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Abstract 
The exchange and sharing of user knowledge in the brand virtual community 
is an important way for enterprise product innovation. Therefore, how to 
encourage users to share their knowledge continuously in the brand virtual 
community is a key issue. Based on evolutionary game theory, this paper 
analyzes the influence of various factors on user’s knowledge sharing beha-
vior from the aspects of individual factors, mutual factors and community 
factors. Through simulation, it is found that there exist two evolutionary sta-
bility strategies, that is, (knowledge sharing, knowledge sharing) and (no 
knowledge sharing, no knowledge sharing). And which direction this system 
evolves depends on the initial probability and critical points of knowledge 
sharing. Results show that user’s knowledge level in individual level, the abil-
ity to transform and absorb knowledge, the degree of knowledge sharing, the 
innovation degree of knowledge sharing and the incentive coefficient in 
community level have a positive impact on the user’s knowledge sharing be-
havior. Meanwhile, the cost of knowledge sharing between individuals, the 
homogeneity of knowledge and the spillover effect in mutual level have a 
negative impact on the behavior of user knowledge sharing. What’s more, 
there is an optimal coefficient of collaborative profit distribution, which 
makes the system most likely to evolve in the direction of (knowledge shar-
ing, knowledge sharing). 
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1. Introduction 

In the era of complex and fast-changing knowledge economy, for various indus-
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tries, innovation is the foundation of survival and development in such a fiercely 
competitive environment. Therefore, many enterprises, such as ZTE, Lenovo, 
Haier, Huawei, Xiaomi (Li et al., 2019; Meng et al., 2019; Meng et al., 2018) and 
so on, have established brand virtual communities which have the advantage of 
gathering public wisdom and brainstorming. A brand virtual community refers 
to an online platform established by an enterprise to share knowledge and ex-
change knowledge between users and internal employees who are interested in 
products. With the help of brand virtual communities, they can achieve product 
innovation through internal and external cooperation, and create a good brand 
image (Liao et al., 2017; Zhang & Li, 2017). At present, due to the knowledge 
sharing of brand virtual community users, Xiaomi has realized their purpose of 
product innovation. For example, Xiaomi established the MIUI forum to share 
knowledge with users which has promoted the successful development of the 
company’s core product, MIUI system (Yan et al., 2019). Obviously, the estab-
lishment of brand virtual communities and the knowledge sharing of users play 
a vital role in product innovation (Zheng et al., 2018; Wirtz et al., 2013). 

Although the number of brand virtual communities is still increasing, relevant 
data shows that about half of brand virtual communities do not work effectively 
(Porter et al., 2011). At present, with the continuous development of virtual 
communities, it has exposed a series of problems such as users’ low willingness 
to participate in knowledge sharing, low knowledge sharing (Gu et al., 2019), etc. 
Almost 90% of users in virtual communities basically do not contribute, while 
9% of users occasionally contribute, and only 1% of users often contribute (Ja-
kob, 2014; Nielsen, 2006). The brand virtual communities established by enter-
prises also have these problems. For example, the ZTE community, which al-
ready has 4.6 million users by 2019, only has about 770,000 posts. As for the 
posts in Huawei product community, the number of views is always much high-
er than the number of comments, and the number of suggestions actually adopted 
by enterprises is relatively small. These problems hinder the development of ex-
isting brand virtual communities and greatly reduce the utility of user know-
ledge sharing on product innovation. 

In summary, only by solving these problems faced by brand virtual communi-
ties can we promote the steady development of brand virtual communities, the 
continuous knowledge sharing behavior of users and help enterprises achieve 
product innovation by introducing external resources. Therefore, by exploiting 
evolutionary game method, this paper takes users as the game object, analyzes 
the influence of various factors of a brand virtual community on user knowledge 
sharing behavior, depicts the evolution process of user knowledge sharing beha-
vior, and provides theoretical basis for finding the best evolution strategy. 

The remainder of this paper is organized as follows. Section 2 reviews a selec-
tion of relevant literature informing the research questions and the design of the 
research approach. In Section 3, an evolutionary game model is established to 
study user knowledge sharing behavior in an enterprise brand virtual communi-
ty, and we analyze the evolutionary stability point in four different situations. 
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Section 4 includes a numerical simulation with an analysis of the results. Finally, 
conclusions and implications are offered in Section 5. 

2. Literature Review 

Many scholars have focused on the research of the related areas about know-
ledge sharing in virtual communities. Park and Gabbard (2018) examined the 
factors that affect knowledge sharing behavior in health and life sciences re-
search communities, and found that reciprocal benefit, fear of being scooped, 
reputation and anticipated relationship were significant in affecting knowledge 
sharing behavior, but altruism showed no main effects on knowledge sharing 
(Park & Gabbard, 2018). Hwang et al. (2018) explored the effect of personal in-
formation management motivation on users’ commitment to knowledge sys-
tems, and the survey results of 78 accounting professionals demonstrated that 
information formality has the strongest effect on knowledge sharing motivation 
(Hwang et al., 2018). Zhao et al. (2017) studied user knowledge sharing behavior 
from the user’s motivation, and finally found that the problem-solving motiva-
tion was the user’s initial knowledge sharing motivation, and the altruistic moti-
vation and hedonic motivation were new added motivations in the continuous 
knowledge sharing process (Zhao et al., 2017); Shang and Zhang (2015) con-
structed an evolutionary game model of knowledge sharing among members in 
virtual enterprise, and the results confirmed that the degree of trust between 
members and the complementarity of knowledge will increase the willingness of 
members to share knowledge, and the cost of knowledge sharing will reduce the 
willingness of team members to share knowledge (Shang & Zhang, 2015); Zhang 
et al. (2019) found that network density, shared language, and shared vision of 
social capital had a positive influence on knowledge-sharing in Virtual Brand 
Communities (Zhang et al., 2019). Han et al. (2019) developed an object model 
that reflects the dynamics of knowledge and found that direct experience can af-
fect consumers’ self-efficacy to promote knowledge sharing in online brand com-
munities (Han et al., 2019). Cassandra et al. (2018) constructed a new four-dimen- 
sional co-creation behavior concept from the customer-level and brand-level, 
and verified that category participation, brand participation, brand self-consis- 
tency, brand community, and brand interaction had an impact on customer 
brand co-creation behavior and perceived value (Cassandra et al., 2018). Shen 
and Li (2018) conducted an online survey with 480 respondents in one of the 
largest online brand communities in Mainland China, and the findings revealed 
that both complementary fit and supplementary fit positively affect customers’ 
intrinsic and extrinsic motivations, which further significantly enhances know-
ledge contribution intention in virtual brand community (Shen & Li, 2018). Li et 
al. (2018) explored the indirect effect of interpersonal relationship motivation on 
members’ knowledge sharing behaviors, which is significantly strong based on 
effort and attribution theory (Li et al., 2018). 

Evolutionary game theory combines game analysis and evolution dynamics 
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organically, and examines economic phenomena based on bounded rationality, 
which is able to explain the longer-term economic and trading relationships be-
tween a large number of individuals. It believes that individuals cannot make a 
decision to maximize their own interests through a single game, and they need 
to continuously adjust and improve their own strategies in the process and fi-
nally evolve to a stable strategy (Shen & Chen, 2019; Tian et al., 2014; Zhang et 
al., 2018). There are many articles using evolutionary game theory to study user’ 
knowledge sharing behavior. Li and Kang (2019) constructed an evolutionary 
game model that demonstrates a long-term strategy for supply chain partners 
towards knowledge sharing is determined through reaching an equilibrium be-
tween enabling factors (revenue gained in various forms) and impeding factors 
(knowledge leakage) in a dynamic process (Li & Kang, 2019). Liu and Liu (2019) 
extended the research on the reciprocal cooperation of knowledge team from the 
perspective of behavioral economics, and it showed that the proportion of initial 
reciprocal actors, the proportion of sharing, and the degree of knowledge com-
plementation are all conducive to the formation of reciprocal cooperation of 
knowledge transfer, while the work conflict is just the opposite (Liu & Liu, 
2019). Jiang et al. (2014) considered the interaction between community users 
and constructed an evolutionary game model of user knowledge sharing beha-
vior and the results showed that the network structure formed between users has 
a significant impact on the evolution level of knowledge sharing (Jiang et al., 
2014). Hao et al. (2019) established the game model of knowledge sharing be-
tween the members of the alliance under trust and without trust mechanism, 
and analyzes and compares the dynamic evolution mechanism of knowledge 
sharing behavior between members in these two cases (Hao et al., 2019). Cheng 
et al. (2018) researched a game model of user adoption behavior in the stage of 
service negotiation and service use, and it was found that user’s behavior will be 
adjusted and changed in different stages (Cheng et al., 2018). Hou, Wang, & 
Yang (2017) constructed the evolutionary game model of knowledge transfor-
mation and sharing in online health community users based on SECI model and 
analyzed different strategies to improve knowledge transformation efficiency 
(Hou et al., 2017). Chen et al. (2018) investigated how the chosen pricing model 
(wholesale pricing model or agency pricing model) affects the online retailer’s 
profit, industry profit, consumer surplus, and social welfare (Chen et al., 2018). 
Xiao et al. (2020) established one centralized contract and three decentralized 
contracts, namely wholesale price contract, revenue-sharing contract, and cost- 
sharing contract, and found that the supply chain system achieves the highest 
profit under the revenue-sharing contract among the three decentralized con-
tracts (Xiao et al., 2020). Wang et al. (2020) considered the pricing strategies of 
competing dual-channel retailers, focused on whether and when they should 
adopt the BOPS strategy, and explored the impacts of market factors on the 
equilibrium outcomes (Wang et al., 2020). 

In summary, the above studies have studied the factors affect the user’s know-
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ledge sharing behavior at three levels: cooperation times, interpersonal relation-
ship, experience and other aspects at individual level; the complementary and 
superposition at knowledge level; incentive and punishment at system level, but 
they have not considered the dynamic evolution of users’ behavior and compre-
hensive factors. Firstly, most of current research is based on the static perspec-
tive but lacks dynamic studies on the user’s knowledge sharing behavior in a 
brand virtual community. Secondly, user’s knowledge sharing behavior is affected 
by multiple level factors including individual, user relationship and community 
system. Comprehensive factors should be considered in the dynamic evolutio-
nary game of user’s knowledge sharing behavior. Therefore, this paper compre-
hensively analyzes the dynamic various factors on user’s knowledge sharing be-
havior from the aspects of individual factors, reciprocity factors and community 
factors based on evolutionary game theory.  

3. Methodology 
3.1. The Process of Knowledge Sharing among Users in Brand  

Virtual Communities 

Enterprises will set up multiple different knowledge modules on the brand vir-
tual community platform, and users will select appropriate knowledge modules 
for knowledge exchange according to their own interests and knowledge re-
serves. The process is shown in Figure 1. 

1) Users register and join a brand virtual community platform according to 
their own interests (He & Li, 2015), then they will choose to join some modules 
and share knowledge with other users (Yan & Ye, 2017). 

2) A user posts according to his own knowledge of the brand product (Ruan & 
Zhang, 2017), so as to play the role of the knowledge contributor to share his  
 

 
Figure 1. The process of knowledge sharing among users in a brand virtual community. 
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own knowledge. Other users read and comment on this post. Some new posts 
(knowledge) will be created during the communication between users. In this 
process, more and more new knowledge will be generated, which can be re-
garded as the horizontal knowledge sharing in Figure 1. 

3) Users will publish new posts that they are good at but have nothing to do 
with the content of the posts as well. The readers of this post will repeat the be-
havior in (2) for horizontal knowledge sharing, and will also continuously pub-
lish new posts that are not related to the content of reading posts. Thus, the con-
tinuous continuation of new posts will form the vertical knowledge sharing path 
in Figure 1. 

4) With the continuous continuation of the horizontal knowledge sharing and 
the vertical knowledge sharing, more and more high-quality new knowledge, 
such as suggestions and users’ needs, will be generated, so that enterprise know-
ledge base will become more abundant and diverse. 

3.2. System Model 
3.2.1. Parameters and Assumptions 
The user knowledge sharing process under the brand virtual community plat-
form is a two-way knowledge interaction communication process between par-
ticipating users. Based on the perspective of participating users’ expected bene-
fits in brand virtual communities, an evolutionary game model of user know-
ledge sharing behavior in brand virtual communities is constructed. The model 
parameters are explained as shown in Table 1. 

1) Direct knowledge sharing income: ( ),i i A Bπ =  represents the direct in-
come of users when they do not share knowledge in the brand virtual commu-
nity. 

2) ( ),ik i A B= , ( ),il i A B= , ( ),i i A Bβ =  represent the user’s knowledge 
level, knowledge sharing degree, and knowledge absorption ability. The direct  
 
Table 1. Summary of key parameters. 

Parameters Descriptions 

A User A 

B User B 

( ),i i A Bπ =  The direct income to users 

( ),ik i A B=  The knowledge level of users 

( ),il i A B=  Knowledge sharing degree of users 

( ),i i A Bβ =  Knowledge absorption ability of users 

h Collaborative innovation of knowledge 

m The homogeneity of knowledge 

( ),iI i A B=  Knowledge spillover effect of users 

c The total cost of knowledge sharing 

r The collaborative profit distribution coefficient 

e Incentive coefficient 
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income Aπ  refers to the benefits obtained by user A after absorbing and trans-
forming user B’s shared knowledge to his own knowledge, which is mainly af-
fected by the three factors: Bk , Bl  and Aβ . When user B has high Bk  (user B 
has a large stock of high-quality knowledge) and high Bl  (user B has knowledge 
sharing degree), the higher the probability of Aπ ; ( Aπ  is proportional to Bl  
and Aβ , which represent the stronger the user’s ability to transform and absorb 
the other party’s shared knowledge), the higher the direct sharing income he will 
obtain. From the above analysis, it can be seen that the direct income obtained 
by user A and user B in choosing a knowledge sharing strategy in the brand vir-
tual community can be expressed as: ,A B B B A Al k l kβ β . 

3) h, m, ( ),iI i A B=  respectively represent the collaborative innovation of 
knowledge, the homogeneity of shared knowledge and the spillover effect. Col-
laborative benefit refers to the knowledge value increment brought by know-
ledge fusion due to the difference of knowledge composition when both users 
share knowledge. The value of collaborative benefit depends on h. To some ex-
tent, there will be a knowledge overlap between users in the brand virtual com-
munity, which is represented by m. And the total amount of synergistic benefits 
that users obtain from knowledge sharing can be expressed as: ( )( )1 A Bh m k k− + . 
There is a phenomenon that users “free ride” in the virtual community, in other 
words, not all users choose to share knowledge. ( ),Ah i A B=  means that the 
participating users unilaterally share knowledge, and the sharing users can ob-
tain their own innovation benefits as i ih k . At the same time, due to the exis-
tence of knowledge spillover effects, participating users will obtain a certain 
spillover effect from the community, which is represented by ( ),iI i A B= . 

4) c, r, e represent the total cost of sharing, the collaborative profit distribu-
tion coefficient and the incentive coefficient. Users need to pay a certain sharing 
cost (c) to obtain the sharing income. Besides, the distribution coefficient of 
collaborative benefits (r) is positively related to the knowledge contribution of 
participating users. Since knowledge sharing among users in the virtual commu-
nity is a voluntary behavior, enterprises need to formulate incentive policies (in-
centive coefficient e) to encourage community users in knowledge sharing. Then 
the sharing cost of user A and user B in the virtual community can be expressed 
as: ( ) ( )( )1 , 1 1e rc e r c− − − . 

5) Assuming that the probability of user A sharing knowledge is ( )0 1x x≤ ≤ , 
the probability of not sharing knowledge 1 x− . Similarly, the probability of user 
B choosing a knowledge sharing strategy is ( )0 1y y≤ ≤ , and probability of not 
sharing knowledge is 1 y− . According to the related evolutionary game theory, 
the values of x and y are not fixed, they will change with the changes of the par-
ticipating users in the community during the learning process. In order to sim-
plify this discussion process, it is assumed that their initial values are constant. 

3.2.2. Game Payout Matrix 
According to the analysis of the above, the game payment matrix of user know-
ledge sharing behaviors in brand virtual communities is constructed, as shown 
in Table 2. 
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Table 2. Payout matrix of both parties in the game. 

User B 
User A 

Knowledge sharing (y) 
No knowledge sharing 

(1 − y) 

Knowledge 
sharing (x) 

( )( ) ( )1 1A A B B A Bl k rh m k k e rcπ +β + − + − − , 

( ) ( )( ) ( )( )1 1 1 1B B A A A Bl k r h m k k e r cπ +β + − − + − − −  

( )1A A Ah k e rcπ + − − , 

B BIπ +  

No knowledge 
sharing (1 − x) 

A AIπ + , 

( )( )1 1B B Bh k e r cπ + − − −  

Aπ , 

Bπ  

3.3. Analysis of the Evolutionarily Stable Strategy 

According to the payment matrix of both sides of the game constructed in Table 
2, we can get the expected revenue of user A if he chooses the knowledge sharing 
strategy is as follows: 

( )( ) ( )( )
( ) ( )( )

( ) ( )( )( )

1 1 1

1 1

1 1

A A A B B A B

A A A

A A A A B B A B A A

U y l k rh m k k e rc

y h k e rc

e rc h k y l k rh m k k h k

= π +β + − + − −

+ − π + − −

= π − − + + β + − + −

    (1) 

If participant A does not choose the knowledge sharing strategy, the expected 
revenue is: 

( ) ( )2 1A A A A A AU y I y yI= π + + − π = π +                (2) 

The average income of user A is: 

( )
( )( )

( )( )( )

1 21

1

1

A A A

A A A A

A B B A B A A A

U xU x U

yI x h k e rc

xy l k rh m k k I h k

= + −

= π + + − −

+ β + − + − −

          (3) 

User A’s replicator dynamics equation: 

( ) ( )

( ) ( )( )( ) ( )( )
1

1 1 1

x
A A

t

A B B A A B A A A A

d
F x x U U

d

x x y l k I rh m k k h k h k e rc

= = −

= − β − + − + − + − −
  (4) 

The stable strategy for replicator dynamics equation needs two conditions: 

( )* 0F x =  and ( )* 0F x′ < . When x is biased lower than *x , ( ) 0F x > , and 
when x is biased higher than *x , ( ) 0F x < . 

Because ( ) 0F x = , we can get * 0x =  or * 1x = ,  

( )
( )( )

* 1
1

A A

A B B A A B A A

e rc h k
y

l k I rh m k k h k
− −

=
β − + − + −

. 

1) When ( ) ( )( )1 1A A A B B A A B A Ae rc h k l k I rh m k k h k− − > β − + − + − , that’s 
equal to ( )( ) ( )1 1A A B B A BI l k rh m k k e rc> β + − + − − . For any ( )0 1y y≤ ≤ , 
there is: ( )0 0F x′ = < , so 0x =  is the evolutionary stable strategy of the 
game. 

2) When ( ) ( )( )1 1A A A B B A A B A Ae rc h k l k I rh m k k h k− − < β − + − + − , which is 
equal to ( )( ) ( )1 1A A B B A BI l k rh m k k e rc< β + − + − − , If *y y> , that is  
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( )1 0F x′ = < . At this time, 1x =  is the evolutionary stable strategy of the 
game. If *y y< , ( )0 0F x′ = < , and then 0x =  is the evolutionary stable 
strategy of the game. In this case, the evolutionary stability strategy is jointly af-
fected by the initial sharing probability y and the critical value *y . When the 
value of *y  is higher, the possibility that y exists in the interval *0, y    is 
greater, and the stable strategy of participating users in the virtual community 
will evolve in the direction of not sharing knowledge. 

Similarly, the replicator dynamics equation of user B is: 

( ) ( )

( ) ( ) ( )( )( )(
( )( ) )

1

1 1 1

1 1

y
B B

t

B A A B A B B B

B B

d
F y y U U

d

y y x l k I r h m k k h k

h k e r c

= = −

= − β − + − − + −

+ − − −

    (5) 

As ( ) 0F y = , we can get: 0y =  or * 1y = ,  

( )( )
( ) ( )( )

* 1 1
1 1

B B

B A A B A B B B

e r c h k
x

l k I r h m k k h k
− − −

=
β − + − − + −

. 

3) When ( )( ) ( ) ( )( )1 1 1 1B B B A A B A B B Be r c h k l k I r h m k k h k− − − > β − + − − + − , 
that equal to ( ) ( )( ) ( )( )1 1 1 1B B A A A BI l k r h m k k e r c> β + − − + − − − . For any 
( )0 1x x≤ ≤ , ( )0 0F y′ = < , and so 0y =  is the evolutionary stable strategy of 

the game. 
4) When ( )( ) ( ) ( )( )1 1 1 1B B B A A B A B B Be r c h k l k I r h m k k h k− − − < β − + − − + − , 

that equal to ( ) ( )( ) ( )( )1 1 1 1B B A A A BI l k r h m k k e r c< β + − − + − − − . If *x x> , 
that is ( )1 0F y′ = < , 1y =  is the evolutionary stable strategy of the game. If 

*x x< , then ( )0 0F y′ = < , 0y =  is the evolutionary stable strategy of the 
game. In this case, the evolutionary stability strategy is jointly affected by the ini-
tial shared probability x and the critical value *x . When the value of *x  is 
higher, the possibility that x exists in the interval *0, x    is greater, and the sta-
bility strategy of participating users in the virtual community will evolve in the 
direction of not sharing knowledge. 

The situation of users may change at any time in the brand virtual communi-
ty, it is necessary to take the situation of user A and user B into the evolutionary 
game. The evolutionary stability strategy formed by the interaction between user 
A and user B can be discussed in the following situations: 

I) When user A and user B choose the strategies (1) and (3) respectively, user 
A and user B find that the benefits obtained by not choosing the knowledge 
sharing strategy are better than those obtained by knowledge sharing. The evo-
lution system will converge to the point ( )0,0O  through constantly learning, 
as shown in Figure 2. 

II) When user A and user B choose the strategies (1) and (4) respectively, as 
shown in Figure 3, the knowledge sharing path trend of user A and user B 
presents an inverted U shape. Because user B tends to choose the knowledge 
sharing strategy at the beginning, the probability of user B sharing knowledge 
will gradually increase. Considering its own interests, user A thinks that not 
sharing knowledge is the optimal strategy. In the process of evolution, user A 
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Figure 2. The dynamic evolution diagram of user knowledge sharing (case I). 
 

 

Figure 3. The dynamic evolution diagram of user knowledge sharing (case II). 
 
will constantly adjust the strategy to the path of no knowledge sharing. With the 
continuous development of user’s game behavior, user B will also find that the 
probability of knowledge sharing will gradually decrease if he does not share 
knowledge. With the passage of time and the continuous learning of users, the 
system finally converges to the point ( )0,0O .  

III) When user A and user B select the strategies (2) and (3) respectively, as 
shown in Figure 4, the knowledge sharing path trend of user A and user B 
presents a side U shape. Because user A initially selects the knowledge sharing 
strategy as its optimal strategy, the probability of knowledge sharing of user A in 
the virtual community will gradually rise. Based on his own interests, user B be-
lieves that not sharing knowledge is his optimal strategy. During the evolution 
process, he will continuously adjust his strategy to evolve in the path of not 
sharing knowledge. With the continuous progress of the game, user A will also 
find that if he does not share knowledge, he will get relatively higher benefits, 
and his probability of knowledge sharing will gradually decrease. As time goes 
on, the system will eventually converge to the point ( )0,0O .  

IV) When user A and user B select the strategies (2) and (4) respectively, as 
shown in Figure 5. 

If ( )( ) ( )1 1A A B B A BI l k rh m k k e rc< β + − + − −  and  
( ) ( )( ) ( )( )1 1 1 1B B A A A BI l k r h m k k e r c< β + − − + − − − , that is, (knowledge shar-

ing, knowledge sharing) and (no knowledge sharing, no knowledge sharing) 
are the evolutionary stable state of the system. When we located in the area 

1 2 4OA A A , the probability of knowledge sharing between user A and user B will  
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Figure 4. The dynamic evolution diagram of user knowledge sharing (case III). 
 

 

Figure 5. The dynamic evolution diagram of user knowledge sharing (case IV). 
 
decrease and finally converge to the point ( )0,0O , which means the system will 
evolve in the direction of (no knowledge sharing, no knowledge sharing). When 
we located in the area of 1 2 3 4A A A A , the probability of knowledge sharing be-
tween user A and user B in the brand virtual community will increase, and fi-
nally converge to the point ( )4 1,1A , which means the system will evolve in the 
direction of (knowledge sharing, knowledge sharing).  

There are 5 local equilibrium points: ( )0,0O , ( )1 0,1A , ( )2 1,0A , ( )3 1,1A , 

( )* *
4 ,A X Y  in the system. Point ( )0,0O  and ( )3 1,1A  are evolutionary stable 

points, but point ( )1 0,1A  and ( )2 1,0A  are unstable points, and point 4A  is 
the saddle point. ( )* *

4 ,A X Y  is the key point that affects the game results. The 
higher the value of 4A , the larger the area of 1 2 4OA A A , and the lower probabil-
ity of users choose to share knowledge; The lower the value of 4A , the larger the 
area of 1 2 3 4A A A A , and the higher probability of users will choose knowledge 
sharing.  

And we get: 

( )( )
( ) ( )( )

( )
( )( )

*

*

1 1
,

1 1

1
1

B B

B A A B A B B B

A A

A B B A A B A A

e r c h k
x

l k I r h m k k h k

e rc h k
y

l k I rh m k k h k

− − −
=
β − + − − + −

− −
=
β − + − + −

 

4. Numerical Simulation Analysis 

The evolutionary path of knowledge sharing behavior among users in the brand 
virtual community is closely related to the parameters of game payoff matrix. In 
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order to describe the influence of each parameter change on the user’s know-
ledge sharing strategy, this paper uses MATLAB to simulate the data. 

We assume user’s knowledge reserve level is [ ]100,200ik ∈ , the knowledge 
sharing degree between users is [ ]0.25,1il ∈ , the user’s knowledge absorption 
ability is [ ]0.25,1iβ ∈ , the homogeneity of knowledge is [ ]0.2,0.8m∈ , user’s 
sharing cost is [ ]100,200c∈ , the distribution coefficient is [ ]0.2,0.8r∈ , the 
spillover effect is [ ]20,60iI ∈ , the collaborative innovation coefficient is 

[ ]0.4,1h∈ , and the incentive coefficient is [ ]0.2,0.8e∈ . 
1) The impact of knowledge reserves on the probability of sharing 
Under the assumption that other parameters are constant, the influence of the 

change of knowledge reserve on the sharing probability is shown in Figure 6. 
The probability of user A and user B choosing the knowledge sharing strategy 
increases with the increase of user’s knowledge reserve level. With the improve-
ment of user’s knowledge reserve level on both sides, the benefits obtained after 
knowledge sharing and exchange will increase, and the willingness of user A and 
user B to share knowledge will become stronger. 

2) The influence of the degree of knowledge sharing and the ability of know-
ledge absorption on the probability of sharing 

Under the assumption that other parameters remain unchanged, the influence 
is shown in Figure 7. When the degree of knowledge sharing gradually increases 
from 0.25 to 1, the probability of user A and user B choosing the knowledge 
sharing behavior also increases. When user A has a high degree of knowledge 
sharing, user B will obtain greater revenue if he chooses the knowledge sharing 
strategy. When the knowledge absorption abilities of users increase from 0.25 to 
1, the probability of user A and user B choosing the knowledge sharing behavior 
will increase accordingly. The area of s1 gradually decreases but the area of s2 
gradually increases. When the participating users’ ability to absorb knowledge 
becomes stronger, the revenue will increase. In this case, the possibility of stable 
strategy (knowledge sharing, knowledge sharing) will gradually increase. 
 

 

Figure 6. The impact of users’ knowledge reserves on the sharing probability. 

https://doi.org/10.4236/jhrss.2021.91001


C. Y. Le et al. 
 

 

DOI: 10.4236/jhrss.2021.91001 13 Journal of Human Resource and Sustainability Studies 
 

 

Figure 7. The influence of users’ knowledge absorption ability and knowledge sharing 
degree on the sharing probability. 
 

3) The impact of the cost of knowledge sharing on the probability of sharing 
Under the premise of assuming that other parameters remain unchanged, 

when the sharing cost of both sides in the game changes in the interval [100, 
200], the simulation results are shown in Figure 8. As the cost of participating 
users’ knowledge sharing increases, the probability of choosing the knowledge 
sharing strategy of both sides decrease. The area of s1 increases but the area of s2 
continues to decrease. That is because as the cost of participating users’ know-
ledge sharing increases, the benefits of participating users’ knowledge sharing 
become smaller. In this case, the possibility of stable strategy (knowledge shar-
ing, knowledge sharing) will decrease. 

4) The influence of homogeneity of knowledge sharing, the distribution coef-
ficient and incentive coefficient on the probability of sharing 

It can be seen from Figure 9, as the homogeneity of knowledge sharing in-
creases, the probability of both participating users choosing the knowledge 
sharing strategy continues to decrease. With the increase of knowledge overlap-
ping degree, the possibility of users to acquire new knowledge becomes smaller, 
and that cause the system evolves to stable strategy (knowledge sharing, know-
ledge sharing) with a small probability. 

As the distribution coefficient increases, the curve gradually decreases. When 
it decreases to a certain level, the curve gradually rises with the increase of the 
distribution coefficient. There is a minimum in the whole process, which is an 
optimal co-income distribution coefficient makes the area s1 smallest and the 
area s2 largest. It shows that a reasonable distribution coefficient based on the 
knowledge contribution will encourage users to share knowledge. 

The increase of the incentive coefficient will increase the probability of both 
users choosing the knowledge sharing strategy. Because the greater the incentive 
provided by the enterprise, the more revenue obtained by user for knowledge 
sharing, and that cause the system evolve towards strategy (knowledge sharing, 
knowledge sharing). 
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Figure 8. The impact of users’ knowledge sharing costs on the sharing probability. 
 

 

Figure 9. The influence of homogeneity of knowledge sharing, the distribution coefficient 
and incentive coefficient on the probability of sharing. 
 

5) The impact of collaborative innovation coefficient on the sharing probabil-
ity 

The possibility of both parties in the game choosing the knowledge sharing 
strategies increases with the increase of the co-innovation coefficient, indicating 
that the area of s1 decreases, and the area of s2 increases. When only one party 
chooses the strategy of sharing knowledge, the sharing probability increases with 
the increase of the innovation coefficient, which is shown in Figure 10. 

6) The impact of spillover effects on sharing probability 
It can be seen from Figure 11 that with the enhancement of users’ spillover 

effect, the probability of both participating users choosing the knowledge shar-
ing strategy is continuously decreasing. The reason is that as the spillover effect 
of participating users increases, users will gain greater benefits without partici-
pating in knowledge sharing. In this case, the participating users in the game will 
choose the strategy of not sharing knowledge with a greater probability. 
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Figure 10. The impact of collaborative innovation coefficient on the sharing probability. 
 

 

Figure 11. The impact of the spillover effect of knowledge sharing on the probability of 
sharing. 

5. Conclusion 

This paper establishes an evolutionary game model of user knowledge sharing in 
brand virtual communities, and analyzes the influence of personal factors, reci-
procity factors, and community factors on the knowledge sharing behavior be-
tween users through numerical simulation. The research results show that: 

1) There are two evolutionary stable strategies for participating in the user 
knowledge sharing game, namely (knowledge sharing, knowledge sharing) and 
(no knowledge sharing, no knowledge sharing). In this case, which direction the 
system evolves to, depends on the initial probability and critical point of user 
knowledge sharing.  

2) Through the research and simulation analysis of the influence factors of the 
user’s knowledge sharing behavior in the brand virtual community, it is found 
that: the knowledge level of users, the knowledge absorption ability of users, the 
degree of knowledge sharing and the degree of knowledge innovation in indi-
vidual level and the incentive coefficient in community level have a positive im-
pact on user’s knowledge sharing behavior. But the sharing cost in individual 
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level, the homogeneity of shared knowledge and the spillover effect in mutual 
level have a negative impact on user’s knowledge sharing behavior. 

3) In the process of user knowledge sharing, there is an optimal collaborative 
profit distribution coefficient, which maximizes the probability of the system 
evolving in the direction of (knowledge sharing, knowledge sharing).  

4) Enterprise virtual community needs to set reasonable incentive coefficient 
and collaborative income distribution coefficient, and give users flexible rewards 
according to the contribution degree of participating users, instead of a fixed 
reward strategy, which is conducive to improving the enthusiasm of the partici-
pants in knowledge sharing. 

Despite of the promising outcomes of knowledge sharing presented by this 
paper, there are still some limitations which can be addressed in future research. 
Firstly, there are so many factors influencing users’ feelings. At present, the aca-
demia has not yet reached a consensus on the factors affecting the user’s know-
ledge sharing behavior in the enterprise virtual community. In this paper, only a 
part of important factors are selected to study. Secondly, although the numerical 
simulation of the model is carried out, there is a lack of an actual case to illu-
strate. Based on the above defects in this paper, we can further optimize and ex-
pand the model in the future research, such as increasing the game subject to 
three or more, and combining the mathematical model with the actual case, 
which will get more convincing conclusions. 
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