of
other channels, such as the sales revenue obtained from the manufacturer’s whole-
sale channel and the commission revenueobtained from themanufacturer’s platform
channel.
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(2) For manufacturers, the introduction of private brands on e-commerce platformswill
lead to a decrease in manufacturers’ revenue. Therefore, in order to maintain their
revenue, manufacturers can prevent e-commerce platforms from introducing their
own brands by variousmeans, such as developing direct selling channels to enhance
user stickiness, and improving product quality to increase competitiveness.

(3) After the introduction of private brand, with the improvement of product quality, e-
commerce platforms’ revenuemaynot always increase. Therefore, in order to obtain
more revenue, e-commerce platforms should avoid excessive pursuit of product
quality. In fact, e-commerce platforms can also gain profits by choosing OEM
products with medium quality as their private brands.

7 Conclusion

Basedon the competition and cooperation between themanufacturer and the e-commerce
platform, this paper explores the private brand introduction decision of the e-commerce
platform under the premise that the manufacturer relies on the e-commerce platform
to sell products through the wholesale channel and the platform channel. We further
analyze the influence of channel preference, platform commission rate and private brand
product quality on the optimal decision and the revenue of both parties. Our findings have
managerial insights to both e-commerce platforms and manufacturers. However, there
are limitations in our research. First of all, this paper assumes that consumers’ platform
channel preference is smaller than consumers’ wholesale channel preference. It may
not be the case in all situations. Secondly, this paper does not consider the introduction
cost and operation cost of e-commerce platform’s private brand. Future research can
take into account more factors that affect consumers’ purchase and the competition
among e-commerce platforms, thereby providing more rigorous practical guidance for
manufacturers and e-commerce platforms.
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Abstract. Effective analysis of users’ demand is critical for developing an intel-
ligent service platform for rural tourism. In this study, the Kano model and Better-
Worse satisfaction index analysismethod are used to analyze the demand hierarchy
of various information services. A rural tourism intelligent information service
system with 30 services has been built using the five dimensions of cultural travel
service, information service, map navigation guide, independent shopping mall,
and community service. It is suggested that when providing intelligent information
services for rural tourism, the level of user demand for services should be fully
considered, and that construction should be carried out in a targeted and phased
manner.

Keywords: information service · rural tourism · Kano model · demand analysis

1 Introduction

Rural tourism utilizes local and distinctive resources to offer tourists relaxation, enter-
tainment, vacations, and other tourism services by choosing rural areas as its destination
[1, 2]. The level of tourism services can be raised and rural tourism can be promoted
by providing information services through the Internet. In China, the domestic travel
market currently has various established online travel agencies (OTA), but the infor-
mation service for rural tourism is not well developed. The existing service platforms
for rural tourism do not provide sufficient services and are limited to a small area [3],
which prevents it from satisfying tourists’ demands for intelligent tourism information
services.

By reviewing related literature, this paper first proposed a framework of users’
demand of intelligent information services for rural tourism. Then, Kano model and the
Better-Worse satisfaction index were used to examine the effects of each service demand
on tourist satisfaction. Finally, some suggestions for the development of intelligent
information services for rural tourism were provided.
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2 Related Research

2.1 Tourism Information Service

Tourism information service is the use of information technology to facilitate the search,
use, and interaction of tourism information, aswell as to complete the interaction between
tourists and tourism service providers [4, 5]. Intelligent tourism has been a hot topic in
the field of tourism information service in recent years [6]. According to Yunpeng Li
et al. [7], intelligent tourism is the “ubiquitous” tourism information service accepted by
tourists in the tourism process, emphasizing that such “ubiquitous” is the entire process,
all-around, spatial-temporal, and can be obtained anytime, anywhere, and on demand.
To realize such intelligent tourism information services, Xiuying Zhang [8] points out
that, from the perspective of information ecological development, intelligent tourism
information service requires the creation of a platform, strengthened cooperation among
information subjects, and increased technological utilization. Anfeng Xu et al. [9] used
migration algorithms in conjunction with the background of digital economy to build
the innovation mechanism of intelligent tourism information service mode. In light of
the current state of domestic tourism information services, Hongyan Jia [10] argued that
efficient information services should be intelligent, emphasizing the use of big data and
intelligent mobile terminals for information services.

In the context of the digital economy, providing intelligent information services for
rural tourism is critical for improving service levels and tourist experiences, as well
as promoting the development of rural tourism, which has received the attention of
some scholars. For example, Xiuying Zhang [11] discussed the development path of
rural tourism economy in the context of intelligent tourism, and believed that tourists’
demands should be thoroughly analyzed in order to build an intelligent platform for rural
tourism; Yao Yao [12] studied the development direction of intelligent rural tourism in
the context of the post-epidemic era; Yang Fan [13] examined the necessity of building
a rural intelligent tourism platform; and Yan Wang [14] emphasized that the all-round
connection between intelligent tourism platform and rural tourism should be vigorously
promoted.

However, existing research on the intelligent information service of rural tourism
focuses on the macro-development opportunities provided by intelligent tourism for
rural tourism and pays little attention to the development of the intelligent information
service systemof rural tourism. Starting from the demand side, systematically sorting out
and analyzing users’ information service demands is the key to developing an intelligent
information platform for rural tourism, which is critical for optimizing tourists’ rural
tourism experiences and improving tourists’ satisfaction. Therefore, this study employs
a Kano-based approach to investigate the demand for rural tourism wisdom information
services.

2.2 Kano Model

Kanomodelwas proposed byNoriakiKano to classify and sort user demands [15], and its
conceptwas derived from theHerzberg’s two-factor theory.According to the relationship
between user demand and user satisfaction, Kano model divides user demand into five
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categories: Attractive demand (A),Must-be demand (M), One-dimensional demand (O),
Indifferent demand (I) and Reverse demand (R). At present, Kano model has received
much attention in the information service research of e-commerce platforms [16], social
platforms [17] and other fields, but very few scholars have applied it to the research of
user demand of tourism information services. For example, Chang et al. [18] used the
Kano model to mine and analyze the demand of tourism website users for personalized
recommendation. HuanhuanYang [19] investigated and classified the factors influencing
the satisfaction of travel websites’ navigation using the Kano model.

3 Framework of Intelligent Information Service System for Rural
Tourism

To determine the framework of intelligent information service system for rural tourism,
the functions of fivemainstream travel information service platformswere first screened,
they are Ctrip, Qunar, Feizhu, Hornet’s Nest and Tongcheng Yilong. Then, 10 heavily-
dependent users of the travel platforms and 10 tourism industry practitioners are inter-
viewed to vote their requirements of information services. Finally, we proposed a frame-
work covering five categories and 30 main information service items. The details are
shown in Table 1.

Table 1. Rural tourism intelligent information service system

Categories Demand items Service details

Cultural travel service Transportation ticket booking Book air tickets, train tickets, boat
tickets, car rental

Board and lodging reservation Book homestays, hotels, meals

Destination recommendation Recommend popular scenic spots and
surrounding scenic spots

Destination service booking Scenic spot ticket booking, tour guide
service booking, tour bus booking,
performing arts, special experience
projects booking

Recommendation of characteristic
route combination

Recommended scenic combination,
tourpackage

E-ticket Ticket vouchers of scenic spots,
special services and charged items
(such as tickets for performing arts
programs and special experience
items)

(continued)
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Table 1. (continued)

Categories Demand items Service details

Information service Destination information Basic destination information, traffic
information, weather forecast
information

Display of rural cultural resources Cultural customs, history and culture,
cultural specialties, and other
information

Real-time information Real-time population heat, activity
information, real-time hot spot,
emergency notice

Consultation and complaint Online manual customer service,
intelligent online customer service,
travel complaints

Parking information service Parking lot inquiry, space inquiry,
parking guidance, reverse car search,
parking fee online payment

Rescue service One key call for help, road rescue

Live streaming Destination real-time information
slow live broadcast and video live
broadcast

Map navigation 2d map service Plane map, plane hand-drawn map

Three-dimensional reality Three-dimensional real scene,
three-dimensional map

Positioning and navigation Route navigation for shops, toilets,
POI, catering, etc

Tour route planning Route recommendation, route
customization

Intelligent voice service Voice navigation, scenic spot
positioning intelligent voice
explanation

VR virtual reality Immersive experience VR

Independent shopping mall Commodity purchase Buy agricultural products and cultural
products

Commodity intelligent
recommendation

New product recommendation,
blockbuster recommendation,
promotion recommendation,
personalized recommendation,
collaborative recommendation

Order management Order status, logistics status

(continued)
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Table 1. (continued)

Categories Demand items Service details

After sale of goods Return goods, exchange goods and
settle claims

Commodity traceability Information tracing of agricultural
products
planting/production/processing/sales
process

Commodity distribution Share group, community group,
distribution rebate

Evaluation and feedback Evaluation and feedback on products,
merchants, logistics and platforms

Online Community service Dynamic publishing Play dynamic, play experience, travel
guides, travel vlog

Community interaction Online questions and answers,
comments, collection attention to
reward

Travel together Release group information and carry
out travel group carpooling

Live interaction Live online with goods, live play
experience

4 Hierarchical Analysis of Rural Tourism Intelligent Information
Service Based on Kano Model

Exploring the level of demand for rural tourism intelligent information service is critical
for guiding construction. This section, based on the Kano model, quantitatively studies
the relationship between service demand and user satisfaction, classifies and thoroughly
analyzes information services, andmakes recommendations for the development of rural
tourism intelligent information services.

4.1 Questionnaire Design and Data Collection

According to the rural tourism intelligent information service system, this paper designs
a questionnaire for 30 categories under 5 main categories. The questionnaire is divided
into three sections: the first section briefly explains its background and the purpose of
the survey. The second section is designed to collect demographic and basic informa-
tion of respondents, such as gender, age, industry, and rural tourism experience. In the
third section, a five-level Likert scale is used to measure the respondents’ feelings when
certain elements are provided or not provided by the system, according to the rules of the
Kano model: “satisfied”, “deserved”, “indifferent”, “able to tolerate” and “dissatisfied”.
Table 2 shows the specific questionnaire form.
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Table 2. Sample questions of the questionnaire

Your attitude towards
Transportation ticket
booking
(i.e., booking air tickets,
train tickets, boat tickets,
car rental)

satisfied deserved indifferent able to tolerate dissatisfied

provide ◯ ◯ ◯ ◯ ◯

do not provide ◯ ◯ ◯ ◯ ◯

Because potential users of rural tourism intelligent information service come from a
variety of industries and fields, this survey covers a wide range of industries and fields.
The main form of the survey was an online questionnaire, which was distributed for
29 days, from September 29, 2021 to October 27, 2021. Followingmanual inspection, 60
invalid questionnaires with repeated and contradictory answers were removed, yielding
256 valid questionnaires and an effective recovery rate of 78.53%. The questionnaire
results show that most respondents are young and middle-aged, with 33.3% aged 31–
40 and 21.2% aged 41–50, with 63% female. In general, 73.74% of respondents have
prior experience with rural tourism and have a solid understanding of the industry.
Furthermore, 79.04% of respondents obtained travel information services through three
online channels: online travel agencies (OTA) (e.g., Ctrip, Qunar, Tong-cheng Travel,
Tuniu, Lvmama, Fliggy, Mafengwo), online social platforms (e.g., Weibo, Wechat), and
online video platforms (e.g., Tik Tok, Kuaishou, Xigua Video, Bilibili).

Cronbach’s α coefficients for positive and negative questions were 0.940 and 0.956,
respectively, indicating that the questionnaire data was highly reliable. In terms of valid-
ity, the KMO test and the Bartlett sphericity test were used, with KMO values of 0.913
and 0.952 for forward and reverse questions, respectively. The p values for the Bartlett
sphericity test are all 0.000, indicating that the questionnaire has good structural validity.

4.2 Analysis Based on Kano Model

Functional requirements are classified using the Kano model’s two-dimensional classi-
fication table (Table 3), and 15 attractive demands (A), 2 one-dimensional demands (O),
10 must-be demands (M), and 3 indifferent demands (I) are obtained. See Table 4 for
more information. According to the preliminary findings, the basic requirements of most
users for rural tourism intelligent information service (i.e., must-be demand) are similar
to those provided by existing OTA, covering such basic services as transportation ticket
booking (1), accommodation reservation (2), and so on. Simultaneously, requirements
for functions not yet included in the OTA platform, such as positioning and navigation
(16), commodity purchase (20), and so on, are outlined. Half of the demands in the
service system are attractive demands, indicating that the system has greatly enhanced
users’ cognition of information service elements. The one-dimensional demand includes
only parking information service (11) and live interaction (30), which reflect users’ travel
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and social demandwhile traveling. Some services, such as commodity intelligent recom-
mendation (21), received 9 reverse demands (R) responses from statistical data of various
service types, indicating that, while intelligent recommendation saves users information
search costs, it may involve the collection and utilization of personal privacy information
and is negatively evaluated by some users.

Table 3. Two-dimensional classification table of Kano model

Information service Do not provide

satisfied deserved indifferent able to tolerate dissatisfied

Provide satisfied Q A A A O

deserved R I I I M

indifferent R I I I M

able to tolerate R I I I M

dissatisfied R R R R Q

Note: Attractive demand (A), Must-be demand (M), One-dimensional demand (O), Indifferent
demand (I) and Reverse demand (R), Q is doubtful result.

Table 4. Analysis of Kano results

Information service Demand type Category

A O M I R Q

1. Transportation ticket booking 72 42 103 39 0 0 M

2. Board and lodging reservation 73 46 78 58 1 0 M

3. Destination recommendation 105 50 29 72 0 0 A

4. Destination service booking 73 49 76 58 0 0 M

5. Recommendation of characteristic route 131 34 20 71 0 0 A

6. E-ticket 91 61 29 71 4 0 A

7. Destination information 98 47 25 85 1 0 A

8. Display of rural cultural resources 90 51 28 87 0 0 A

9. Real-time information 88 54 30 83 1 0 A

10. Consultation and complaint 49 62 93 50 1 1 M

11. Parking information service 60 78 44 68 2 4 O

12. Rescue service 89 58 41 64 0 4 A

(continued)
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Table 4. (continued)

Information service Demand type Category

A O M I R Q

13. Live streaming 125 36 14 80 1 0 A

14. 2d map service 44 62 75 72 1 2 M

15. Three-dimensional reality 104 38 43 70 0 1 A

16. Positioning and navigation 57 44 94 59 0 2 M

17. Tour route planning 84 64 26 76 0 6 A

18. Intelligent voice service 84 52 14 102 1 3 I

19.VR virtual reality 108 41 10 96 1 0 A

20. Commodity purchase 65 22 93 74 2 0 M

21. Commodity intelligent recommendation 66 19 9 153 9 0 I

22. Order management 46 43 99 68 0 0 M

23. After-sale of goods 36 62 97 61 0 0 M

24. Commodity traceability 87 63 33 73 0 0 A

25. Commodity distribution 62 37 42 106 7 2 I

26. Evaluate and feedback 52 72 87 45 0 0 M

27. Dynamic publishing 117 35 16 88 0 0 A

28. Community interaction 120 32 10 89 2 3 A

29. Travel together 115 34 20 86 1 0 A

30. Live interaction 70 104 19 60 3 0 O

4.3 Better-Worse Satisfaction Index Analysis

Unlike the traditional Kano model, which only determines classification based on the
mode of the number of votes, the improved Kano model, which is named Better-Worse
index analysis, utilizes voting data to judge the classification of each information ser-
vice [20]. The Better-Worse index analysis is used to further discuss the relationship
between each service and user satisfaction. The method employs two indices, “Better”
and “Worse,” to explain how the provision and non-provision of each service affects
tourist satisfaction. The higher the Better index value, the greater the impact of the
service on user satisfaction. The Worse index is typically negative, and the higher the
absolute value, the greater the negative impact of not providing the service on user
satisfaction.

The mean absolute values of the Better index and the Worse index for each service
(0.519, 0.379) were used as the origin, the Better index as the horizontal axis, and the
absolute values of the Worse index as the vertical axis. Figure 1 depicts the quadrants
of each service. When compared to the results of the traditional Kano model, there is
essentially no change in the quantity of attractive demand andmust-be demand under the
Better-Worse index classification. In terms of composition, the must-be demand remains
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Fig. 1. Quadrants of each service

unchanged, intelligent voice service (18) moves from indifferent to attractive demand,
and rescue service (12) moves from attractive to one-dimensional demand. According
to the analysis of each quadrant, the absolute values of the Better and Worse indexes
of each service are higher in the first quadrant than the corresponding average value.
When this quadrant’s service is provided, user satisfaction is greatly improved; when
the service is not provided, user satisfaction is greatly decreased. Such a service falls
under one-dimensional demand (O). As shown in the figure, rescue service (12), parking
information service (11) and live interaction (30) are one-dimensional demands that place
demands on rural tourism intelligent information service from three dimensions: safety,
convenience, and sociability.

In the second quadrant, the value of the Better coefficient for information service is
low, while the absolute value of the Worse coefficient is high. Users will take services in
this quadrant for granted. If these services in this quadrant are not provided, users will
be very dissatisfied, and services in this quadrant are must-be demands (M). Figure 1
shows that this category includes ten services, including rural tourism service booking,
information consultation, positioning and navigation, and mall services. In conjunction
with the specific content of the ten services and actual rural tourism experience, these
services are indispensable basic services in rural tourism, which to some extent reverse
validates the analysis results.Wemust prioritize providing services in this quadrant when
developing a rural tourism intelligent information service.

The absolute values of the Better and Worse coefficients for each service in the third
quadrant are lower than the corresponding average value, indicating that service provi-
sion in this quadrant has little impact on user satisfaction and belongs to the indifferent
demand (I). This category includes commodity intelligent recommendation (21) and
commodity distribution (25). From the standpoint of service functions, users are wary of
personalized recommendation, which is common in the age of big data but easily leads
to personal privacy disclosure. At the same time, because some e-commerce platforms’
services for sharing and organizing groups are mature, users are no longer new to this
type of promotion, so such services have little impact on user satisfaction.
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The Better coefficient in the fourth quadrant is higher than average, and the Worse
coefficient is lower than average in absolute value. When such services are provided,
user satisfaction increases significantly, but it does not decrease when they are not pro-
vided. Such services are attractive demands (A). This type of demand primarily con-
sists of 15 services such as route combination recommendation and planning, multi-
dimensional destination information display, social services related to community inter-
action and group travel, e-ticket and commodity traceability. These services can better
attract tourists’ attention, meet potential tourist demand, and improve tourist travel expe-
rience, which are characteristics of rural tourism intelligent information services. The
information services in this quadrant should be continuously enriched as part of the pro-
cess of developing intelligent information services for rural tourism in order to optimize
tourists’ sense of experience and improve their satisfaction.

5 Empirical Implications

From the perspective of users’ demand, this study divides the rural tourism intelligent
information service into four demand categories. Based on the results, we can have the
following suggestions on the developing of rural tourism intelligent information service.

(1) Prioritizing the development of must-be demands. The functions that users expect
products or services to have, as well as the lower limit of product or service con-
struction, are considered must-be requirements. Rural tourism intelligent informa-
tion service should prioritize the most pressing demand. According to the data
analysis results, transportation ticket booking, accommodation booking, destina-
tion service booking are examples of this type of demand that should be prioritized
for construction in order to ensure the complete basic functions.

(2) Fully meeting the one-dimensional demands. The higher the user satisfaction, the
more adequate the service provided in the expected demand.Meeting such demands
aggressively can help the rural tourism intelligent information service platform
maintain growth and gain a competitive advantage.With the gradual standardization
of rural tourism supported by policies, supporting services should comply with
the trend to fully meet such demand and improve service competitiveness while
maintaining service attractiveness.

(3) Making efforts to enhance attractive demands. Attractive demands represent unan-
ticipated demand, andwhen such services are provided, user satisfaction skyrockets.
This category included 15 services in total. The rural tourism intelligent informa-
tion service platform should not only meet the necessary and expected demand, but
should also consider those attractive demands.

(4) Considering the indifferent demands. User satisfaction is unaffected by indifferent
demand. This type of service is represented by two services in the research findings.
Although this type of demand has no influence on the user’s satisfaction, it is still
important in terms of user convenience. It should not be completely ignored in
the development of rural tourism intelligent information services. It is necessary
to decide whether to develop, as well as the extent of development, and to adjust
resource input based on the current situation.
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6 Conclusion

In this study, a framework of intelligent information service for rural tourism is con-
structed. To provide a reference for the development of intelligent information services
for rural tourism, the Kano model and the Better-Worse index analysis method are used
to investigate the impact of various services on tourist satisfaction. The following are the
findings of this study. When building the rural tourism intelligent information service
platform, it is possible to carry out key, hierarchical, and phased construction planning
based on the priorities of all levels. The attractive demands should be constantly explored
to enhance user stickiness and improve user experience. Furthermore, because users’
demand change in response to their surroundings, service categories are undergoing a
dynamic transformation cycle. As a result, while maintaining the service’s advanced
nature, the development of a rural tourism intelligent information service should pay
close attention to users’ demand.
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Abstract. An increasing number of rewarded crowdfunding platforms recom-
mend that fundraisers post multimodal data to improve data diversity and attract
investors’ attention. Project speech contains both textualmodality (text) and acous-
tic modality (voice) data. This study aims to explore how linguistic style of the
speech text and acoustic features of the speech voice influence the crowdfunding
campaign performance from the perspective of emotional contagion. An econo-
metric model to investigate the effects of emotional cues from fundraisers’ speech
on rewarded crowdfunding performance is constructed, and an empirical analysis
with 21996 projects data in Kickstarter is conducted. The findings demonstrate
that both acoustic emotional cues (voice pitch and speech rate) and textual emo-
tional cues (intimate and perceptual language) have significant positive effect on
the financing performance, while voice intensity is negatively related to financ-
ing performance. This investigation provides both theoretical implications for the
literature of crowdfunding and practical implications for fundraisers.

Keywords: Rewarded crowdfunding · Funding behavior · Acoustic feature ·
Linguistic style · Emotional contagion

1 Introduction

Rewarded crowdfunding platforms have grown rapidly in recent years as an important
way to help startups solve their financing problems. The investigation on the antecedents
of crowdfunding success has become a hot topic. Most previous studies apply signaling
theory to discuss the association between the structured information and fundraising per-
formance [1, 2]. However, funders in rewarded crowdfunding are rather supporters than
professional investors. They invest not only to chase financial returns, but more likely
as an act of support generated by emotional transmission. Therefore, understanding the
effects of emotional factors that are embedded in fundraiser’s presentation is important
in exploring the antecedents of rewarded crowdfunding success.

Speech is the most attractive and natural way to convey information due to its conve-
nience and liveness [3]. As a multimodal signal, speech contains both textual modality
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(spoken words) and acoustic modality (voice) data. Both textual and acoustic modality
data of speech contain emotional cues that can accurately reflect the emotional states
of speakers. Emotional contagion theory outlines a process in which an individual’s
emotion expression triggers changes in the emotional states and perception of others
[4]. In rewarded crowdfunding, fundraiser’s emotion or attitude conveyed by speech can
affect funder’s perception. When crowdfunding funders are viewing a project presenta-
tion, emotional cues in the fundraiser’s speech will trigger the occurrence of emotional
contagion and change funders’ attitude towards the project, which may affect their will-
ingness to invest. Thus, emotional contagion theory can help us understand the rela-
tionship between emotional cues in fundraiser’s speech and crowdfunding performance.
Therefore, this study aims at investigating the impact of textual and acoustic emotional
cues from the speech on financing performance in rewarded crowdfunding from the
perspective of emotional contagion theory.

2 Literature Review

2.1 Emotional Cues in Speech

Speech contains rich emotional cues, which are hidden in voice as well as the spoken
words. Voice is quantified as numerous acoustic features. The analysis of emotions
through acoustic features has received a great deal of attention, where pitch, intensity
and speech rate have been found to play an important role in recognizing the emotions of
speakers [5]. These features fluctuate according to speakers’ current emotional state and
determine whether the voice sounds natural and smooth. For example, lower-intensity
voice indicates that the speaker is in a tender state, while passion is associatedwith higher
pitch and faster expression. Analyzing these acoustic features is essential for speakers
to choose the appropriate voice expressions to improve receivers’ perception.

Style words is an important part in language expression. The use of style words forms
the linguistic style of speech. From a psychological perspective, linguistic style is more
closely linked to measures of people’s social and psychological worlds than content
[6], which suggests that linguistic style of speech also contains cues associated with
emotions. Intimate and perceptual language are considered as important psychological
language styles [7, 8]. Previous studies posit that intimate language has the characteristics
of affinity and emotion, which can close the psychological distance with audiences.
Perceptual language may facilitate the ease of processing and make the message seems
more appealing.

2.2 Emotional Contagion Theory

The emotional contagion theory states that emotional expressions flow from the sender
to the recipients, who catch the expressed emotions and develop feelings similar to those
of the sender [4].

Consumer behavior studies have shown that users’ emotional state has a significant
impact on their decision-making behaviors. Videos in rewarded crowdfunding projects
presents the motivation and vision of the project to funders. The vocal tone and lin-
guistic styles contained in videos carry rich emotional expressions. When exposed to
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these emotions, funders may develop similar feelings, which influences their percep-
tions of the project values and decision-making strategies. Thus, emotional contagion
theory provides a plausible theoretical perspective for discussing the association between
emotional cues in the speech and project funding results in rewarded crowdfunding.

3 Research Model and Hypotheses

Given that both acoustic features and linguistic styles are related to speaker’s emotion
and personal characteristics, we construct the research model as shown in Fig. 1.

Fig. 1. Research model

3.1 The Effect of Acoustic Emotional Cues

Pitch refers to the number of vibrations of the vocal cords per second,which is determined
by fundamental frequency. Pitch has been shown to be closely related to the emotional
state of the speaker. High-pitch voices usually indicate that the speaker is in a highly
positive emotional state, such as happiness, excitement, and enthusiasm [9]. At the same
time, extroverts often show higher inflections of voice. When crowdfunding fundraiser
uses high-pitch voice to introduce the project, it will ignite positive contagion. In the case
of uncertainty in the investment process, funders are willing to seek positive cues from
fundraisers. The positive emotional signals transmitted by fundraiser’s high-pitch voice
may easily make funders infected and have the same positive feelings subconsciously.
Under the influence of positive emotion, funders in an uncertain state will have a more
optimistic evaluation of the project, and are willing to take practical actions to support
the project. Therefore, we have the following hypothesis:
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H1: The pitch of fundraisers’ voices is positively related to the performance of
crowdfunding.

Intensity refers to the power per unit area of a speech signal, which is usually per-
ceived as loudness. It is reflected by the amplitude of voice signals. High-intensity
voices are often considered to be highly aggressive and manipulative, and therefore,
having a higher likelihood of carrying negative emotions [10]. The high-intensity voices
of crowdfunding fundraisers may trigger funders’ negative emotional contagion, which
make funders form a negative impression of the fundraisers as strong and impulsive, and
further reduce funders’ favorability towards the project, thus weaken their willingness
to invest. Therefore, we have the following hypothesis:

H2: The intensity of fundraisers’ voices is negatively related to the performance of
crowdfunding.

Speech rate refers to the number of words spoken per unit of time. Speech rate is
one of the most important acoustic features, which is affected by the speaker’s person-
ality traits and emotional state. Outgoing and cheerful speakers tend to speak faster, and
speakers in a high arousal emotion such as excitement will unconsciously speed up their
speaking rate [10]. Funders would perceive the enthusiastic personality and energetic
state of fundraiser in the quick expression, thus have similar positive emotional experi-
ence from this contagion. Eventually, funders in the activated state of pleasure will be
more willing to invest in the project. Thus, we propose the following hypothesis:

H3: The speech rate of fundraisers’ voices is positively related to the performance
of crowdfunding.

3.2 The Effect of Textual Emotional Cues

The intimacy of speech, which is related to the perception of emotional sincerity, plays
an important role in the emotional expression. The intimacy of speech is reflected in the
use of intimate language. Intimate language helps to increase the identification of the
communicator with the content of the expression. In rewarded crowdfunding, the lin-
guistic style rich in intimate language can make funders feel close psychologically [11].
More importantly, the use of intimate language reflects their initiative and enthusiasm in
crowdfunding, and the emotional contagion process will likely arouse similar feelings
in the potential investors. Positive feelings lead funders to a more positive appraisal of
the crowdfunding project and motivate them to maintain an optimistic emotional state,
for instance by interacting in more generous and friendly ways, thus motivating them to
invest the project. We accordingly hypothesize:

H4: The intimate language in fundraisers’ speeches is positively related to the
performance of crowdfunding.

Words related to hearing, sight, and other senses can facilitate the comprehension
of information, which means that perceptual language is easier for funders to process
and understand [6]. Perceptual stimulation triggers the human subconscious so that con-
sumers can obtain a tangible view of the abstract concept of the product. Thus, marketing
activities that incorporate sensory perceptions will influence funders’ perceptions and
judgments. Crowdfunding funders rely on fundraisers’ presentation in order to know
project details. Perceptual language can help them clarify the meaning of utterances in
ambiguous events. Further, perceptualwords are associatedwith a vivid representation of
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objects. Using such a linguistic style in crowdfunding is a sign of fundraiser’s passion,
which will increase funders’ experienced enthusiasm about the project and convince
them to support the project. Therefore, we propose the following hypothesis:

H5: The perceptual language in fundraisers’ speeches is positively related to the
performance of crowdfunding.

4 Data and Methodology

4.1 Data Collection

The data for this study comes from Kickstarter. Kickstarter is the most influential
rewarded crowdfunding platform in theworld, which has helped 235507 projects achieve
funding success [12]. Kickstarter uses an all-or-nothing model, which means that only
when the public funding project reaches the target amount before the deadline, the project
can be successful and get all the fundraising.

First, we developed a Python program to automatically scrape all available project-
related data in Kickstarter projects. We eliminated projects with extreme funding goal,
which were either below $100 or above a million dollars, because, upon inspection,
they represented non-serious efforts to raise funds [1]. Second, we eliminated projects
without video, and download all the videos of the available projects. And all videos were
converted to audios by applying FFmpeg [13]. To avoid the interference of background
music and noise, we extracted the human voices from audios with the help of Spleeter
[14]. Third,we utilized theTencentCloud speech recognitionAPI to collect the identified
text of the voice audios and excluded the data without voice content [15]. Finally, we
obtained data for a total of 21996 projects.

4.2 Measurement for Unstructured Data

We applied Praat software, which is a scientific phonetic analysis tool that has been
widely used in speech analysis to measure the acoustic parameters of voice waves [16].
We wrote a Praat script to extract pitch and intensity values for all speech data. Since
speech is a time-varying signal, we take the average values for both pitch and intensity.

There are many pauses in speech. Therefore, each continuous voice in every audio
is recorded as a segment in our study, and the average speech rate is represented by the
ratio of the number of words in all segments to the sum of the duration of them. The
specific calculation process is as follow: if an audio consists of n segments S1, S2, …, Sn.
The number of words in segment Sv isWNSv , and the vocal duration isDTSv . Eventually,
the average speech rate of each audio is measured as follow:

Speech Rate =
∑n

i=1WNSi∑n
i=1 DTSi

(1)

To understand how the linguistic style in fundraisers’ speeches influence crowdfund-
ing results, we used LIWC to analyze the semantic content of each speech and extract
the language components of linguistic style [6].
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Intimate language can be constructed as a linguistic style that reduces the psycho-
logical distance to the audience. And first-person pronouns are important for showing
the distance of intimacy. Greater use of first-person pronouns would make the described
content more approachable, thus making it easier for funders to identify with the project.
Also, there is a strong association between psychological feelings and affective evalu-
ation. Therefore, we measured the intimate language of the speech by the total number
of first-person pronouns and affective words presented in speech.

Perceptual language refers to a linguistic style describedby sensory experience.Hear-
ing, sight, and other senses cues have the potential to influence consumers’ choices and
evaluation by stimulating the perception of them. A vivid presentation with perceptual
language conveys the enthusiasm of the fundraiser, which will inspire positive emotions
in funders. We use the dictionaries of perception in LIWC to capture the perceptual
words in our study [6]. Perceptual language is measured as the number of perceptual
words in speech.

4.3 Research Variable

Dependent and Independent Variables
The project fundraiser sets a financing goal at project initiation. Project financing is
considered successful when the actual funding amount reaches the goal, otherwise, the
project financing fails. In our study, the final funding result of the project is used as the
dependent variable of themodel. Themain independent variables included three acoustic
emotional cues, pitch, intensity and speech rate, and two textual emotional cues, intimate
language and perceptual language.

Control Variables
Project duration and funding goal represent the size of the project, while the number
of comments suggest the popularity of the project [1]. Fundraisers can communicate
information to funders by updating the progress of projects and responding to comments.
At the same time, fundraisers who have experience in crowdfunding are more likely to
attract funders and thus achieve positive financing results [2]. And the length of the
project video is considered relevant to fundraiser’s efforts. Therefore, these features of
project play an important role in influencing funders’ investment decisions. To avoid the
discrepancy of regression results, we selected funding goal, project duration, number of
comments, project update, fundraiser experience, and the length of video as the control
variables of our study. Table 1 shows the descriptions and descriptive statistics of all
variables.
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Table 1. Descriptions and descriptive statistics of variables.

Variable Measures Mean SD Min Max

Dependent variable

Financing performance
(FinaP)

1 for the amount funded
meets or exceeds the
funding goal, 0 otherwise

0.5 0.5 0 1

Independent variables

Voice pitch (Pitch) The mean value of the
fundamental frequency of
voices in speech

182.7 49.9 81.3 480.6

Voice intensity
(Intensity)

The mean value of power
per unit area of voices in
speech

70.9 4.4 31.4 86.5

Speech rate (SpeeR) The number of words
contained in speech per
second

2.6 0.7 0.4 7

Intimacy language
(IntiL)

Sum of numbers of
first-person pronouns and
affective words of speech

10.8 4.1 0 54

Perceptual language
(PercL)

The number of perceptual
words of speech

2.8 2.2 0 48.5

Control variables

Project duration
(ProjD)

The interval between
project initiation time
and deadline time

2804974.2 880063.9 87007 7776000

Funding goal(Goal) The amount of funding
goal

28069.4 72671.2 100 1000000

Number of comments
(NumbC)

The number of comments
posted

68.8 1115.6 0 107758

Fundraiser experience
(FundE)

1 when the fundraiser has
crowdfunding
experience, 0 otherwise

0.6 0.5 0 1

Project update (ProjU) 1 when the project has
been updated, 0
otherwise

0.7 0.4 0 1

Length of video
(LengV)

Duration of the video in
second

158.3 84.5 2.2 3035.6

4.4 Empirical Model

Since the dependent variable is a Boolean variable, we adopted logistic regression to
conduct a quantitative analysis of the relationship between emotional cues in speech and
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project funding results. We specified the baseline model shown in Eq. (2) to test our
hypotheses. All variables were standardized with the Z-score standardization method.

FinaP =β0+ β1Pitch+ β2Intensity + β3SpeeR+ β4IntiL+ β5PercL+ β6 Pr ojD

+ β7Goal + β8NumbC + β9FundE + β10 Pr ojU + β11LengV (2)

5 Results

The results of logistic regression are shown in Table 2. We examined the effects of
control variables on crowdfunding performance, the results are shown in Column (1).
Column (2) shows that both acoustic and textual emotional cues have significant impact
on crowdfunding performance. For acoustic emotional cues, the pitch of fundraisers’
voices is positively related to the performance of crowdfunding with coefficient at 0.104.
The speech rate is positively associated with crowdfunding success with coefficient at
0.058. Yet the intensity negatively influences the financing performance with coeffi-
cient at −0.096. For textual emotional cues, the intimate language and the perceptual
language in fundraisers’ speeches are both positively related to financing performance
with coefficient at 0.071 and 0.077, respectively. The results are all consistent with our
hypotheses.

Table 2. Logistic regression results.

Dependent variable: Financing performance

(1) (2)

ProjD −0.130*** −0.125***

Goal −0.634*** −0.601***

NumbC 19.215*** 19.979***

FundE 4.412*** 4.428***

ProjU 1.664*** 1.679***

LengV 0.126*** 0.131***

Pitch 0.104***

Intensity −0.096***

SpeeR 0.058**

IntiL 0.071***

PercL 0.077***

Constant −3.252*** −3.239***

Observation 21996 21996

R-squared 0.551 0.553

Note: * p < 0.10, ** p < 0.05, *** p < 0.01.
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6 Discussion and Conclusion

6.1 Discussion of Key Findings

Understanding the effects of critical emotional cues in speech on crowdfunding per-
formance has important guiding significance for fundraisers to improve their financing
performance. This study attempts to explore how linguistic style of the speech text and
acoustic features of the speech voice influence the crowdfunding performance from the
perspective of emotional contagion. The main findings are as follows.

First, acoustic emotional cues give significant impact on project financing perfor-
mance. Pitch and speech rate have positive influence on the financing performance,
while intensity shows a negative effect. It indicates that fundraisers often use high vocal
tone and speech rate to convey their positive emotions to funders. The occurrence of
positive emotional contagion motivates funders to invest in the project. High-intensity
is usually associated with extreme emotions and stress. Negative emotional contagion
triggered by high-intensity voices will reduce funders’ intention to invest. Second, both
intimate and perceptual language in fundraiser’s speech are positively associated with
crowdfunding results. First-pronouns and affective words in speech contribute to ignite
positive emotional contagion between fundraisers and funders, reducing the psycho-
logical distance between them. Meanwhile, perceptual words in speech both reflect the
fundraiser’s passion and enable funders to understand project details easily. The positive
emotional contagion effect of intimate language and perceptual language will improve
funders’ impression of the project, which will increase their investment intention, thus
improve the financing performance.

6.2 Theoretical Implications

This study may contribute to the existing literature in the following two ways. First,
we extend the crowdfunding literature that previously focused on the structured data by
mining the emotional features contained inmultimedia data, which provides a new direc-
tion of effort to investigate the factors influencing crowdfunding performance. Second,
this study is an innovative attempt to extract quantitative emotional cues from different
modalities of unstructured data, which broadens the application area of unstructured
data mining.

6.3 Practical Implications

Our findings provide some valuable guidance for fundraisers to improve their financ-
ing performance. First, in view of the impact of acoustic emotional cues on funding
results, fundraisers should pay attention to their tone and speed in their speech. They
should control the volume of the explanation to reduce the average strength of their
voices, which make funders feel respected in a gentle way. A fast speaker is perceived
as persuasive, and knowledgeable, while conveying the signal of enthusiasm. Therefore,
fundraisers should properly improve the speed of the speech and convey more details
of the project to funders in limited time. Second, fundraisers should pay attention to
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the use of style words during their presentations, especially those related to psycho-
logical distance descriptions. Increasing the use of first-person pronouns and affective
words would be a good idea to enhance their intimacy. Increasing the use of perceptual
words will help funders to understand the project more easily under the influence of the
fundraiser’s passion.

6.4 Limitations and Future Research

There are limitations in our study. First, human acoustic features and linguistic styles
are closely related to biological gender. The analysis of the emotional impact of speech
in our study only starts from overall perspective, and does not examine the influence
of the gender of speaker. Second, we took the mean values as results when calculating
the acoustic features of speech, which can be explored in the future on the relationship
between the dynamic changes of these features and crowdfunding performance.
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Abstract. Project quality signal, online communication between creators and
backers and social capital of serial creator are the key factors that affect crowd-
funding performance.However,while existing studies ignored projects initiated by
the same creator are not independent, they may suffer from a level bias, with a sin-
gle level of analysis only (e.g., the project level, or serial creator level). To address
this situation, this paper uses a hierarchical linear model to conduct an empiri-
cal analysis of a total of 6,286 projects initiated by 2,394 serial creators on the
Indiegogo platform. The results show that project-level attributes (project quality
and online communication) positively affect crowdfunding performance. Creator-
level factors (experience of serial creator) has a positive effect on crowdfunding
performance. More important, we further identify several interesting moderators:
the social capital of the serial creator positivelymoderates the relationship between
pictures, project comments and performance across levels, but it is negative when
moderating the relationship between the updates and performance.

Keywords: Hierarchical Linear Modeling · Project Quality · Online
Communication · Creator Experience · Social Capital

1 Introduction

Crowdfunding that intends to raise a small amount of funding from a large number of
individuals via digital platforms has attracted much attention from industry practitioners
and academic researchers. It’s reported that the global crowdfunding market was valued
at $10.2 billion in 2018 and was forecast to reach $28.77 billion by 2025. Although
Crowdfunding market has grown rapidly, the success rate of crowdfunding is relatively
low. Take Kickstarter for example, among all of 549,711 projects in Kickstarter, only
215,747 were successfully funded, yielding a success rate of 39.46%. Given that, extant
researchers attempt to figure out how attributes of campaigns and their creators influence
crowdfunding success [1, 2, 3]. However, past studies on determinants of crowdfunding
has suffered from a level bias, with researchers studying determinants at single levels
of analysis only (e.g., the project or creator level). Although single-level research can
be useful, the past research implicitly assumes that campaigns that initiated by the same
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creator are independent, which may lead to an incomplete and disjointed view of how
campaign and creator information affect crowdfunding success.

Scholars have pointed out that for serial creators, they can develop necessary knowl-
edge and skills over time when they operate their projects or comment on other projects,
so projects initiated by the same creator are no longer independent [4]. Therefore, this
paper believes that campaigns initiated by same creators are affected by the characteris-
tics of the serial creators (similar to environmental factors). That is to say, the magnitude
of the campaign quality signal on crowdfunding performance are different across each
serial creator.

Besides, from the data structure perspective, the campaigns we analyze in this study
belong to different serial creators, namely the data structure is nested. Andwhen a hierar-
chy exists, an analysis of data aggregated from different levels may produce inaccurate
and unreliable results [5]. More important, with nested structures, the assumption of
independent errors is violated and the traditional OLS regression approaches that rely
on this assumption inadequate [5].

Based on the two reasons (linkage between campaigns and serial creators as well
as the nested data structure), we choose hierarchical linear model to address the lin-
ear dependencies. In the context of our study, we use HLM with the unique project
embedded in level 1, nested within serial creators in level 2. The hierarchical linear
model takes into account the differences between different creator level and the depen-
dent linkage between those two levels. It allows us to statistically account for potential
interdependences across different partition variance-covariance components to model
the multilevel nature of crowdfunding system and estimate level effects [6]. Therefore,
this paper uses a hierarchical linear model to analyze the impact of factors at different
levels on crowdfunding performance and focus on the moderation effect of serial creator
social capital.

2 Literature Review

2.1 Influencing Factors of Crowdfunding Performance

Since the rapid growth of crowdfunding market but the relative low success rate of
project fundraising, academics have paidmuch attention to investigated the determinants
of crowdfunding success. The previous research mainly uncover those factors from
three dimensions, including campaign information [1, 7, 8], creator information [4] and
communication between backers and creators [9].

Among these studies, serial creators are a special group in crowdfunding. Serial cre-
ators refer to project creators who have experience in launching projects on the crowd-
funding platform, that is, they have launched more than one project on the platform.
Social capital accumulates when serial creators launched each project, such as repu-
tation, authority, knowledge, and number of friends, which plays an important role in
crowdfunding performance. Past studies have confirmed that creators with higher social
capital can obtain higher funds [10]. However, existing research implicitly assume that
projects initiated by the same creator are independent and ignored the linkage of serial
creator and projects. To address this issue, we conduct HLM to analyze.
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2.2 Hierarchical Linear Model

Multilevel modeling is one of the best practices that have been frequently applied by
academics to examine determinants of performance [11, 12, 13]. Specifically, multilevel
modeling is widely used statistical technique for analyzing nested data such as when
students are nested in schools and individuals are nested within jobs. In these cases,
assumptions of observation independence are violated, leading to downwardly biased
standard errors, smaller estimated p values and increased Type 1 error rates. Hierarchical
LinearModel (HLM) is amultilevelmodel that considers the hierarchical and nested data
structures while modeling linear dependencies. With nested structures, the assumption
of independent errors is violated and the traditional OLS regression approaches that rely
on this assumption inadequate. Therefore, HLMwith additional levels render the model
more useful because they focus on the analysis of data with such complex pattern of
variance (i.e., nested structures).

In our study context, we believe projects belongs to each serial creator and projects
initiated by the same creator are no longer independent. Thus, multilevel modeling
may provide us deeper understanding of the moderating role of serial creator attributes.
Besides, HLMmakes us to identify potential interdependences across different partition
variance-covariance components to model the multilevel nature of crowdfunding serial
creator and estimate level effects. Following past HLM research on individual and team
level, in the crowdfunding project structure, the serial creator level is “upper” level, and
the project itself is “lower” level.

3 Research Model and Hypotheses

3.1 Research Model

Our researchmodel is shown in Fig. 1.We consider two dimensions of attributes of serial
creator, including social capital and experience. Specifically, this paper explores the
moderate effect of social capital of serial creators on projects quality and the cross-level
effect of experience of serial creators on crowdfunding performance.

3.2 Hypotheses Development

Project Quality Signal. A high-quality video can introduce information about the
project to potential backers from visual and auditory perspectives. Wang and others
believed that video can be seen as a signal of readiness, which helps to improve the
confidence of backers in the quality of the project, thus increasing the possibility of
success [14]; Yang and Hahn’s research also reached a consistent conclusion [4]. Based
on the above analysis, this paper proposes the following assumption:

H1a: The more videos displayed in crowdfunding projects, the greater the proportion
of funding at the end of the project.

Project quality information can also be well displayed to the audience through pic-
tures [15]. Like the video display, the picture is also the visualization result of the
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project information, which can make the backers’ understanding of the project more
comprehensive and intuitive. So, the assumption is as follows:

H1b: The more pictures the crowdfunding project displays, the more likely the
crowdfunding project will succeed.

Project Online Communication. Indiegogo crowdfunding platform provides an
update area for serial creators, who can release project update information and actively
show project progress to backers. Based on the data sets of more than 48,500 projects,
Mollick found that the number of project updates was positively correlated with the
crowdfunding success when studying the potential drivers of the success and failure of
crowdfunding enterprises [1]. Therefore, the assumption is following:

H2a: The number of project updates has a positive impact on the funding ratio of
crowdfunding projects.

In the comment area, backers will express their opinions and feelings about the
project. Courtney and other researchers showed that the emotional performance of
investor comments can effectively reduce the degree of information asymmetry [16].
And this paper believes that dynamic comment information can provide more project
quality information, so the following assumption is proposed:

H2b: The number of project comments has a positive impact on the funding ratio of
crowdfunding projects.

Serial Creator Experience. In the process of crowdfunding, the serial creators will
constantly understand and become familiar with the initiation process, accumulate more
project expertise and experience. Beier and Wagner studied the data set of 740 projects
published on one of the major Swiss crowdfunding platforms, and tested the determi-
nants of successful fundraising related to communication, and found that the number of
projects initiated by the creators had a positive impact on crowdfunding performance
[17]. Therefore, this paper proposes the following assumption:

H3a: The number of projects initiated by serial creators has a positive cross-level
impact on the funding ratio of crowdfunding projects.

Wang and others studied the impact of creators’ (experience) signals on crowdfund-
ing performance by using the refined possibility model, and found that experience as a
backer can alleviate backers’ anxiety about the information asymmetry of project quality
and creators’ credibility [14]. So, the following assumption is coming:

H3b: The number of projects when the creator acts as a backer has a positive
cross-level impact on the funding ratio of crowdfunding projects.

Moderating Effect of Creators’ Comments. Online Communication is an important
manifestation of the behavior of serial creators. Butticè and others studied the impact of
the cumulative number of comments received in previous crowdfunding activities (from
the social capital of successful crowdfunding activities), and found that this made the
activities of serial crowdfunding more successful than those of novice crowd-funders
[18]. Therefore, the cumulative comments can make up for the lack of information
disclosed by the project quality signal, the assumptions are following:
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H4a: The total number of creators’ comments has a cross-level moderation effect
between the number of videos and the proportion of crowdfunding project financing.

H4b: The total number of creators’ comments has a cross-level moderation effect
between the number of pictures and the proportion of crowdfunding project financing.

In the process of crowdfunding, the project will generate online communication
information. In case of few updates and insufficient comment information, the comments
of the serial creator play a key role. This paper believes that the serial comments of the
creators can increase the followers of the project and improve the impact of the lack of
communication information of the project. Assumptions are as follows:

H5a: The total number of creators’ comments has a cross-level moderation effect
between the number of project updates and the proportion of financing.

H5b: The total number of creators’ comments has a cross-level moderation effect
between the number of project comments and the proportion of financing.

Fig. 1. Research model

4 Data and Method

Our data was collected from Indiegogo, one of the largest crowdfunding platforms. We
uses Python towrite a crawler program to capture 6,470projects initiated by2,452project
creators on the platform. After removing information such as projects with missing valid
information, projects with fraud risk and projects with excessive value, the final effective
sample is 2,394 project creators and 6,286 projects initiated by them.

We choose the fundraising ratio (RA) as our dependent variable, which reflect the
proportion of pledge account for the projects goal. Following previous studies [1, 8, 19],
this paper sets the project-level independent variables as the number of videos (VI) and
pictures (PIC) representing quality signals, the number of updates (UP) and comments
(CO) representing online communication, and choose experience as creator (EC) and
experience as backer (EB) as the serial creator level independent variables. Besides,
we employ the total number of creator’s comments (FCO) to measure the social capital
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of serial creator. Since project characteristics (e.g. goal (GO), duration (DU), project
description (PBI) and Facebook sharing (FBS)) and creator attributes (e.g. Facebook
Friends (FBF)) have been repeatedly verified as determinants of crowdfunding success,
we treat these constructs as control variables. To reduce kurtosis and skewness, the
logarithms of variables were used in the analysis.

5 Research Results

5.1 Descriptive Statistics

Our dataset contains 6,286 projects initiated by 2,394 project creators. The total financing
amount of the project reached $26,022,930, and the number of backers reached 272,745.
The descriptive statistical analysis of the variables is shown in Table 1.

Table 1. Descriptive statistics

Mean St dev Min Max

Level-1 (Project)

RA 0.419 0.672 0.000 14.184

VI 0.750 1.344 0.000 12.000

PIC 3.550 4.545 0.000 51.000

UP 3.040 7.205 0.000 119.000

CO 10.310 54.916 0.000 3422.000

GO 1161423.501 41339499.116 50.000 2000000000.000

DU 40.110 14.337 1.000 60.000

PBI 90.920 36.679 0.000 160.000

FBS 356.750 6057.397 0.000 420892.000

Level-2 (Serial creator)

FCO 3.341 17.128 0.000 503.000

EC 2.844 1.707 2.000 23.000

EB 1.637 2.967 0.000 20.000

FBF 461.604 898.955 0.000 5000.000

5.2 Intra-class Correlation (ICC)

According to Heck et al. (2010, p6), the first step in a multilevel analysis is partitioning
the variance in an outcome variable into its within- and between group components. If
it turns out that there is little or no variation in outcomes between groups, there would
be no compelling need for conducting a multilevel analysis”. To measure the between
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groups variance we calculated the intra-class correlation (ICC) for positive affect and
our dependent variables. In this study, the reliability of score within group ICC (1) and
reliability of mean group score ICC (2) are used to test whether the data in this paper
can be used for HLM analysis. The results show that the ICC (1) value is 0.518, which
is far greater than the threshold value of 0.138; The value of ICC (2) is 0.72, greater
than 0.7, indicating that the research data is very suitable for hierarchical linear analysis.
Among them, the value of ICC (1) represents 51.8% of the crowdfunding-performance’s
total variation comes from inter-group variation, which can be explained by the factors
at the creator level, with cross-level significance. According to the above analysis, the
numerical values of ICC (1) and ICC (2) prove that the data in this paper is multilevel
nested, so it is necessary to use the hierarchical linear model to analyze.

5.3 Results of Hierarchical Linear Analysis

On the basis of aggregation test, this paper uses HLM software to conduct cross-level
regression analysis on the data, and the analysis results are shown in Table 2.

Table 2 contains the analysis data of random ANCOVA model (Model 1), intercept
model (Model 2) and complete model (Model 3) to test the relationship between quality
signals and crowdfunding performance and the cross-level impact of serial-creator’s
experience on the performance. Frist, variables of Level-1 (the project level) were put
into Model 1 to capture the project-level attributes heterogeneity. Then, we put Level-
2 (the serial creator level) variables into Model 2. After that we Put the independent
variables and control variables of Level-1 and Level-2 intoModel 3 to test the cross-level
effect of experience of creators on project performance.

The results show that videos (0.085, p= 0.010) and pictures (0.120, p= 0.000) have
a significant positive impact on the funding ratio. Thus, H1a and H1b are supported.
It can be seen that the project quality signal can be displayed to the audience through
videos and pictures very well, so as to attract more potential backers and improve the
crowdfunding rate. Similarly, both updates (0.249, p= 0.000) and comment (0.259, p=
0.000) have a positive impact on the crowdfunding performance, assuming that H2a and
H2b are supported. Experience as creator (0.174, p = 0.035) and experience as backer
(0.228, p = 0.000) has a positive cross-level impact on the funding ratio. H3a and H3b
is supported.

5.4 Moderation Effect Test

Model 4 introduces social capital of serial creators and its interactive terms with the
project quality signal and online communication to test themoderation effect. The results
are shown in Model 4. The significant moderation terms (0.286, p= 0.000) indicate that
social capital positively moderates the relationship between picture and crowdfunding
performance. However, social capital of serial creator has nomoderation effect (−0.022,
p = 0.830) on the relationship between video and crowdfunding performance. Besides,
we find that creator social capital moderates the relationship between update (−0.139, p
= 0.049) and comment (0.110, p = 0.032) with crowdfunding performance in different
directions, which we will explain in discussion section.
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Table 2. Results of hierarchical linear analysis

Model 1 Model 2 Model 3 Model 4

Coef P Coef P Coef P Coef P

Intercept 1.249** 0.000 0.199** 0.000 1.127** 0.000 1.326** 0.000

Level-1 (Project)

VI 0.093** 0.005 0.085** 0.010 0.129** 0.004

PIC 0.144** 0.000 0.120** 0.000 0.129** 0.000

UP 0.227** 0.000 0.249** 0.000 0.186** 0.000

CO 0.251** 0.000 0.259** 0.000 0.175** 0.000

Model 1 Model 2 Model 3 Model 4

Coef P Coef P Coef P Coef P

GO −0.253** 0.000 −0.248** 0.000 −0.232** 0.000

DU −0.152** 0.001 −0.154** 0.001 −0.212** 0.000

PBI 0.135** 0.000 0.117** 0.000 0.115** 0.000

FBS 0.055** 0.000 0.088** 0.000 0.067** 0.000

Level-2 (Serial creator)

EC 0.250** 0.005 0.174* 0.035 0.150* 0.035

EB 0.264** 0.000 0.228** 0.000 0.236** 0.000

FCO 0.303** 0.000 0.306** 0.000 0.312** 0.000

FBF −0.032** 0.000 −0.033** 0.000 −0.031** 0.000

Interactive terms

FCO × VI −0.022 0.830

FCO × PIC 0.286** 0.000

FCO × UP −0.139* 0.049

FCO × CO 0.110* 0.032

Other terms

τ00 0.216** 0.000 0.198** 0.000 0.187** 0.000 0.147** 0.004

σ2 0.197 0.215 0.198 0.171

R2
Level-1 0.074 0.074 0.137 0.287

R2
Level-2 0.071 0.142 0.190 0.363

F2 0.065 0.143 0.190 0.364

Tips: **p ≤ 0.01, *p ≤ 0.05; R2 represents the variance of model interpretation, F2 represents the
improvement ratio of residual variance.
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6 Conclusion and Discussion

Our study has several findings. First, we find that attributes of serial creator have cross-
level effect on campaign performance. Our results show that past experience as creators
and experience as backers are positively related to crowdfunding performance. Second,
we identify somemoderators. Social capital of creatorsmay positivelymoderate the rela-
tionship between project quality and crowdfunding performance. However, our results
reveal that social capital of creators cannot moderate the effect of video on crowdfund-
ing performance. This might be because that video is the central route in evaluating the
crowdfunding project. The information that provided by video is rich enough so that
its effect may not vary across serial creators. Besides, we found that serial creator’s
social capital interacts with update and comment in different directions. This can be
explained by the overlap of the same information source. Update is posted by creators
while social capital is also coming from creator and thus fails to generate synergistic
effects on crowdfunding success.

Our study contributes to crowdfunding research by emphasis on the multilevel anal-
ysis. Specifically, we introduce multilevel modeling (HLM) to analyze the determinants
of crowdfunding success. Although extant research has explored many factors that may
influence crowdfunding performance, they may suffer a level bias due to a single level
analysis. In fact, projects launched by the same creator are not independent and the
performance will be affected by environmental variables (experience of serial creators).
In other word, the projects are nested within serial creators. Under this circumstance, an
analysis of data aggregated from different levels may produce inaccurate and unreliable
results. Thus, we apply the HLM to generate deeper understanding of how the effect of
project quality on crowdfunding success varies across each serial creator.

Our findings provide several practice implications for creators. Our results indicate
that social capital of serial creators is necessary to crowdfunding success. Creators may
take their time to comment on platform to accumulate enough social capital so as to
enhance the positive effect of project quality on fundraising success.

Several limitations of this paper should be noticed. This paper studies the cross-level
analysis at the two levels of the serial creator level and the project level, ignoring the
crowdfunding platform environment. Therefore, future research can study the cross-level
analysis at three levels, including the platform level to generate more insights.
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Abstract. Poverty and return to poverty due to illness is still one of the main
causes of personal poverty, and medical crowdfunding can help patients and their
families raise medical expenses to alleviate their economic pressure. Under this
background, how to improve the fundraising performance of medical crowdfund-
ing projects has attracted more and more attention. This paper aims to investigate
the impact of emotions expressed in cover content on donation and sharing behav-
iors of project supporters. The cover content includes a cover image and a project
title. We scraped the real projects from one of the largest medical crowdfunding
platforms in China. We theoretically classify images into two categories, where
an image of a patient in healthy status delivers positive emotions and an image
of a patient in unhealthy status signals negative emotions. Further, we use LIWC
to measure emotional intensity of the project title. The analysis results show that
project supporters prefer projects with a positive cover image (i.e., a patient in
healthy status). Moreover, there is an interaction effect between the cover image
and a negative project title, whereas a positive title did not. Specifically, when a
project uses a cover image of patient in unhealthy status, a negative title has a neg-
ative effect on support behaviors (i.e., donation and sharing behavior). Our study
provides important theoretical and practical implications for online crowdfunding.

Keywords: Medical crowdfunding · Cover image · Project title · Sentiment
analysis

1 Introduction

Medical crowdfunding refers to the funding method in which project initiator raises a
large number of goodwill donations through online crowdfunding platforms to pay for
related medical services or products [1], which is composed of the initiator, the crowd-
funding platform, and the supporter [2]. Unaffordable out-of-pocket health expenditures
has become one of the main causes of personal poverty [3]. Medical crowdfunding, as a
form of charitable crowdfunding, has been pioneering in alleviating such poverty prob-
lems [3]. However, it is still challengeable for project creators of medical crowdfunding
to gain the attention of donors on the information-overload network environment.
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On medical crowdfunding platforms, donors often first encounter the project cover
content before entering the project details page. Prior research has found that cover
content is critical for initial item selection [4]. However, the research on crowdfunding
have mainly focused on the information on the project details page, few scholars have
paid attention to the information on project cover. For instance, previous research found
that projects with emotional images and infectious text aremore likely to attract potential
supporters in the details page [5, 6], and the congruency effect of image emotion and
text emotion is conducive to fundraising success in project details [7].

Cover content includes an image and project title in online medical crowdfunding.
Specifically, the cover image is usually an image of the patient in healthy or unhealthy
status. The presence of beneficiary images has been demonstrated as an efficient way to
induce donor’s emotional responses and prosocial behavior [8]. In this study, we use the
image of the patient in healthy status to represent positive emotions, while the image of
the patient in unhealthy status to represent negative emotions.

In addition, the importance of stimulus congruity between verbal and visual informa-
tion has been widely mentioned in prior advertising research [9]. However, the existing
research on cover emotions is a single study of the impact of images or title text in the
medical crowdfunding literature [10, 11].

Considering donation and sharing behavior are both important in the context of
online medical crowdfunding, this study explores the following research questions: 1)
What are the impacts of the emotions of cover image on the donor’s donation and sharing
behavior? 2) What are the interaction effects of the emotions of cover image and project
title on the donor’s donation and sharing behavior?

The rest of this paper is structured as follows. In Sect. 2, we conduct a brief review of
the relevant literature and present the hypotheses of the study. The dataset and results are
discussed in Sects. 3 and 4 respectively. Finally, we present the discussion, theoretical
contributions, practical implications, limitations, and future work in conclusion.

2 Literature Review and Hypotheses Development

2.1 Project Emotion in Philanthropic Donation

In the charitable donation literature, many studies have confirmed that emotions in the
project affect donation performance, but the conclusions will vary in different segments
and in different national environments. Wang et al. [6] demonstrated that patient images
can powerfully arouse the empathy emotion of potential donors and thus obtain more
donation amount. According to the theory of prosocial behavior and negative emotion
repair, they believe that the negative emotions conveyed in the images can provoke
empathy emotions, while the positive emotions can convey hope, both make the project
obtain better performance. Zhang et al. [10] made an empirical analysis of the text
features of medical crowdfunding projects, and found that the negative emotions had a
positive effect on the success rate of fundraising in the project details, but had a negative
effect in the project title. In addition, the positive emotions will have a negative impact in
the project details. These conclusions differ from the studies of Majumdar and Bose [12]
and Durand et al. [13]. They believe it is the differences in regional culture and types of
crowdfunding that led to the change in the study conclusions. Hou et al. [11] provided
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evidence that the impact of emotion is different according to the types of crowdfunding.
They demonstrated that under the mediating mechanism of empathy, contentment and
sadness in a project image has a statistically positive effect on donation performance.
However, they found that the positive effect of contentment existed in the community
and environment crowdfunding projects, while the positive effect of sadness existed in
the education crowdfunding projects.

Traditional charitable donation literature studying emotional influence mainly
focused on the project details page [6, 12, 13], but more and more scholars have turned
their attention to the project cover content in recent years [10, 11]. Dickert et al. [14]
proposed a two-stage model of donation decisions, in which people first decide whether
to provide any help and then decide the amount of help. In the online environment,
the project cover mainly affects the project performance by affecting the choice of the
project. Therefore, we believe that the project cover contributes more in the first stage of
the donation decision, while the project details will play a more obvious role in the sec-
ond stage of the donation decision. This may account to the different impact of emotion
in the two environments.

Pieters and Wedel [4] describes the bottom-up mechanism of visual attention in the
model of attention capture and transfer, which is determined by the individual’s percep-
tual salience of the elements that capture attention rapidly and almost automatically, such
as size and shape. In the form of attention capture, the baseline attention is independent
of the size of the element and other factors. The higher the baseline attention, the higher
the individual’s attention priority to the element. Image is perceived earlier than the text
under baseline attention, regardless of the size of the image and the text, so individuals
generally focus more on the image than the text. Zhang et al. [15] has demonstrated that
images are the most attractive part of crowdfunding projects. The model of attention
capture and transfer is a theory that explains the specific content doctrine mechanism.
When individuals choose projects according to the cover, they will attract attention by
the elements of the cover content, thus automatically responding to the cover image and
the title text, and the subsequent choice is the influence of the bottom-up mechanism.
We employ the bottom-up mechanism in the model of attention capture and transfer to
determine what emotional factors in the cover would affect, and focuses on the cover
image.

Images and text mainly affect attentions from size, shape, and emotional stimulation
[4]. Among them, emotional stimulation is the factor that attracts the most attention
and influences decision-making [16]. Medical crowdfunding projects usually take the
image of patient as the cover image, and the status of the patient will affect the emotional
expression of the image. Baberini et al. [8] find that individuals who saw a person in
an image with a sad expression had a stronger sympathetic response and a stronger
willingness to donate than saw a person with a smile. In this study, we believed that
the individuals can feel hopeful when the patient in healthy status, so we use the image
of the patient in healthy status to represent positive emotions. Furthermore, the image
conveys more sadness when the patient in unhealthy status, so we use the image of the
patient in unhealthy status to represent negative emotions.
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2.2 The Impact of Cover Image

Donation behavior is altruistic. Empathy is one of the important factors contributing to
altruistic behavior [2]. Negative emotions can trigger empathy, and more donations can
be provoked under the influence of empathy [17]. The image of the patient in unhealthy
status expresses more negative emotions than the image of the patient in healthy status,
therefore the former can trigger more empathy and more donors [8]. Accordingly, we
posit that:

H1. Compared with a cover image of a patient in healthy status, a cover image of a
patient in unhealthy status leads to a high level of donation behavior.

Sharing behavior is egoistic, which is related to personal interests such as personal
image and identity acquisition [2]. Individuals often decide whether to share information
after measuring the value and possible losses. The higher the perceived value, the more
likely to share, but individuals are more sensitive to possible losses (increasing social
costs, affecting self-image, etc.) [18]. Chang et al. [19] found that positive emotions were
positively correlated with optimism and negatively correlated with pessimism, and vice
versa. Optimism indirectly translates into high levels of self-esteem through positive
emotions [20]. Therefore, individuals are more willing to share positive content [2].
Emotions in shared content related to personal image, therefore projects that use the
cover image of patient in healthy status maybe have more sharers. Accordingly, we posit
that:

H2. Compared with a cover image of a patient in unhealthy status, a cover image of a
patient in healthy status leads to a high level of sharing behavior.

2.3 Interaction of Image and Text

Images are the most attractive part of a crowdfunding project [4, 11], because images
can express emotions more powerfully [21]. Some crowdfunding platforms have also
noticed the impact of images.Gofundme.commade suggestions on settingproject images
in terms of image quality, sentiment, and frequency of image updates, etc. Text can help
users understand the emotions in the image more accurately [22].

The congruency effect of images and texts has already been demonstrated in the
social media literature. Neal [9] found that the more appropriate the text information
and the image content are in the image retrieval based on emotion, the more visitors
and favorites the image gets. Consistent image and text can produce better results. For
instance, Li and Xie [23] found that the higher the degree of fit between the image and
text of the post in social media, the higher the user engagement. Pieters and Wedel [4]
found that attention to one element in print ads would attract attention to other elements
in the ads, which would produce joint effects. Medical crowdfunding projects usually
need to be spread in social platforms such as WeChat and Weibo. Therefore, it can be
considered that the research results in the social media literature have certain reference
significance for the medical crowdfunding literature.
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In recent charity crowdfunding literature, some scholars have also demonstrated the
congruency effect of image emotion and text emotion in project details. Zhao et al. [7]
analyzed the medical crowdfunding projects on a representative crowdfunding platform
in America, and found that when the images express positive emotions, the sad words in
the corresponding text description will have a significant negative effect on the success
of the project.When images express negative emotions, the negative effects of sad words
are diminished. There may also be an interactive relationship between the emotion of
cover image and the emotion of project title in medical crowdfunding projects. Zhao
et al. [7] were aimed at the project details, and we focus on the interaction of the cover
content, which can enhance the medical crowdfunding literature.

Emotional modification, namely emotional regulation, refers to the process bywhich
we influence which emotions we have, when we have them, and how we experience and
express them [24]. When emotions expressed in cover content seem to be ill-matched to
a given situation (viewer’s mood or context), we frequently try to regulate our emotional
responses so that they better serve our goals [24]. Gross [24] proposed a process model
of emotion regulation that shows how specific emotion regulation strategies can be
differentiated, such as distraction, reappraisal, suppression, etc. In contrast to emotion
modification, emotion enhancement is designed to amplify emotional contagionwhen the
emotion well-matches the situation [8], leading to feeling more negative when exposed
to negative images, vice versa.

If the emotions of the image and the title will influence each other, when the positive
emotions of the image are unfavorable to the support behaviors (i.e., donation and sharing
behavior), the negative emotional intensity of the title will be alleviated by arousing the
feeling of empathy under emotion regulation. When the positive emotions of the image
are beneficial to the support behaviors, the positive emotional intensity of the title can
continue to amplify the positive effect brought by the positive emotions of the image
under the emotion enhancement. Accordingly, we posit that:

H3a.When a project uses a cover image of a patient in healthy status, a negative project
title has a positive effect on support behaviors.
H3b. When a project uses a cover image of a patient in unhealthy status, a negative
project title has a negative effect on support behaviors.
H4a.When a project uses a cover image of a patient in healthy status, a positive project
title has a positive effect on support behaviors.
H4b. When a project uses a cover image of a patient in unhealthy status, a positive
project title has a negative effect on support behaviors.

3 Data Set

Wecrawl the data from the homepage of a representativemedical crowdfunding platform
in China, which is one of the online public fundraising platforms designated by the
Ministry of Civil Affairs of the People’s Republic of China. Our dataset includes 1,350
projects retrieved from November 2018 to March 2019, 303 projects cover image with
patients in healthy status among them.
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3.1 Measures of Emotion Variables

Since the images and text content are unstructured information, we need to convert it into
meaningful numerical metrics to easily use in quantitative analysis. Before quantifying
these variables, we need to do some processing of images and text.

The Emotion of the Image
The cover images in our dataset all contain patient, and the cover images are systemati-
cally classified using machine learning techniques (convolutional neural network CNN
framework). Our dataset contains 6,389 images. First, 600 images selected randomly
from dataset are artificially classified, and the images are divided into healthy and non-
healthy categories according to the state of the patient, representing positive emotions
and negative emotions respectively [6]. The results of manual classification are then
used as training sets to train CNN classifiers, with an average accuracy of 84.6. Finally,
the trained classifier is used for the non-training set of images, and the category of the
image is obtained.

The Emotion of the Text
We use the text analysis tools Linguistic Inquiry and Word Count (LIWC) to calculate
the emotional intensity of each text. LIWC is an effective tool for measuring emotional
discourse [25], and are increasingly used by information systems andmarketing scholars
to quantify emotional expression in various types of texts [26–28].

After LIWC reads the given text, it compares eachword in the text with the dictionary
word list, and then calculates the number ofwords in each sentiment category in the text as
a percentage of the total number of words in the text, so as to obtain the sentiment score.
The language system and usage habits of Chinese and English is very different [29].
We use the official Chinese Simplified dictionary provided by LIWC2015, which was
established by Yi-Tai Seih et al. on the basis of the official Chinese dictionary provided
by LIWC2007 [29]. To analyze Chinese text using LIWC, we label the Chinese text and
extract each word in the text at first. We use Jieba (Precise versus Full Mode), a Chinese
text segmentation tool, to mark the title text. Jieba tokenizer has high accuracy and fast
word segmentation speed, and is widely used in Chinese text segmentation [30, 31].

We analyzed the labeled text using LIWC, compared the number of emotional words
in the dictionary to identify the number of words in the text, and divided by the total
number of words to obtain the percentage of emotional words, which is emotional
intensity.

3.2 Settings of Variable

We use the number of donations (donorNum) and the number of shares (shareNum)
as dependent variables. The Number of donations and shares can provide simple and
straightforward explanations [32].

Three independent variables were considered in our research model. Image category
(cover_isHealth), when the image of the patient in healthy status was coded as 1, oth-
erwise 0. The positive emotional intensity of the title (title_posemo) and the negative
emotional intensity of the title (title_negemo) by the analysis of the LIWC.
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We considered a range of control variables that may affect supporter behavior.
Descriptive statistics of all the variables are shown in Table 1.

All continuous variables were operationalized by the logarithm of their values plus
one in order to avoid zeros, except for the emotional intensity and the number of images.

Table 1. Descriptive statistics of variables.

VARIABLES mean sd min max

donorNum 1,544 1,527 78 21,280

shareNum 992.5 1,249 307 19,400

cover_isHealth 0.224 0.417 0 1

title_posemo 4.306 6.128 0 36.36

title_negemo 2.954 5.266 0 30

length of title 19.03 19.03 11 42

length of description 1,623 1,623 377 5,996

description_posemo 5.287 1.557 1.400 10.51

description_negemo 2.608 0.900 0 6.720

positive images’ number 0.536 6.720 0 6

negtive images’ number 2.301 1.523 0 8

target amount 176,018 90,098 30,000 500,000

patient’s age 31.11 21.97 1 86

patient’s gender 0.589 0.492 0 1

isCancer 0.153 0.360 0 1

4 Data Analysis

We conducted linear regressions to test the hypotheses. Results are shown in Table 2.
Model 1 analyzes the effect of cover image on donation behavior. Model 2 analyzes
the effect of cover image on sharing behavior. Then we divided the dataset into two
groups by the emotional category of cover image to consider the interaction effects of
cover image and title sentiment. Model 3 and Model 5 present the group that the image
of patient in healthy status, Model 4 and Model 6 present the group that the image of
patient in unhealthy status.

The results showed that compared with the cover image of a patient in unhealthy
status, the image of a patient in healthy status leads to a high level of donation behavior
(β = 0.104, p < 0.05), thus H1 is not supported. Compared with the cover image of a
patient in unhealthy status, the image of a patient in healthy status leads to a high level of
donation sharing behavior (β = 0.152, p< 0.01), leading to support for H2. In addition,
the negative emotions in title were negatively correlated with donation behavior (β =
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−0.006, p < 0.1) and sharing behavior (β = −0.007, p < 0.05). The negative title has
a negative effect on support behaviors (i.e., donation and sharing behaviors) when the
project uses the cover image of a patient in unhealthy status (β = −0.006, p < 0.1; β =
−0.007, p< 0.1), but has no effect on support behaviors when the project uses the cover
image of a patient in healthy status, thus H3a is not supported, but H3b is supported.
There is no significant influence of positive titles on support behaviors regardless the
cover image of a patient in both healthy and unhealthy status, therefore H4a and H4b
are not supported.

Table 2. Regression analysis.

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

VARIABLES donorNum shareNum donorNum donorNum shareNum shareNum

cover_isHealth 0.104** 0.152***

title_posemo −0.000 0.002 −0.000 0.000 −0.001 0.003

title_negemo −0.006* −0.007** −0.006 −0.006* −0.011 −0.007*

length of title 0.226 0.138 −0.295 0.425** −0.092 0.244

length of description 0.001 0.056 −0.180 0.075 −0.183 0.148**

description_posemo −0.034*** −0.019 −0.059** −0.030** −0.033 −0.016

description_negemo −0.044** −0.057*** −0.066 −0.037* −0.056 −0.055***

positive images’ number 0.003 0.004 −0.067 0.045 −0.064 0.041

negtive images’ number 0.002 0.056*** −0.025 0.012 0.055* 0.060***

target amount 0.481*** 0.427*** 0.614*** 0.440*** 0.542*** 0.384***

patient’s age −0.191*** −0.066*** −0.241*** −0.172*** −0.132*** −0.044**

patient’s gender −0.041 −0.010 −0.122 −0.020 −0.033 −0.005

isCancer −0.027 −0.064 −0.064 −0.017 −0.030 −0.070

Constant 1.513* 1.053 3.452** 0.715 2.600 0.402

R-squared 0.200 0.158 0.211 0.196 0.162 0.153

F statistics 25.67 19.30 6.47 20.94 4.68 15.55

Observations 1,350 1,350 303 1,047 303 1,047

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1

5 Discussion of Results

Consistent with our expectations, we found that cover image with positive emotions
(i.e., the patient in healthy status) leads to a high level of sharing behavior in medical
crowdfunding compared with the cover image with negative emotions (i.e., the patient
in unhealthy status). Besides, the positive effect of positive cover images can be applied
to the detail page, and the negative impact of the negative text in the detail page can be
alleviated.
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Contrary to our expectations, cover image associated with negative emotions leads
to a low level of donation behavior in medical crowdfunding compared with the cover
image with positive emotions. This shows that the previous conclusion does not apply to
the cover content that the negative emotions expressed in medical crowdfunding projects
is conducive to fundraising [8]. One possible reason is the suspicion of moral coercion
will reduce the trust and increase the risk of donation, result in the project to be rejected
[33]. Another possible explanation is that the low acceptance of negative emotions, so
it is easy to occur moral disengagement [8].

The images and title togethermake up the project cover content, there is no interaction
effects between cover image and positive title, but there is an interaction effect between
the cover image and negative title. A plausible explanation is the primacy effect [16].
If a person resists negative emotions, when the first exposure is negative image or text,
whether the other part of the cover is positive or not will not change the first impression.
Besides, the negative impression is hard to change, but it will deepen, so the emotion
enhancement plays a role in the cover content. Moreover, it indicates that the emotion
regulation model may not act between cover content, but with other content unrelated
to the project. Furthermore, we found that positive title did not influence supporters’
behavior, suggesting that the positive impact of positive sentiment resided in image rather
than text. While a positive cover image promotes both donation and sharing behavior,
and its impact on sharing behavior is more significant.

6 Conclusion

This study examines the effect of emotions in cover content on donation and sharing
behaviors in medical crowdfunding. Drawing on emotion regulation models and the
model of attention capture and transfer, this study enriches the understanding of emo-
tions in cover content of medical crowdfunding. In addition, this study enhances the
medical crowdfunding literature by demonstrating how emotions in cover content influ-
ences supporter behavioral decisions. Past research has shown that charity crowdfunding
projects should resonate with the messages of sadness [8], but our research found that
positive content is more available for project cover content in medical crowdfunding. To
our knowledge, this study is one of the first to examine the effect of emotions in cover
image on medical crowdfunding fundraising outcomes.

This study makes several notable theoretical contributions. First, our study enriches
the medical crowdfunding literature from the project cover perspective. Previous studies
have mainly focused on the impact of the content on the project details page, with less
people paying attention to the impact of the project cover in medical crowdfunding.
Medical crowdfunding projects mainly rely on social media for communication, and
the cover is one of the important factors affecting the success of the project. This study
analyzes the cover images and texts from the emotional perspective, and enriches the
online crowdfunding literature by showing how the emotions in cover content affect the
behavior decisions of supporters. Moreover, we analyze the interaction between cover
image and title text, complementing previous studies of the impact of cover emotion from
a joint perspective. Although the verification results of the interaction are not significant,
we found that the positive effect in the cover image may alleviate the negative impact of
negative emotions in the project details, which is enlightening for further research.
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Second, this study applies the bottom-upmechanismof themodel of attention capture
and transfer to themedical crowdfunding literature.We found that the influence of image
emotion in the project cover is more important than the influence of text emotion, which
is consistent with the view proposed by the bottom-up mechanism of the model of
attention capture and transfer that the image will establish attention priority and be
perceived earlier than the text [4].

Third, this study explored the application of the emotion regulationmodel in medical
crowdfunding literature. Although the emotion regulation model illustrates that individ-
uals regulate attention to circumvent conflicting emotions, it does not explicitly propose
the attention shift direction [24]. By analyzing the interaction between images and text
in the project cover of medical crowdfunding, we found that attention may not shift
to other contents of the same cover, which expands the existing understanding of the
emotion regulation model.

From a practical perspective, our results have important implications for medi-
cal crowdfunding platforms and project initiators. The current recommendations from
crowdfunding platforms are for setting up contents on project details page, and we sug-
gest thatmedical crowdfunding platforms should also guide the selection of cover content
[22]. Our results help understand the impact of emotions in cover content on potential
supporters. Therefore, we recommend that project creators pay attention to the influence
of emotions in cover content, use patients’ image in healthy status as cover image, and
avoid using negative titles. In addition, we recommend medical crowdfunding platforms
optimize the setting function of cover content and consider instructing creators to use
suitable cover content to promote their activities. These actions will help improve the
quality of the platform and attract more people to join the platform.

There are some limitations to consider when interpreting our results. First of all, our
emotions classification method is relatively rough. We divide the emotions according to
the patients’ healthy state of the individual in the image, and use dictionary matching
to calculate the emotions in project title. Future research is encouraged to use more
fine-grained classification methods. Second, since we only conducted this study on one
platform, we call for future research to be conducted on different platforms. Finally, our
theoretical development and conceptualization emphasize emotions in cover content in
the context ofmedical crowdfunding.Webelieve that our researchmodel can be extended
to explain other crowdfunding activities.
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Abstract. In recent years, equity-based crowdfunding (EBC) has become one of
the leading ways of enterprise fundraising. However, the drivers of equity-based
crowdfunding success are still poorly understood. Based on the existing literature,
we study the effect of early-bird policy (EBP), which allows professional investors
to contribute to a project before it is open, on crowdfunding performance of the
project.we introduce the concepts of crowdfunding and prefunding.Using archival
data on Wefunder platform, we adopt multiple analysis technologies to explore
the relationship between the early-bird policy, entrepreneurial gender, product
type and the performance of EBC projects respectively. We find that EBP has
a significant negative impact on the crowdfunding performance of enterprises.
Moreover, the negative effect of EBPon crowdfunding performance is exacerbated
when the main founders are female or the enterprise has tangible products.

Keywords: Equity-based crowdfunding · early-bird policy · entrepreneur
gender · product type

1 Introduction

Equity-based crowdfunding (EBC) is a form of internet fundraising in which
entrepreneurs sell shares in their start-ups to obtain funding [1]. It has become one
of the most popular ways for start-ups to raise funds.

At present, the researches on EBC mainly concentrate on the fundraising and regu-
latory issues, particularly factors that influence the fundraising performance, including
information about the entrepreneurs (e.g., gender, race, age) and project characteris-
tics at the time of project initiation (e.g., target of fundraising, business sector, product
description), as well as information that changes over time in project life cycle, such
as project updates and investor opinion. Existing studies have explained the successful
factors from multiple perspectives, but there are still some important factors remain to
be explored, particularly the behavior of entrepreneurs and the quality signals through
information disclosure.

In economic markets, operators often sell products at a discount in order to promote
them. In EBC, many platforms provide similar "discount" offers, such as the "early-bird
policy"(EBP) onWefunder platform.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
Y. Tu and M. Chi (Eds.): WHICEB 2023, LNBIP 481, pp. 250–263, 2023.
https://doi.org/10.1007/978-3-031-32302-7_22

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-32302-7_22&domain=pdf
https://doi.org/10.1007/978-3-031-32302-7_22


Does Early-Bird Policy Matter for Equity Crowdfunding Performance 251

Entrepreneurs give preferences to early investors, so investors can get the same
shares at a lower cost, just as operators giving some deals and discounts to consumers.
Entrepreneurs hope to attract investors by discounts, but are they effective? No studies
have answered this question yet. Therefore, in order to better understand the factors
influencing EBC, we propose the following research questions: (1) Does EBP affect the
outcome of EBC project? (2) Under what conditions does EBP amplify the impact on
project performance?We use data from theWefunder platform to explore the relationship
between EBP, the gender of crucial entrepreneurs, product types and the performance
of EBC.

Our study enriches the literature of EBCand refines the theoreticalmodel of EBC.We
examine the impact of the preferential strategies adopted by entrepreneurs on fundraising
performance. In addition, we discuss the mechanisms underlying the impact of EBP on
EBC performance.

2 Literature Review and Theoretical Backgrounds

2.1 Previous Studies on Antecedents of Crowdfunding Performance

The past studies have explored the factors that influence fundraising performance, such
as project description, project updates and the function of pre-funding.

In terms of project descriptions, studies have found that factors such as detailed finan-
cial information, videos, artwork, project descriptions and the third-party endorsements
can influence the efficiency of crowdfunding [2]. Detailed financial information is a pos-
itive signal that can effectively contribute to the success of an EBC project [2]. Besides,
the enterprise valuation, detailed enterprise description, the initial investment amount
of crowdfunding, and the reputation of entrepreneurs will also significantly affect the
EBC projects performance [3]. In addition, some researchers have found that businesses
are more likely to receive funding when they have a physical product (as opposed to a
virtual product or service) [4].

From the gender perspective, female entrepreneurs are more likely to succeed in
the crowdfunding market than male entrepreneurs [5]. Due to the high uncertainty and
information asymmetry of crowdfunding, small investors trust female entrepreneurs
more [6]. In addition, the number of founder teams, entrepreneurial experience, age,
educational background and other characteristics have a significant impact on EBC
project performance [7].

In addition to the initial characteristics of a start-up, the dynamic characteristics can
influence the performance of an EBC project as well. The update frequency of project
progress plays an important role in crowdfunding, which can provide more detailed
information about the project, revealing quality signals [8] and alleviating information
asymmetry and attract investors [7]. Interactive information disclosure is also signif-
icant in the fundraising process, such as allowing investors to ask questions and post
comments [9]. In addition, more comments are beneficial to project performance, as
investors usually choose to invest the projects with more comments [9]. Investors can
also positively influence corporate finance by positively evaluating and sharing project
information [10].
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2.2 Early-Bird Investors

Crowdfunding platforms have designed various strategies to promote information dis-
closure. In traditional e-commercemarkets, early-bird pricing is used to offer discounted
prices for products, and studies have shown that appropriate early-bird pricing can typi-
cally increase fundraising performance [11].Meanwhile, existing researches have shown
that choosing to pre-fund prior to fundraising can significantly increase the likelihood of
fundraising success [12]. Some scholars have found that prefunding information attracts
funding from regular investors firstly, followed by lottery investors [2]. What‘s more,
the initial days of a project are critical to the “success-breeds-success” process, which
helps the campaign succeed in reaching its funding goals [13].

Apart from the above factors, the herd effect among investors will also have an
impact onEBCproject performance. There are generally two principal types of investors:
investors with investment experience or expertise and uninformed investors. Investors
will take into account of the information provided by entrepreneurs and the behaviors
and comments of other investors [10]. Experts investment in the early stages of a project
provides a reliable quality signal to later investors, especially those with less experience
[14]. Pre-funding extends the exposure of the project, which may attract a large number
of informed investors, then the number of informed investors will have an impact on the
uninformed investors, contributing to the success of EBC projects [2].

3 Hypothesis Development

3.1 The Influence of EBP

According to the researches, the incentiveswith rewards has a significant negative impact
on investors’ willingness from the perspective of externalmotivation [15]. EBC investors
do not pay attention to additional products or services, and the positive effect of reward
incentives on investment willingness has not been proved [16]. Due to the high risks
in the crowdfunding investments, investors have high expectations of returns on their
investments. The relatively low “early-bird” discounts do not attract investors’ interest.
On the contrary, investors may doubt the quality of the project, as good projects never
need to be sold at a discount. Hence, we propose the first hypothesis:

Hypothesis 1 (H1): In EBC, fundraising projects with EBP will have lower
performance than those without EBP.

3.2 The Moderating Effect of Entrepreneur Gender

EBC has high uncertainty and information asymmetry, so trust is extremely important in
it. Trust motivation has a significant positive effect on investment intention. According to
traditional gender stereotype theory, women are considered more trustworthy than men
[6]. In EBC, female entrepreneurs aremore likely to gain funds from investors [17]. EBC
projects launched by female entrepreneurs have higher funding performance than those
launched by male entrepreneurs. Meanwhile, investors of EBC prefer more information
[15] and always use information from different sources to make investment decisions
[18]. Therefore, potential investors will consider both the EBP and entrepreneur gender
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information to evaluate EBCprojects. Specifically, women entrepreneurs show that these
EBC projects are reliable, while the EBPmay have exactly the opposite effect. However,
projects with both women entrepreneurs and EBP will make investors more confused
about the reliability of the quality of the enterprise. Therefore, we propose the second
hypothesis:

Hypothesis 2 (H2):Comparing tomale entrepreneurs, the negative influence of EBP
on crowdfunding performance becomes more prominent for female entrepreneurs.

3.3 The Moderating Effect of Product Type

Existing literature indicates that the product status of an enterprise can provides a com-
prehensive measure of technical and financial risk [19]. For investors, tangible prod-
ucts provided by enterprises are more trustworthy than intangible services. The easier
the product is to understand, the more successful the crowdfunding project will be.
Therefore, tangible product is a signal of an enterprise’s quality and reliability, and the
projects with tangible products are more likely to raise funds successfully. Similar to
the entrepreneur gender, investors will consider both the EBP and enterprise’s product
information to evaluate the overall profile of EBC projects. EBP will increase investors’
doubts about the quality of the fundraising project when the enterprise has tangible
products. Thus, we propose the following hypothesis:

Hypothesis 3 (H3):Comparing to projects of intangible products, the negative influ-
ence of EBP on crowdfunding performance becomes more prominent for projects of
tangible products.

4 Empirical Setting

4.1 Data Source

The research sample for our study was drawn from the Wefunder platform (www.wef
under.com), a leading equity crowdfunding platform in theUnited States, which provides
potential investors with detailed information of each fundraising project.We use the data
of 427 equity-based crowdfunding projects published on the platform fromAugust 2018
to February 2021. After eliminating 147 EBC projects with incomplete data, we finally
obtained a sample containing 2,592 data from 280 enterprises.

4.2 Variables and Summary Statistics

Among 280 EBC enterprises, 154 of them have an “early-bird policy”. 81.4% of enter-
prises were founded by female entrepreneurs, which validates the existence of gender
discrimination in EBC [18]. 14.3% of enterprises already have mature and tangible
products. The fundraising goals of EBC for these start-ups vary greatly, with the highest
requirement being $834,000 and the lowest being$10,000, andwithmost falling between
$10,000 and $200,000. The fundraising goals of EBC projects are relatively low, only
13.5% projects with a target of more than $200,000. Finally, 65.7% of enterprises suc-
cessfully completed fundraising, but only 29% of companies with successful fundraising

http://www.wefunder.com
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have early-bird policies, indicating that EBP is not a good quality signal statistically. The
results are shown in Table 1. Table 2 lists all the dependent variables and independent
variables used for model analysis and describes them in detail.

Table 1. Statistical table of number of enterprises.

sample size proportion

Total number of enterprises 280 100%

Enterprises with “early-bird policy” 154 55.0%

Enterprises with female founders 228 81.4%

Enterprises with tangible products 40 14.3%

Enterprises that have successfully raised funds 184 65.7%

—with “early-bird policy” 54 29.3%

—with female entrepreneurs 149 81.0%

4.3 Empirical Model

Based on the panel data of 280 enterprises on theWefunder platform from 2018 to 2021,
we construct fixed-effect models to investigate the relationship between EBP and EBC
performance.

Most of the companies on the Wefunder platform are high-tech companies. 71.2%
enterprises have the technology label in our data. To reduce unobservable heterogeneity
at the industry level, we fixed the industry effects. In order to solve the problem of
missing variables that do not vary with items but change with time, we fixed the time
effects as well.

In order to eliminate heteroscedasticity and ensure data stability, we take logarithms
for all non-dummy variables. According to hypothesis 1 (H1), in the EBC market,
fundraising projects with EBP has lower performance than thosewithout EBP. We use
the fixed-effect model (1) to test H1:

ln Amounti,t = α0 + α1Early_birdi,t +
∑

j
βj ln Controlsi,t + δCategoryi

+θYeart + εi,t

(1)

i is the enterprise, t is the period, Amounti,t refers to the total amount of funds raised by
enterprise i in period t, Early_birdi,t represents the "early-bird policy" of enterprise i in
period t, Controlsi,t represents the control variable of enterprise i in period t, Including
entrepreneur gender, enterprise valuation and other 15 control variables. α0 variable
represents the population mean intercept term, α1 and βj represent the parameters to be
estimated, and the last εi,t represents the random disturbance term. Categoryi and Yeart
represent the industry effect and time effect of the enterprise respectively, and the above
two effects are controlled in the regression analysis.
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Table 2. Variable definition and summary statistics.

variable definition quantity mean value standard
deviation

min max

Amount Total amount of
project funds
raised through
equity-based
crowdfunding
projects. Take
the logarithm of
the regression

2,592 288,965 1.26E +
06

5,000 3.41E + 07

Investor The total
number of
investors

2,592 328.6 1,729 1 26,095

Success Dummy
variable: 1 when
the total amount
of funds raised
by the project is
greater than the
fundraising
target;
otherwise, 0

2,592 0.61 0.49 0 1

Early-Bird Dummy
variable of
“early-bird
policy”. If the
project has
“early-bird
policy”, the
value is 1;
otherwise, it is 0

2,592 0.54 0.5 0 1

Founder
Gender

Gender dummy
variable, the
initiator is
female and the
value is 1,
otherwise it is 0

2,592 0.83 0.38 0 1

(continued)
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Table 2. (continued)

variable definition quantity mean value standard
deviation

min max

Product Dummy
variable of the
project product,
1 if the project
has products,
otherwise 0

2,592 0.02 0.12 0 1

QA Num Number of item
questions,
logarithm for
regression

2,592 33.45 95.44 0 849

Inote Num The quantity of
investor
comments,
logarithm for
regression

2,592 206.5 899.8 0 9,076

Update Num Item update
quantity,
logarithm is
taken when
regression

2,592 9.34 15.78 0 115

Have Video Item description
Video virtual
variable. The
value is 1 if the
item description
video exists.
Otherwise, it is
0

2,592 0.33 0.47 0 1

Duration Project
fundraising time
(in days), take
logarithm when
regression

2,592 137 59.98 24 450

Expert Num The number of
experts on the
project

2,592 0.47 0.81 0 4

Invest
Experience

The investment
experience of
the fundraiser

2,592 0.51 1.15 0 13

(continued)
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Table 2. (continued)

variable definition quantity mean value standard
deviation

min max

Funding
Target

Fundraising
goal, take
logarithm when
regression

2,592 101,300 102,804 10,000 834,000

News Num The amount of
news coverage
of the project

2,592 6.78 8.97 0 47

Introduction The description
of the project,
measured by the
length of the
text of the
introduction,
logarithm is
taken when
regression

2,592 73,005 30,595 17,337 201,773

Team Num Number of
founder team
members

2,592 5.72 3.86 1 23

Third Social Number of links
to social
platforms

2,592 2.14 1.32 0 5

Valuation The value of the
project,
logarithm for
regression

2,592 1.08E + 07 2.57E +
07

0 2.66E + 08

To test the moderating effects of entrepreneur gender and firm products on “early-
bird” provisions, we use multivariate fixed effect models 2, 3 and 4 for estimation.

ln Amounti,t = α0 + α1Early_birdi,t + α2Early_birdi,t ∗ Founder_genderi

+
∑

j
βj ln Controlsi,t + δCategoryi + θYeart + εi,t

(2)

ln Amounti,t = α0 + α1Early_birdi,t + α2Early_birdi,t ∗ Producti,t+
+

∑
j
βj ln Controlsi,t + δCategoryi + θYeart + εi,t

(3)

ln Amounti,t = α0 + α1Early_birdi,t + α2Early_birdi,t ∗ Founder_genderi

+α3Early_birdi,t ∗ Producti,t +
∑

j
βj ln Controlsi,t + δCategoryi + θYeart + εi,t

(4)
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Founder_genderi is the gender of the originator of enterprise i, and Producti,t is the
product situation of enterprise i at period t.

5 Empirical Results

5.1 Correlation Analysis

We calculated the correlation coefficients of explained variables, explanatory variables
and control variables. The analysis results show that the correlation between variables
is low. We also performed variance inflation factor (VIF) analysis, which showed an
average VIF of 1.74 and a maximum VIF of 3.26, which is below the threshold of 5.
This suggests that multicollinearity is not a serious problem in our estimation.

5.2 Empirical Result

Table 3 reports the main empirical results of our study. The corresponding hypotheses
were tested respectively fromModel 1 toModel 3 of fixed effects, andModel 4 was a full
model containing all variables. According to the empirical results of the four models,
the coefficient of variable EBP is negative and significant. In all models, “early-bird”
policy of the coefficient is negative and significant at 1% level (β = 0.486, p < 0.01),
supporting H1. The results showed that the average amount of EBC projects with an
EBP was 18.6% lower than those without such a policy.

According to the empirical results of Model 2 and Model 4, the coefficients of EBP
and gender_interact of entrepreneurs are negative and significantly correlated. In model
4, the coefficient of gender_interact is negative and significant at the 1% level (β = −
0.705, p < 0.01), supporting H2. The results show that for EBC projects with EBP, the
average amount of fundraising projects founded by female entrepreneurs is 70.5% lower
than those founded by men. At the same time, we find that the coefficient between the
entrepreneur gender and the fundraising performance is positive and significant at 10%,
which is consistent with the conclusion that investors are more willing to fund women
entrepreneurs in the EBC market.

In Model 3 and Model 4, the coefficients of EBP and product_interact are negative
and significantly correlated. In model 4, the coefficient of product_interact is negative
and significant at the 1% level (β = −2.412, p < 0.01), supporting H3. The results
show that for EBC projects with EBP, the fundraising amount of projects with tangible
products is lower than that of projects without products.

InModel 1 toModel 4, the coefficients of entrepreneur gender are positive and signif-
icant at the level of 10%, which verifies that enterprises created by female entrepreneurs
are more attractive to potential investors than those created by male entrepreneurs. The
results of models 1 to 4 show that the coefficients of enterprise products are all positive
and significant at 1% level, indicating that corporate products have a positive impact on
EBC performance, and enterprise product is a reliable signal of enterprise quality.

Interestingly, we find that the coefficient of the project update is negative and signif-
icant at the level of 5%, indicating that the dynamic update of the project has a negative
effect on the fundraising performance.One possible explanation is that different informa-
tion has different value and different influences on investors. Non-informative messages
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may be perceived as’ desperate ’or’ obnoxious’ if they are posted only to attract attention.
This negative perception can dampen the enthusiasm from potential investors. Updates
such as promotional activities and business models will not have any positive impact on
corporate fundraising.

5.3 Robustness Checks

Firstly, we test robustness by changing the explained variable. In EBC, the number of
investors is often used as the explained variable to measure the project performance.
Therefore, we use all_investor as an alternative dependent variable to test the robustness
of the results. As the number of investors is a positive integer, we use Possion regression
model to re-estimate the experimental model. Table 4 reports the regression results. It is
found that EBP has a significant negative impact on the number of investors, and female
entrepreneurs and tangible products reinforce the negative impact of EBP on the number
of investors. This indicates that EBP has negative effects on EBC, indicating that the
empirical results are robust.

5.4 Analysis of Endogeneity

In order to reduce the influence of omitted variables and endogenous causality relation-
ship among variables, the average value of EBP of other enterprises in the same industry
in the same year (here in after referred to as the industry mean value) is selected as the
instrumental variable for the 2SLS regression model. The logic of the choice of instru-
mental variables is as follows: Firstly, the EBP of the enterprise’s characteristics will
be affected by the mean or sum characteristics of other items, satisfying the relevant
conditions of the instrumental variables. Secondly, features such as the mean value of
other items do not directly affect the EBP, satisfying the exogeneity condition of the
instrumental variables.

Table 5 shows the regression results for instrumental variables. Column (1) is the
result of single-stage regression, to test the correlation between the industrial mean and
EBP. The results show that the industry mean value of the instrumental variables is
significant at the 1% level and the statistical value of F is greater than 10 (see Table 6.),
indicating that there is no “weak instrumental variable”.
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Table 3. Main regression results.

Variable Model 1 Model 2 Model 3 Model 4

FE FE FE FE

ln_amount ln_amount ln_amount ln_amount

early_bird −0.502***(−4.88) −0.512***(−5.04) −0.475***(−4.64) −0.486***(−4.79)

gender_interact −0.733***(−3.00) −0.705***(−2.91)

product_interact −2.537***(−2.62) −2.412**(−2.51)

founder_gender 0.234*(1.85) 0.239*(1.91) 0.227*(1.81) 0.232*(1.87)

product 1.227***(2.63) 1.178**(2.56) 2.077***(3.68) 1.988***(3.55)

ln_qa −0.0326(−1.42) −0.0325(−1.43) −0.0340(−1.49) −0.0339(−1.49)

ln_inote 0.294***(14.63) 0.292***(14.59) 0.295***(14.72) 0.293***(14.67)

ln_update −0.0467**(−2.36) −0.0463**(−2.34) −0.0479**(−2.42) −0.0475**(−2.40)

have_video 0.156(0.78) 0.125(0.63) 0.122(0.61) 0.0937(0.48)

ln_duration −0.452***(−2.88) −0.458***(−2.95) −0.448***(−2.88) −0.455***(−2.95)

expert_num −0.0471(−0.40) −0.0190(−0.16) −0.0265(−0.23) −0.000437(−0.00)

ln_target 0.561***(7.77) 0.553***(7.74) 0.579***(8.04) 0.570***(8.00)

news_num 0.00961(1.27) 0.0108(1.44) 0.00856(1.14) 0.00974(1.31)

ln_introduction 0.464***(3.61) 0.427***(3.35) 0.463***(3.63) 0.427***(3.37)

team_num 0.0315**(2.18) 0.0338**(2.37) 0.0347**(2.42) 0.0368***(2.59)

third_social 0.0145(0.35) 0.0176(0.43) 0.0165(0.40) 0.0193(0.47)

ln_valuation 0.0270***(2.93) 0.0290***(3.17) 0.0265***(2.90) 0.0284***(3.14)

invest experience 0.0222(0.58) 0.0210(0.55) 0.0221(0.58) 0.0209(0.56)

_cons −0.0193(−0.01) 0.469(0.26) −0.231(−0.13) 0.249(0.14)

Time effect Yes Yes Yes Yes

Industry effect Yes Yes Yes Yes

N 2,592 2,592 2,592 2,592

R-sq 0.574 0.582 0.585 0.592

t statistics in parentheses *p < 0.1, **p < 0.05, ***p < 0.01.
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Table 4. Main regression results when the number of investors is the explained variable

Variable Model 1 Model 2 Model 3 Model 4

Poisson Poisson Poisson Poisson

all_investor all_investor all_investor all_investor

early-bird −0.140***(−41.1) −0.128***(−37.5) −0.133***(−38.8) −0.122***(−35.5)

gender_interact −0.556***(−64.3) −0.551***(−63.8)

product_interact −0.395***(−15.2) −0.344***(−13.2)

founder_gender −0.066***(−14.6) −0.133***(−29.1) −0.067***(−14.7) −0.133***(−29.1)

product 0.254***(27.58) 0.234***(25.44) 0.315***(31.91) 0.286***(29.02)

ln_qa 0.302***(127.87) 0.292***(123.79) 0.297***(124.33) 0.287***(120.80)

ln_inote 0.506***(253.45) 0.499***(251.02) 0.509***(253.72) 0.501***(251.10)

ln_update −0.092***(−55.3) −0.083***(−49.8) −0.092***(−55.5) −0.083***(−50.0)

have_video −0.249***(−40.6) −0.289***(−46.5) −0.254***(−41.4) −0.294***(−47.1)

ln_duration 0.712***(132.31) 0.791***(142.96) 0.718***(132.98) 0.795***(143.43)

expert_num −0.0106***(−3.0) 0.0257***(7.1) −0.00729**(−2.1) 0.0282***(7.8)

ln_target 0.289***(119.09) 0.286***(117.46) 0.293***(120.19) 0.289***(118.34)

news_num −0.015***(−64.9) −0.013***(−54.8) −0.015***(−65.3) −0.013***(−55.2)

ln_introduction 0.375***(84.85) 0.312***(69.11) 0.370***(83.50) 0.308***(68.15)

team_num 0.0245***(60.49) 0.0267***(64.94) 0.0253***(62.06) 0.0274***(66.18)

third_social 0.0427***(29.51) 0.0512***(35.02) 0.0431***(29.79) 0.0516***(35.28)

ln_valuation 0.0000847(0.21) 0.00214***(5.36) 0.000473(1.18) 0.00246***(6.15)

invest experience 0.0764***(53.48) 0.0501***(33.55) 0.0757***(53.03) 0.0497***(33.33)

_cons −8.36***(−147.9) −7.96***(−139.5) −8.38***(−148.4) −7.99***(−139.9)

Time effect Yes Yes Yes Yes

Industry effect Yes Yes Yes Yes

N 2,432 2,432 2,432 2,432

R-sq 0.907 0.909 0.907 0.909

t statistics in parentheses *p < 0.1, **p < 0.05, ***p < 0.0
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Table 5. Regression results of instrumental variables

(1) (2)

early_bird ln_amount

Industry average −2.008***

(−1.33)

early_bird −0.244***

(−6.14)

Variable of control Yes Yes

Time effect Yes No

Industry effect Yes No

N 2,592 2,592

R-sq 0.899 0.574

t statistics in parentheses *p < 0.1, **p < 0.05, ***p <

0.01

Table 6. Correlation test of instrumental variable

Variable R-sq Adjusted R-sq Partial R-sq F(1,2575) Prob > F

early-bird 0.8978 0.8971 0.8719 17,520.4000 0.0000

6 Conclusions

Taking theEBP as the entry point, we explore the relationship betweenEBP, entrepreneur
gender, enterprise product, and EBC projects performance with data from theWefunder
platform.

Our study leads to the following conclusions: Firstly, EBP in equity-based crowd-
funding will significantly negatively affect the fundraising performance, because EBP is
regarded as a unreliable signal of the project. Secondly, the gender of entrepreneurs will
mediate the relationship between EBP and fundraising performance. Thirdly, tangible
product is a reliable quality signal. In equity crowdfunding, tangible product will affect
the relationship between EBP and fundraising performance, tangible quality signals are
influenced by both EBP and tangible products.

However, there may be other influencing variables for EBC performance we have not
explored, such as corporate fundraising goal, fundraising period, number of founders,
investor comments. And we haven’t taken into account the differences across countries.
We will improve the above issues in our follow-up study.
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Abstract. Live streaming e-commerce grows rapidly recently and changes peo-
ple’s shopping style. How to alleviate the information asymmetry which lowers
the returns in live streaming e-commerce is still unresolved. Providing free sam-
ples and presenting feedback from free trials is suggested and tested. The survey
data collected from college students verifies the hypotheses that the feedback from
free trial has a positive effect on regular purchase intention but it has no impact
on the impulse purchase intention. Further more, by dividing the perceived value
into three dimensions, we demonstrated the mediation effect of perceived func-
tional value between free trial feedback and regular purchase intention. Based on
these findings, free trial mechanism in the live streaming e-commerce is highly
recommended.

Keywords: live streaming e-commerce · free trial · feedback mechanism

1 Introduction

With the rapid development of Internet and the arrival of short video era, a new network
culture which is called webcast rises. Live streaming e-commerce, as an e-commerce
form using live broadcasting as a channel to achieve marketing purposes, is the product
of the two-way integration of live broadcasting and e-commerce under the background of
the digital era. In live streaming e-commerce, the real-time interaction between the web-
cast host and potential consumer greatly shortens the decision-making time of consumers
and stimulates the generation of consumer demand.

From the research of Kempf [1] and Smith [2], it has been found that free trial
can affect consumers’ cognition, purchase intention and brand loyalty. However, in the
scenario of live streaming e-commerce, whether trial feedback will stimulate consumers
and affect their perceived value, and whether it impacts consumers’ regular purchase
intention and impulse consumption is worthy of in-depth exploration. Taking make-up
products as an example, through the method of survey, this paper studies the relationship
between trial product feedback, perceived value, and both regular and impulse purchase
intention in the live broadcasting room, and puts forward suggestions on the free trial
and feedback mechanism in the live streaming e-commerce.
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2 Literature Review

2.1 Consumer Behavior in Live Streaming e-Commerce

The advantage of live shopping over traditional network is reflected in realized direct
interactive communication between sellers and buyers and vivid display of products
[3]. Webcast shopping breaks through the single shopping mode of traditional online
shopping by browsing shopping websites or mobile shopping platforms, and has a cer-
tain positive impact on consumers’ impulsive buying behavior and purposeful buying
behavior. In some cases, it induces consumers to have unplanned shopping behavior due
to unexpected discount. In other cases, the live broadcast promotes consumers to make
planned shopping, which is beneficial to businesses’ competition for similar products in
the same industry.

2.2 Impulse Consumption

Until now, there is no consistent definition of impulse buying. Clove [4] believes that
impulsive consumption is the behavior that consumers make purchase due to the exter-
nal influence at that time point in a shopping scenario, that is, impulsive purchase is
equal to unplanned purchase, but not all unplanned purchases are without the rational
thinking of consumers. Therefore, Stern believes that there are many factors affecting
impulsive purchase, such as personality, time constraints, economic constraints and cul-
tural background [5]. Later, Muruganantham and Bhakat found that the most important
factors are situational factors and personal characteristics [6], which are the internal
factors from consumers themselves and the external factors from environment in which
purchase behavior occurs. Only by distinguishing the factors of consumers themselves
and classifying consumers, can we find the role of shopping scenario on consumers’
impulsive consumption.

2.3 Feedback from Free Trial

Online feedback behavior refers to the behavior that consumers evaluate the goods or
services provided by merchants, describe the consumption process or express their con-
sumption feelings on the online platform after completing the transaction. As a form of
consumer feedback, consumer evaluation has become a common channel for traditional
online shopping platforms to provide feedback. Several research has confirmed that con-
sumer evaluation has a significant positive impact on consumers’ decision-making, and
is one of the important reference for consumers’ purchase behavior [7–9]. In the live
streaming e-commerce, there is no comment from consumer yet. As the only source
of product information, the webcast host can not meet the needs of all consumers. For
cosmetics and other products with different personal use, the problem of insufficient
information is more prominent.

2.4 Perceived Value

The research on perceived value mainly focuses on the concept of perceived value
and related theory. Kotler’s transition value theory believes that customers’ perceived
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value is composed of their cost and expected income when transactions occur [10].
Woodruff’s hierarchy theory believes that customers’ perceived value is composed of
product attributes, effectiveness and use results [11]. It can be found that the product
price, attribute and product expectation considered by customers before they get the
product are an important part of the perceived value, and the perceived value of this
part determines whether customers buy or not. In addition to perceived value, perceived
risk is also an important factor for customers to decide whether to take the transactions.
Derbaix [12] believes that perceived risk refers to a feeling of uncertainty caused by
consumers’ inability to predict the quality of their purchase results and the resulting
consequences. In other words, when consumers understand the product process, they
are not sure whether the product can meet their expectations, so they hesitate to buy.

3 Empirical Study

3.1 Research Hypotheses

It has been suggested that, due to the individual’s emotional or cognitive response stim-
ulated by external factors, consumers will behave with tendency or avoidance [13].
Chang et al. also argued that the cognitive response caused by the stimulation of online
shopping environment includes perceived trust and perceived risk, and confirmed that
it significantly affects purchase intention [14]. Therefore, in this study, we suggest that,
the feedback from the free trial is a new stimulation which requires exploration. As
product sampling is a very successful promotional marketing strategy in both offline
market [15, 16] and online market [17, 18], we are motivated to verify its positive effect
in live streaming e-commerce. Meanwhile, we divide the purchase in the live streaming
e-commerce into two categories, i.e., regular purchase and impulse purchase, which are
quite different shopping style. For the consumerswho aremaking purchase decision after
carefully study on the function and price of the product, feedback from free trial provides
another piece of information besides the webcast host, and it will help to mitigate the
problem of information asymmetry in live streaming e-commerce, and positively affects
their purchase intention. Therefore, we propose the first hypothesis:

H1: Free trial feedback positively affects the regular purchases intention.
However, there are another group of consumers making purchase decision without

careful consideration about the product but determined by emotional attraction [19, 20].
For these impulse purchase maker, the extra information provided by free trial feedback
does not contribute to his/her decision procedure. Therefore, we propose our second
hypothesis:

H2: Free trial feedback has no impact on the impulse purchases intention.
In order to better understand the mechanism behind the free trial feedback and better

live streaming e-commerce, we adopt the Elaboration Likelihood Model of Persuasion
from psychology to explain the effect from the central routes. It is argued that both
central routes and peripheral cues are influential when processing information but act
differently in terms of how much information recipients put cognitive effort into or
how much they rely on the credibility of the information provider [21, 22]. We argue
that for regular buyers, the central route dominates the decision process, and feedback
from free trial helps to increase the perceived value of the product, and then it leads to
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higher purchase intention. Therefore, we propose our third hypothesis as follows. Further
more, following Sweeney & Soutar’s work [23], we divide the perceived value into three
dimensions, which are functional value, experience value and perceived risk. And we
suggest that all of these three values play as a mediator between free trial feedback and
increased purchase intention.

H3: Perceived value has a mediating effect on the impact of free trial feedback on regular
purchase
H3a: Perceived functional value has amediating effect on the impact of free trial feedback
on regular purchase
H3b: Perceived experience value has a mediating effect on the impact of free trial
feedback on regular purchase
H3c: Perceived risk has a mediating effect on the impact of free trial feedback on regular
purchase

Illustrated by Fig. 1, this paper tries to construct a model which added the feedback
which is from the free trial to the live broadcast environment, so as to trigger consumers’
perceived value. It studies the impact of the trial feedback mechanism on consumers’
purchase intention and impulsive consumption.

Feedback 
from free trial

Perceived Value
Impulse 

Purchase 

Regular

purchase

Function value

Experience Value

Perceived Risk

Fig. 1. Conceptual model

3.2 Questionnaire Design and Distribution

All themeasures in this study are adopted fromexisting studies.According to the research
of Sweeney & Soutar [23], Bansal & Voyer [24] and Wang et al. [25], perceived value
is divided into three aspects: functional value, experience value and perceived risk, and
the perceived usefulness of user feedback is measured. There are 11 items and a total of
18 questions. The questionnaire options of the survey are designed in the form of Likert
five level scale. 5 represents full agreement and 1 represents complete disagreement.
According to the purpose of this study, the respondents were divided into two groups,
which are with and without free trial feedback. The questionnaire of the treatment group
(with trial feedback) is composed of 18 items, while the questionnaire of the control
group (without trial feedback) is short of 3 items related to the perceived usefulness of
feedback. The respondents answered the questionnaire according to the live broadcast
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they watched. We record a live broadcast from a real make-up webcast, and cut out the
free trial feedback section from it for the control group to watch.

4 Result

4.1 Descriptive Statistics

In order to remove the interference of other confounding factors, we divided con-
sumers equally according to their demographic information before the survey. The
characteristics of treatment and control group is shown in the Table 1.

Table 1. Basic information of survey

item Treatment Group Control Group

number percentage number percentage

Gender Male 9 18.75% 9 19.57%

female 39 81.25% 37 80.43%

Grade Grade 1 11 22.92% 10 21.74%

Grade 2 10 20.83% 11 23.91%

Grade 3 11 22.92% 10 21.74%

Grade 4 11 22.92% 10 21.74%

Post graduate 5 10.42% 5 10.87%

Impulse Purchase yes 11 22.92% 11 23.91%

fair 22 45.83% 22 47.83%

no 15 31.25% 13 28.26%

Review preference yes 37 77.08% 36 78.26%

fair 9 18.75% 8 17.39%

no 2 4.17% 2 4.35%

Trust Yes 15 31.25% 13 28.26%

fair 31 64.58% 30 65.22%

no 2 4.17% 3 6.52%

We conducted a non-parametric independent sample test on impulse consumption,
and the two tailed test values are greater than 0.05, indicating that therewas no significant
difference between these two groups of consumers.

4.2 Reliability and Validity Analysis

Reliability Analysis. Reliability analysis is a test to judge whether the data collected by
the questionnaire is reliable. In this study, we adopt the α reliability coefficient test. The
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Table 2. Loading factors of items

Regular Purchase Impulse Purchase Functional Value Experience Value Perceived Risk

I would purchase this
product which I
understand whose
function well during
webcast

0.955

I would recommend
this product to friends
for I know it very well

0.95

I would make impulse
purchase during
webcast

0.847

I don’t think I well
understand the
product I bought
during webcast

0.827

The purchase during
webcast is not
planned

0.82

I think the product I
buy during webcast is
functional to me

0.851

I think the quality of
the product I buy
during webcast is
high

0.901

I think the product is
of high quality

0.853

I think the experience
of shopping during
webcast is good to me

0.846

I’m satisfied with the
experience in webcast

0.904

I find a lot of fun in
webcast

0.886

I think it is safe to
make purchase in
webcast

0.879

I don’t think there’s
personal info leak in
webcast

0.89

α coefficient for purchase intention, impulse consumption, experience value, product
value and the perceived risk are 0.898, 0.791, 0.853, 0.836, and 0.723 respectively. The
coefficients of all dimensions are greater than 0.7, indicating that the reliability of the
data from the questionnaire is high.

Validity Analysis. Validity refers to the degree towhich the scalemeasures the objective
correctly. As we are adopting the scale from existing research, only structural validity is
tested. The factor load value is recommended to be above 0.7. From Table, it can be seen
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that load coefficients in the above table are greater than 0.7, indicating that the problem
items are explained by potential variables to a high degree and have good reliability.
At the same time, the correspondence between problem items and indicators (potential
variables) is in line with expectations, indicating good validity (Table 2).

(2) Convergent validity refers to the consistency of internal variables in one dimen-
sion, usually measured by Cr value, Cronbach’s α and AVE values. The CR value and
Cronbach’s α of all dimensions are greater than 0.7 and AVE values are greater than 0.5,
indicating that the data have good convergence validity. The square root of AVE of each
potential variable should be greater than the correlation coefficient between the poten-
tial variable and other potential variables. In this study, the minimum square root value
of AVE is 0.831, which is greater than the maximum value of correlation coefficient
between factors, which is 0.782, indicating that the research data has good discriminant
validity.

4.3 Hypothesis Test

T-test of Two Groups of Subjects. First, we compare the regular purchase intention
between these two groups of subjects. The average of treatment group is 3.6 while the
control group is 2.93, and the F-value is 5.65 with p-value 0.0245. The difference is
significant which indicates that H1 is supported. Then we compare the impulse purchase
of these two groups and found the average is 3.46 and 3.93 for treatment and control
group respectively but the difference is not significant (p-value = 0.22). It suggested
that H2 is also supported.

Structural Equation Model Analysis. Further more, in order to test the mechanism
behind the increase of regular purchase intention, we take the perceived value as the
intermediary variable between the free trial feedback and purchase intention and impulse
consumption. The estimates are shown in Table 3.

Table 3. Estimation of the path coefficient

Path Coef P-value Significance

Trial feedback → Perceived Value 0.436 0.000 Significant

Trial feedback → Planned purchase 0.084 0.555 Insignificant

Trial feedback → Impulse purchase −0.126 0.472 Insignificant

Perceived Value → Regular purchase 0.661 0.000 Significant

Perceived Value → Impulse purchase 0.183 0.490 Insignificant

It can be seen from Table 3 that the feedback of the free trial in the live webcast
has a positive effect on the perceived value of consumers, and the perceived value of
consumers further positively affects their purchase intention. The corresponding path
coefficients are 0.436 and 0.661 respectively. However, the impact of perceived value
on impulse consumption is not significant. It shows that H3 is supported.
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Secondly, the perceived value is further divided into three dimensions, i.e., functional
value, experience value and perceived risk. Then the estimates are shown in Table 4.

Table 4. Estimation of the path coefficient (full model)

Path Coef P-value Significance

Trial feedback → Functional Value 0.441 0.000 Significant

Trial feedback → Experience Value 0.238 0.134 Insignificant

Trial feedback → Perceived Risk 0.427 0.002 Significant

Functional Value → Regular Purchase 0.861 0.000 Significant

Functional Value → Impulse purchase 0.173 0.498 Insignificant

Experience Value → Regular Purchase 0.113 0.420 Insignificant

Experience Value → Impulse purchase 0.131 0.632 Insignificant

Perceived Risk → Regular Purchase −0.231 0.129 Insignificant

Perceived Risk → Impulse purchase −0.151 0.656 Insignificant

According to Table 4, the free trial’s feedback positively affects the product value
and perceived risk, and the path coefficients are 0.441 and 0.427 respectively. The prod-
uct value positively affects consumers’ purchase intention, and the corresponding path
coefficient is 0.861. Other paths are not verified. Therefore, only H3a is supported.

5 Conclusion

This paper focuses on the feedback mechanism of free trial, establishes a conceptual
model, and tests the hypothesis that the feedback from free trials positively affects
consumers’ purchase intention through the intermediary variable of perceived product
value. It provides some managerial implications for the live webcast host to increase the
perceived product’s functional quality. Providing free samples during the live webcast
and collecting feedback from the free trials do help to reduce the information asymmetry
and increase the purchase intention. However, the finding is limited to products in the
industry of cosmetics. More research will be done to test the generalizabiilty of these
findings.
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Abstract. Online social speech contains rich emotional expressions, which pro-
mote the evolution of public opinion. To explore this influencing mechanism, this
paper constructs a researchmodel of users’ group emotions affecting the evolution
of public opinion based on emotional event theory and social telepresence the-
ory. Firstly, we calculate group emotional value based on text analysis and users’
social presence value through principal component analysis. Then, we construct a
regression model to test the research hypothesis. Finally, the explanatory variables
and regulatory variables are lag processed to test the robustness of the model. The
results show that users’ group emotional intensity and extreme emotion signifi-
cantly positively impact public opinion evolution. The stronger the group emotion
and the more extreme emotion, the higher the popularity of public opinion net-
work and the richer the text information. The stronger the social presence of group
users, the more significant the impact of emotional intensity on the evolution of
public opinion. Social presence inhibits the promotion of extreme emotion in the
evolution of public opinion. This study reveals the influencing mechanism of the
effects of user emotion on public opinion evolution, expands the theories related
to public opinion evolution, and provides new ideas and theoretical references
for the in-depth study of “user emotion-online public opinion”. In addition, it
provides a corresponding theoretical basis, decision support, and management
countermeasures for social media and public opinion supervision departments.

Keywords: Group emotion · Evolution of public opinion · Social presence ·
Mediating effect · Extreme emotion

1 Introduction

Social networking platforms have become one of the leadingmedia for people to express
their feelings express their views, and transmit information [1].More andmore users tend
to seek emotional support on social media, resulting in public opinion becoming more
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and more difficult to control. Social public opinion is the sum of users’ views, attitudes,
and emotions on the same topic. Users’ different views, opinions, and emotions on the
topic are essential factors that promote the evolution of public opinion. Many users’
user-generated content and information dissemination behaviors on specific topics drive
the public social sentiment. In addition, users’ group emotion plays a vital role in the
evolution of public opinion.Online socialmedia accelerates the spreadof users’ emotions
and the evolution of public opinion. Social network discourses are rich in emotional
expressions [2, 3]. They are mixed with facts, views, and opinions and express their
emotion directly or implicitly to promote the in-depth development of public opinion
jointly. Such as the “incident of the woman who gave birth to eight children in Feng
County” and the “COVID-19 pandemic at Jilin Agricultural Science and Technology
University”. These public opinion cases have a terrible impact on people’s livelihoods.
Therefore, the role of users’ group emotions in promoting the evolution of public opinion
has gradually attracted the attention of scholars.

At present, research on the relationship between users’ group emotion and public
opinion evolution primarily focus on the perspective of specific public opinion events and
discuss the development trend of users’ group emotion change, user-generated content
behavior, and information dissemination behavior in the evolution of public opinion.
Furthermore, the evolution trend of negative emotion of group users is similar to the
evolution of public opinion influence [4]. However, how social media users’ group emo-
tion promotes the generation and evolution of public social sentiment remains clarified.
Whether users’ group emotion intensity and extreme emotion will promote or inhibit the
evolution of public opinion is still unclear. In addition, in online virtual communities,
the stimulating effect of group emotion on user behavior under different social presence
environments is quite different [5]. Therefore, the influence of social presence on the
relationship between group emotion and public opinion evolution needs to be confirmed.

The main contribution of this study is to clarify the influencing mechanism of users’
group emotion on the evolution of public opinion, deeply analyze the complex relation-
ship between them, and expand the theory of public opinion evolution. In addition, it
confirms the regulatory effect of social presence on the evolving relationship between
users’ group emotions and public opinion.

2 Literature Review

Social media text contains rich emotional characteristics, and online social media has
become an essential channel for emotional expression and dissemination [6]. The users’
emotions in the text differ due to the behavior differences in user-generated content or
information dissemination. Zhang et al. (2020) studied the public emergencies repre-
sented by the “2015 Tianjin explosions” [7]. They find that the negative emotions of
social media users will gather together under specific triggers. If the negative emotions
of the network cannot be effectively guided and adjusted, the public opinion will reach
a climax with the development of users’ group emotions. Users in places where public
opinion occurs express stronger and richer emotions than users in other regions [8].

The existing literature has conducted a detailed study on users’ group emotions and
the evolution law of public opinion and found a specific correlation between users’ group
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emotions and public opinion evolution. However, the influencing mechanism of users’
group emotion on public opinion evolution is not precise. Moreover, social presence
impacts users’ social network behavior, but the regulatory role of social presence in the
evolution of group emotion and public opinion needs to be confirmed.

3 Research Model and Hypotheses

3.1 Research Model

Based on Affective Events Theory (AET) [9] and Social Presence Theory (SPT) [10],
we construct the research model of the influencing mechanism of social media users’
group emotions on the evolution of public opinion. The model shown in Fig. 1.

Fig. 1. Research model

AET describes the relationship between employees and their emotions and behaviors
about events at work [9]. The theory assumes that the emotional state of employees will
lead to their attitude towards work, and the work attitude will affect the cognitive driving
behavior of work (the willingness to resign or stay in office). Figure 2 depicts the main
structures inAETand their relationship.AETemphasizes the reaction process of emotion
more than the theory of planned behavior (TPB), and people’s emotions will affect the
generation of behavior.

Fig. 2. AET

Social presence theory (SPT) expounds on the concept of social presence and how to
enhance the authenticity of social media user interaction through social presence [10].
The theoryholds that the social existence ofmediawill affect the receiver’s understanding
of the content created or transmitted by the sender.
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3.2 Research Hypothesis

Emotional Intensity. AET indicates that an event occurring in a specific environment
will stimulate the generation of people’s emotions, and people will show their emotions
through behaviors [11]. Adverse sentiment events are like annoying short-term work
events because they will cause adverse emotional reactions of social media users in the
same way as to workers. On the other hand, favorable public opinion events will cause
users’ positive emotional responses.When emotions take over the user, they will express
emotion through behavior [12]. For example, when social media users have feelings
about public opinion events, they will produce user-generated content and information
dissemination behaviors to express their positive or negative emotions. for example,
after the public opinion event of the “MU5735 Plane crash”, many social media users
expressed their deep condolences for the passengers and crew killed in the plane crash
through online comments.

It is inferred that social network public opinion events will cause users’ emotions,
which will affect users’ user-generated content, information dissemination, and other
behaviors, and then promote the evolution of public opinion events. Therefore, we
propose the following hypothesis:

H1. Emotional intensity has a significant positive impact on the evolution of public
opinion.

Extreme Emotion. The social network behavior of group usersmakes the existing emo-
tional tendencies of the group and the individuals who make up them move in a more
extreme direction, forming extreme emotions [13]. Extreme emotions will stimulate
users to create or spread more text information, externalize extreme emotions into social
network behaviors, and lead to the polarization of public opinion topics. These social net-
work behaviors will promote the emergence and development of public opinion. Group
users are in the process of de-personalization. Emotional hints and emotional infection
drive their behavior. Therefore, the extreme emotion of the group can better promote
group behavior. The highly negative emotional statements made by group users made the
subsided public opinion develop towards the outbreak trend again, which promoted the
evolution of public opinion. Therefore, it is inferred that extreme emotion will impact
the evolution of public opinion. Therefore, the following hypothesis is proposed:

H2. Extreme emotion has a significant positive impact on the evolution of public
opinion.

The moderating effect of social presence on the relationship between group users’
emotion and the evolution of public opinion. We cannot ignore the critical role of
social presence in users’ social network behavior. Understanding the content enhances
the user’s feelings and emotions about participating in social interaction [14], which
may increase the user’s social network behavior and accelerate the evolution of public
opinion. Users with a higher sense of social presence have richer emotions and will
continue to use social media for social sharing. The convenient interaction of social
networks can improve users’ social presence to encourage users to externalize their
internal emotions. As a result, users will generate user-generated content, information
dissemination, and other behaviors on social media and then promote the generation and
evolution of public opinion. Thus, we propose the following hypothesis:
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H3. Social presence has a moderating effect on the relationship between emotional
intensity and the evolution of public opinion.

H4. Social presence has a moderating effect on the relationship between extreme
emotional and the evolution of public opinion.

4 Methodology

4.1 Data Sources and Variable Definitions

This paper selects the public opinion event of “5·9 Chengdu 49 Middle School students
falling from the building” as the data source. The public opinion lasted for about six days.
Themicro hotspot research institute provides the data used by the Institute in cooperation.
The data includes the text content, information attribute (sensitive, non-sensitive, or
neutral), release attribute (user-generated content or information dissemination), release
date, authentication type, user gender, number of forwards, number of comments, number
of likes, and other information of each microblog under the public opinion. The public
opinion event generated 2,610,300 microblog texts, including 365,209 user-generated
content microblogs and 2,245,091 information dissemination microblogs.

Social network public opinion is mainly driven by the user-generated content and
information dissemination behaviors of many users for a topic, we use three variables
to measure the public opinion heat. Namely, the total heat of public opinion, the heat
of user-generated content, and the heat of user information dissemination discuss the
influencing mechanism of users’ group emotions on the three. The main variables and
their definitions in this paper are shown in Table 1.

Table 1. Variable definition

Variable Definition

Items Name Code

Explanatory variable Emotional
intensity

EI Sum of absolute values of
emotion per hour

Extreme emotion EE Define that the absolute value
of emotion is greater than or
equal to 5 as extreme emotion,
which is the number of blog
posts of extreme emotion per
hour

Moderator variable Social presence SP Total social presence of group
users per hour

Control variable Proportion of
authenticated users

AU Proportion of the number of
authentication users in the total
number of users in an hour

(continued)
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Table 1. (continued)

Variable Definition

Items Name Code

Proportion of sensitive
information

SI Proportion of sensitive
information per hour to the
total information in an hour

Proportion of female users FU Percentage of female users per
hour in the total number of
users in an hour

Explained variable The total heat of public opinion HPS Total articles in the MicroBlog
per hour

The heat of user-generated
content

HUC Number of original articles in
the MicroBlog posts per hour

The heat of user information
dissemination

HUD Number of forwarded articles
in the MicroBlog posts per
hour

Total information richness of
text

TTR Number of text characters of
total articles in the MicroBlog
per hour

User-generated creation text
information richness

UTR Text characters of original
articles in the MicroBlog posts
per hour

Information dissemination text
information richness

ITR Text characters of original
articles in the MicroBlog posts
per hour

4.2 Quantitative Analysis of Emotion in Social Network Speech Text

We use the emotion dictionary to calculate the specific emotion value of the text, includ-
ing positive emotion value and negative emotion value [15]. Three emotion dictionar-
ies, HowNet, Dalian University of Technology Chinese Emotion Vocabulary Ontol-
ogy database, and Tsinghua University Chinese commendatory and degrading thesis,
were synthesized. This study constructs thesauruses including positive emotion words,
negative emotion words, stop words, negator words, and degree adverbs.

In order to further analyze users’ emotions, it is necessary to analyze the emotional
value of each text quantitatively. Firstly, use the Jieba package in Python software to
segment the text into a single phrase and then judge the phrase’s part of speech. Next,
match the divided phrases with the emotional words in the emotional dictionary. When
the phrase’s part of speech is a positive emotion, the emotional value of the text increases
by 1. When the part of speech of the phrase is a negative emotion, the emotional value of
the text decreases by 1. When there is a degree adverb modification in front of a phrase,
multiply the emotional value of the phrase by the degree weight Pi corresponding to the
degree adverb. When there are negator words related to emotional words, the emotional
value of emotional words shall be multiplied by negative 1. When other words related to
emotional words have no emotional attribute, the emotional value shall be increased by



The Influencing Mechanism of Social Media Users’ Group Emotion 279

0. The quantization rules are shown in Fig. 3. Based on the above rules, the text emotion
is quantified, and the text emotion score is calculated. The weight Pi settings of adverbs
with different degrees are shown in Table 2.

4.3 Quantitative Analysis of Social Presence

The number of fans, microblogs, forwards, comments, and likes will be taken as the
quantitative analysis indicators of social presence to calculate the level of users’ social
presence [16]. We used principal component analysis to quantify the five-index data into
the social presence score. We select the component with an eigenvalue greater than 1 as
the principal component and extract two principal components.

4.4 Data Analysis

Descriptive Statistical Analysis. The average values of public opinion user-generated
content heat and public opinion information dissemination heat are 2,725 and 16,880,
respectively. To solve the estimation deviation of regression results caused by the unit dif-
ference between different variables, we standardized each variable, and then correlation
analysis and regression analysis were carried out.

Fig. 3. Flow chart of text emotion calculation

Multiple Regression Analysis. The results of multiple regression analysis are shown
in Table 3 and Table 4, which test the influence of users’ group emotion on the evolution
of public opinion and the regulatory effect of users’ social presence on the relationship
between emotion and the evolution of public opinion.
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Table 2. Degree adverb (examples)

Degree level Weight Words (examples) Number

Extremely/the most 2 Double, full, extraordinary, extreme, etc 69

Very 1.25 Very, quiet, special, especially, etc 42

More 1.2 Compare, then, exceed, more, etc 37

Slightly 0.8 More or less, slightly, slightest, a little, etc 29

Less 0.5 Less, mild, not very, relative, not much, etc 12

Super 1.5 Excessive, far beyond, super, too much, over the top,
etc

30

Table 3. Multiple regression results 1

Variables HPS HUC HUD

M1 M2 M3 M1 M2 M3 M1 M2 M3

EI 0.0609**

(2.256)

1.677***

(4.456)

0.00109

(0.0357)

5.678***

(6.111)

0.884***

(28.94)

0.925***

(14.55)

EE 0.687***

(14.59)

1.510***

(9.388)

0.874***

(18.69)

1.342***

(13.49)

−0.102***

(−4.826)

0.137**

(2.140)

SP 0.180***

(3.825)

0.174***

(3.542)

−0.0439

(−1.045)

0.0345

(0.670)

0.184***

(8.274)

0.185***

(8.150)

EI·SP 2.003***

(4.596)

5.785***

(6.111)

0.0573

(0.735)

EE·SP −1.419***

(−5.184)

−1.298***

(−5.786)

−0.0506

(−0.603)

AU −0.00108

(−0.0156)

−0.0501*

(−1.962)

−0.0402*

(−1.723)

0.166**

(2.312)

−0.0716*

(−1.941)

−0.0700**

(−2.137)

−0.175***

(−2.712)

−0.0239***

(−3.122)

−0.0229***

(−2.868)

SI −0.0689

(−0.979)

−0.0572**

(−2.156)

−0.0570**

(−2.364)

0.0345

(0.521)

−0.187***

(−5.548)

−0.200***

(−6.567)

−0.0622

(−0.958)

0.00357

(0.454)

0.00380

(0.478)

FU 0.636***

(9.165)

0.161***

(5.447)

0.157***

(5.540)

0.751***

(10.24)

0.129***

(2.853)

0.129***

(3.144)

0.722***

(11.04)

0.0503***

(4.953)

0.0469***

(4.107)

Correlation

coefficient R

0.6286 0.9615 0.9688 0.6879 0.9427 0.9562 0.7004 0.9969 0.9969

Fitting

coefficient

R2

0.3952 0.9245 0.9386 0.4732 0.8886 0.9143 0.4906 0.9938 0.9938

Adjustment

R2

0.3812 0.9210 0.9346 0.4610 0.8834 0.9088 0.4788 0.9935 0.9934

Significance 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Note: data in parentheses are t-values calculated after standard errors
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Table 4. Multiple regression results 2

Variables TTR UTR ITR

M1 M2 M3 M1 M2 M3 M1 M2 M3

EI 0.0911***

(3.266)

2.661***

(7.887)

0.00974

(0.686)

2.434***

(5.526)

1.286***

(31.34)

0.898***

(11.84)

EE 0.793***

(16.31)

2.027***

(14.06)

0.935***

(43.00)

1.150***

(24.37)

−0.168***

(−5.933)

0.203***

(2.665)

SP 0.0621

(1.280)

0.0300

(0.682)

0.0300

(1.537)

0.0725***

(2.975)

−0.138***

(−4.620)

0.147***

(5.426)

EI·SP 3.178***

(8.133)

2.489***

(5.547)

0.541***

(5.828)

EE·SP −2.162***

(−8.812)

−0.579***

(−5.442)

−0.529***

(−5.291)

AU −0.00131

(−0.0184)

−0.0387

(−1.464)

−0.0253

(−1.209)

0.268***

(3.639)

−0.0199

(−1.159)

−0.0200

(−1.290)

−0.177***

(−2.657)

0.00921

(0.897)

0.00362

(0.380)

SI −0.102

(−1.416)

−0.0676**

(−2.468)

−0.0673***

(−3.112)

0.206***

(3.040)

−0.0586***

(−3.747)

−0.0626***

(−4.349)

−0.133**

(−1.982)

−0.0226**

(−2.140)

−0.0259***

(−2.733)

FU 0.607***

(8.507)

0.126***

(4.114)

0.129***

(5.057)

0.767***

(10.24)

0.0562***

(2.685)

0.0539***

(2.768)

0.699***

(10.33)

−0.0107

(−0.782)

0.0141

(1.034)

Correlation

coefficient R

0.5997 0.9589 0.9750 0.6712 0.9879 0.9903 0.6745 0.9944 0.9956

Fitting

coefficient

R2

0.3596 0.9195 0.9506 0.4505 0.9759 0.9807 0.4549 0.9888 0.9913

Adjustment

R2

0.3448 0.9157 0.9474 0.4378 0.9748 0.9795 0.4422 0.9883 0.9907

Significance 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

5 Discussions and Implications

5.1 Result Discussions

The regression results show that hypotheses H1 and H2 are supported, indicating that
group users’ emotional intensity and extreme emotion have a significant positive impact
on the evolution of public opinion, which indicates that the influence of user group emo-
tion on public opinion conforms to AET theory. When group users have more extreme
emotions, more content creation and information dissemination behavior will be car-
ried out, increasing the popularity of the public opinion network and enriching text
information.

Hypothesis H3 partially holds, indicating that social presence positively moderates
role in the relationship between affective intensity and public opinion evolution. The
stronger the social presence of group users, the greater the effect of affective intensity on
public opinion evolution. The moderating effect of social presence on the relationship
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between emotional intensity and public opinion information dissemination is not signif-
icant, indicating that the social presence of group users does not significantly moderate
the effect of emotional intensity on public opinion information dissemination.

Hypothesis H4 is partially valid, which indicates that social presence negatively
regulates the relationship between extreme emotion and public opinion evolution. The
social presence of group users inhibits the promotion of extreme emotion to public
opinion evolution. The above results are because most of the presence gained by users
with extreme emotion is the refutation of their extreme emotion by other users, which
reduces the expression of extreme emotion and thus reduces the heat and richness of text
information on public opinion.

5.2 Implications for Theory

Confirm the action influencing mechanism of users’ group emotions on the evolution
of public opinion. We confirm that group users’ emotion intensity and extreme emotion
can promote social network public opinion through regression analysis and expounds
in detail on how users’ group emotion promotes the generation and evolution of social
network public opinion. Furthermore, it confirms that the evolution trend of public
opinion in the development of social public opinion events is close to or similar to the
negative emotion change trend of group users [4].

We examined the moderating effect of social presence. Based on the existing studies
confirming the different social presence obtained by social network speech texts with
different emotions [5]. We further examined the moderating effect of social presence
to deeply analyze the complex relationship between users’ group emotions and the
evolution of public opinion, which provides a new perspective and theoretical reference
for further research on the evolution of public opinion.

5.3 Implications for Practice

This study provides a theoretical basis, decision support, and management countermea-
sures for social media and the public opinion supervision department to manage social
media users and public opinion.

(1) Provide decision support for social media to formulate differentiated service strate-
gies and public opinion information management and control strategies. Segment
social media users based on their emotional tendency. The social media can qualita-
tively mark users according to emotion and behavior data and distinguish different
types of users.

(2) It provides a reference for social platforms and public opinion supervision depart-
ments to formulate public opinion governance countermeasures. Identify and guide
users with negative emotional tendencies. When the user’s emotion changes to
the negative extreme, social media can push the text content containing positive
emotions and positive themes to neutralize the emotional polarity, reduce the prob-
ability of users making negative comments, and reduce the pressure on platform
governance.
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6 Conclusions

This study uses empirical analysis to explore the influencing mechanism of group user
emotion on the evolution of public opinion. Through the public opinion event data of
“5·9 Chengdu 49 Middle School students falling from the building”, the group emotion
and public opinion evolution data are quantitatively analyzed. The hypothesis is tested
by regression analysis. The research verifies the influence of group user emotion on
the evolution of public opinion and tests the regulatory effect of social presence. Our
result also shows that the influence of user group emotion on online public opinion
can be explained by AET theory. We deeply analyze the complex relationship between
group user emotion and the evolution of public opinion, which provides new ideas and
theoretical reference for the systematic study of the evolution of public opinion.

This study also has some limitations. First, we only conduct sentiment analysis on
the text. Therefore, the sentiment analysis of emojis should be considered in the future.
Second, we only analyze the public opinion event of “5·9 Chengdu 49 Middle School
student falling from the building”. Future research can use multiple public opinion event
data to verify the model. Finally, only the Microblog platform is selected to verify
the research model. In the future, data from other social networking platforms such as
WeChat, Tiktok, Twitter, and Meta can be selected to verify the research model further.
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Abstract. Cloud computing (CC) is becoming a new paradigm for Small and
Medium-Sized Enterprises (SMEs) to access information systems. However, there
is a dearth of empirical investigation on how SME employees utilize CC. Hence,
the purpose of this study is to ascertain how employees’ behavioral control and
transformational leadership (TL) among SME influence successful CC perfor-
mance. The 206 responses that were gathered, used in structural equation mod-
eling (SEM) utilizing SmartPLS 4.0 to confirm the formulated hypotheses. The
findings indicated that employees’ behavior control (EBC) and the CC perfor-
mance were positively influenced by information sharing (IS), technical ability
(TA), and change readiness (CR). Additionally, the moderating effect of TL was
found to strengthen the relationship among factors and plays an important role in
controlling the employee behavior for successful CC performance.

Keywords: Information Sharing · Technical Ability · Change Readiness ·
Transformational Leadership · SME’s Employees · Cloud Computing
Performance

1 Introduction

Companies are being forced to reconsider their organizational models as a result of
digital innovation. In several areas, some businesses are demonstrating a greater capacity
to use digital technology to their benefit. Because of their hierarchical, centralized,
closed organizational structures, traditional businesses struggle to adapt and alter as
quickly as the digital disruption mandates [1]. An ongoing investment in information
technology (IT) is required in the period of the Industrial Revolution because of the
growing importance of information and communication technology (ICT) in corporate
management. Not just in the IT industry, but in other industrial sectors as well, cloud
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computing (CC) is becoming a more prevalent paradigm shift for the use of ICT in
enterprises. CC is founded on the idea of IT resource sharing, according to which IT
resources like servers, data storage, and software development platforms are borrowed
and used over a network as needed, and only the cost of the service utilized is charged
[2, 3]. When CC is implemented to a company’s business operation, it fundamentally
alters how IT resources are accessible and used to serve business processes [4, 5].

The global CC market is anticipated to develop at a CAGR (Composite Annual
Growth Rate) of 18.0%, from $2.27 billion in 2018 to $6.33 billion in 2023, according
to a 2019 CC analysis by research firm Markets and Markets. According to this pat-
tern, CC services are gradually becoming more and more vital for executives of firms to
rapidlymanagework at aminimal cost and satisfy client needs. Additionally, in erstwhile
investigations on CC [4, 6] demonstrated that transmission of corporate technology as
well as the economics of business computing and the course of action to IT financing
will change as a result of CC performance, considering that CC is a pertinent revolu-
tionary technology for the growth, competitiveness, and creation of new businesses in
corporate activities. Due to the quickly evolving business environment and the expan-
sion of the digital environment, CC is particularly gaining attention as a constructive
way to deal with change. It is anticipated to have significant synergistic effects on both
interior corporate operations and exterior management activities [4, 7].

Numerous local and international investigations are being undertaken on CC since
it remains a focus and is anticipated to have a favorable impact on business activity. In
the beginning, research on CC mostly concentrated on individual users, while research
concentrating on businesses primarily concentrated on the interaction between the adop-
tion of CC and it’s entrepreneurial, industry structure, and technological aspects [3, 4,
8]. Lately, the rising adoption of digital revolution in Pakistan prompted businesses to
re-evaluate their IT needs and choose more advanced ICT solutions in order to expand
and support their operations. Although CC adoption is still in its infancy in the nation
and only a small number of businesses have accepted cloud-based services, the majority
of SMEs’ owners and managers are keen to implement cloud services for their efficient
company operations [9].

As part of the current study, a survey was carried out to ascertain the crucial elements
of CC adoption among SMEs employees. According to previous findings, CC adoption
has likely been examined by a number of scholars, notably [3, 4, 8]. The dearth of
study on CC performance in the context of SMEs in South Asian developing nations,
such as Pakistan, was pointed up by [9]. This study aims to conduct a comprehensive
analysis of the relationship between the Information Sharing (IS), Technical Ability
(TA), Change Readiness (CR) - the key factors associated with Employee Behavior
Control (EBC), CC performance, and the moderating role played by Transformational
Leadership (TL).Our research questions are as follows: (1)Howdo the SMEsEmployees
related factors influence employee behavior control on the CC performance in SME?
(2) How does Transformational Leadership moderate Employee Behavior Control and
CC performance? By concentrating on the behavior control of SME workers toward CC
and its influence on performance in this region, this study seeks to brim that gap.

Analyzing the literature in-depth reveal important theoretical underpinnings and
identifying factors. The current study develops a research model using the Technology
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Organization and Environmental (TOE) paradigm in light of these findings [9]. Fur-
thermore, some research [10, 11] have diverse theories to handle various technology
adoption models. EBC and CC performance are influenced by variables including (IS),
(TA), and (CR). Employees may imitate a leader’s conduct or be open to changes in
the workplace, depending on the administrators’ transformational leadership (TL) [12,
13]. The empirical data that investigates the connection between these variables and the
uptake & performance of CC in SMEs is currently lacking.

2 Theoretical Background

2.1 Cloud Computing

By paying for just the resources they really utilize, CC enables businesses to access and
utilize IT resources whenever, wherever, and across any platform. This is the funda-
mental idea behind CC, which is gaining popularity as a cutting-edge tool that enables
businesses to swiftly react to and successfully adapt to the continuously evolving busi-
ness environment [3–5, 13]. Based on the advantages of resource sharing, cost savings,
and the growth of IT resources, CC enhances the efficiency, adaptability, and IT oper-
ations of businesses and is helpful for working with external entities [3, 8, 14]. The
governmental and business sectors are both giving it a substantial amount of attention.
Consequently, ever since late 2000s, when CC started to be acknowledged as a novel
and revolutionary technology, research on CC has been carried out on many subjects in
various sectors. Targeting either people or organizations, empirical methodologies have
also been extensively pursued in the management and information systems disciplines.

Throughout the context of studies aimed at enterprises, the link between the techno-
logical aspects of CC, organisational factors, work climate characteristics, and technol-
ogy adoption is explained as the number of firms considering or utilizing CC grows [6,
15]. [13] found that organizational variables such technology preparedness, top man-
agement support, and business size had an influence. It also validated that the special
qualities of CC, such as cost reduction, had a substantial impact on CC adoption. [15]
investigated the link between CC adoption and organizational, technological, and envi-
ronmental adaptability. Therefore, it was discovered that factors such as leadership role,
comparative advantage, compatibility, experience capacity, and competitive pressure had
a big influence on CC readiness and acceptance. [6] emphasized that CC has traits that
set it apart from other IT advances and may provide businesses a number of advantages.
According to [2] the adoption of CC is hampered by security and privacy concerns,
which are crucial determinants in service quality and trust. [3] provided more evidence
that perceived risk, efficiency, service quality, relative advantage, and leadership role are
significant determinants of cloud computing services which improves SME performance
positively.

As a result, research on CC that targets SMEs is ongoing, and the findings are
helpful for SME’s that plan to employ CC in the future. However, there has not been
ample empirical investigation on the variables affecting SME members who actively
utilize CC [6, 13, 15]. To make it more explicit, In order to successfully adopt new IT,
such as CC, in an organization, the responsibilities of themembers or administrators who
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actually use it are crucial than anything else. However, the link between these elements
and effective CC implementation and outcomes is seldom adequately discussed.

2.2 SMEs & Employees in Pakistan

The significance of the SME sector in a nation’s industrial growth cannot be ignored. In
Pakistan, SMEs are defined by their size (up to 250 representatives), paid-up capital (up
to 25million rupees), and volume of annual business (up to 250million Rs.) [16]. Nearly
90% of all businesses in Pakistan are SMEs. They employ 80% of the non-agricultural
work force, and they provide around 40% of the country’s yearly GDP. However, SME’s
are limited by financial and other resources, unlike huge businesses in the formal sec-
tor. This fundamental quality of a SME makes the presence of a system via which it
may get help in many business tasks, such as technological advancement, marketing,
financial management, and human resource training and development, important [17].
Regardless of their economic significance, Pakistan’s SMEs face several challenges that
substantially impair their functioning. The main weaknesses are the absence of strategic
planning, the inadequate business information structure, and the lack of human capital
needed in contemporary business [18]. By integrating the cutting-edge digital technolo-
gies of the industry revolution in their company operations, such inefficiencies may be
rectified and the existing situation of SMEs can be improved [19, 20]. When imple-
menting new IT in a business, research pertaining to SME employees is crucial for its
successful implementation. The effectiveness of technology initiatives andmodifications
is influenced bymany aspects connected to SME employees, although prior research [21,
22] has claimed that elements including information sharing, technical ability, member
behavior control, and security awareness occupy a prominent place.

2.3 Transformational Leadership

Transformational leadership (TL) is sometimes equated with transactional leadership
[23], which emphasizes the furtherance of certain executives’ and followers’ concerns
and satisfies contractual requirements with regard to the setting of goals and the over-
sight and management of results. By empowering their followers, focusing on their
specific needs and personal growth, and encouraging creative problem-solving among
them, transformational leaders help others realize their own leadership potential [24].
Motivating followers to support a common vision and objectives of an organization or
unit is a key component of TL. Followers of transformational leaders are frequently
happier and far more committed [25].

Followers engage to TL by exhibiting outstanding performance, frequently going
above and beyond anticipation. According to [26], who reviewed decades’ worth of
research on TL, transformational elements often correlate more strongly with peer effec-
tiveness and satisfaction results than contingent rewards. In terms of SME’s employee
specifically passive exception management, contingent incentive often has a stronger
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associationwith outcomes than exceptionmanagement[26]. TL empowers SMEemploy-
ees to embrace lofty goals and inspires them to deliver achievements that beyond expec-
tations [25]. When the TL aggressively challenges new technologies and actively com-
prehends the SME’s worker to execute jobs that are suited to their degree of competence
centered mostly on manager’s leadership [12].

2.4 TOE Framework

[27] developed the Technology Organization Environment (TOE) framework to describe
the process of innovation in (SMEs). This paradigm takes into account the three fac-
tors of technology, organization, and environment that affect the adoption of innovative
technologies. The proposed variable technical abilities (TA) of SME organizations are
referred to in the technology context. The environment context relates to information
sharing (IS) among SME employees, whereas the organization context refers to Change
readiness (CR) which is the most novel contribution in the perspective of (TOE) frame-
work. The TOE framework considers all internal and external technologies that are
pertinent to the organization, as well as their qualities and their availability [27].

3 Research Model and Hypothesis

In our proposed research model (Fig. 1), first hypothesis is, information sharing (IS) that
refers to the willingness of SME’s employee to systematically share various information
and resources that occur in the process of implementing CC in SME [28]. [28] stated
that CC can promote IS among people as an easy and useful technology compared to
traditional technologies. In addition, this can increase users’ expectations for IS through
CC and allow them to perceive the technology as useful. In other words, if SME’s
employee have a strong desire to share information for the efficiency of their work,
their desire to use a technology that is useful for information sharing and has high
information accessibility may also increase [29]. Therefore, the willingness of members
to share information may have a positive effect on the adoption and performance of a
technology.

H1: Information sharing have positive impact on employee behavior control on
the CC performance in SME.

Second, technical ability refers to the level of technical knowledge that SME’s
employee has about CC [29, 30]. In order for a new technology to be successfully
adopted in an organization, the anxiety of SME’s employee about accepting something
newmust be resolved. If organizational employee has sufficient knowledge and technical
ability about CC, this can reduce such anxiety. In addition, if organizational employee
perceive that they can improve their competitiveness through CC based on their own
technical knowledge, this can have a positive impact on the acceptance of CC adoption
[6]. [30] stated that if SME’s employee has sufficient knowledge and necessary skills
for CC, they can have more confidence in their work processes overall, which can also
have a positive effect on the acceptance of CC performance.
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H2: Technical ability have positive impact on employee behavior control on the
CC performance in SME .

Fig. 1. Proposed Research Model

The third factor is change readiness, which refers to the degree to which SME’s
employee are in a psychological state of wanting to positively accept changes in their
work environment through new ICT [7, 31]. When changes such as the introduction
of new IT occur in an organization, it is important for the members to have a positive
attitude and recognition of the necessity of change in order to successfully accept the
change. In other words, if the members sufficiently understand that change is necessary
and have a high level of readiness, they can take a positive attitude towards organizational
change and successfully adopt ICT. [7] stated that when organizational employees are
prepared for change and believe they can positively accept it, it has a positive impact on
the acceptance of new IT and affected CC performance positively.

H3: Change readiness of organization employee have positive impact on employee
behavior control on the CC performance in SME.

TL refers to the degree of ability of organizational managers to provide direction
and motivate self-motivated efforts for organizational members when facing various
problems during CC adoption & performance. It is also important for organizational
managers to give appropriate motivation and sufficient support to achieve positive and
high performance when trying to adopt and implement new ICT and achieve results in
the organization [32, 33]. TL continuous support from the organizationmeans the degree
to which the organization continuously supports CC in various aspects such as financial,
technical, and usage environment in order to activate CC [13, 34].

It has been shown that the TL of administrators in an organization has a significant
impact on the successful adoption and implementation of new technology, and has been
shown to strengthen the relationship between the evaluation and acceptance of IT [24].
In other words, if the TL plays a role in helping the members of the organization to
have information sharing, technical ability and change readiness for new technologies
have positive outcomes on CC adoption and performance [35]. [32] argue that TL is
important in new technology projects because the effort and perception of organization
members may not be sufficient to create the success of CC adoption. Therefore, the TL
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will interact with the perception and interaction of members about CC performance and
have an impact on it.

H4:Transformational Leadership strengthen the relationship between information
sharing and employee behavior control in SME.

H5: Transformational Leadership strengthen the relationship between technical
ability and employee behavior control in SME.

H6: Transformational Leadership strengthen the relationship between change
readiness and employee behavior control in SME.

This study also aims to examine the relationship between member behavior control
and its impact on CC performance. Member behavior control, as mediator, refers to the
degree of management of negative thoughts that may arise during the adoption of CC in
an organization [36]. [36] stated that perceived behavioral control acts as a belief about
the factors that promote or inhibit certain behaviors and has an influence on the adoption
of new technology behaviors. [6] found that companies with limited internal IT-related
assets can reduce unnecessary costs by using CC, and can expect better performance by
focusing their IT resources on core business activities. Examining the performance of
technology adoption is important because it provides useful information on whether to
understand the effectiveness of information systems and continue to invest in andmanage
technology [6, 37, 38]. [38], found that the adoption and operation of new technologies
such as CC can have a positive impact on organization performance.

H7: Behavioral control of organization employee have positive impact on CC
performance in SME.

4 Research Methodology

4.1 Data Collection

The objective of this study is to look at the crucial TEO framework adopting aspects
for CC in Pakistani SMEs. CEOs, managers, IT specialists, and other workers from
SMEs who demonstrated in-depth understanding of the use of technology were invited
to participate in the data gathering process.

The present study’s research questionnaire has two sections. The purpose of the
questionnaire’s first component was to examine the organization’s demographic data.
The second section was created to look at the crucial components of CC performance
in Pakistani SMEs. There were 400 online surveys administered, and 286 of them were
returned, for a 72% response rate. After examining the data for missing values, outliers,
and unusable replies, 206 responses were ultimately prevailed useable, yielding an actual
response rate of 52%.

The demographic and descriptive statistics includes information on gender, experi-
ence, and designation. The gender breakdown of the group is 74.76% male and 25.24%
female. The experience of the group is broken down into several categories, including 01
to 02 years (12.32%), 03 to 05 years (30.54%), 06 to 08 years (25.24%), 09 to 10 years
(15.40%), and more than 10 years (16.50%). The designation of the group is also broken
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down, with the categories being CEO/Managing Director (5.84%), Manager (10.19%),
Assistant Manager (17.48%), Senior Officer (25.72%), Officer (31.55%), and Others
(9.22%).

4.2 Measures

In this research, information sharing and technical ability were developed and revised
based on [28, 30, 38, 39], were measured by 3 items. TL was modified from [35],
employee behavior control, and readiness for change were measured with 3 items, and
CC adoptionwasmeasured by 4 items [13, 31, 36]. A 7-point scalewas used formeasure-
ment. The survey explained the purpose of the study, ensured anonymity, and made clear
that participation was voluntary. Acronyms were defined at the start of the questionnaire.

4.3 Results

In this analysis, structural equation modeling (SEM) and SmartPLS 4.0 were used to
evaluate the structural model [40]. PLS-SEM is the preferred choice over factor-based
SEM due to its better predictive power. It is also considered a preferable solution for
decision-making andmanagement-oriented issues, particularlywhen forecasting is being
examined [41, 42].

4.4 Measurement and Structural Model

Cronbach’s Alpha, the average extracted variance (AVE), the composite reliability (CR)
and factor loading are all shown in Table 1. The reliability of the scales is shown by the
fact that all constructions have CR and Cronbach’s Alpha values higher than 0.7. The
measuring model exhibits convergent validity since AVE is above 0.5 for all constructs
[42]. The requirement that the loadings should be more than 0.7 served as the basis for
evaluating the indicators’ reliability. The loadings (in bold) are more than 0.7, demon-
strating strong indication reliability whereas Table 2 explains Construct Reliability &
Validity.

The Fornell-Larcker criterion and cross-loadings were used to assess the constructs’
discriminant validity [42]. The constructs may be employed to examine the theoretical
framework, in accordance with the findings of the examination of construct reliability,
convergent validity, and indicator reliability. All constructs also had strong composite
reliability values, which were over 0.8. The findings of the direct impacts of the hypothe-
ses are shown in Table 3, together with the β, p-values & t-statistics, which displayed
the standard values. Thus, all of the hypotheses were backed up by the results.

Moreover, information sharing (IS), technical ability (TA) and readiness for change
(CR) cumulatively explains 53.7% of variance in member behavior control (MBC) (R2

= 0.537) whereas employee behavior control (EBC) explain 36.8% of variance in CC
performance (R2 = 0.368). The R2 values of 0.537 and 0.368 are higher than the 0.26
value that [43] suggests would indicate a substantial model, are illustrated in Fig. 2.
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Table 1. CR, AVE and Factor Loading

Constructs & Factor Loading Cronbach’s Alpha Composite Reliability AVE

IS_1 0.791 0.758 0.857 0.712

IS_2 0.864

IS_3 0.874

TA_1 0.884 0.838 0.839 0.677

TA_2 0.788

TA_3 0.793

CR_1 0.758 0.828 0.864 0.643

CR_2 0.873

CR_3 0.769

TL_1 0.869 0.851 0.859 0.745

TL_2 0.873

TL_3 0.847

EBC_1 0.762 0.867 0.834 0.683

EBC_2 0.863

EBC_3 0.851

CCP_1 0.782 0.884 0.873 0.640

CCP_2 0.742

CCP_3 0.853

CCP_4 0.818

Table 2. Construct Reliability & Validity

Constructs 1 2 3 4 5 6

IS 0.844

TA 0.429 0.823

CR 0.459 0.253 0.802

TL 0.207 0.149 0.393 0.863

EBC 0.423 0.283 0.351 0.241 0.827

CCP 0.277 0.239 0.296 0.182 0.349 0.800

Note): The diagonal values shown in bold are the square root of the AVE
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Table 3. Summary of hypothesis verification results

Hypotheses Path β t-value p-value Decision

H1 IS → EBC 0.209* 2.038 0.001 Supported

H2 TA → EBC 0.461** 7.418 0.004 Supported

H3 CR → EBC 0.459** 9.663 0.000 Supported

H4 IS x TL → EBC 0.213** 3.529 0.002 Supported

H5 TA x TL → EBC 0.236* 2.945 0.006 Supported

H6 CR x TL → EBC 0.349** 6.539 0.003 Supported

H7 EBC → CCP 0.358** 5.659 0.008 Supported

Note) *: p < 0.05, **: p < 0.01

Fig. 2. Structural Analysis

5 Discussion

The adoption of ICT is a significant concern for government officials. Policymakers in
developed countries anticipate a major strategic impact of these advanced technologies
on the entire business ecosystem. These findings align with previous studies in Pakistan,
Thailand, and Indonesia [1, 17, 44] which also reported positive effects on SMEs. How-
ever, the growth and development of SMEs in Pakistan is slow. To improve, managers
must balance exploration and exploitation to attain agility and evolve their business in
modern times. ICT tools, such as IT and CC, are essential for achieving productivity
and performance, as well as a competitive advantage [17]. The study found that certain
factors, such as diverse information sharing, CC related knowledge, TA, and CR, have a
significant impact on successful CC adoption & performance among SME employees.
This aligns with previous researches [28, 30, 38, 39].

Additionally, the study found that TL plays a significant role in moderating the rela-
tionship between these factors and successful CC adoption. If organizational managers
adopt a TL style, it can further strengthen this relationship. Also, when employee behav-
ior control is positive towards CC adoption, it leads to better outcomes and performance
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which also found in previous research [13, 31, 35, 36]. Companies are investing in new
technologies to stay competitive, with CC being a popular choice due to its cost-saving
potential, efficient resource sharing, and expansion of IT resources. It is also seen as a
way to improve productivity, flexibility, and IT functions. CC is viewed as an innovative
technology for gaining a competitive edge and creating new business opportunities, and
it is expected to change the way companies invest in IT. However, there is a lack of
understanding about the relationship between these factors and the implementation of
CC in the actual use and utilization of business processes by SME employees in Pakistan,
where awareness and capabilities regarding CC are crucial.

6 Conclusion

This study examines theCCperformance amongSMEs in Pakistan using the TEO frame-
work. Results revealed that all hypotheses (IS, TA, CR, TL,&EBC), positively influence
CCadoption&performance. Findings indicate that TLmoderates SMEemployee behav-
ior control, which influences CC adoption and performance. This study fills a gap in the
CC performance literature and suggests a path for SMEs to assess and implement sophis-
ticated technologies like CC. The study concludes that CC will grow exponentially and
provide benefits to SMEs in the future, and SME leadership should pay more attention
to the adoption and implementation of CC as it offers cost-effective, compatible, agile
and scalable solutions for business growth. The findings provide valuable insights to
owners/managers for decision-making regarding CC performance.

6.1 Theoretical and Practical Contribution

This studypresents factors that influence the performanceofCCamongSMEs inPakistan
and verifies the relationship through empirical analysis. It provides a useful theoretical
model for future research on CC and examines the impact of CC on the performance of
SMEemployees. SME leadership should recognize the technological needs of their firms,
and carefully understand the scope and requirements. CC is a suitable and appropriate
technology that offers IT services, infrastructure, and platforms such as IaaS, PaaS, SaaS,
with various deployment models like public, private, hybrid and community, at minimal
start up cost with pay-per-use options and shared computing resources. This study will
provide explanations on the importance of factors such as IS, TA, MBC, CR, and the
role of TL for the fruitful performance of CC.

6.2 Limitations and Future Research Directions

This study has several limitations and suggests areas for future research. It only examines
five factors related to SME employee, but more variables should be studied. The use
of CC may vary by industry, and employee competencies and perceptions may differ
depending on the extent of its use in business processes. The study’s results may not
be generalizable due to a lack of information on the size of the responding companies.
Future research should investigate other leadership styles and analyze response targets
more finely by industry, organizational size, and degree of use.
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Abstract. The number of learners enrolled inMOOCs has increased dramatically
over the previous decade due to access, unlimited location and enrollment require-
ments. This makes a lot of user-generated data readily accessible for MOOC-
related research. This study aims to reveal topics that learners discuss most, learn-
ers’ sentiment, and how these topics interact. To begin, we use an iterative method
to extract the topics of reviews in order to analyze the semantic features. Further,
sentiment analysis and co-occurrence analysis are implemented. The experimen-
tal results suggest that the reviews generally concentrate on five topics: instructor,
student, course, after-class, and fee, of which the after-class subject has the low-
est score. In addition, the review content has a strong co-occurrence relationship
between instructor and course topics. The findings provide useful information for
better course design and MOOC platform sustainability.

Keywords: Online Learning ·MOOCs · Online Course Review · Text Mining ·
Sentiment Analysis

1 Introduction

Massive open online courses (MOOCs) have experienced a remarkable surge in the
number of online learners, universities, and platforms during the pandemic. By the end
of 2021, 19,400 MOOCs distributing in 10 subjects will be announced or launched by
around 950 universities worldwide. In 2021, around 3,100 courses were added (Shah
2021). A sudden boom in MOOCs provides new sources of data and opportunities for
large-scale experiments that can advance the science of learning. With the development
of data mining techniques, much research has focused on user-generated data, such
as course reviews (Du et al. 2021; Hew et al. 2020) and discussion forums (Amjad
et al. 2022; Du et al. 2022). These channels permit learners to provide course-related
summaries, reflections, and inquiries. In this study, we have chosen to focus on course
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reviews since they are more diverse and conducive to student-centered research than
discussion forums. It incorporatesmore learners’ subjective feelings of self-improvement
and objective evaluations of course design, platform, and teaching style.

Courses in a MOOC can be divided into two categories depending on the learner’s
learning intention (Li et al. 2022). One of them is knowledge-seeking courses and the
second is skill-seeking courses. Knowledge-seeking courses stress learning concepts or
principles that strengthen learners’ awareness and comprehension in order to improve
their decision-making skills. The follow-up study will provide a comparative analysis
and in-depth discussion of the above two types of courses.

Although existing insights have been well researched on topic extraction and senti-
ment analysis in onlineMOOC reviews, two limitations deserve further study. First, most
literature usually takes one course as the subject of study (Amjad et al. 2022; Greene
et al. 2015) or integrates reviews from different disciplines of courses for analysis (Hew
et al. 2020; Liu et al. 2019). However, different categories of courses are taught for
different purposes, and learners have different concerns and learning goals. Second, in
previous studies (Hew et al. 2020;Qi andLiu 2021),most of themmapped each comment
or each sentence with one topic. However, learners usually incorporate multiple topics
into a single comment. Therefore, a multi-topic analysis of single-sentence comments
is necessary.

To fill these gaps, our research questions are as follows: (1) In a Chinese MOOC,
what are the top topics that learners are concerned about? (2) What are the sentimental
tendencies toward learners’ concerned topics? (3) How about the co-occurrence of top-
ics? The following section provides an insight into existing works. Section 3 presents the
research framework and methods. Section 4 provides a discussion of our experimental
results. The findings and future work are discussed in Sect. 5. Section 6 finally concludes
the work.

2 Literature Review

2.1 Evaluation of MOOC Performance

With the development of information technology in education, MOOCs offer new pos-
sibilities for online learning, facilitating and improving the online learning experience.
In the last decade, regardless of their gender, age or country, learners can study various
kinds of courses offered by the University through the Internet. MOOCs have attracted
global learners with free and open educational resources to reuse anytime and anywhere.
(Qi and Liu 2021). Researchers have studied several aspects of MOOCs performance,
including dropout rates, learning satisfaction, orientation, etc.

MOOCs have a high dropout rate that poses a challenge to researchers. Dalipi et al.
(2018) attribute the high dropout rate to learner-related factors and course-related fac-
tors. In the face of high dropout rates from MOOCs, researchers examined the factors
that influence retention (completion). However, Greene et al. (2015) show that learn-
ers’ expected investment and intention are related to retention, level of schooling, and
expected hours devote to the achievement prediction in another dataset. Besides, the
learning satisfaction has been a major concern of researchers and educators over the
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years. Hew et al. (2020) indicated that learning satisfaction is a more appropriate mea-
sure of MOOC success since many learners do not aim to complete the course. The
results suggest that course assessment, instructor, and content have a significant effect
on learner learning satisfaction.

2.2 MOOC Review Mining

Review data can be obtained from the MOOC platform, and learners use the reviews to
evaluate the instructor’s delivery, course design, course content, and learning. Comments
help to promote course design and content improvement. Research related to natural
language processing (NLP) has been done by many different researchers over the years,
which lays a solid foundation for the text mining field. Some researchers have developed
text analysis tools (i.e.,Wordify, LIWC) to facilitate research in text mining (Pennebaker
et al. 2001). Hew et al. (2020) used the gradient boosting trees model to classify MOOC
learner comments into six aspects.

In contrast to the former, unsupervised learning methods do not require prior data
labeling. The LDA model is the most used topic extraction method, proposed by Blei
et al. in 2003. Qi and Liu (2021) propose the Sentence-LDA method to classify reviews
into five topics: teacher, content, exercise, platform, and hot course. Liu et al. (2019)
propose BSTM, an improved Sen-LDA algorithm. In addition, an iteration-based topic
extraction model is proposed that can assign multiple topics to a single comment (Li
et al. 2022).

Moreover, many scholars have studied from a sentiment analysis perspective. Liu
et al. (2021) use control value theory to classify achievement emotions into four cate-
gories and use random forest methods to predict and explore the impact of achievement
emotions on learners’ learning (Fig. 1).

3 Material and Methods

Fig. 1. Research framework

The research framework of this paper is as follows. Section 3.1 explicitly describes
the review data collection and preprocessing. Then, key topics and related keywords are
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identified through the iterative process. Section 3.2 describes the iterative development
process, while Sect. 4.1 provides details to record the key topics extracted from the
reviews. We use the Snow NLP in python to detect learners’ review sentiment value and
introduce two statistics, polarity, which are documented in Sect. 3.3.

3.1 Data Preparation

Depending on the intention of the learner, online courses can be categorized as
knowledge-seeking and skill-seeking (Li et al. 2022). We select two courses, “Psy-
chology and Life” (psychology course) and “Python Language Programming” (python
course), and crawl reviews from the Chinese universities MOOC website (https://www.
icourse163.org/) as the research objects. The dataset contains 28,063 python course
reviews and 11,246 psychology course reviews. MOOC provided by Chinese univer-
sities allow learners to pursue interdisciplinary education, similar to platforms such as
Coursera and EdX.

Considering the following two reasons, we use a sentence as the basic unit to segment
the comments. First, learners may express multiple sentiments in different sentences
of one comment. Using sentences as the unit of analysis can lower the granularity of
analysis and improve the accuracy of sentiment analysis results. Second, one comment
may belong to many topics. Using a sentence as the basic unit can reduce the repetition
rate of comments among different topics and make the sentiment mean of different
categories of comments more accurate. In summary, we use a period (.), an exclamation
mark (!), and a question mark (?) as sentence endings to split the comments.

Since our focus is on learners’ review texts, we preprocess the reviews through the
following steps: (1) filter the comments with repeated reviews; (2) delete non-Chinese
comments; (3) lowercase English characters; (4) remove punctuation; (5) split the com-
ments by PKUSEG library; (6) remove stop words; (7) convert traditional Chinese char-
acters into simplified Chinese characters; (8) extract sentences containing English words
for specific analysis and determine whether to delete them; (9) extract buzzwords and
analyze them specifically; Then we obtain with a total of 26,694 sentences in python
course and 11,475 sentences in psychology course.

3.2 Topics Extraction

In this study, an iterative approach is used to classify the reviews (Li et al. 2022). First, we
apply a top-down process to estimate the review topics and the corresponding keywords.
Second, word frequency statistics using a python program is used to extract the 1,000
most frequent words in the reviews of the two courses separately, and a bottom-up
process is used to assign the corresponding topics to the keywords (excluding common
and unclear words). Each review can be assigned to multiple categories. The top 1,000
high-frequency words do not cover all the comments. Therefore, each author further
expands and discusses the word library. This paper has formed the word library after
two iterations.

https://www.icourse163.org/
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3.3 Sentiment Analysis

Weuse the SnowNLP inPython to detect the sentiment of learners’ comments. SnowNLP
is a TextBlob-inspired class library developed exclusively for processing Chinese text.
It measures the sentiment value by returning a value from 0 to 1. This paper explores the
comment sentiment distribution by Polarity (Schoenmueller et al. 2020). The sentiment
value is quantified on a five-point scale with an interval length of 0.2. For example, a
sentiment value of 0 to 0.2 corresponds to one star, whereas 0.2 to 0.4 corresponds to
two stars.

Polarity = Number(one − and f ive − star ratings)

Number of ratings
(1)

Fig. 2. A sample of Topic Extraction and sentiment analysis

According to Eq. 1, the extreme 20% of the scale on each side is defined as polarity,
whereas a polarity measure below 40% implies a nonpolar distribution. To understand
the process and results of processing data in Sect. 3, we use a comment as an example,
as Fig. 2 shows.

4 Results

4.1 Topic Extraction Result

We follow the iterative-based aspect extraction approach introduced in Sect. 3.2. After
two iterations, we finally form the word library in Table 1. Total reviews are divided into
five topics: instructor, course, after-class, student and fee.

The student expresses the learners’ feelings of the course (i.e., harvest, sense of
accomplishment) aswell as to the learners themselves (i.e., zero-based, beginner). Begin-
ners tend to demonstrate course gains by emphasizing that they have no relevant subject
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Table 1. The mapping between topics and words

background. The instructor dimension reflects learners’ concerns about the teacher’s
instructional characteristics. The teaching style (i.e., humorous) and understanding of
course content (i.e., easy to understand, common) are all important factors. Learners
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prefer teachers who can teach courses from elementary to profound. There is no doubt
that a teacher who is humorous and dedicated is popular. The course dimension reflects
the course content design (i.e., choreograph, examples), course materials (i.e., textbook,
video), and MOOC platform features (i.e., online lesson). Learners’ reviews are mostly
“advanced”, “compact” or “reasonably detailed”. “exam” and “exercise” reflect learner
demand for after-school services.

4.2 Sentiment Detection of Topics

After identifying the five key topics in Sect. 4.1, this subsection conducts statistical
analysis on each topic. In Sect. 3.3, we use SnowNLP to analyze the sentiment value of
each review. We use Eq. 3 to calculate the average of the quantified sentiment value of
each topic.

Mi = 1

N

∑N

n=1
Mi,n (2)

where N is equal to the number of reviews in a topic andMi represents the mean of the
sentiment scores of topic i. We summarize the statistics for these two courses in Table 2.
The first two columns of Table 2 show the total volume of reviews for a given topic
i. The third and fourth columns show the average sentiment of a topic, which comes
from Eq. 2. The standard deviation σ sentiment scores are calculated according to the
following equation.

σi =
√

1

N

∑N

n=1

(
Mi,n −M i

)2
(3)

The last two columns show the polarity of a topic. The results show that the student,
instructor and course topic are widely discussed by learners. In comparison, the after-
class topic, fee are less mentioned. People pay more attention to the instructor and
course design, as well as the experience and feelings brought by the course. Besides the
instructor, course, and student topics all have a high value in polarity. This indicates that
learners generally evaluate these topics highly. Conversely, learners’ ratings of after-class
and fee are relatively low.

4.3 Detection of Relationships Across Topics

In this subsection, we give a more detailed analysis of the associations of the five topics.
The accompanying topic value of any two topics is computed using the following formula
(Quan and Ren 2010):

p
(
ei|ej

) = count
(
eiwithej

)

count
(
ej

) (4)

where count(ej) equals to the number of one topic, count (ej with ei) donates the fre-
quency of co-occurrence of ei and ej. The accompanying matrix of the python course
and psychology course are presented in Tables 3 and 4, respectively.



What Learners Want 305

Table 2. The statistic for each topic

Topic Rev. (P) Rev.
(M)

Mean
(P)

Mean
(M)

Std. (P) Std. (M) Pol. (P) Pol.( M)

Instructor 13,437 4,425 4.94 4.97 0.342 0.245 0.967 0.977

Course 11,857 4,250 4.84 4.89 0.609 0.464 0.920 0.931

Student 8,227 3,112 4.84 4.93 0.580 0.359 0.914 0.948

After-class 1,632 181 4.70 4.37 0.866 1.313 0.887 0.878

Fee 85 7 4.88 4.86 0.359 0.378 0.894 0.857

Note: Rev.- number of reviews, P - python, M - psychology, Pol - polarity

For both courses, the course topic displays the highest probability with the instructor
topic and vice versa. In particular, we can get the probability of the topic instructor being
0.38 in the psychology course. It is likely that learners will mention the instructor when
discussing the course.

The probability of student topic appearing together with other topics is lower in
knowledge-seeking courses than in skill-seeking courses (0.149 vs 0.23). Learners who
aim to acquire knowledge concentrate more on expressing their feelings and gains in
their comments, whereas learners who aim to acquire skills depend more on acquiring
skills through the teacher’s explanation. The frequency of the fee topic co-occurrence
with other topics is uncommon in both courses.

Another insightful observation comes from the after-class topic. For knowledge-
seeking courses, after-class topic comments are more likely to coincide with the course
topic. These transparent relationships manifest that the high relevance between the after-
class topic and the course content is essential for learner knowledge acquisition.

Table 3. Accompanying matrix for the python course

instructor course student after-class fee
instructor 1 0.346 0.230 0.085 0.035
course 0.305 1 0.177 0.192 0.294
student 0.141 0.123 1 0.066 0.071
after-class 0.010 0.026 0.013 1 0
fee 0 0.002 0 0 1



306 J. Liu et al.

Table 4. Accompanying matrix for the psychology course

instructor course student after-class fee
instructor 1 0.380 0.149 0.099 0
course 0.365 1 0.165 0.215 0.143
student 0.105 0.120 1 0.077 0.143
after-class 0.004 0.009 0.004 1 0
fee 0 0 0 0 1

5 Discussion

This study first identify five key topics. Then, from an emotional perspective, each topic
is quantified to obtain learners’ emotional tendencies towards each topic. In addition,
we study the correlation between different topics in two types of courses respectively.

5.1 Implications for Practice

From a practical standpoint, this study can provide a reliable resource for designing
MOOCs for decision-makers. In designing knowledge-seeking courses, decision-makers
should consider market demand. Course quality is highly dependent on the instructor.
It is suggested that the MOOC platform find a humorous, devoted, and witty instructor
for skill-building courses. For knowledge-seeking courses, course design, courseware
presentation, etc., must be developed with greater care. In addition, we should also pay
attention to the design of the content of after-class assignments. If it is too difficult,
learners’ emotions will be affected, and if it is too easy, it is not conducive to learners’
consolidation after class.

5.2 Limitations and Future Directions

This study has the following limitations, which inform for future work. First, the study
uses the snowNLP to calculate the sentiment value in a sentence. However, a sentence
has different emotional tendencies on different topics, which may lead to biased results.
Future research can try more advanced deep learning algorithms to analyze reviews.
Second, we study a simple course for each type of course. To a certain extent, they lack
representation. In the future, the data from other courses of MOOCs and other platforms
will be integrated to expand the research object.



What Learners Want 307

6 Conclusions

This research takes 39,309 reviews of two courses as research subjects to study MOOC
learners’ most concerned topics, the sentimental tendencies, and the interaction of these
topics. We identify five key topics: instructor, course, student, after-class, and fee. The
result indicates that learners pay more attention to the instructor and course design,
and the experience and feeling that the course brings. A high-quality course requires a
competent instructor who can design the course well and provide the learning materials
so that learners can acquire the necessary skills. Both instructor and course are the
factors that affect the quality of MOOCs. Whether it is skill-seeking or knowledge-
seeking, the course shows robust correlations. Learners who aim to acquire knowledge
are more focused on expressing their feelings and gains in comments, while learners
who aim to acquire skills rely more on skills acquired through teachers’ explanations.
For skill-seeking courses, free courses increase learner satisfaction with the course.

Acknowledgement. This work is supported by theNational Natural Science Foundation of China
(71901030) and Social Sciences and Humanities Research Council of Canada (435-2021-0941;
435-2020-0761).
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Abstract. Tourist satisfaction can provide valuable information for advancing
the development of rural cultural tourism. In literatures the IPA (Importance-
Performance Analysis) model is a commonly used technique for understanding
customer satisfaction. However, the standard IPA only considers two dimensions
(i.e., importance and performance), and thus cannot yield fine-grained attributes.
As such, in this paper we propose an enhanced IPA model (i.e., Importance-
Performance-FrequencyAnalysis, IPFA) to analyze the tourist satisfaction of rural
cultural tourism in a more fine-grained way. IPFA has three characteristics: (1) it
uses online reviews which are timely, truthful, large-scale and easy to be obtained,
(2) it uses three dimensionalities (i.e., importance, performance and frequency)
to finely classify the attributes, and (3) it uses a novel machine learning model
LightGBMto estimate the importance of each attribute, such that themore accurate
importance indicators can be obtained with excellent generalization. In the case
study on the typical rural cultural tourisms, it shows that the IPFA can effectively
identify the views of tourists, analyze the satisfaction of different tourists with
different attributes, and offer good suggestions of the development for different
attributes.

Keywords: Tourist Satisfaction Analysis · Rural Cultural Tourism · Enhanced
IPA Model

1 Introduction

Rural cultural tourism is one of the important ways to implement the rural revitalization
strategy. However, the COVID-19 epidemic has brought a huge impact on the tourism
industry. Since 2019, the annual number of tourists and their comprehensive contribu-
tions to GDP in the last three years have decreased dramatically. Rural cultural tourism
also suffered from the impact of the epidemic. In the severe market environment, it is an
important means to promote the healthy development of rural cultural tourism to con-
struct and manage based on the demand side. In this context, it is necessary to explore
fully the tourists’ satisfaction, starting from the tourists’ personal feelings, to improve
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the rural cultural tourism products, enhance their competitiveness, and promote their
development healthily and orderly.

Through the tourist satisfaction analysis of rural cultural tourism, we can find out
tourists’ personal experience of rural cultural tourism products, and the key factors
that affect the tourists’ experience. IPA (Importance-Performance Analysis) [1] is a
commonly used research technique for understanding customer satisfaction. However,
standard IPA only considers two dimensions in the analysis process, and cannot classify
attributes finely. On the other hand, the traditional way to analyze tourist satisfaction
mainly collects tourists’ views on rural cultural tourism products in the form of question-
naires and interviews. There are many limitations for that way. For example, it is difficult
to collect samples, the number of samples is small, and the samples are prone to bias
and so on. There are also many rural cultural tourism tourists, who have published many
reviews on rural cultural tourism products on tourism E-Commerce platformwebsites or
tourism review websites. These online reviews contain rich information such as tourists’
preferences, feelings, and opinions. Based on these online review data, the tourists’ sat-
isfaction analysis of rural cultural tourism has become a new research approach [2].
Moreover, this method can obtain a large-scale real data quickly and conveniently, and
the tourists’ satisfaction of rural cultural tourism can be timely and accurately perceived.

As such, this paper proposes an enhance IPA model (i.e., Importance-Performance-
FrequencyAnalysis, IPFA) based on the standard IPA (SIPA), and uses the tourist reviews
in tourism online social network platform as research material. A new dimension, fre-
quency, is added in IPFA. IPFA based on three dimensions can classify attributes into
eight categories, while SIPA only divides the attributes of tourism products into four
categories. IPFA can analyze the tourists’ satisfaction in a fine-grained way.

The remainder of this paper is organized as follows. Section 2 briefly reviews the
relevant literature. Section 3 presents a methodology of this paper. In Sect. 4, a case
study of the enhance IPA for some typical rural cultural tourisms is presented. Finally,
conclusions are given in Sect. 5.

2 Literature Review

2.1 Studies on the Tourist Satisfaction

Tourist satisfaction is a concept based on customer satisfaction theory [3]. It represents
the difference between tourists’ expectation and actual perception, reflects the image and
reputation of tourism products, and directly affects tourists’ loyalty and revisit rate. The
commonly used analysis model of tourist satisfaction is SERVQUAL [4] and its variants.
For example, the satisfaction analysis of luxury hotels [5], evaluation of the service
quality of ski resorts [6], and tourist satisfaction evaluation of Australians traveling in
Vietnam [7]. Another commonly used tourist satisfaction analysis model is IPA [1].

Typically, the data used for tourist satisfaction analysis are obtained from customers
through surveys. However, surveys are expensive in terms of time and money. Besides,
the quality of the data obtained from surveys depends on the complexity or length of the
questionnaire and thewillingness of the respondents to participate.With the development
of online social network platform for tourism, more and more tourists publish review
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data on it. Thus, more and more researchers begin to use online review data to analyze
the tourist satisfaction [8–10].

2.2 SIPA Model

SIPA model [11] divides different product/service attributes into different categories
according to two dimensions, importance, and satisfaction. Attributes of the prod-
uct/service are classified into four quadrants or categories. As shown in Fig. 1, the
attribute positioned in Q1 has a higher performance and a higher importance. And the
attributes positioned inQ1canbe regulated as themain advantages of the product/service,
and should continue to bemaintained in the follow-up operation activities; The attributes
positioned in Q2 have a lower performance and a higher importance, and are the general
advantages of the product/service. The attributes positioned in Q3 have a lower per-
formance and a lower importance. The attributes in this area are the minor defects of
the product/service, and should be developed with sufficient resources. The attributes
positioned in Q4 have a higher performance and a lower importance. The attributes in
this region are the main disadvantages of the product/service, and resources should be
focused on developing the attributes of them.

Fig. 1. The standard importance performance analysis

SIPA is a simple and easy method to analyze satisfaction. It has been used in many
fields, such as tourist hotel [12], E-Business [13], higher education [14], etc. However,
SIPA only classifies the attributes of products/services based on the two dimensions of
importance and satisfaction, and cannot distinguish the attributes more precisely.

3 Methodology

3.1 Overall Structure of the Method

Aiming to analyze the tourist satisfaction based on the online reviews, the overall struc-
ture of the method proposed in this paper is shown in Fig. 2. There are three steps in the
method, including reviews data capturing and cleaning, fine-grained sentiment analysis
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and improved IPA. Specifically, first, in the data collection stage, we use the web crawler
to collect the online review data of rural cultural tourism products from the online social
network platform of the tourism E-Commerce website, Then, in the fine-grained emo-
tion analysis stage, the attributes contained in each review are extracted by combining
the topic analysis model method LDA and template matching. Finally, in the improved
IPA analysis stage, the frequency is added and a new model, IPFA, is proposed, which
can conduct a more fine-grained analysis of tourist satisfaction.

Fig. 2. Analysis structure of tourist satisfaction based on IPFA

3.2 Extracting the Attributes Based on LDA

In order to analyze the tourists’ satisfactionwith tourismproducts from the online reviews
in a fine-grained way, it is necessary to extract the attributes of tourists’ description of
tourism products from the online reviews. To extract the attributes of tourists’ online
reviews accurately, this work proposes an attribute extraction method based on LDA
and template matching.

LDA [15] is an unsupervised Machine Learning algorithm that extracts semantic
structure frommany texts to achieve text classification, keyword extraction, information
filtering and other functions [16].

All the pre-processed tourists’ online reviews are treated as a document. Assuming
that the attributes of the online comments of tourists are N . The strategy for extracting
the attributes is: LDA is used to generate N topics of the document, and each topic
corresponds to an attribute.
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3.3 Enhanced IPA Model

Assuming that R represents all online comment sets, that is, R = {R1,R2, · · ·RM }, Rij

represents the sentence set of the j-th attribute in the i-th comment, the emotional orien-
tation value of these sentences can be obtained using emotional analysis tool SnowNLP.
And Sij represents the emotional orientation value of the j-th attribute in the i-th comment.

This paper also uses the emotional orientation value as the satisfaction degree of
attributes, that is, the satisfaction of tourists with the j-th attribute of scenic spot, Pj, is
expressed by the average emotional orientation value of the sentences about the attribute
j in all relevant comments, as shown in formula (1):

Pj =
∑Mj

i=1 Sij
Mj

(1)

In formula (1), Mj represents the number of sentences related to attribute j in all online
comments.

The importance index I in IPA refers to the importance of different attributes on
tourist satisfaction. This paper uses an advanced Machine Learning model, LightGBM
[17], to obtain the importance of each attribute.

The frequencyFj of tourists to the attribute j of the scenic spot is the proportion of the
comments on the attribute j included in the online comments in the overall comments,
as shown in formula (2):

Fj = Mj

M
(2)

The method IPFA adds the dimension of Frequency, which can divide the attributes of
tourism products in a more fine-grained way, as shown in Table 1. According to the
results of IPFA, they can be used as a follow-up input or improvement scheme for each
attribute.

Table 1. The Importance-Performance-Frequency analysis

Categories ID Importance Performance Frequency Categories name

C1 Higher Higher Higher special keep up the good work

C2 Higher Higher Lower general keep up the good work

C3 Higher Lower Higher special concentrate here

C4 Higher Lower Lower general concentrate here

C5 Lower Higher Higher special possible overkill

C6 Lower Higher Lower general possible overkill

C7 Lower Lower Higher special low priority

C8 Lower Lower Lower general low priority
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4 Experimental Results and Analysis

4.1 Experimental Data

We choose several typical rural cultural tourisms as the research objects, such as
Gubeishui Town, Phoenix Ancient City, Nianhua Bay, Wuzhen and Wuyuan. Use the
web crawler to obtain the online comment data of tourists on these scenic spots onCtrip1,
and 38477 online comments are obtained as the research data of this paper.

4.2 Fine-Grained Sentiment Analysis for Online Reviews

For the 38477 online comment texts, we first use the Chinese word segmentation tool
Jieba to segment them, remove the stop words, and then use Python’s LDA tool2 to
model the theme. Based on the research of existing literature, we set the number of
topics of LDA as 14. Based on the attribute extraction method designed in Sect. 3.2,
we determined manually the attributes mentioned in these online comments, including
the following fourteen types: natural scenery, folk customs, commercialization, cul-
tural environment, architecture, passenger flow, transportation, accommodation, cater-
ing, consumption perception, entertainment experience, tourism services, scenic spot
management and infrastructure.

Based on the SnowNLP3, the emotion analysis is carried out on the sentences related
to each attribute of each comment, and its emotional orientation value can be obtained.

4.3 Analyzing Importance of Each Attribute Based on LightGBM

We randomly select 80% in the 38477 online reviews as the training set of the model and
the remaining 20% as the test set. The LightGBM model4 is trained using the training
set, and the training effect is verified using the test set. We compare the performance
of LightGBM and the other common machine learning models based on decision trees,
such as Decision Trees, Random Forests and Xgboost [18]. The comparison results are
shown in Fig. 3.

According to the results in Fig. 3, LightGBM has the lowest mean square error and
the strongest generalization ability in the test set, which shows that LightGBM has the
best prediction effect.

Use the trained LightGBM to obtain the importance indicators of each attribute of
the scenic spot products, and the results are shown in Fig. 4.

According to the results in Fig. 4, it can be seen that the attributes of consumption
perception, natural scenery and commercialization have a great impact on the overall
tourists’ satisfaction, while the infrastructure, accommodation and catering of the scenic
spot have a relatively small impact on the overall satisfaction of tourists.

1 https://you.ctrip.com/.
2 https://radimrehurek.com/gensim/.
3 https://pypi.org/project/snownlp/.
4 https://lightgbm.readthedocs.io/.

https://you.ctrip.com/.
https://radimrehurek.com/gensim/.
https://pypi.org/project/snownlp/.
https://lightgbm.readthedocs.io/.
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Fig. 3. Performance comparison of different machine learning models

Fig. 4. Ranking of attribute importance index

4.4 Analyzing Results Based on IPFA

Based on the emotional orientation value of each attribute under each comment obtained
in Sect. 4.2, the performance and frequency of tourists for the 14 attributes of scenic spot
products are calculated using formula (1) and formula (2). Combining the importance of
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attributes extracted from Sect. 4.3, using IPFA analysis, we can obtain the classification
of fourteen attributes, as shown in Table 2.

Table 2. IPFA analysis results

Categories ID Categories name Attributes

C1 special keep up the good work Natural scenery, entertainment
experience

C2 general keep up the good work -

C3 special concentrate here Consumption perception, tourism
services, transportation

C4 general concentrate here Commercialization, passenger flow

C5 special possible overkill Architecture, folk customs

C6 general possible overkill Accommodation, cultural
environment

C7 special low priority Catering

C8 general low priority Infrastructure, scenic spot
management

According to the results in Table 2, natural scenery and entertainment belong to
Category 1, which are in the area of high importance - high satisfaction - high frequency.
There is no attribute in Category 2, which indicates that many tourists also pay attention
to the attributes of high importance and high satisfaction.

The attributes belonging to Category 3 include consumption perception, tourism
services and transportation. Similarly, the attributes of Category 4, commercialization,
and passenger flow, are also attributes with low satisfaction and high importance.

The attributes belonging to Category 5 include architecture and folk customs. The
attributes belonging to Category 6 include accommodation and cultural environment.

Attributes belonging to Category 7 include catering, which is low in tourist satisfac-
tion and importance. The attributes belonging to Category 8 include infrastructure and
scenic spot management.

5 Conclusions

In order to analyze the tourist satisfaction of rural cultural tourism deeply, this paper
designs an enhanced IPA model, IPFA, based on SIPA, and uses the tourist reviews in
tourism online social network platform as research material. The main contributions of
this paper are: (1) a new dimension, frequency, is added in IPFA. IPFA based on three
dimensions can classify attributes into eight categories, while SIPA only divides the
attributes of tourism products into four categories. (2) An excellent machine learning
model LightGBM is used to estimate the importance of each attribute in IPFA. Light-
GBMmayobtainmore accurate importance indictors. Furthermore, the effectiveness and
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practicability of the method proposed in this paper are demonstrated by the experimental
study.

However, the methods and conclusions of this paper are still preliminary and limited.
Our ongoing work is to consider the following aspects: (1) select more rural cultural
tourism products and online review data, to mine more accurate information and to
provide more helpful reference for tourism managers; (2) the current research in this
paper is static. In the future, the time factor couldbe added to analyze the lawof the change
of tourist satisfaction with time; (3) the method we proposed has certain universality and
can be also applied to the analysis of customer satisfaction of other products/services.
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Abstract. Strong resilience is critical for all companies and industries, depend-
ing on proper strategies and the external environment. In this study, we analyze
how digital strategy associated with business strategy and IT strategy, from the
perspective of organizational ambidexterity, drives firm resilience. Conducting a
dataset of 32 observations for the sharing accommodation industry and applying
fsQCA (fuzzy-set qualitative comparative analysis) methods, our analyses reveal
three key findings. First, business strategy, IT strategy, and environmental tur-
bulence alone cannot offer the necessary conditions for firm resilience. Second,
we document a few parsimonious configurations emergent from complex non-
linear interactions among digital strategy (i.e., business strategy, IT strategy) and
environmental turbulence. Third, we observed synergy between exploitation and
exploration. Without considering the external environment, simply summing up
exploitation and exploration will not be conducive to forming firm resilience.
Together, the results yield implications for further exploration of firm resilience
and for managers to view and redesign digital strategy as IT and business strategy
configurations.

Keywords: Firm resilience · Digital strategy · Environmental turbulence ·
Organizational ambidexterity · fsQCA · Shared accommodation

1 Introduction

Today the problem of firm survival in the era of VUCA (volatility, uncertainty, com-
plexity, and ambiguity) is becoming increasingly apparent. The emergence of digital
infrastructures (e.g., cloud computing, Internet of Things, and 5G networks) and digital
technologies (e.g., artificial intelligence, machine learning, and computer vision) can
have a disruptive impact on the business model and operations of a firm [1, 2]. Mean-
while, some firms rely on successful management in the past, showing organizational
inertia and rigidity in the face of external changes, thusmissing the opportunity and accel-
erating firm death. In a word, strategic failure in allocating organizational resources can
explain a significant portion of new ventures’ death [3].
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Firm resilience (FR) attracts the attention of scholars in the field of operational
and strategic management. It helps firms maintain stable growth in the face of external
shocks, such as the COVID-19 pandemic. To remain successful and survive in today’s
disruptive market environment, scholars now agree that firms must tackle the challenges
of digital transformation and other rapidly emerging new technologies [3]. Nevertheless,
many organizations fail to transform because they begin business or technology changes
without developing holistic plans and a coherent digital strategy [4].

In light of this, this study aims to explore the following question: How could firm
resilience benefit from the coupling effects of digital strategy and environmental turbu-
lence? To answer the question, we use a fuzzy-set qualitative comparative analysis of 32
case studies of the shared accommodation industry. This analysis allows us to develop
an overarching understanding of how digital strategy affects firm resilience. Addition-
ally, we clarify the conceptual relationships between exploration and exploitation in
implementing digital strategy from the perspective of organizational ambidexterity.

2 Literature Review

2.1 Firm Resilience

Academic research on resilience has increased due to its practical importance and thus
canprovide essential guidance for enterprise survival. The conceptualizationof resilience
has been widely used in psychology, supply chain, and firm levels [6]. Existing research
suggests that firm resilience is an effective way to withstand external adversity that
negatively affects the firm’s operation and to recover and maintain its existing structure
[7].

Most scholars focus on the organizational level when assessing the principal driv-
ing factors of resilience. These include the presence of business strategy [5], resource
reconfiguration capability, and information technology capability. Beyond organiza-
tional factors, a firm’s survival and development are closely linked to its environment.
Environmental turbulence, or even the perception of environmental change in the exter-
nal environment, has been proven to be the main external factor for firm performance.
Deploying effective business strategies and developing new IT capabilities are critical
to firm resilience. Sirmon points out that not all strategies and IT capabilities are equally
effective or hold equal value under different environmental conditions. When faced with
an external disruption, a firm must evaluate its current resource (e.g., identify strategic
positioning and available resources) and develop new capabilities.

Thus, the literature suggests that the driving factors of firm resilience are not unique
and independent. The combined effects of external environmental turbulence and the
internal digital business strategy of the organization should be explored further.

2.2 Digital Strategy

Digital strategy is conceptualized as an organizational strategy that leverages digital
resources to generate differential value. Some studies view digital strategy as a complex
system consisting of several organizational digital and non-digital capabilities that pro-
duce competitive performance [7]. Developing a digital strategy that embraces business
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and IT strategies has been the predominant digital transformation success factor [4].
Yet, despite the researchers claiming that digital strategy unites business and IT strategy,
the boundaries between them become blurred. Therefore, it is essential to explore the
independent and combined effects of business and IT strategies [7].

Organizational Ambidexterity. Organizational ambidexterity refers to a firm’s ability
to simultaneously pursue exploration and exploitation activities. Specifically, explo-
ration refers to disruptive innovation (e.g., risk-taking, experimentation, flexibility and
innovation), which emphasizes improving products or expanding markets beyond cur-
rent resources and knowledge. Exploitation refers to progressive innovation (e.g., effi-
ciency, selection, implementation and modifications) which aims to develop new prod-
ucts or markets based on existing resources and knowledge [8]. The initial organizational
ambidexterity study focused on non-digital business strategies, such as product and mar-
ket domain. As digitalization moves at pace, the IS literature recognizes the central role
of information technology (IT) in the firm competitive advantage. There-fore, existing
studies have extrapolated literature on organizational ambidexterity literature to the IT
context [9].

In this study, we focus on implementing digital strategy from the perspective of orga-
nizational ambidexterity: business strategy (i.e., market exploration, resource exploita-
tion) and IT strategy (i.e., IT exploration and IT exploitation). Although we recognize
that digital strategy has many dimensions [10], it is particularly useful to examine the
relationship between digital strategy and firm resilience from the perspective of orga-
nizational ambidexterity. First, organizational ambidexterity is crucial to a firm success
and attracted intensive research attention. The general consensus is that firms usually
maintain stable development by simultaneously pursuing organizational ambidexterity
(exploration and exploitation). Second, organizational ambidexterity can be applied to
explain business and IT strategies.

Business Strategy. Business strategy includes opportunity exploitation strategy and
resource exploration strategy. Opportunity exploitation strategy refers to the simulta-
neous entrance and management of multiple markets [11]. The strategy of opportunity
exploitation has offered a positive path to resilience. The first key aspect is the ability to
replicate the experience gained in one market to another. Bettiol et al. [11] have claimed
that the experience in multiple markets enabled the company to adapt its products and
processes to the standard, allowing it to be more reactive to external pressures. More-
over, the opportunity exploitation strategy also reflects the firm’s internal operational
flexibility [5].

We defined resource acquisition from outside as a resource exploration strategy. The
exploration of resources can provide a firm with new strategic options to respond to
changes in its competitive environment. Phene and his colleagues argued that aggressive
innovation was often a function of the external resources to which a firm has access. In
particular, resource acquisition from the outside leads to breaking rigid routines from
time to time, often resulting in a breakthrough ability to explore. Similarly, researchers
indicated that resource exploration strategy would enhance the positive effects of the
relative exploration dimension on new product innovation, as resource from outside
reduces the risk and cost of new knowledge or technology.
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IT Strategy. IT strategy includes IT exploration strategy and IT exploitation strategy.
IT exploration refers to an organization ability to explore new IT resources and practices
[13]. IT exploration can help organizations gain and leverage IT knowledge to improve
their resilience. First, by experimentingwith new IT applications and practices, IT explo-
ration can introduce new and alternative areas of knowledge. In this regard, firms can
simplify their business processes and achieve considerable transaction efficiency and
transaction cost reduction. Second, focusing on IT exploration can help firms iden-
tify and select IT technologies that align with the firm’s future development. The high
level of IT exploration enables firms to drive business innovation after recon-figuring IT
resources and enables enterprises to adapt strategies rapidly, which has a positive impact
on organizational agility [14].

In contrast, IT exploitation refers to exploiting current IT resources and practices
[13, 15]. IT exploitation enables firms to refine and reconfigure existing IT knowledge to
improve resilience. IT exploitation enables organizations to perceive better and manage
market changes and improve customer satisfaction [14]. For instance, IT modularity
and software compatibility can help firm adjustment to adapt to changes in the external
environment and respond to customer needs at the right time.

2.3 Environmental Turbulence

The survival and development of a firm is closely related to the environment [16]. Envi-
ronmental turbulence refers to the rate of unpredictability and highly varied events that
occur in a particular industry’s environment [17]. A variety of factors can cause turbu-
lence. Market turbulence has been of great importance among the various elements that
cause a turbulent environment. Market turbulence refers to changing market demands,
which are mainly reflected in the dynamic and ambiguous nature of their requirements.

Some research observed that a turbulent environment has negatively impact on firms’
activities and performance [17]. However, environmental turbulence is a risk that threat-
ens business performance or even survival and an opportunity. In the face of environmen-
tal turbulence, firms must develop rapid, high-quality responses to protect themselves
from this changingworld. Enrique et al. [18] stated that the rapidly changing environment
is an important antecedent to drive strategic agility. In this line, environmental turbulence
promotes product and process innovation, thus achieving better business performance.

2.4 Configurational Framework

In summary, although scholars agree that resilient companies continually orchestrate
a dynamic balance of strategies, research is generally limited to exploring individual
conditions, ignoring the important role of organized complexity in digital strategy. In
this study, we explore the mechanism that influences firm resilience from a holistic
perspective to understand the nonlinear interdependencies of organized complexity in
digital business strategy. Due to the complex combinations of antecedents, multiple
pathways to firm resilience are difficult to study using traditional methods. Thus, we
introduce a configurational framework and argue that firm resilience does not depend
on a single condition, but on the interactions between digital strategy and environmental
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turbulence. The external turbulence ofmarket uncertainty, and the internal digital strategy
of business strategy and IT strategy should be considered for enterprises to achieve firm
resilience (Fig. 1).

Fig. 1. A configuration framework model

3 Materials and Methods

3.1 Sample and Data Collection

We chose the Chinese sharing accommodation platform as our research data. China has
become one of the world’s largest homes to sharing platforms. The rapid development
of China’s shared accommodation market has attracted numerous users. For instance,
the financing of shared accommodation industry in China reached 600 million yuan
in 2021. We have compiled several data sources and a matching database for shared
accommodation: ITJUZI (www.itjuzi.com) provides publicly available information on
Chinese sharing platforms. Chandashi (www.app.chandashi.com) provides a list of app
download data and their historical update status in 155 countries and regions worldwide.

Two selection criteria were used in this study. First, to match the business strategy
with the firm, we only used cases with complete information. Second, censoring is a
common occurrence in survival analysis. Censoring refers to the situation in which some
individuals are only observed for a certain period of time, and their outcome is not known
beyond that time. We partly retained the censoring cases, which was still operating in
December 2021 (data collection time) and had survived more than 8 years and 8 months
(the maximum operating time of all dead firms). This left 32 shared accommodation
platforms in our final dataset.

3.2 Fuzzy-Set Qualitative Comparative Analysis

QCA is a configurational approach based on set theory and fuzzy algebra. The reasons
for using fsQCA to investigate our research are the following. First, fsQCA is outcome-
oriented, that is, it can determine whether specific conditions are necessary for achieving

http://www.itjuzi.com
http://www.app.chandashi.com
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an outcome. When it comes to configural hypotheses about complicated causality, it
has methodological robustness. Second, consistent with configurational theory, fsQCA
allows equifinality and causal asymmetry. Third, fsQCAwas designed to deal with small
sample sizes and medium-sized samples (15–99 cases). Thus, our medium-sized sample
of 32 sharing accommodation platforms is suitable for fsQCA.

3.3 Measurements and Calibration

Firm Resilience. We measured the degree of firm resilience by survival time of the firm.
Resilient organizations survive and thrive in their industry because resilience enables
the organization to develop capabilities and resources against adversity [19]. The longer
the firm’s survival time, the higher its resilience.

Opportunity Exploitation. Opportunity exploitation strategy reflects flexibility, i.e.,
the simultaneous entrance and management of multiple markets. Following Claussen
[20], we used product diversity as a measure of opportunity exploitation. If the busi-
ness strategic positioning is focused on the overall market, the value for Opportunity
exploitation is 1; and if is focused on the segment market, the value for Opportunity
exploitation is 0.

Resource exploration. We defined resource acquisition from outside as a resource
exploration strategy. In this study, we utilized the number of funding rounds obtained
through a sharing accommodation platform to measure resource acquisition.

IT Exploitation. Achieve the IT exploitation strategy by exploiting current IT
resources and practices [13]. We use the total number of APP historical updates under
each firms as a way to measure IT exploitation.

IT Exploration. Achieve the IT exploration strategy by experimenting with new IT
applications and practices [13]. In this way, we measured the number of digital coopera-
tion between the shared accommodation platform and its partnership as IT exploration.
The data comes from mass media (e.g., corporate annual reports or financial news).

Environmental Turbulence. For shared accommodation enterprises, the rate of
change in consumer demand is an important part of measuring market turbulence. As
such, we measure environmental turbulence during the year using the rate of change
in annual consumer travel. For each firm, we calculate the average strength of market
turbulence experienced by the firm according to its range of survival years. The data are
from the Yearbook of Chinese Culture and Tourism.

Regarding Greckhamer, we chose a more stringent standard for data distribution to
calibrate the data. We decided to use the 95th percentile as the high full membership
anchor, the crossover point at 50th percentile and the full non-membership anchor was
5th percentile. To prevent the case with a condition value of 0.5 from being automatically
deleted,we replace the condition value of 0.5with 0.501 after calibration. The calibration
anchors are reported in Table 1.
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Table 1. Calibration of the sharing accommodation outcomes and conditions

Elements and
Outcomes

Measurement Full Membership Crossover Full Non-
Membership

Firm resilience Survival time of the
firm

16.0 8.7 2.6

Opportunity
exploitation

Whether the scope of
business is overall or
segmented market

/ / /

Resource
exploration

The number of
funding rounds

2.9 1 0

IT exploitation The total number of
APP historical updates

85 1 0

IT exploration The number of digital
cooperation between
the firm and its
partnership

2.9 1 0

Environment
turbulence

The average rate of
change in consumer
demand through the
span of firm survival
years

0.2 0.1 0.1

4 Results

4.1 Necessity Conditions Analysis

We began the analysis by examining whether a factor was a necessary condition for
high resistance or its negation (e.g., non-high resilience). A condition that exceeds the
consistency threshold of 0.90 and has non-trivial coverage indicates that the antecedent
or combination of antecedents is necessary. Our results show that none of the individual
factors exceeds the threshold of 0.90. Therefore, no individual factor qualified as a
necessary condition for both outcomes; that is, none of the conditions can be individually
claimed as a necessary condition to reach either high or non-high resilience.

4.2 Sufficient Solutions

We used the fsQCA3.0 software to analyze the standardized data. Consistent with estab-
lished research, we conducted a sufficiency analysis by applying a minimum case fre-
quency benchmark of 1, setting the consistency threshold to 0.75, as is commonly rec-
ommended [7]. We also applied PRI (Proportional Reduction in Inconsistency) to filter
further the rows of the truth table that are reliably linked to the outcome. We adjusted
two rows of data to 0 as the configurations with a PRI score below 0.75 may show incon-
sistency. Using these comprehensive standards, we obtained the truth table rows that
met the requirements and determined the configuration paths by running the data. The
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results are given in Table 2. We have identified four pathways that can lead to high levels
of resilience. The overall solution consistency is 0.962, which explains the significance
level of all configurations. The results show that the five configurations captured 68%
of high-level resilience. We further identified three pathways that can lead to non-high
levels of resilience. The overall solution consistency is 0.929, with a coverage of 0.515.

We then used Ragin’s logic scheme to further summarize the seven pathways from
a theoretical perspective. We propose two types of high-level resilience with different
core characteristics: those oriented to IT strategy and those oriented to business strategy.
We also propose three non-high levels of resilience types: (1) many pains but no gains,
(2) no pains no gains, (3) and insufficient awareness of IT exploitation.

Configurations for High Levels of Resilience. IT strategy oriented indicates that,
resilience can be built under conditions of high market turbulence and IT exploitation.
This type of maturity includes two paths, configuration 1a and configuration 1b. The
cover-age sum is 0.530, which is significantly higher than the other two types, indicat-
ing that this type has good universality. Market turbulence is the core condition which
must be present. Thus, Environmental turbulence is an important external motivation for
achieving a high level of resilience. Configuration 1a is ITI*MT*~ITR. In this context,
which is dominated by environmental turbulence, firm can achieve high resilience with
the imbalance of IT exploitation and IT exploration (ITI*~ITR). Configuration 1b is
OI*ITI*MT. Combining IT exploitation and opportunity exploitation (OI*ITI) can lead
to high resilience in an environmental turbulence.

Business strategy oriented indicates that both opportunity exploitation and low
resource exploration is the core condition (RR*~OI). With less IT exploration, the exis-
tence of either IT exploitation or market turbulence will lead to high resilience. This
type includes two pathways: configurations 2a and 2b. The sum of the coverage is 0.055.
Configuration 2a is~OI*RR*ITI*~ITR. In the absence of opportunity exploitation and
IT exploration, if firms gain development opportunities from resource exploration and IT
exploitation, they can also effectively achieve a high level of resilience. Configuration 2b
is ~ OI*RR*MT* ~ ITR. In the absence of opportunity exploitation and IT exploration,
if there is environmental turbulence, the firm can make good use of resource exploration
to achieve a high level of resilience.

Configurations for Non-high Levels of Resilience. The typical configuration ofmany
pains but no gains is OI*RR*ITR*~MT (configuration 3). This type indicates that,
even though the firm has made great efforts in both business strategy and IT strat-
egy (OI*RR*ITR), it cannot achieve high firm resilience without environmental
support (~MT). Unlike configuration 3, the configuration of no pains no gains is
OI*~RR*~ITR*~MT (configuration 4). Under core conditions of the absence of themar-
ket turbulence, resource exploration and IT exploration (~RR*~ITR*~MT), it’s impos-
sible to achieve high firm resilience only through opportunity exploitation. In addition,
insufficient awareness of IT exploitation (configuration 5: OI*RR*~ITI*ITR) indicates
that, ignoring the importance of IT exploitation, even under business strategy and IT
exploration conditions, it’s hard to achieve high firm resilience.
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Table 2. Configurations strongly related to resilience

Antecedent Condition High levels of resilience Non-high levels of resilience
1a 1b 2a 2b 3 4 5

Opportunity exploitation (OI) ● ● ● ●
Resource exploration (RR) ● ● ● ●

IT exploitation (ITI) ● ● ●
IT exploration (ITR) ● ●

Market turbulence (MT) ● ● ●
Consistency 0.990 0.950 1.000 1.000 0.412 0.145 0.112

Raw coverage 0.422 0.495 0.120 0.128 0.342 0.046 0.028
Unique coverage 0.328 0.202 0.024 0.031 0.912 0.985 0.980

Overall solution coverage 0.680 0.515
Overall solution consistency 0.962 0.929

Note: ●= core casual condition (present). ●= peripheral casual condition (present). = core 
casual condition (absent). = peripheral casual condition (absent). Blank spaces indicate “do not 
care”.

4.3 Robustness Checks

We increase the consistency threshold from0.75 to 0.8 andfind that the newconfiguration
is exactly the same as before the adjustment, indicating the strong robustness of the
conclusions of this study. Simultaneously, we increase the frequency threshold from 1 to
2 and find that the five types are still supported. Both overall consistency and coverage
decreased slightly, indicating that the results remained robust.

5 Discussion

5.1 Research Conclusions

First, business strategy, IT strategy and environmental turbulence alone cannot provide
the necessary conditions for firm resilience. The results show that different configurations
of antecedent conditions can enable both high and non-high levels of firm resilience.
Based on the combination of digital strategy and environmental turbulence, we identi-
fied two types of high-level firm resilience: IT strategy oriented, and business strategy
oriented. We also identified three types of non-high firm resilience: (1) many pains but
no gain, (2) no pain, no gain, (3) and insufficient awareness of IT exploitation, which
have an asymmetric relationship with high levels of firm resilience.

Second, we found a synergy between environmental turbulence and digital strategy
when comparing antecedent conditions horizontally. When environmental turbulence is
present as a core condition, IT strategy play an essential role in the firm resilience. More-
over, when environmental turbulence does not exist or exists as an auxiliary condition,
business strategy plays a critical role in resilience rather than IT strategy. Our results
support the findings of Liang et.al [13] who suggest IT ambidexterity matters only in
dynamic environments.

Third, we observed a synergy between exploitation and exploration. Compared the
configurations between high levels of resilience and non-high levels of resilience, we find
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that onlybyfinding theproberway tobalance exploitation andexploration canweachieve
firm resilience. Specifically, this means that in our four pathways to high resilience, the
balance of exploitation and exploration is essential to achieving firm resilience. Without
considering the actual resources and external environment, the addition of exploitation
and exploration is simply not conducive to the formation of firm resilience. These fac-
tors must be effectively combined and thus act synergistically, further confirming the
assumption of interdependent causality.

5.2 Theoretical Contributions

First, based on the perspectives of digital strategy and environmental turbulence, we con-
ducted a configurational analysis, thus interpreting the complex mechanism for achiev-
ing firm resilience. Most research has thus far focused on organizational factors such as
business strategy resource reconfiguration capability and information technology capa-
bility. Firm resilience is determined by the interactions between digital strategy and
environmental turbulence, rather than single condition. This study uniquely identifies
the complex causal relationships that contribute to firm resilience and develops more
effective strategies to improve them.

Second, by applying the QCA method, we have contributed to the existing literature
on digital strategy and broadened the choice of research methods for studies of Strate-
gic Alignment Model. Previous studies have presented initiatives to explore resilience
from matching perspective (e.g., Strategic Alignment Model). However, the majority
of existing literature explains the internal mechanism of digital strategy with a single
linear regression. This limitation leads to difficulties in modeling the multiple internal
interactions of strategy (i.e., business strategy and IT strategy) [5] and also limits the
research on the relationship between the external environment and digital strategy [13].
By introducingQCA into the effect of digital strategy on firm resilience, we have not only
revealed the important synergy of environmental factors, but also explored the complex
interaction between single level (e.g., IT exploitation and IT exploration) and cross-level
(e.g., IT exploitation and resource exploration).

Third, we contribute to organizational ambidexterity theory, by highlighting the
importance of exploration and exploitation in digital strategy (i.e., business strategy
and IT strategy). Although previous research assumes that maintaining a high level of
exploitation and exploration is conducive to firm performance [15], our results show that
such a situation is not necessarily conducive to resilience. The firm cannot undertake
exploration and exploitation strategies at the same time, which is limited by resource
budget or other issues. Therefore, the company must find an appropriate strategy of
balance. In addition to the internal balance within IT strategy and business strategy, the
relationship between IT strategy and business strategy should also be balanced. In sum-
mary, these results comprehensively understand the complex joint effects of exploration
and exploitation.

5.3 Practical Implications

First, managers need to ensure a balanced distribution of attention to avoid “too much
is as bad as too little”. On the one hand, firms need to pay attention to digital strategy
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in order to gain a competitive advantage. Instead of blindly relying on past successes
that lead to management rigidity, IT and business strategies must be adapted to the
environment. On the other hand, firms need to consider their own resources and budgets,
as the mere addition of exploration and exploitation strategies can hasten the demise of
companies.

Second, entrepreneurs must recognize that environmental turbulence is the trend of
the times. They need to integrate knowledge and skills to make more scientific decisions
and improve their ability to search for resources and deal with environmental changes.
They need to change their attitude towards environmental turbulence and stop being
hostile and overly conservative. They need to be positive about a hostile and volatile
environment and be careful not to be too conservative. In environmental turbulence,
look for opportunities and find the right development path.

5.4 Limitations and Future Research

Our work has some limitations that could be fruitful avenues for future research. First,
our samples are typical platforms for shared accommodation. As there is heterogeneity
among industries, it is uncertain whether the study’s conclusions can be generalized
to other sharing economy industries or digital platforms. Second, our study does not
fully account for sample evolution and change when analyzing cross-sectional data.
Therefore, it can be beneficial for tQCA (time-series QCA) to conduct further research.
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Abstract. Online health communities (OHCs) provide patients with chronic dis-
eases with an alternative physician-patient communication platform that offers
social support and better management of their diseases. However, under the con-
text of text-only communication, even though the part OHCs play in enabling
patients’ self-management of chronic conditions has attracted scholarly and prac-
tical attention, the role of linguistic features pertaining to online physician-patient
communication in improving patient compliance has been significantly neglected.
Based on communication accommodation theory, this study examines the effects
of convergent linguistic features on patients’ satisfaction and compliance, along
with the contingent roles of physicians’ titles and complications. According to the
study results, physician-patient convergence of semantic and stylistic features pos-
itively affects patient satisfaction, in turn increasing compliance. Furthermore, the
physician’s title weakens the effect of the convergence of language concreteness
but strengthens the effect of the convergence of emotional intensity on patient satis-
faction. Additionally, complications negatively affect the relationship between sat-
isfaction and compliance. These findings provide further insight into the literature
regarding communication accommodation theory and physician-patient commu-
nication in OHCs and offer a practical guide to physician-patient communication
skills.

Keywords: Communication accommodation theory · Online health
communities · Chronic disease · compliance · physician-patient communication ·
self-management

1 Introduction

Chronic diseases have become themain cause of humanmorbidity andmortality, causing
seven out of ten deaths each year [1]. Against the backdrop of the high autonomy of self-
health management, the noncompliance of patients with chronic diseases is ubiquitous
and causes catastrophic social and economic outcomes [2, 3]. Although governments,
medical organisations, and even patients themselves have devoted considerable energy
and offered input to address this issue, effective approaches remain elusive and are
worthy of further investigation.
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Relatively few studies have focused on the effect of physician-patient communication
at the textual level, more specifically, the linguistic features of physicians and patients.
In the case of online communication, the facial expressions and movements of both
parties cannot be observed, therefore, the linguistic features of both physicians and
patients is believed to have an impact on each other [4]. Prior studies show that online
communication texts can be classified mainly in two features: semantic feature and
stylistic feature [5]. Semantic features refer to the specific meaning of the text, such as
certain actions or expressed emotions described by the text. By contrast, the stylistic
features refer to the external form of the text, such as the number of lines or number of
punctuation marks. In the context of OHCs, little is known about the role of the linguistic
features of physician-patient communication on patient satisfaction and compliance.
Therefore, to address the aforementioned research gap, the first research question of our
study is:RQ1:Howdo linguistic features embedded in physician-patient communication
influence patient satisfaction, in turn impacting the compliance of patients with chronic
diseases?

The heterogeneity of physiciansmay affect their communication style, which isman-
ifested in different writing styles in online communication. The title of a physician is an
objective reflection of ability among physicians, where a higher title often indicates a
higher level of medical competence [6], which is likely to extend to the professionals’
communication skills. However, few studies have sought to evaluate the potential differ-
ences in language style among physicians with different professional titles or whether
such differences might affect levels of patient satisfaction and compliance. Therefore,
our second research question is:RQ2:Are the effects of convergent semantic and stylis-
tic features in online physician-patient communication on patient satisfaction contingent
on the physician’s title?

The effect of satisfaction on compliance in previous studies has not always been sig-
nificant [7]. Such inconsistency suggests that there may be some previously unidentified
factors at play. Since compliance is amanifestation of patient self-management behavior,
patient-level characteristics may be the main actors. Hence, we introduced complica-
tions, a characteristic of patients with chronic diseases, to moderate the relationship
between satisfaction and compliance in order to explain the inconsistent findings in pre-
vious studies and provide a factor to consider for future work. Accordingly, our third
research question is: RQ3: Is the effect of patient satisfaction on patient compliance
contingent on complications?

Drawing on the communication accommodation theory (CAT), we develop a concep-
tual framework that explains how the convergence of linguistic characteristics embedded
in physician-patient communication influence patient compliance through improving
patient satisfaction. The contingent roles of physicians’ title and patient complications
on this influence mechanism are examined as well. Our model and hypotheses were
validated by collecting data of consultation records of physician-patient from a leading
Chinese online health platform from 2016 to 2021.
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2 Literature Review

2.1 Physician-Patient Communication and Patient Satisfaction, Patient
Compliance

Communication between physicians and patients is important, especially for patients
with chronic diseases, and it is thought to influence a range of patient outcomes [8].
However, physician-patient communication is not always effective, as exemplified by
feedback from many patients who have mentioned feeling that their physicians’ com-
munication skills are inadequate. It has been argued that problems in physician-patient
communication can lead to noncompliance and missed opportunities to improve self-
management in patients with chronic diseases [9]. Therefore, continuously increasing
the understanding of the causes of poor physician-patient communication and improving
the effectiveness of this communication remain necessary.

However, the impact of physician-patient communication and on patient compliance
is generally indirect because compliance is not an instantaneous outcome but tends to
be reflected in patient behaviour over time. For this reason, many studies have explored
reliable mediating variables such as patient recall and satisfaction [10]. The presence
of such mediating variables allows researchers to assess the quality of physician-patient
communication based on patient intuition effectively, especially in terms of which fea-
tures are appreciated by patients, promoting a deeper understanding of the effect of
effective physician-patient communication on compliance.

Existing research suggests that although satisfaction can be influenced by a variety of
external factors (e.g., waiting time), satisfaction is intimately related to communication
behaviors between patients and physicians [9]. Satisfaction is important because it is not
only a goal and desired outcome of health service, but also reflect the extent to which
patients’ health care needs, expectations, or preferences are met [9]. Therefore, the
adoption of satisfaction as a measure of physician-patient communication is justifiable
and also helps us to further identify the impact on other patient outcomes.

2.2 Asymmetry in Physician-Patient Communication

Poor physician-patient communicationmay be caused by its asymmetry.Most physician-
patient communication is physician-centred, meaning that the physician holds an author-
itative status [11]. The unequal status of physicians and patients can impact the commu-
nication expression of both parties, which is reflected by the physician’s tendency to ask
more questions than the patient to control the whole communication process [12]. This
kindof asymmetric physician-patient communication canbedisadvantageous to patients.
For example, the lack of follow-up questions and explanations may be associated with
the patient’s lack of understanding of the physician’s meaning; self-management in such
cases may result in ineffective treatment or deteriorating health consequences [13]. Fur-
thermore, medical decisions without joint participation tend to fall short of patients’
expectations, resulting in the inability of patients to comply wholeheartedly with med-
ical advice, leading to dissatisfaction and noncompliance [12]. This study started from
the practical problem of physician-patient communication asymmetry and aimed to
understand whether the asymmetry of physician-patient communication might occur in



334 S. Wang et al.

specific linguistic features. Furthermore, we sought to determine, in the case where these
linguistic features between physicians and patients are relatively symmetrical, whether
the satisfaction and compliance of patients with chronic diseases can be promoted.

2.3 Communication Accommodation Theory

Communication accommodation theory (CAT) is a comprehensive conceptual frame-
work that describes the ways in which people adjust their communication behaviors
during social interactions, their motivations for doing so, and the social consequences
[14]. CAT puts forward three main behavioral strategies in a variety of situations: con-
vergence, divergence andmaintenance. Convergence is the adjustment of an individual’s
communication behavior to be more similar to the interlocutor, in contrast, divergence
refers to individuals adapting their communication behaviors to appear more dissim-
ilar. In addition, interlocutors may engage in maintenance, which is sustaining one’s
“default” way of communicating without adjusting for others [14]. Convergence can
be seen as a signal of harmony that helps individuals perceive each other’s emotional
state in communication, thus facilitating more fluid communication and understanding
[15]. Therefore, convergence behavioral strategies are often used when people are look-
ing for the satisfaction and understanding of their interlocutors [16]. Thus, we sought
to determine if the convergence of different linguistic features between physicians and
patients could represent effective physician-patient communication with an emphasis on
promoting patient satisfaction and compliance (Fig. 1).

3 Research Model and Hypotheses Development

Fig. 1. Research model

3.1 The Effect of Semantic Features on Patient Satisfaction

For the semantic features, we choose language concreteness and emotional intensity for
specific measures. Because concrete language is considered to be more likely to influ-
ence cognitive-based responses, such as assessments of message importance, which is
opposed to affect-based responses [17]. Therefore, these two concepts can be considered
as representatives of the cognitive and emotional dimensions.
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Language concreteness is determined by how specific the message is, concrete
descriptions can show more details, while abstract descriptions are more general and
require more inference. Concrete language is considered to be more vivid, realistic [18],
and more likely to build trust than abstract language [19]. Emotional intensity is the
percentage of expressed emotions in the content [20]. In physician-patient communi-
cation, emotional expression strategies can be manifested in communicative behaviors,
which can include patient confiding and physician reassurance. During online physician-
patient communication, more convergent language concreteness can make it easier for
both individuals to understand the point the other is trying to make, thus making com-
munication more effective and resulting in higher patient satisfaction. Similarly, more
symmetrical emotional intensity indicates that the emotions expressed by the individual
are well received and positively fed back by their interlocutor. Therefore, patients’ emo-
tional needs can be well met in the communication, thus enhancing satisfaction with the
consultation.

The positive impact of convergent semantic features on patient satisfaction can be
further explain by the mechanism of fluency [20]. Fluency can be defined as the per-
ceived ease with which an individual processes information [21], it can come from the
priming effect of the perception of content features. Through the basic mechanism of
priming, the presentation of an element can produce stimulation of related elements in an
individual’s memory, thus bringing a faster response for the comprehension and recog-
nition of related content, convergence then promote fluency. Fluency is thought to be
associated with positive evaluations, with greater fluency felt by individuals indicating
a better understanding of communication and generally more positive feedback [22]. In
sum, we believe that more convergent language concreteness and emotional intensity
in online physician-patient communication can make patients feel better about the pro-
cess and outcome of communication, thus contribute to improving patient satisfaction.
Accordingly, we propose:

H1: The convergence of language concreteness in online physician-patient commu-
nication has a positive impact on patient satisfaction.

H2: The convergence of emotional intensity in online physician-patient communi-
cation has a positive impact on patient satisfaction.

3.2 The Effect of Stylistic Features (LSM) of Patient Satisfaction

As a form of interpersonal coordination, LSM represents a form of psychological syn-
chrony [23], it can lead to the perception that the interlocutor can provide emotional and
informational support [4], thus becoming a source of satisfaction in further communi-
cation. Existing research has demonstrated an association between LSM and a range of
positive outcomes in interpersonal and communication, such as impression formation
[24] and social support in online medical context [4]. Accordingly, we believe that more
convergent stylistic features in online physician-patient communication can provide bet-
ter overall perception of the communication and contribute to patient satisfaction with
the consultation. Therefore, we posit the following:

H3: The convergence of stylistic features (LSM) in online physician-patient
communication has a positive impact on patients’ satisfaction.
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3.3 The Effect of Patient Satisfaction on Compliance

Prior literature has showed that when confronted with a physician who attaches more
importance to interpersonal interaction, patients are more satisfied and more likely to
return to [25]. Many studies have also shown the correlation between satisfaction and
compliance in different aspects such as satisfaction with consultation, satisfaction with
communication and general satisfaction with received medical care [26]. The more
satisfied patients are, the more likely they are to follow the physician’s instructions to
adopt the relevant regimen and manage their health [26]. Therefore, we propose:

H4: Patient satisfaction has a positive impact on their compliance.

3.4 The Moderating Effect of Physician’s Professional Title

Prior studies have shown that high-status people can increase the possibility of lin-
guistic accommodation by low-status people [27], but they (higher-status) usually won’t
accommodate to lower-status people [28]. In online consultation, physicians with higher
titles may be less likely to converge with the language style of patients than physicians
with lower titles, this behavior would then show up as an asymmetrical convergence, or
divergence, but this divergence from physicians with higher titles does not bring about a
decrease in patient satisfaction. According to attribution theory, people’s attributions of
behavior determine the evaluation of the behavior, the results can be equally good when
people attribute divergence in a positive way [29].When higher-titled physician does not
perform more convergence, patient may attribute this to the difference in medical liter-
acy between themselves and the physician and the physician’s high medical competence
and expertise, resulting in greater satisfaction. Accordingly, we believe that the effect
of convergent linguistic behavior on patient satisfaction is diminished as the physician’s
title rises. Therefore, we propose the following:

H5-H6: Physician’s professional title has a negative impact on the relationship
between semantic feature convergence in physician-patient communications and patient
satisfaction.

H7: Physician’s professional title has a negative impact on the relationship between
stylistic feature convergence in physician-patient communications and patient satisfac-
tion.

3.5 The Moderating Effect of Complications

It have been found that noncompliance tends to be higher under certain conditions,
for example: when medical regimens are more complex; when treatment period lasts
for longer periods of time; and when there are several troublesome drug side effects
[30]. The complexity of complications leads to increased complexity of regimens (e.g.,
multiple medications) that can make it more difficult for patients to comply. At the same
time, more complications often meanmore painful feelings, which can bring depression,
anxiety and other negative emotions to the patient, this is also unfavorable to patient
compliance. Therefore, we propose the following:

H8: Complications has a negative impact on the relationship between patient
satisfaction and their compliance.
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4 Research Methodology

4.1 Data Collection

In this paper, patients with diabetes are selected as samples since diabetes is a common
chronic disease. We collected the historical consultation data of a well-known online
health platform in China. Because the OHC is categorized according to the physician’s
department, there is no direct access to diabetes consultation records, therefore, we
searched for diabetes and blood sugar as keywords in the physician-patient dialogue.
Ultimately, our dataset includes 15488 consultation records of 281 physicians, the time
range is from 2016 to 2021.

4.2 Measurement

Compliance: Prior studies have noted that it is useful to examine variables that may
indicate whether physician instructions will be followed [31]. According to the theory
of planned behavior, people’s behavior can be predicted from their intentions [32]. It has
been proved that when patients are more intended to do well in self-management, they
are more likely to behave as the instructions, and further, reflected in increased com-
pliance [33]. Based on this concept, we constructed a compliance dictionary, measure
patient compliance by marking the words in the physician-patient dialogue that indicate
the patient’s intent to comply (e.g., follow your instructions, take medication on time,
etc.). If the patient uses any of the words in the dictionary during the conversation, this
conversation is marked with a compliance = 1, otherwise = 0.

Satisfaction: We constructed a satisfaction dictionary, which includes both service
satisfaction and medical satisfaction according to studies related to patient satisfaction
[34]. If a patient uses any of the words in the satisfaction dictionary, his satisfaction is
marked as 1, otherwise it is marked as 0.

Language concreteness: We use the result of Brysbaert et al.’s concreteness rat-
ings of nearly 40,000 generally known English words and expressions obtained through
internet crowdsourcing [35], a dictionary that uses a 5-point scale to score the degree
of concreteness of words. This dictionary was used because 1) it is a dictionary cre-
ated specifically to measure language concreteness; 2) the reliability and validity of the
dictionary has been demonstrated by its creators; 3) this dictionary includes medical
words in addition to everyday words and has been used to quantify language concrete-
ness in medical settings [20]. We translate the dictionary into Chinese and scores it by
matching physicians and patients separately to measure the language concreteness of
physician-patient conversations. To calculate the average concreteness, we divided the
sum of concreteness ratings of words in the dialogue by the total number of words in
the online physician-patient communication.

Emotional intensity: We used LIWC2022 to calculate the emotional intensity of
physicians and patients. LIWC provides a dictionary that can identifies positive and
negative emotional words. We calculate the sum of positive and negative emotional
words as the total emotional words. In the same way that language concreteness is
calculated, we measured emotional intensity by calculating the number of emotional
words divided by the total number of words.
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LSM: LIWC has the function of performing LSM calculation, but since it does not
support Chinese context, we choose to perform manual calculation according to the
formula of LSM. At present, LSM in LIWC includes eight types of function words:
auxiliary verbs (e.g., to be, to have), articles (e.g., an, the), common adverbs (e.g.,
hardly, often), personal pronouns (e.g., I, they, we), indefinite pronouns (e.g., it, those),
prepositions (e.g., for, after, with), negations (e.g., not, never), and conjunctions (e.g.,
and, but). Since there are no articles in the Chinese context, we use the remaining seven
categories as the calculation content of LSM, the dictionary of Simplified Chinese which
is official LIWC translations are used to calculate these seven categories of function
words. The resultant LSM score was between 0 and 1, with scores closest to 1 reflecting
high degrees of style matching. Taking prepositions (abbreviated as prep) as an example,
the LSM of a single function word is calculated as:

LSM prep = 1 − |prep1 − prep2|
prep1 + prep2 + 0.0001

Further, the LSM formula that includes all functional word classifications is:

LSM = avg(LSM prep + LSM auxverb + LSM adverb + LSM conj + LSM ppron + LSM ipron + LSM negate)

Title: The physician title information was obtained from the online health platform.
In China, the titles of physicians are resident physician, attending physician, deputy chief
physician and chief physician in turn. The lowest title is resident, which was marked as
1, the highest title is chief physician, which was marked as 4, attending physicians and
deputy chief physicians were marked as 2 and 3, respectively.

Complications: A customized dictionary were constructed to measure the compli-
cation of patients. If a patient uses any of the words in the complications dictionary, his
complications is marked as 1, otherwise it is marked as 0.

Control variable: We selected five characteristics from both physicians and patients
that might have an impact on physician-patient communication as control variables
to add to our model. For patients, we selected the gender and age of the patient, the
gender of male patients was marked as 1, whereas that of female patients was marked
as 0. For physicians, we selected whether the physician worked at a top hospital, the
price of the physician’s online consultation, and the number of online consultations
for a particular physician. If the physician works at a top hospital, his hospital level
is marked as 1, otherwise 0. Both the number of online consultations and the price of
online consultations are obtained from the information on the physician’s home page.
The monetary unit of the physician’s consultation price is yuan.

We subtracted the convergent measures of Language concreteness and Emotional
intensity between physicians and patients to obtain the absolute difference, to ease
interpretation, we multiplied the absolute difference by −1 to create the measure for
the convergence variables: a higher value of the convergence variable indicates greater
convergence between its two individuals (Table 1).
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4.3 Analysis and Results

Table 1. Descriptive Statistics

Variables Mean SD Min Max

Compliance 0.0587 0.235 0 1

Satisfaction 0.365 0.481 0 1

Physician-patient concreteness convergence −1.405 1.530 −15.48 −9.41e-05

Physician-patient emotion convergence −4.997 5.372 −66.67 0

LSM 0.565 0.174 1.51e–05 1

Complications 0.358 0.479 0 1

Title 2.984 0.805 1 4

Age 49.23 16.61 0 98

Gender 0.507 0.500 0 1

Top hospital 0.901 0.298 0 1

Price 54.21 72.86 0 600

Number of consultations 1145 4206 0 102025

Table 2 and 3 presents the results of the main regressions used to test our hypotheses.
From the Model 2 results, it could be concluded that the physician-patient concrete-
ness convergence (PPCC) (p < 0.01) and the physician-patient emotional convergence
(PPEC) (p < 0.01) positively influenced patient satisfaction. Meanwhile, physician-
patient LSM (p < 0.01) positively influenced patient satisfaction. Thus, H1, H2, and
H3 were supported, suggesting that patient satisfaction is higher when physician-patient
communication is more convergent in terms of concreteness, emotional intensity, and
language style. Model 3 tested the moderating role of Title. Professional title negatively
moderated the relationship between PPCC and patient satisfaction (p < 0.01) but pos-
itively moderated the relationship between PPEC and patient satisfaction (p < 0.01),
therefore supporting H5. The coefficient of Title* LSM was not significant (p > 0.1),
indicating that H7 was not supported.

Furthermore, we ran the regression model following the same steps as above to
test the effect of satisfaction on compliance and the moderating effect of complications
(Table 3). In Model 2, the results indicate that patient satisfaction had a positive impact
on patient compliance (p < 0.01), supporting H4. In Model 3, the moderating effects
of complications on the relationship between Satisfaction and Compliance were nega-
tive (p < 0.01), thus supporting H8. These outcomes indicate that patient satisfaction
can positively influence their compliance; nevertheless, this effect can be impaired by
complications.
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Table 2. Logit regression (Satisfaction)

(1) (2) (3)

VARIABLES Satisfaction Satisfaction Satisfaction

PPCC 0.543*** 0.746***

(0.020) (0.081)

PPEC 0.047*** −0.002

(0.004) (0.017)

LSM 1.704*** 1.714***

(0.111) (0.423)

Title −0.165*** −0.156*

(0.024) (0.093)

Title* PPCC −0.067***

(0.026)

Title* PPEC 0.017***

(0.006)

Title* LSM −0.005

(0.138)

Control variables YES YES YES

Constant −0.863*** −0.530*** −0.546*

(0.076) (0.129) (0.299)

Log likelihood −9973.527 −8981.716 −8974.650

Pseudo R2 0.016 0.114 0.114

Observations 15,448 15,448 15,448

PPCC: Physician-patient concreteness convergence. PPEC: Physician-patient emotional conver-
gence. LSM: Language style matching. Standard errors in parentheses.
*** p < 0.01, ** p < 0.05, * p < 0.1

We also tested the mediating effect of satisfaction in the model by adopting a boot-
strapping analysis using 5,000 samples with the same control variables. If the 95%
bootstrapping confidence interval (CI) does not include zero, the mediating effect is sta-
tistically significant. According to the results, 95%CIs of all indirect pathways excluded
zero, indicating that the mediation effects of the three linguistic convergent behaviors
on patient compliance were significant (Table 4).
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Table 3. Logit regression (Compliance)

(1) (2) (3)

VARIABLES Compliance Compliance Compliance

Satisfaction 1.268*** 1.538***

(0.076) (0.108)

Complications 0.525*** 0.886***

(0.071) (0.122)

Complications* Satisfaction −0.542***

(0.149)

Control variables YES YES YES

Constant −2.521*** −3.295*** −3.468***

(0.146) (0.156) (0.165)

Log likelihood -3330.388 -3130.301 -3123.721

Pseudo R2 0.035 0.093 0.095

Observations 15,448 15,448 15,448

Standard errors in parentheses

Table 4. Mediation check

Paths Indirect effect 95%CI

Lower Upper

Physician-patient concreteness convergence → Compliance 0.006 0.005 0.006

Physician-patient emotional convergence → Compliance 0.001 0.001 0.001

Language style matching → Compliance 0.033 0.028 0.038

5 Conclusion

Online consultations allow patients with chronic diseases convenient access to their
physicians, which is extremely helpful for their self-management and health conditions.
However, little research has focused on the influence of linguistic features in online
physician-patient communication. Therefore, by drawing on the CAT, we proved that
the convergence of semantic features (language concreteness and emotional intensity)
and stylistic features (LSM) in online physician-patient communication positively affects
patient satisfaction and in turn positively affects patient compliance. Physician title mod-
erates the relationship between the convergence of semantic features and satisfaction but
has no significant effect on the relationship between the convergence of stylistic features
and satisfaction. Complications in patients with chronic diseases negatively influence
the relationship between satisfaction and compliance. In closing, our findings contribute
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to the study of CAT, compliance and online health care, and our work also provides
practical implications for physicians and the managers of online health platforms.
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Abstract. The Intellectual property (IP) derivative market has great potential
value but also faces the risk of failure in derivative product. As a result, crowd-
funding is increasingly used to test the market and promote IP derivative products.
However, there are rare studies that focus on what factors could influence the suc-
cess of this specific type of crowdfunding projects. This study adopts a brand
extension perspective to treat IP derivatives as brand extension, and proposes the
factors in terms of IP characteristics (IP popularity and IP quality), IP-derivative
similarity (superficial similarity and spiritual similarity) and IP derivative charac-
teristics (product category) influencing IP derivative crowdfunding performance.
A total of 644 IP derivative crowdfunding projects from the Zaodianxinhuo plat-
form in China were collected and analyzed. The results indicate that IP popularity,
IP quality, spiritual IP-derivative similarity and product category positively affect
crowdfunding performance. The findings contribute to the research of crowdfund-
ing and brand extension in the context of IP derivative, which also has practical
implications for IP derivatives fundraisers on the crowdfunding platforms.

Keywords: crowdfunding · crowdfunding performance · IP derivatives ·
influencing factors · brand extension

1 Introduction

Crowdfunding refers to the public solicitation of funds by entrepreneurial teams or
individuals through the Internet to support specific projects [1]. Crowdfunding is getting
quite popular not because it could increase small startups’ opportunities to raise funds
[2], but also bring other benefits, such as product demand predicting, product testing, and
brand marketing. Famous crowdfunding platform such as Kickstarter has received $7
billion in pledges from 21 million backers to fund 233,250 projects as of January 2023.
Though those crowdfunding platforms can facilitate the interaction between the demand
and supply side of funds [2], the existence of information asymmetry still expose backers
to the risk of projects failure or being cheated. As a result, a large number of studies have
been conducted on how investors make investment decisions incrowdfunding platforms
and have identified the influencing factors that affect the success of crowdfunding [3],
such as characteristics related to the projects or the funders.
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Among those studies that focus on crowdfunding success, one particular category
of crowdfunding projects has received rare attention, which is crowdfunding projects of
IP (Intellectual Property) derivatives. IP derivatives are products derived from specific
IP, such as anime hand-me-downs. Taking the well-known IPs with huge base of fans,
Star Wars and Harry Potter as example, data shows that the derivatives of these IPs
generate tens of billions of dollars in revenue, including books, movies, games, toys and
etc. Capitalizing on fans’ love for existing IPs, IP derivatives can sustain IP fever and
generate more commercial value. The IP derivatives industry chain involves the process
of product selection, design, production and sales, and each process could be threatened
by the risk of failure, especially the process of selecting IP and designing products. Not
all IP derivatives can reap good results, even those IPs with high popularity. For example,
the anime and TV series adapted based on the famous science fiction of The Three Body
Problem have gained different reputation. The TV series respected the original and won
fans’ love. The anime, however, tampered with the novel’s plot and received negative
reviews. Crowdfunding in the form of pre-sales for consumers is the best way to test
the market for derivatives, but there are still cases of high failure rates. For example, the
failure rate of IP derivatives crowdfunding (audio-visual and anime categories) on the
Modian crowdfunding website is as high as 41%.

Thus, understanding what factors that could influence the success of these IP deriva-
tives crowdfunding projects is not only important for the fundraisers, but also for the
platforms. However, conclusions of crowdfunding success from extant literature might
not be applicable to this specific category of crowdfunding projects. IP derivatives crowd-
funding has some obvious differences from general crowdfunding. First, the launch time
for IP derivatives crowdfunding projects is usually carefully chosen, which is usually the
TV or anime hit period, and the time required for crowdfunding is shorter than general
crowdfunding. Second, the target group of IP derivatives crowdfunding is mostly IP
fans, who are prone to follow the trend and consume impulsively, but also more picky
for the derivatives products. This also leads to the final difference that IP derivative
crowdfunding cares more about the extent to which the derivative products reflect the
characteristics of the IP. Thus, the characteristics of both original IP and IP derivatives
could influence the investors’ judgement of the project. In this study, we regard IP deriva-
tives as brand extension of the parent brand, which is the original IP. Referring to the
brand extension theory and combining with the characteristics of crowdfunding, we pro-
pose the factors in terms of IP characteristics, IP-derivative similarity and IP derivative
characteristics influencing IP derivative crowdfunding performance. We conducted the
empirical analysis by using the data of 644 crowdfunding projects from the Zaodianx-
inhuo platform. Zaodianxinhuo is such a crowdfunding platform which is launched by
Alibaba and mainly for IP derivatives crowdfunding in China. The results show that
IP popularity, IP quality, IP-derivative similarity, and product category positively affect
crowdfunding performance.
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2 Literature Review

2.1 Factors Influencing the Success of Crowdfunding Financing

Extant empirical studies on the success of crowdfunding mainly aim to answer the
question that what factors could significantly influence investors’ behavior. Those fac-
tors include the characteristics of the project per se, the fundraiser and backer, and the
interaction between the fundraiser and backer.

Project characteristics are usually the key factors in literature. For instance, the dis-
play of videos and pictures in the project description will help backers understand the
information more visually [4]. In addition, by analyzing the textual information describ-
ing the project, researchers have found that different linguistic styles could differently
affect people’s willingness to support the project [5, 6]. The characteristics of the two
subjects involved in the project (fundraisers and investors), such as the reputation and
prior experience of the fundraisers, backers’ preference or experience are found to play
an important role in crowdfunding success [7, 8]. As to the interaction between the
fundraisers and investors, comments and responses during the fundraising process could
provide more information and reduce the information asymmetry, which is positively
related to fundraising success [9].

The crowdfunding projects they have focused on are different from the IP derivatives
crowdfunding, for which the innate connection between the derivatives product and the
IP that it is derived from plays an important role in investors’ decision. Apparently, such
connection is not applicable in extant research on crowdfunding success and thus rarely
examined.

2.2 IP Derivatives Crowdfunding

In the field of cultural industry, Intellectual Property (IP) refers to the ownership of
cultural products with a wide audience base and commercial exploitation value, which
can be manifested in film and television works, literary works, games, and etc. [10]. IP
derivatives refer to the forms of products and services developed and produced from
IP with a fan base after the authorization of trademarks, brands and other intellectual
property rights, such as the movies adapted from Harry Potter books.

A major challenge for the IP derivative is that whether the consumers accept the
derivative as a successful extension of the original IP and want to pay for it. Thus,
crowdfunding platform becomes one of the best channels in testing the potential popu-
larity of IP derivatives. For example, the Zaodianxinhuo platform cooperated with the hit
TV series Immortal Samsara and launched an official co-branded jewelry crowdfunding
project, with a turnover of 1.5 million. It shows that high quality IP derivatives can get
considerable revenue through crowdfunding. However, not all derivatives of well-known
IPs get excellent crowdfunding performance.

The crowdfunding IP derivatives take various forms, including utilitarian products,
which are functional and practical, such as vacuum cup, bags and etc., and hedonic
products which are fun and enjoyable, such as toys, character model in anime and etc.
Most crowdfunding IP derivatives on the Zaodianxinhuo platform belong to reward-
based crowdfunding, which means that the investors could get these tangible products
as reward when the project are successfully crowdfunded.
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2.3 Brand Extension

Brand extension is a widespread brand marketing strategy that uses an existing brand to
enter new product classes. Firms hope that the new product will benefit from the parent
brand equity, or the parent brand would be enhanced due to the extension product.
Previous literature states that the factors that determine the success of brand extension
are: the characteristics of the parent brand and the extension, the fit between the parent
brand and the extension, brand extension authenticity and etc. Essentially, fit reflects the
similarity between the extension and the brand [11].

IP derivatives are new products developed under license from the original IP (novels,
anime, etc.), which are equivalent to expanding new product categories, such as toys,
accessories, clothes and etc. According to the brand extension theory, IP derivatives can
be regarded as brand extension, in which the original IP is the parent brand and the
derivatives are the extension of the parent brand. We believe that the characteristics of
original IP and its derivatives could influence the success of IP derivatives crowdfunding.
For instance, the popularity of the original IP, or the types of the derivative products.
But most importantly, the similarity, or the fit between IP and derivative products would
play an vital role. Such similarity could be conveyed by the project description, which
including text, graphics and videos.

Two types of brand extension similarity are usually taken into consideration in brand
extension research.Thefirst one is feature similarity on the product-level,which indicates
that the extension share similar functional features with existing products of the brand.
The other one is concept consistency, which implies that the extension might not share
object-to-object similarity with existing products, but fit together on a given conceptual
label. For instance, wallet and watch provide different functions, but they may have a
relationship based on the concept of “personal accessories” [12]. Apparently, the former
similarity is more concrete and latter is more abstract.

Referring to the two types of brand extension similarity, this study identifies two
types of IP-derivative similarities,which are superficial similarity and spiritual similarity.
Superficial similarity is more concrete and indicates that there are identified cues of the
IP in the appearance.While spiritual similarity is more abstract and implies that the spirit
of the IP is well represented in the project description. For example, if a Harry Potter
derivative shows the Harry Potter logo on the surface, it is superficial similarity, but if
the design concept of the derivative is mentioned in the introduction of the product to
highlight the spirit of Harry Potter (such as bravery, resourcefulness, etc.), it is spiritual
similarity.

3 Research Model and Hypothesis

Concerning the brand extension theory and combined with the characteristics of IP
derivatives crowdfunding, this study proposes that factors in terms of IP characteristics,
IP-derivative similarity and IP derivative characteristics are the influencing factors that
will significantly affect crowdfunding performance. Our research model is shown in
Fig. 1.
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Characteristics of IP
-IP popularity
- IP quality

IP-derivative similarity
-Superficial similarity
-Spiritual similarity

Characteristics of IP
derivative

-Product category

Crowdfunding performanceH1-H3(+)

Control variables
-Target amount

-Maximum investment amount
-Return level

-Video
-Number of pictures
-Investor category

Fig. 1. The Research Model

3.1 Characteristics of IP and Crowdfunding Performance

In the field of brand extension, the parent brand provides information signals for con-
sumers to infer extension quality. This is because consumers will transfer their emotions
towards the parent brand to extensions. For instance, Sichtmann and Diamantopoulos
[13]found that parent brand origin image has positive effects on perceived quality of the
extension. Referring to these findings, we expect that characteristics of IP would exert
impacts on consumers’ attitude toward the derivatives and two factors are taken into
consideration in this study, which are popularity and quality of the IP.

Higher IP popularity indicates that the IP is well-known and has larger base of
fans. For example, during the launching period of The Wandering Earth, the derivatives
of this movie IP (e.g., engine model, carrier model, notebook, etc.) reached the target
amount less than a day after it was launched on the crowdfunding platform, with the final
crowdfunding amount of 7.69 million. Jiang et al. also found that the popularity of IP
source positively influences consumers’ perceived value of IP films [14]. Furthermore,
IP with higher popularity usually indicates more recommendation and exposure online,
and will appeal to consumers for more dynamics discussion, which will further expand
the communication of IP derivative. Thus, we have the following hypothesis:

H1a: IP popularity is positively associated with crowdfunding performance.
Perceived brand quality reflects consumers’ overall assessment of a brand and it is

found as one of the essential factors in brand extension evaluation [15, 16]. A study on
luxury brands extension shows that perceived brand quality affects the authenticity of
extensions and significantly influences consumers’ attitudes [15]. Sichtmann et al. [16]
also found that perceived parent brand quality are critical drivers of service brand exten-
sion success. For IP derivatives, Joshi and Mao also found that book reviews positively
influence the box office of these book-based movies [17]. This might be because from
one side, for those fans who already have positive emotions towards IP, will transfer such
emotion to its derivatives. From the other side, for those consumers who are not familiar
with the IP, IP quality could be cues to form judgements of IP derivatives, which further
reduce perceived risk. Thus, we have the following hypothesis:

H1b: IP quality is positively associated with crowdfunding performance.
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3.2 IP-Derivative Similarity and Crowdfunding Performance

Brand extension similarity is widely found to affect consumers’ quality judgments of
the extensions and its success [18]. The IP-derivative similarity could also play such an
important role. For example, Jiang et al. [14] found that perceived fit an IP film with the
IP positively influence consumers’ perceived value of the film. Moreover, the empirical
study of Joshi et al. [17] found that the box office of book-basedmovies, which is adapted
from popular novels, is positively affected by book-movie similarity.

Therefore, if the backers perceive the similarity between the IP and the derivative
through the project description on the platform, they will be more likely to accept the
derivative. If they do not perceive it, they will think that the product has little relationship
with the original IP and will less like to pay. This would hold true for both superficial
and spiritual IP-derivative similarity. Thus, we have the following hypotheses:

H2a: The superficial similarity between IP and derivative is positively associated
with crowdfunding performance.

H2b: The spiritual similarity between IP and derivative is positively associated with
crowdfunding performance.

3.3 Characteristics of IP Derivative and Crowdfunding Performance

Asmentioned, the crowdfunding IP derivative projects could provide utilitarian or hedo-
nic products for the investors. Hedonic products aim to provide ornamental and entertain-
ment values for consumers, while utilitarian products mainly provide practical values.
Though research indicate that people might prefer utilitarian products [19], we expected
that for IP derivatives crowdfunding projects, hedonic products are more preferable for
the investors. This is because those IPs on the crowdfunding platform are from the enter-
tainment industry, hedonic products might share more spiritual similarity with these
entertainment IPs. Moreover, utilitarian products usually require guaranteed product
quality, people may prefer online shopping platforms to crowdfunding platforms. Thus,
we have the following hypothesis:

H3: Product category of IP derivatives significantly affects crowdfunding perfor-
mance. To be specific, IP derivatives projects provide hedonic products having better
crowdfunding performance than utilitarian products.

4 Research Design

4.1 Research Subject and Data Collection

In recent years, the Zaodianxinhuo platform has been grown quickly, and itsmarket share
has been increasing, making it one of the hottest crowdfunding platforms in China. The
platform focuses on IP derivative products, allocating traffic to IP and launching IP
derivative projects immediately after popular programs are broadcast. Therefore, we
choose to the Zaodianxinhuo platform as the research object.

We used the python crawler on the official website (https://izhongchou.taobao.com/)
to capture the detailed crowdfunding data in entertainment, audio-visual, and animation
categories as of August 12, 2022, and manually filtered out the IP derivatives projects
and deleted the missing values to get 644 valid projects data.

https://izhongchou.taobao.com/
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4.2 Measures

The dependent variable of crowdfunding performance is measured by fundraising ratio,
which is the value of the crowdfunding amount already raised divided by the target
funding amount. We use the number of Douban score to measure the IP popularity and
Douban score to measure IP quality. The Douban website provides recommendations,
reviews, and price comparisons for books and movies. The scores can reflect viewers’
subjective evaluations of the works, and the number of scores reflects the popularity.
We measure the IP-derivative similarity in terms of superficial similarity and spiritual
similarity. For example, in the project description introducing the product design, it is
mentioned that “the product design symbolizes perseverance and courage, and is in line
with the character of the movie”, which reflects the spiritual similarity. The IP logo
on a piece of clothing or an accessory is a superficial similarity. These two variables
were manual coding by two researchers independently based on the above rules. The
kappa coefficient of superficial similarity is 0.8188 and the kappa coefficient for spiritual
similarity is 0.8562. Product category is a binary variable where 1 indicates hedonic
product and 0 means instrumental product.

Since project target amount, maximum investment, return level, video, number of
pictures and investor category have been repeatedly verified as determinants of crowd-
funding success, we treat these constructs as control variables. In order to reduce het-
eroskedasticity and make the numerical characteristics better fit the regression require-
ments, we performed logarithmic transformation on some continuous variables. Table 1
shows the definitions of all variables, and Table 2 presents their descriptive statistics.

4.3 Statistical Model

Equation (1) is the statistical model and we use OLS regression to estimate the
coefficients.

finish_per = β0 + β1IP_popularity + β2IP_quality + β3is_logo+ β4is_concept+
β5product_type + control variables+ ε

(1)

Table 1. Description of Variables

Variables Symbol Definition

Crowdfunding Performance finish_per Logarithm of the ratio of the raised
crowdfunding amount to the target amount

IP popularity IP_popularity Logarithm of the number of people with
douban scores

IP quality IP_quality Douban score

Superficial Similarity is_logo Whether the product appearance contains IP
classic elements (1 = “yes” and 0 = “no”)

(continued)
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Table 1. (continued)

Variables Symbol Definition

Spiritual Similarity is_concept Whether the concept is consistent with the
spirit of the IP (1 = “yes” and 0 = “no”)

Product Category prouct_type 1 if it is hedonic, 0 otherwise

Target amount target Logarithm of the minimum amount needed
for successful crowdfunding

Maximum investment amount price_max Logarithm of the maximum amount that
can be invested

Return level return_level Logarithm of the number of return types set
on the platform

video is_video Whether the information include video (1 =
“yes” and 0 = “no”)

number of pictures pic_num Logarithm of number of images

investor category seller_type 1 if the category is company, 0 individual

Table 2. Descriptive Statistics

Variable N Mean p50 SD Min Max

finish_per 644 5.657 5.371 1.044 4.615 9.790

IP_quality 644 6.891 7.200 1.597 2.400 9.600

IP_popularity 644 11.59 11.99 2.001 4.331 14.42

is_logo 644 0.950 1 0.217 0 1

is_concept 644 0.354 0 0.479 0 1

product_type 644 0.140 0 0.347 0 1

price_max 644 6.602 6.234 1.705 2.389 11.92

target 644 9.802 9.904 1.137 6.909 13.12

return_level 644 1.889 1.946 0.490 0.693 3.434

is_video 644 0.352 0 0.478 0 1

pic_num 644 2.561 2.639 0.632 0.405 4.369

seller_type 644 0.505 1 0.5 0 1

5 Results

5.1 Data Analysis and Results

We used stata17 for data analysis. We performed a VIF test and found values are below
5, indicating nomulticollinearity between variables. The coefficients for IP popularity (β
= 0.071, p < 0.001), IP quality (β = 0.073, p < 0.01), and product category (β = 0.652,
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p < 0.001) were positive and significant, and the hypotheses H1a, H1b, and H3 were
supported. As to the IP-derivative similarity, only the coefficient of spiritual similarity
was positive and significant (β = 0.226, p < 0.01), thus H2b was supported while H2a
was not. Model 1 in the first column of Table 3 shows the results.

5.2 Robustness Test

We explore the robustness of the results in two ways. In addition to the fundraising
percentages, the total fundraising amount can also be used to measure the financ-
ing effect. Therefore, we replace the dependent variable with the total amount raised
(money_raised). In addition, we selected a subsample to rerun the regression analysis,
excluding data where the IP type was TV series. The results of Models 2 and 3 in Table 3
show similar findings to what we presented earlier, confirming the robustness.

Table 3. Results of Regression Analysis and Robustness Test

(1) (2) (3)

finish_per money_raised finish_per (subsample)

IP_quality 0.073** 0.073** 0.083**

(0.024) (0.024) (0.030)

IP_popularity 0.071*** 0.071*** 0.072***

(0.019) (0.019) (0.020)

is_logo 0.005 0.006 −0.177

(0.180) (0.180) (0.214)

is_concept 0.226** 0.227** 0.245**

(0.084) (0.084) (0.094)

product_type 0.652*** 0.653*** 0.563***

(0.117) (0.117) (0.131)

price_max 0.045 0.045 0.044

(0.026) (0.026) (0.029)

target −0.270*** 0.729*** −0.306***

(0.038) (0.038) (0.041)

return_level 0.286*** 0.286*** 0.399***

(0.080) (0.080) (0.091)

pic_num 0.093 0.093 0.076

(0.063) (0.063) (0.073)

is_video 0.058 0.059 0.015

(0.083) (0.083) (0.091)

(continued)
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Table 3. (continued)

(1) (2) (3)

seller_type −0.035 −0.035 −0.005

(0.079) (0.079) (0.088)

_cons 5.731*** 1.123* 6.032***

(0.478) (0.478) (0.543)

N 644.000 644.000 528.000

r2 0.153 0.508 0.177

r2_a 0.138 0.499 0.159
* p < 0.05, ** p < 0.01, *** p < 0.001

6 Discussion and Conclusion

6.1 Discussion of the Results

Regarding the IP derivatives as brand extension, we proposed the factors that influence
the success of their crowdfunding, and found that factors in terms of IP characteristics,
IP-derivative similarity and IP derivative characteristics exert significant impacts.

For the IP characteristics, both IP popularity and IP quality positively affect crowd-
funding performance. Such results are consistent with the finding of Jiang et al. [14],
which finds the perceived popularity and quality of IP source could enhance consumers’
value evaluation of IP films. However, our study also extends prior studies, which only
focus on the adaptation of book IP to film, and finds that the characteristics of IP source
play an important role for the success of various types of IP derivatives. Second, for the
IP-derivative similarity, spiritual similarity exerts significant positive impact on crowd-
funding performance while not for superficial similarity. This finding indicates that
different types of similarities might have different impacts, which is also found in brand
extension research that the effects of different similarities vary across different types of
brand [12]. Finally, product category also positively affects crowdfunding performance,
with hedonic products bringing more pure spiritual satisfaction and better fundraising
results than utilitarian products.

6.2 Implications

This study has several theoretical implications. First, this study extends the research on
crowdfunding by focusing on IP derivative crowdfunding projects, which is a specific
type of crowdfunding and get little attention in literature. Referring to the brand exten-
sion theory, we regard IP derivative as brand extension, and identify the factors that
might influence the success of their crowdfunding, which complement those studies on
crowdfunding success. Second, this study also extends the research on brand extension
in the IP derivative context. To be specific, we propose that the fit or similarity between
IP and its derivative is important and identify two types of IP-derivative similarity, which
are superficial and spiritual similarity.
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This study also has some practical implications. First, IP with higher popularity
and quality is important. Thus, fundraisers should carefully choose those IPs and the
crowdfunding platforms should also encourage popular and high-quality IPs. Second,
just adding logos in the product might not enhance investors’ intention to invest. As
for the IP derivative crowdfunding, fans are usually the major target investors, and
provide products that share more spiritual similarities with the original IP would bemore
persuasive for them. Finally, hedonic products would havemore appeal to investors in for
those entertainment IP derivatives. Thus, for the fundraisers, provide hedonic products
with more innovative and enjoyable values would be an effective strategy.

6.3 Limitations and Future Research

This study has limitations that could serve as opportunities for future research. First,
the data were collected from one crowdfunding platform, the generalizability of the
study results may be limited and data from other platforms can be used in future studies.
Second, the IP-derivative similarities are regarded as dummy variables, ordinal scale for
the measurement might provide more insightful findings in the future research.
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Abstract. To further promote the sustainable development of onlinemedical plat-
forms and attract patients to actively participate and continuously pay for online
consultation services, the trust relationship and formation mechanism of patients
in different stages of treatment are studied. In this paper, a multi-stage patient
trust transfer model is constructed by combining emotional support theory and
doctor-patient characteristics, and the data is collected by web crawlers for empir-
ical testing. Besides, we use text sentiment analysis and SVM to measure doctors’
emotional support and professionalism. The results show that there is a significant
transmission relationship among patient trust in each stage, and the comprehen-
sive emotional support, physician expertise, patient convergence and online trust in
the interrogation stage all contribute to patients’ synthetical trust in online-offline
convergence medical service. The continuous trust in the review stage is not only
influenced by the synthetical trust in the previous stage, but also by physician
expertise and patient convergence. Based on the mechanism of trust formation
and transmission, this paper further suggests relevant service strategies for the
sustainable development of online medical platforms.

Keywords: Online Medical Platform · Patient Trust · Multi-stage Trust
Transmission · Sustained Use · Data Mining

1 Introduction

The development of internet technology has given rise to a newdigital healthcare service:
online medical consultation (OMC).With the emergence of diversified and personalized
medical needs and the impact of the COVID-19, the demand for this model is growing
and online medical platforms are flourishing. However, there are some problems in the
development of online medical platforms, such as leakage of user privacy, disconnection
between online and offline services, and irregularities in the process of consultation,
which affect patients’ active participation and continued payment to varying degrees,
as evidenced by behaviors such as reducing the frequency of use, stopping use, and
switching to other platforms of the same type [1].
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Established research suggests that patients’ hesitation and resistance to the continuity
ofOMCservices is largely due to a lackof trust in all aspects ofOMCservices [2]. Trust in
the platform and healthcare providers can effectively reduce patients’ perceptions of risk
regarding the privacy and security of the platform and the accuracy of online diagnoses,
directly influencing patients’ access decisions in the short and long term [3]. However,
the management of trust relationships is more challenging in online medical platforms
than in traditional offline consultation models, mainly due to the complexity of the
interrogation scenarios, interactions and service providers involved in the online mode.
Patient trust in the online medical platform consultation mode often needs to go through
multiple stages of interrogation and consultation before the trust relationship can be built
up from quantitative to qualitative, i.e., the trust relationship is characterized by multiple
stages. Therefore, patient trust plays an important role in the closed-loop operation of
the “online consultation - offline treatment - online review” service mode, and is the
key to sustaining the development of the online medical platform consultation mode,
determining whether the platform can establish and maintain long-term relationships
with patients and provide sufficient online consultation orders and financial returns for
quality doctors [4].

Current researches on patient trust in OMC contexts have mostly focused on static
analysis of patient trust at a certain stage (such as pre-consultation, post-consultation,
etc.) [5], with a small number of studies exploring patients’ willingness to move from
online to offline consults [6]. However, fewer studies conduct a multi-stage exploration
of trust relationships for the complete service mode of online medical platform consid-
ering patient trust at each consultation stage simultaneously. There is a lack of research
examining how patient trust evolves in different contexts online and offline, whether
existing online trust can be enhanced in the offline treatment phase, or whether syntheti-
cal trust in the online-offline convergence medical service can be sustained in the online
review phase, and examining changes in trust over time and the specific mechanisms
that contribute to them. Therefore, there is a need to explore the multi-stage transmission
relationship for the complete online medical platform consultation mode.

In this paper, we analyze the characteristics of each consultation stage in the “online
consultation - offline treatment - online review” mode, and divide patient trust into three
stages: trust in online service after interrogation, synthetical trust in the online-offline
convergence medical service after consultation, and continued trust in the online-offline
convergence service during the review stage. Combining emotional support theory and
doctor-patient characteristics, we construct a multi-stage trust transfer model and col-
lect data through a web crawler to validate the model and discuss the results, in order to
understand the trust relationship and formation mechanism of patients at each consulta-
tion stage comprehensively, and inject new momentum for the sustainable development
of online medical platform consultation mode.

2 Research Model Development

2.1 Multi-stage Trust Relationship Transfer

Basedon theperspective of trust evolution, this studydivides the development of patients’
medical behavior under the online medical platform consultation mode into three stages:
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online consultation, offline treatment and online review. Correspondingly, patient trust
is divided into online trust in the overall level of OMC after receiving OMC services,
synthetical trust in the online-offline convergencemedical service after offline treatment,
and continuous trust in the convergence medical service mode during the recovery stage.

Trust transfer is a mechanism used to construct user trust and is often applied in stud-
ies of the process of transferring from one trusted individual to another new individual
[7]. Harrison suggests that trust transfer can take place not only between actual individ-
uals but also in different contexts [8]. According to belief adjustment theory in cognitive
psychology, when patients have developed online trust in online medical platform and
doctors at the interrogation stage, their trust beliefs will dynamically change through
the integration of new information gained from offline interactions, further forming a
synthetical trust in the online-offline convergence medical service mode. Similarly, trust
in the review stage is formed by dynamic adjustments based on the synthetical trust in
the previous stage (offline treatment). Therefore, the following hypotheses are proposed
for this study.

H1. Online trust at the consultation stage has a positive impact on synthetical trust
at the treatment stage.

H2. Synthetical trust at the treatment stage has a positive impact on continuous trust
at the review stage.

2.2 Emotional Support Theory

OMC is mainly for patients with chronic illnesses or frequent symptoms that require
long-term or frequent consultations and rehabilitation, so it is important to relieve the
anxiety of patients [9]. According to information integration theory, words of concern
and patience expressed by doctors during online consultation can provide appropriate
reassurance and advice to patients in the early stages of their illness, leading to a high
level of patient trust. The kind and professional behaviors of medical staff during offline
treatment can also provide emotional support to patients. Therefore, the comprehen-
sive emotional support during the interaction between online consultation and offline
treatment can give patients positive psychological implication, effectively promote their
awareness and trust of the “online-offline convergence medical service mode, and fur-
ther enhance patients’ willingness to return to the online review after consultation. The
following hypothesis is proposed in this study.

H3. Comprehensive emotional support has a positive impact on patients’ synthetical
trust.

2.3 Physician Expertise

The specialization of doctors is mainly reflected in terms of expertise, competence and
experience. Zhang et al. found that the professionalism of the respondent in an online
medical forum affects the trust of the questioner [10]. As online doctors with high
professionalism can provide high-quality information support to patients, this effectively
reduces patients’ risk perception of OMC services [11], making the process of “online
consultation - offline treatment - online review”more pleasant and satisfying for patients,
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further promoting patient trust in the online-offline convergence medical service mode.
Therefore, this study proposes the following hypothesis.

H4. Physician expertise has a positive impact on patients’ synthetical trust.
H5. Physician expertise has a positive impact on patients’ continuous trust.

2.4 Patient Convergence

In online interactions, individuals are influenced by the group they are in and uncon-
sciously change their beliefs in order to adapt to the group’s demands, eventually leading
to group convergence [12]. In addition to being influenced by the group, many patients
will gather online health information (e.g., a doctor’s patient size) on the platform
to set psychological expectations about the services provided by the medical expert
[13]. Therefore, patients in online medical platform are influenced by herd mentality
and believe the more patients a doctor treats, the better the quality and authority of
online-offline convergence medical service. Hypotheses are as follows.

H6. Patient convergence has a positive effect on synthetical trust.
H7. Patient convergence has a positive effect on continuous trust.
Based on the above theories and research hypotheses, this study investigates the

transmission relationship of patient trust based on a multi-stage, dual-channel, closed-
loop healthcare service mode of “online consultation - offline treatment - online review”
(Fig. 1) in an Internet medical scenario. Considering that the research on patients’ online
trust is relatively complete and mature, we focus on the internal transmission process
of patient trust and the external factors that affect the formation of subsequent trust.
Therefore, in this paper, we choose the integrated emotional support of doctors’ online
consultation and offline treatment to investigate its impact on patients’ synthetical trust,
and the role played by doctor-patient characteristics in the development of trust chain,
so as to construct a multi-stage trust relationship transmission model (Fig. 2).

Fig. 1. “Online Consultation - Offline Treatment - Online Review” Healthcare Service Mode
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Fig. 2. Multi-stage trust relationship transmission model for patients

3 Study Design

3.1 Data Collection

In order to investigate the formation and transmission of patient trust at different treat-
ment stages, this study use theOctopusCollector to capture data from theGoodPhysician
Online website (www.haodf.com) for analysis, one of the most popular online health
communities and the largest in China. To focus on the research questions and to reduce
the data volume to a manageable size, we use the following three steps to filter the final
data.

Since healthcare services are often localized and data are aggregated at the city level,
and online healthcare consultation and appointment behavior varies across cities [14], we
attempt to contextualize this study at the city level to control for data volume and ensure
data accuracy. We choose Shenzhen as the context for this study because it is a young
Chinese city that is one of the leading cities in actively adopting advanced technologies
to improve healthcare services. Meanwhile, its residents used online medical services
extensively during the COVID-19 pandemic [15], which is one of the vital reasons we
choose Shenzhen for this study. Under the supervision of provincial government, and
many hospitals have been making trials to practice Internet-based medical services in
Shenzhen [16]. Besides, the data used in this study are mainly from chronic disease
departments (such as diabetes, coronary heart disease, etc.). Patients with these chronic
diseases usually have long-term rehabilitation needs for multiple reviews, which is ben-
efit to detect patients’ trust later. Moreover, we select the online consultation records of
patients, personal information of doctors and doctor-patient interaction evaluation from
August 1, 2021 to August 1, 2022 for this study. Finally, we obtain 34910 consultation
records of 102 doctors, 18006 patient comments, 22040 doctor responses and 84518
patient questions.

http://www.haodf.com
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3.2 Variable Description

Based on the spatio-temporal evolution of trust, we choose patient at each stage as pri-
mary key variables. The doctor’s online reputation, years of service, online consultation
price and so on are selected as control variables, and the doctor’s professionalism, patient
convergence and comprehensive emotional support are also considered. The specific
variable explanations are shown in Table 1. We use sentiment analysis methods (includ-
ing natural language process and sentiment dictionary statistics) and SVM classifier to
measure the comprehensive emotional support and physician expertise respectively.

Table 1. Description and measurement of variables

Variable Name Identification Description

Online trust in OMC service OT
(Online Trust)

Total number of online
consultations by physicians from
August 1, 2021 to January 31, 2022

Synthetical trust in online and
offline integration mode

ST
(Synthetical Trust)

Total post-visit check-in services
for physicians (returning to online
check-in after an offline visit) from
August 1, 2021 to January 31, 2022

Continuous trust in online and
offline integration mode

CT
(Continuous Trust)

Average number of repurchases of
OMC services for patient groups
who reported after a check-in in the
previous period through August 1,
2022

Comprehensive emotional
support

ES
(Emotional Support)

The level of positive emotional
support given by doctors to patients
during online consultation and
offline treatment

Patient convergence PC
(Patient Convergence)

Number of patients who return
online for post-consultation
check-in after offline treatment by
doctors in online medical platform

Physician expertise PE
(Physician Expertise)

Percentage of medical information
in physician response text that
helps patients improve their health

Online reputation Reputation The sum of the number of
thoughtful gifts and thank-you
letters received by doctors in online
medical platform

Appointment service Reservation The number 1 if the doctor in the
online medical platform opens
offline treatment service, otherwise
the number 0

(continued)
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Table 1. (continued)

Variable Name Identification Description

Years of service Year Length of time physicians have
been registered in online medical
platform (years)

Post-consultation evaluation Evaluation The number of doctors’ offline
treatment evaluations in online
medical platform

Online consultation price Price Lowest price for access to
physician services (phone/text
consultation) in online medical
platform

Physician title Title Medical title of the doctor in online
medical platform, number 1
indicates attending physician or
resident, number 2 indicates chief
physician or associate chief
physician

3.3 Descriptive Statistics

We use SPSS to conduct descriptive statistical analysis on the sample data. The data
are scaled to the same magnitude and the skewness is corrected to some extent by
logarithmicprocessing in this study.The comprehensive emotional support andphysician
expertise are both higher than average, indicating a higher level of social support from
online physicians. In addition, the standard deviations of patient convergence, online
reputation, and post-visit evaluation are large, indicating there are differences in patient
group psychology and online reputation of different doctors.

4 Analysis and Results

4.1 Model Construction

With the aim of obtaining the influence relationship of doctor-patient emotional inter-
action, patient convergence, physician expertise and patient multi-stage trust, we use
regression methods to test the model and each hypothesis. Based on the dynamic trust
model proposed above, two multiple regression models are constructed using syntheti-
cal trust and continuous trust as the dependent variables respectively. The models are as
follows.
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lnST =∝0 + ∝1 lnOT+ ∝2 ES+ ∝3 PE+ ∝4 lnPC+ ∝5 lnReputation+ ∝6 lnPrice+
∝7 lnEvalution+ ∝8 Reservation+ ∝9 Year + ∝10 Title + ε

(1)
lnCT = β0 + β1lnST + β2PE + β3lnPC + β4lnRepution + β5Reservation + β6lnPrice

β7Year + β8Title + μ

(2)

where: OT: Online Trust; ST: Synthetical Trust; CT: Continuous Trust; ES: Comprehen-
sive Emotional Support; PE: Physician Expertise; PC: Patient Convergence; Reputation:
Online Reputation; Reservation: Reservation Service; Evaluation: Post-consultation
Evaluation; Price: The price of online consultation; Year: Year of doctor registration;
Title: Doctor title. ∝1∼∝10、β1 ∼ β8 are the regression coefficients. ∝0 and β0 are the
intercept terms. ε and μ are the random error terms.

4.2 Regression Analysis

STATA is used to analyze the data. The regression results of the model are as shown,
model 1a/2a only introduces control variables, and model 1b/2b introduces independent
variables on its basis. It can be seen from the results in Table 2 that model 1b fits better
with the introduction of independent variables (adjusted R2 = 0.721). R2 = 0.57 in
model 2b indicates that the explanatory variable explains 57% of the explained variable.
The variance inflation factor (VIF) of all factors was less than 10, indicating that there
is no multicollinearity among the variables.

In the regression results of the ST, as seen from model 1a in Table 2, for the t-test
of the control variables, Title, Year, and Evaluation are significant for the synthetical
trust, while the other control variables are not. This indicates that patients are more
concerned with doctor’s titles and experience in online services. For the independent
variable, online trust corresponds to a coefficient ∝1=0.397 (p < 0.01). The positive
effects of emotional support, physician expertise and patient convergence on patients’
synthetical trust are also significant. In the regression results for CT, as seen in model 2a
in Table 2, for the t-test of the control variables, Title and Reputation have a significant
effect on continuous trust. The regression coefficient for synthetical trust is β1= 0.149 (p
< 0.01). Both the physician expertise and patient convergence are positively associated
with continuous trust.
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Table 2. Regression results for synthetical trust, continuous trust

Independent variable Dependent variable: lnST Independent
variable

Dependent variable:
lnCT

Model 1a Model 1b Model 2a Model 2b

Reputation -0.246
(-1.21)

-0.749***
(-3.82)

Reputation 0.151***
(4.14)

-0.104***
(-2.81)

Reservation 0.375
(1.18)

0.228
(0.90)

Reservation -0.004
(-0.04)

-0.096
(-1.27)

Title -1.147**
(-2.11)

-0.683
(-1.49)

Title -0.391**
(-2.00)

-0.124
(-1.23)

Year -0.169***
(-4.00)

-0.087**
(-2.21)

Year -0.016
(-1.01)

0.019
(1.65)

Evaluation 1.537***
(6.94)

0.969***
(4.58)

Price 0.006
(0.09)

0.094**
(2.03)

Price -0.216
(-0.91)

0.046
(0.31)

ST - 0.149***
(5.46)

OT - 0.397***
(3.94)

PE - 0.567*
(1.70)

ES - 4.438**
(2.43)

PC - 0.099***
(3.06)

PE - 1.924*
(1.84)

PC - 0.646***
(5.20)

Constant 1.219
(1.10)

-5.461***
(-3.20)

Constant 0.818*
(1.98)

-0.527*
(-1.77)

R-squared 0.540 0.721 R-squared 0.185 0.570

F 32.42 30.69 F 7.619 42.44

∗ p < 0.1, ∗ ∗ p < 0.05, ∗ ∗ ∗ p < 0.01(bilateral).

4.3 Robustness Check

To avoid the effect of omitting important explanatory variables, the Hotness of recom-
mended variable is introduced into the previous empirical model based on the baseline
regression. Online recommendation popularity is the rating of how well patients recom-
mend doctors to other patients after using OMC services [17]. LU N research had shown
that medical products are trusted products and that online patients will rely on average
rating levels to make decisions [18]. Therefore, the hotness of recommendation plays
a vital role in the transmission of patient trust. The test results show that the previous
empirical results still hold after controlling for the recommended hotness variable (Table
3).
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Table 3. Regression results: Adding a missed variable to the recommended hotness

Independent variable Dependent variable:
lnST

Independent variable Dependent variable:
lnCT

Model 3 Model 4

OT 0.397***(3.91) ST 0.154***(5.49)

ES 4.314**(2.34) PE 0.564*(1.70)

PE 1.883*(1.77) PC 0.096***(3.00)

PC 0.654***(5.18)

Controls control Controls control

Constant -5.760***(-2.93) Constant -0.336(-0.88)

R-squared 0.722 R-squared 0.572

F 27.99 F 37.93

∗ p < 0.1, ∗ ∗ p < 0.05, ∗ ∗ ∗ p < 0.01(bilateral).

5 Discussion

5.1 Discussion of Results

In the process of moving from online trust to synthetical trust and continuous trust,
patient trust is influenced by two sides: (1) intrinsic factors, i.e., patients’ trust in the pre-
vious stage; (2) extrinsic factors, including comprehensive emotional support, physician
expertise and patient convergence.

As H1 and H2 hold, there is a significant transfer of trust between the various stages
of the “online consultation - offline treatment - online review” service mode. Patients
will develop online trust in the whole online medical after using the OMC service for the
first time, and as they interact with the service provider further offline, they will develop
synthetical trust in the online-offline convergence medical service mode if their previous
perceived beliefs are professionally confirmed or meet their expectations. Synthetical
trust is further enhanced over time during the recovery phase, resulting in continuous
trust in the online medical platform consultation mode.

As H3 shows, mental encouragement and reassurance are useful for patients to
develop psychological trust and dependence. The combination of online and offline
emotional support can encourage patients to develop a good understanding of online-
offline convergence medical service and the psychological implication to use it further.

As H4, H5 and H6 and H7 hold, patients always focus on the expertise of online
doctors and the size of the patient population when using online medical platform. The
effect of physician expertise on trust is more pronounced, suggesting that the purpose of
using OMC services is closely related to the nature of the doctor’s profession, and the
rich expertise and experience of online doctors can effectively meet patients’ needs and
further enhance their trust in the mode.
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5.2 Service Strategy Insights

Firstly, the online medical platform can combine with online medical forums to create a
doctor-patient interaction zone and add personalized services such as video consultation
with doctors, adding friends and so on in order to optimize the patient’s emotional
interaction experience and enhance the user’s emotional stickiness and loyalty.

Secondly, the platform should cooperate deeply with high-level medical institutions,
strictly control the quality of contracted doctors, and strengthen the online commu-
nication skills and service awareness of doctors to improve their professionalism and
authority. In addition, the platform should also optimize the feedback mechanism, high-
light the professional competence and experience of doctors in the interface design, in
order to provide patients professional and effective information.

Thirdly, based on the transmission of patient trust in the “online consultation - offline
treatment - online review”mode, the platform should enhance the synergy between itself,
patients and offlinemedical institutions tomaintain the chain of patient trust in thismode.
The platform can help patients select the right doctor for consultation by intelligently
identifying their medical needs, while matching the most suitable offline hospital. Plus,
it is vital to strengthen data linkage and operation collaboration with offline hospitals,
and establish a complete follow-up system in the process of online and offline transfer
to form a full range of professional medical health services.

6 Conclusions

This study investigates the sustainability of the “online consultation - offline treatment-
online review” service mode on online medical platforms based on the patient trust
perspective.Unlike the viewof single-scenario, stage-specific trust, we construct amodel
of trust transmission for three stages: online trust, synthetical trust, and continuous
trust. The empirical results support all hypotheses. When patients form online trust
in the OMC service, they will choose to visit offline hospitals to receive treatment
depending on their own conditions. The specific perception of the offline interaction
process will influence the continuation of patient trust in turn. If the online consultation
results are professionally confirmed or meet their expectations, patient trust will rise and
the formation of synthetical trustwillmigrate to online again, leading to an increase in the
follow-up phase and further evolving into continuous trust in the onlinemedical platform
service mode. The emotional support level of doctors significantly influenced patients’
synthetical trust in the online-offline convergence medical service. Plus, both physician
expertise and patient convergence influence patients’ synthetical and continuous trust.
This findingwill help scholars better understand the trust relationship and themechanism
of formation at each stage of the online medical platform consultation mode, and may
provide online medical platforms with relevant strategies to develop active participation
of users and stabilize their continued use.
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