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Abstract: Based on knowledge sharing, a new kind of scientific research is up and coming in
university interdisciplinary research teams via the current environment of organizational models. The
success, however, depends on the knowledge inventory, the creative ability of the team members and
their future insights. An attempt is made in this study to conceptualize a framework of an
interdisciplinary research team based on game theory to analyze the dynamic propagation process of
knowledge-sharing. Through simulation verification, a multi-symmetry evolution game model was
built to analyze the impact of a member in selecting a decision-making strategy for the other member.
The analysis reveals that the knowledge-sharing depends on mutual cooperation and trust between
the researchers. Finally, reasonable suggestions are proposed in solving the problems in the process
of building and developing the university interdisciplinary research team.
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1. Introduction

Nowadays, most colleges and universities aim to be world-class by practicing first-class
discipline. The current scientific and technological development prominently features highly
comprehensive and integrated disciplines on the basis of considerable subject differentiation [1]. The
interdisciplinary intersections, infiltrations and exchanges have been critical to discipline
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construction and breakthroughs. The scientists and researchers in academia are proficient in
knowledge structure, cognitive mode and innovative thinking by working in teams (both in long-run
and short-run) on the basis of knowledge sharing, which helps to bring rapid innovation and solving
complex and comprehensive problems.

These institutions have been the incubators for scientific research and innovation on account of
abundant subject knowledge, human, financial and material resources. The interdisciplinary scientific
research cooperation and teamwork comprehensively promote the unexpected inspiration and
innovative ideas of the individuals, different groups and the team. The essence lies in knowledgeable
and technical communication between the individuals by facilitating the research capability of the
entire team. To integrate the relevant research contents of each discipline, it is necessary to break the
barriers therein and work together to achieve the common goal and reap the benefits of a wide range
of available resources.

1.1. Knowledge sharing ability among team members

Relevant talents of various disciplines and departments, both inside and outside the universities
and colleges, are included in the interdisciplinary research teams to broaden their academic vision.
The knowledge sharing ability can be enhanced by taking inventory of the individual academicians
and their team knowledge, screening, analyzing and exchanging the information to devise more
effective scientific methods.

Significant progress is made in the interdisciplinary knowledge cooperation and sharing among
the scientific research teams. The “Double First-Class” initiative of the Chinese government was the
hot spot in seeking discipline by removing interdisciplinary and administrative barriers. Lee showed
that the knowledge integration is conducive to guarantee the positive impact on the organizational
innovative performance [2]. Borgman observed that 53% of researchers are willing to share their data,
but the rest are unwilling, in the fear of wasting their valuable time [3]. Kerry studied the attitudes of
researchers toward sharing scientific data and proved that researchers refuse to share data mainly
because they are worried about the malicious use of their data and intellectual property issues [4].
Enke investigated the attitudes of researchers towards sharing research data and showed that they are
willing to share the data but are concerned about data confidentiality problems [5]. In recent years,
the domestic research on knowledge sharing has attracted the attention of many scholars. Zhu
concluded that self-value perception, mutual benefit expectations, interpersonal trust and status are
the main Knowledge Sharing Impact Factors [6]. The work of Zhang holds that there are direct and
indirect factors affecting knowledge sharing, and these factors are interconvertible [7]. Rong reduced
the differences in the members’ knowledge through knowledge interaction by creating new
knowledge [8]. Peltokorpi et al. observed that knowledge creation is the result of both formal and
informal cooperation mechanisms [9].

1.2. Information complementarity between the team members
The complementarities of the interdisciplinary academic research teams mainly involve
knowledge sharing and common learning and serve as an important and effective control mechanism

for members’ benefits. The exchange and application of knowledge effectively strengthen the
resilience among the team members in the learning process and enable learners to get relevant
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knowledge benefits. This form allows the researchers to subdivide the process of learning and
communication between the members in acquiring the desired knowledge.

Currently, interdisciplinary research has presented a new model in solving complex problems.
Knoben believed that the current interdisciplinary integration and cooperation between teams is the
main trend observed in scientific research cooperation in colleges and universities. Interdisciplinary
research finds an equilibrium point between disciplines based on their differences and diversities [10].
The correlation, reuse and innovation of multidisciplinary knowledge play pivotal roles in the
evolution of the subjects. Jianzhong Xu systematically analyzed and summarized the
interdisciplinary mode in theory, modeling and framing [11]. According to Liu Qingsheng
interdisciplinary research is divided into three types, from primary to the advanced stage, viz.,
Binding Interdisciplinary Research, Infiltrative Interdisciplinary Research and Chelating
Interdisciplinary Research [12]. Liu expanded, integrated and applied the indexes of interdisciplinary
influencing factors to measure the characteristics of various fields [13]. Yang concluded that the level
of differentiation between various disciplines weakens and makes, a visual analysis of
Interdisciplinary Information Science in the form of a science superposed graph [14]. Wang studied
the knowledge sharing, co-construction and collaborative creation among team members [15], while
Volkova has shown that the multi-Agent system assisted the team in decision-making modeling
under uncertainty [16].

1.3. Factors influencing knowledge sharing among the team members

Knowledge is one of the seven factors of production for enterprise development and a decisive
factor for sustainable competitive advantage. The intra-organizational knowledge sharing is an
important process to enhance the core competitiveness either at the individual employee level or at
the inter-organizational level, and it is conducive to the development, creation and improvement of
the enterprise products or services, thereby further enhancing the organizational innovation
capabilities and innovation performance [17]. Various studies on the inter-subjective knowledge
sharing strategies influencing factors focus at the intra-organizational and inter-organizational level.
The intra-organizational level analyzes sharing among the employees, between the employees and
the firms and knowledge tacitness from knowledge characteristics perspective [18], willingness to
share, trust, and rewards on individual perspective [19]. Research on knowledge sharing at the
inter-organizational level focuses on innovative industry clusters [20] and cross-organizational
project collaboration. It is observed that the factors affecting inter-organizational knowledge sharing
include subject factors such as willingness to share, organizational trust, absorptive capacity, risk
factor, allocation ratio, cost coefficient, etc.; and the object factors such as knowledge stock,
knowledge complementarities, knowledge distance, etc. Existing studies have proved the importance
of cross-organizational knowledge sharing on the enterprise performance, and they also clarified the
role of factors such as absorptive capacity and knowledge resource endowment on the efficiency of
inter-organizational knowledge sharing.

Rational people show less willingness to cooperate and depend on others. If every researcher
looks at the problem from a self-interest perspective, it leads to Prisoner’s Dilemma and eventually
results in delay and even failure in scientific research. Therefore, it is necessary to explore in depth
and explain with clarity two major issues: 1) how the level of knowledge sharing and the
heterogeneity of knowledge structure among the researchers play an important role in the team
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composition and future scientific research and 2) what influences the innovative and knowledge
transformation abilities of scientific researchers on team development.

“Interdisciplinary” is one of the most important characteristics of any scientific research team
and is applicable not only to natural sciences but social sciences as well. The interdisciplinary
cooperation and different research backgrounds help to integrate disciplines, improve efficiency and
accelerate innovation process. Irrespective of the forms, the essence of them being together from
different academic backgrounds substantiates the scientific research in the colleges and
universities [21]. This paper discusses the characteristic factors of knowledge cooperation in
interdisciplinary scientific research teams and calculates the level of cooperation between various
scientific researchers by using evolutionary game theory. Further, a detailed illustration of the
dynamic change in knowledge cooperation of the associated behavior of individuals in a scientific
research team and the application of knowledge cooperation into the theoretical framework of
evolutionary game are analyzed. Based on the analysis, this paper establishes the evolutionary game
model of knowledge cooperation in interdisciplinary scientific research teams in colleges and
universities, and it offers suggestions to solve the existing problems in the formation and
development of scientific research teams in the first-class disciplines.

2. Theoretical framework and model construction
2.1. Theoretical basis of evolutionary game model

An attempt is made in this paper to establish an evolutionary game model aiming at the
long-term data sharing behavior of the interdisciplinary researcher’s team system in academia.
Evolutionary game theory, with a focus on rational people, combines game theory and dynamic
theory on the basis of Bounded Rationality following the system theory approach [22]. In traditional
game theory, it is often assumed that the participants are calm and rational. Only under the condition
of complete information, game theory can be applied, but in real life, there is no such perfect
platform for participants to provide such an environment. Therefore, through evolutionary game
theory, all kinds of factors can be integrated into the game model to find a long-term strategy.

It is assumed that each member of the interdisciplinary research team of colleges and
universities is a bounded rational individual. They have various uncertain answers in knowledge
cooperation. Therefore, each member of the team has two choices, namely, sharing or not sharing,
and their choice is based on their level of information acquisition and expectation of the results.

2.2. The basic hypothesis of evolutionary game model

The knowledge cooperation of a scientific research team is affected by different interest
demands of the team members. The effect of knowledge cooperation is obviously different
among the participants. At the same time, the game relation between the subject and the team is
rather complex. For each individual team member, knowledge cooperation can be represented as
the satisfaction in the scientific research cooperation as a result of additional knowledge
acquisition. Similarly, for the entire team, the measure indicators can be divided into the level of
satisfaction and the scientific research outcome of the team as shown in Table 1. The terms used
in the game model are explained below.
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Table 1. Measures of knowledge cooperation effect.

Point of View Subjective Goal Objective Goal

Individual Member Level of Individual knowledge Level of knowledge sharing or accumulation among
cooperation satisfaction members

Whole Team Level of Team satisfaction Output of knowledge cooperation and the

achievement of expected goals

1) Players: The current interdisciplinary scientific research team of colleges and universities
requires both the permission of the university and college administration and active cooperation
between the teachers from various disciplines to share information to optimize the team performance.
Theoretically, we assumed that the team consists of two members, and the team benefit function is
determined by the degree of cooperation, the level of resource input, the degree of knowledge
sharing and learning and the benefit distribution system, with both members playing different roles at
different stages in team building process. Scientific research team cooperation mainly refers to
general knowledge sharing and result sharing among members on equal footing.

2) Subject strategy: Each member in the team has two options, to cooperate or not to cooperate,
and has to adjust his strategy in the process of the evolutionary game to maximize the benefit.

3) Hypothesis of Bounded Rationality: The limited cognitive ability of the decision-maker
determines that he cannot make decisions with complete rationality with incomplete information.

4) Cooperative behavior: Every participant is responsible for different parts of the
corresponding tasks and contributes his stake in the value addition process.

5) Interdisciplinary: This refers to comprehensive scientific research activities or behaviors
covering two or more disciplines; however, the present model considers only two disciplines.

6) Payoff matrix: The game theory dynamic evolution process and ecological theory
research consider a rational person, and the system theory is used to predict the group behavior
trend through dynamic analysis and calculation of various influencing factors [23]. For example,
the participants in the game are any two “economists” in the scientific research team, which are
denoted as Researchers 1 and 2.

The hypotheses of the evolution model of interdisciplinary knowledge sharing constructed in
this paper are as follows:

(1) =, and =, are the normal benefits obtained by Researchers 1 and 2 when they choose not
to share their knowledge.

2 % and % are the knowledge levels of Researchers 1 and 2; according to the principle of
bounded rationality, Researchers 1 and 2 share their knowledge per specific situation. Let the levels
of their own practical knowledge sharing be «, and «,. Let g and g, be the abilities of
Researchers 1 and 2 to digest and absorb the knowledge in the process. Then the direct benefits
obtained by Researchers 1 and 2 through knowledge sharing are given as a,«,, and aa, 5, .

(3) In the interdisciplinary knowledge research sharing team, only heterogeneous and valuable
knowledge is meaningful, especially in variegated knowledge structures. Let the heterogeneity of the
shared knowledge of Researchers 1 and 2 be A, and A, . Researchers use their partner’s and own
knowledge in the process with innovation coefficients y,and y,.

(4) Researchers inevitably expect costs while sharing knowledge, such as risk cost, opportunity
cost and transfer cost. When c, and c,are the cost coefficients of knowledge sharing, then the
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knowledge costs of Researchers 1 and 2 are given by ac, and a,c, respectively.

(5) During the interdisciplinary research team’s knowledge sharing, the conversion benefit
coefficient is affected not only by the level of individual researcher knowledge but also by the
heterogeneity and innovative knowledge shared by them. Let v, and v, represent the conversion
benefit coefficients of Researchers 1 and 2, when both choose knowledge sharing strategy. Then the
conversion benefits obtained by Researchers 1 and 2 are given as v,(»,4,5a,a,+a) and
v, (7,4 B,a,a,+a,). The most complex case arises when two sides in knowledge cooperation have
different choices. For example, one chooses knowledge sharing while the other does not. In this case,
the researcher who shares knowledge does not get new information from another party. Let 7, be
the conversion benefit coefficient under the condition when Researcher 1 chooses knowledge sharing
strategy while Researcher 2 does not; z, indicates the conversion benefit coefficient when
Researcher 2 chooses knowledge sharing strategy and while Researcher 1 does not. This is illustrated

in Table 2.

Table 2. Payoff matrix for knowledge cooperation processes.

Researcher 2

Cooperation Non Cooperation
(@]
_§ 7+ a,a,B +vi(nha, A Aaa,ta)-ac  m-ac
@D
. g
2 s 7T,*t aa,fB,+v,(y,a t Ao ta,)ac, m,+aaf,tt,(Ly,a+p,8013,)
QD
S
3 0
2 _§ _ m +a,a, B+t (n4ha,+4, fa,a,+a,) T , 7T,
3 S
g 7,-8,C,

2.3. Solution of evolutionary stable strategy

If n and m are the probabilities of Researchers 1 and 2 opting for knowledge cooperation
strategy, then (1-n) and (1-m) are the probabilities of non-cooperation by Researchers 1 and 2
respectively. Participants in the game can learn the required knowledge of other subject(s) or may
even fail to get if they individually spend much more time and energy on it. Hence, both sides benefit
in the game by choosing the condition of knowledge sharing. Here, the benefit obtained by

Researcher 1 is denoted as Q,, and expressed as

Q11 = m(”l + 3-2052,31 + Vl(}/lﬂ“Za‘Z +/12,B18.20{2 +a1)'a1C1)+(1'm)(7[1 'aicl) 1)
The benefit Q,, when Researcher 1 does not cooperate is represented by

Qp =M(7, +a,0,0, +1 (1,43, 4, /3,0, +&,)) + (1-m) 7, (2)
while the average benefit of Researcher 1, (51, IS given as

61 = anl +(1- n)le (3)
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Therefore, the replicated dynamic equation for Researcher 1, f,(n), is

) = =n(Qu - Q) = nA-NM0s )0kt +fcs Fa)ac) (@)
and the replicated dynamic equation for Researcher 2, f,(m), is

£, = S8 =m(Q~Q) = mA-MIN0, ~L)irat A aata)ac) 6

and the replicated dynamic equations are

{ fl(n) = % = n(Qn - 61) = n(l_ n)(m(vl —tl)(j/lﬂ.zaz +ﬂ.2ﬂ18.20(2 +a1)'a1C1)
f,(m) = C:j_T =m(Q, - Qz) =m@l-m)(n(v, —t,)(4hr,a +A4 Sax +8,)-a,c,) (6)

From the above constructed evolutionary model, it can be seen that the balance point of the
model depends on the degree of knowledge sharing, and there are two possibilities, that both
cooperate wholeheartedly or do not cooperate in the model, and the results are presented below.

3. Analysis of evolutionary game model result

3.1. Finding the equilibrium point of evolutionary game model
v at =0 -
{dmm_o )
The replicated dynamic equations depict the group dynamics of the evolutionary game system
of interdisciplinary research teams in colleges and universities, and at equilibrium d%t=0 and
dmdt=0 . Five equilibrium points are obtained by solving Eq (7). The equilibrium point
E,(n=0,m=0) represents that the participants have not carried out knowledge cooperation strategy,

The equilibrium point E,(n=1,m=0) represents that Researcher 1 has shared knowledge, but

Researcher 2 has not but acquired the knowledge from Researcher 1. The equilibrium point

E.,(n=0,m=1) indicates that Researcher 2 has shared his/her knowledge with Researcher 1 but has

not benefited from sharing. The equilibrium point E,(n=1,m=1) reflects that researchers from
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different subjects in the team are willing to share their knowledge and create an atmosphere of

mutual trust. The last equilibrium point is E.(n,m)

( a2 C2 alcl
5

(v, —t) (A3 + A4 Baa, +a,) = (v, ) (A3, + 4, fa,a,+a,)

), in which the probability of

a,C,

Researcher 1 in the team sharing knowledge is
(v, —t) (A3 + A4 S, +a,)

, and Researcher 2 is

ac
(v ) (143, + 4, fa,a,+a,) .

The stability of equilibrium point can be analyzed by calculating the evolutionary stable
strategy (ESS) by Friedman method [24] through the Jacobi matrix’s local stability of the dynamic
system. The Jacobi matrix is composed of Eqgs (4) and (5) as follows:

of(n)  ofi(n)

_ on om
8f2(m) sz(m) (8)
on om

_ ((1' 2n)(m(v, -t)(nAa, + L 48,0, +&,)-ac) n@-n)(v,-t)(nia,+LA8,a, +a) J
m@-m)(v, -t,)(4y,a+A4Baa +a,) @-2m)(n(v, -t,)(4y,a +4 B, +8,) - a,C,)

According t0 det J = oh (n) o, (m) _ o4 (H) on, (m) and ;.7 = of; (n) + o (’”) the determinant
on om om on on om

and the trace of each point are calculated and depicted in Table 3.

Table 3. Determinant and trace of each point.

Equilibrium Determinant Symbols of J Traces and Symbols of J Results
Point

Stable
E(0,0) 2,C,a,C, (+) —a,C; —8,C,(-)

Unstable
E,(1,0) aC (v, ~L) A+ fan +8,)-a,C)(+) &G+ (v, -L) (A& +4 /3o +8,)-3,C,(+)

Unstable
E, 0.1) a,C, ((Vl 'H)(ylﬂ'zaz -M'zﬂlazaz + a1) - alcl)(+) 8,6, + (Vl ) t1)(7/lﬂ'2a2 +/12'81a2a2 + al) "G (+)

—((v, -t)(nha, +4, B 8,a, +8,)-a,c,)
£, (1) (v, L) Aroa + 40,0 +3,)-2,6,) ¢ () A7AABRG +2)-36))  suble
(v, -t)(nha, +4,Ba,a, +a)-a,.c)(+)
0 saddle

point

Ey(n',m) —8,C,(1-m)*ac (1-n)(-)

Note: The stability in this table is based on the premise that researchers choose knowledge sharing strategy.

Mathematical Biosciences and Engineering Volume 20, Issue 5, 8782-8799.



8790

3.2. The model analysis

> Eu(1,1)
Es(0,1)
P
E(.m
Y
E1(0,0) /:\ coo

Figure 1. Dynamic evolution stability process.

Figure 1 describes the dynamic evolution of interdisciplinary researchers in the process of
knowledge sharing in college and university teachers’ teams. It is noticed that the dynamic
evolutionary game system has two stable equilibrium points E, (0,0), E,(1,1) and a saddle point
E,(n",m"). The polygonal line formed by these three points is the main body of two kinds of games,
with the boundary across where the scientific interdisciplinary researchers teams of colleges and
universities opt to share knowledge or not. If the initial state of the game is in the
quadrilateral E,E,E_E,, the result of the game is not to share knowledge after a large number of
games. Here, note the area of quadrilateral E,E,E.E, asS:

1, .

o 1 a,C, a,c,
EE,EE, :E(n +m)=

2 ((Vz —t) (A, + 4,80, +3,) " (v, —t)(nha, + 4, fa,a,+a,)

) (9)

On the contrary, if the initial state of the game is in the quadrilateral E,E.E,E,, the result

tends to choosing to share knowledge after countless games. Since the initial state and system
parameters exert a significant influence on the final equilibrium, it is necessary to analyze the
influence of knowledge heterogeneity on other key parameters in the process of interdisciplinary
knowledge sharing.

1) Let «, and «, be the level of knowledge sharing of Researchers 1and 2and 4,, 4, be

2

the heterogeneity of shared knowledge of Researchers 1 and 2.

- a,C,

According to the formula " (v, -t )y, atABanta) the equation 4a,=n" can be derived,

an*_ CZaZalﬂZ
and the result is represented as E"(V “t) (Ay,ata +a1n”/)’ Y <O. Thus, the probability of Researcher
2 2 2 2 2
1  sharing  knowledge  decreases when i, = n .  Similarly,  when
o _ G243, <0 , it indicates that the probability of Researcher 2 sharing

om (v -t) (hha,ta +ma,p)’
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knowledge decreases when Ao, = m . Also, the calculation of Eq (8) implies that the area

S decreases with increase in knowledge sharing level and the heterogeneity of shared

B, EyEsE,

knowledge and when S

By By By F,

=1 S

BBy By

increases with the decrease in level of knowledge

sharing and the heterogeneity of shared knowledge , we conclude that the area S increases

EZ ES EE E4

with the increase in the level of knowledge sharing and the proportion of heterogeneity of shared

knowledge, which indicates that the willingness of scientific researchers to share knowledge is

positively correlated with the level of knowledge sharing and the proportion of heterogeneity of
aZCZ

- n* - - - -
shared knowledge. Meanwhile, the formula (v, Uy At A A a,) is used to get the derivative

*

on
of o, , and the result is 8_051:

8,045,
(v,-t,) (A 2a1+ﬂ'1ﬂza1a1+a2)2 ’

on’ _ a,C,a. 8, (Ar,a+4Ban-3,)
0,04, (v,—t,) (2172a1+11:82a1a1+a2)3

knowledge level of Researcher 2 after sharing heterogeneous knowledge from Researcher 1 and

*

which is further used to get the

differentiation of 4, . Here, it is noticed that if the

conducting innovation is less than his/her original knowledge level 4 y,a +4 8,a,,, then <

n
da,0,

0, demonstrating that «, level of knowledge sharing of Researcher 1 decreases with increase in the

*

heterogeneity of shared knowledge; when > 0, it means that the level of knowledge sharing

al
of Researcher 1 increases with increase in heterogeneity of shared knowledge. This requires a
virtuous cycle among the researchers team, which helps to exchange knowledge from different
disciplines.
2) Let the innovative coefficients of Researchers 1 and 2 when they choose knowledge sharing

be y, and y, respectively.

&5

(v, L) Ar.a+ta a0 +a,)

derived as o __ 8,Cr /8, <0, which reveals that the probability of

07, (v, —t,) (217za1+ﬂ1ﬂzaia1+az)2

Researcher 1 to share his/her knowledge decreases with the increase in innovative coefficient of

) m cAa .
Researcher 2. Using the same procedure, =— G can be obtained,

on v —-t) (nha,+4p8,a, +a1)2

According to formula n" = , the innovative coefficient y, can be
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showing that the probability of Researcher 2 to share his/her knowledge decreases with the increase
in innovative coefficient of Researcher 2. This is commonly seen in real situations. For rational
researchers, their willingness in cooperation, confidence and status will be undermined if their
partners in the team have strong capability to innovate, which will diminish the probability of
knowledge sharing and engender little trust between the participants. Betrayal and
convenience-seeking behavior can commonly be seen but without punishment for lack of a complete
mechanism. Consequently, one who does not share his/her knowledge assumes little or no
responsibility, while one who shares his knowledge does not receive the due credit. In this situation,
one who chooses not to share benefits. The correlation between the heterogeneity and innovation of
the shared knowledge of Researcher 1 can be computed in the same way. The result is

on’ _ a,C,3 (47,3 +4 31, -3,) _
07,04,  (v,—t1,) (/11}/281+21ﬂ2810!1+a2)3

after obtaining shared knowledge and innovation) < a, (original knowledge level of Researcher 1),

If Ay,a,+4B,ac, (knowledge level of Researcher 1

the probability of Researcher 1 to share knowledge decreases with increase in4y,, and that of

Researcher 2 by 4,y,. This implies that the probability of sharing declines once the researcher sees

reinforcement in his partner’s innovation coefficient by expanding the scale of heterogeneity. The
derivative proves that the reinforcement of heterogeneity-complementary knowledge sharing
strengthens when y,4,a,+4,8a,«,>a, and both have more innovative capacity. The process,
however, requires high-level tacit understanding, mutual trust between the team members, emphasis
on their reputation, signed pacts and punishment mechanisms. This is only possible when the team

members cooperate with each other and continuously revise their strategy to transform the
evolutionary game strategy into cooperation so as to optimize the benefits.

3) Let the Digestion and absorption capacity of Researchers 1and 2 be g and g,.

a,c,
(v, ) Ay + A4 f,a0q +a,)

The derivative of B, can be computed according to n =

giving n __ 8,0y, . Therefore, the probability of Researcher 1 to share

op, (v,-t,) (4r 2a1+ﬂ1ﬂzaia1+az)2

his/her knowledge decreases with the improvement in g, . Similarly, the probability of Researcher 2

to share his/her knowledge is an_ __ 840,08, . The probability of

B, (v —t) (7112a2+ﬂ‘2ﬂ1a2a2+a1)2
Researcher 2 to share his own knowledge decreases with increase in digestion and absorption
capacity coefficient of Researcher 1. This often occurs in reality. As a rational scientific researcher,
the stronger the ability to digest and absorb knowledge as a collaborative team, the more is his
willingness, confidence and status in the scientific research team, which further reduces the
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probability of knowledge sharing among the scientific researchers. From the derivative of 2 ,

on’ _ a,C,a,0 (Ar,a tA a0, -a,)
0B04  (v,-1,) (2172a1+ﬁ1ﬂ2a1a1+a2)3

after receiving heterogeneous knowledge, digesting and absorbing) < a, (original knowledge level of

,if Ay,a,+A4B,a0a, (the knowledge level of Researcher 2

Researcher 2), then the probability of Researcher 1 to share his/her knowledge decreases with

increase in 4,5, while that of Researcher 2 decreases with increase in 4,4, , demonstrating that the

probability of researcher knowledge sharing declines as they realize that their partners have fostered
strong reinforcement after absorbing new knowledge. On calculating the derivative, it is found that
heterogeneous knowledge sharing of Researcher 1 gets enhanced when his partner has absorbed

substantial knowledge with the condition y,1,a,+4,8a,«, (the knowledge level of Researcher 1

after receiving heterogeneous knowledge, digestion and absorption) >a, (original knowledge level

of Researcher 1). Quite high-level coordination is required in this case when both parties from
different research fields communicate and cooperate with each other. Only in this way, the other
participant continuously readjusts his strategies when the team member chooses cooperation strategy,
thus converting the final evolutionary game to maximize benefits.

4. Simulation and testing

Currently, simulation is a more appropriate choice in comparison to the traditional measurement
techniques due to lack of detailed statistics on knowledge cooperation. Therefore, Matlab was used
to simulate the above five scenarios. Taking a university research team as the research object, we
analyzed the influence of team knowledge value, knowledge sharing level coefficient, digestion and
absorption capability coefficients, shared knowledge heterogeneity coefficient, knowledge innovation
coefficient, knowledge sharing cost coefficient and transformation benefit coefficient on the cooperation
of both team members. Assume the following: the value of knowledge of both sides in the research team
game is a€[1,2] million Yuan; knowledge sharing level coefficient « [0.1,0.6] ; knowledge
sharing cost c¢<[0.2,0.7] ; digestion and absorption capability coefficient s <[0.3,0.7] ; shared
knowledge heterogeneity coefficient 1<[0.1,0.9]; knowledge innovation coefficient y €[0.5,1.0];
transformation benefit coefficient v €[0.6,1.0]; and transformation benefit coefficient when one shares
while other does not t €[0.1,0.3]. Assumptions are set based on the collected information and empirical
data, and the relevant values of the above parameter values are given as follows.

According to the range of values of the above parameters, the selection parameters in the game
evolution are the following: The value of knowledge of Researcher 1 is a, = 1500,000 RMB, the
value of knowledge of Researcher 2 is a, = 1500,000 RMB, the knowledge sharing level
coefficient of Researcher 1 is «, = 0.4, the knowledge sharing level coefficient of Researcher 2 is
a, = 0.5, the digestion and absorption capability coefficient of Researcher 1 is B = 0.6, the
digestion and absorption capability coefficient of Researcher 2 is g, = 0.5, the shared knowledge
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heterogeneity coefficient of Researcher 1 is A, = 0.5, the shared knowledge heterogeneity
coefficient of Researcher 2 is 2, = 0.6, the knowledge innovation coefficient of Researcher 1 is
7, = 0.7, the knowledge innovation coefficient of Researcher 2 is y,= 0.8, the knowledge sharing
cost of Researcher 1 is ¢, = 0.5, the knowledge sharing cost of Researcher 2 is c,= 0.6, the
transformation benefit coefficient of Researcher 1 is v, = 0.7, the transformation benefit coefficient
of Researcher 2 is v, = 0.8, the transformation benefit coefficient when one shares while other does
not of Researcher 1 is z, = 0.2 and the transformation benefit coefficient when one shares while

other does not of Researcher 2 is 7,=0.2.

When other parameters are fixed, knowledge sharing level coefficient, digestion and absorption
capability coefficients and knowledge innovation coefficient form three curves which are shown in
Figure 2. When knowledge sharing level coefficient «, , knowledge innovation coefficient y,, digestion
and absorption capability coefficient increase, g, decreases, revealing that when knowledge sharing
level coefficient, knowledge innovation coefficient and digestion and absorption capability coefficient are
higher, the scientific teams are more willing to cooperate with each other.

07

069

—p

068

0671

Figure 2. The influence of knowledge sharing level coefficient, digestibility and
absorption capacity coefficient and knowledge innovation coefficient on the sharing
probability of both researchers.

Figure 3. The knowledge sharing level coefficient and shared knowledge heterogeneity
of scientific researcher 1 affect the sharing probability.
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The researchers also simulated the relationship between the level of knowledge sharing and the
heterogeneity of shared knowledge, between the coefficient of innovation and the heterogeneity of
shared knowledge and between the ability of digestion and absorption and the heterogeneity of
shared knowledge, as shown in Figures 3-5 respectively. The graphs fit well for the relationship
between the level of knowledge sharing, innovation, digestion and absorption ability and knowledge
heterogeneity. Generally speaking, when the knowledge input of team members is equal, with the
improvement in the level of knowledge sharing and knowledge heterogeneity, the team’s common
benefits increase; similarly, with the improvement in knowledge innovation and knowledge
heterogeneity, the improvement of knowledge digestion and absorption ability and knowledge
heterogeneity, the team’s common benefits increase. The results of the simulation analysis
corroborate the correctness of the conclusion.
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Figure 4. The knowledge sharing level coefficient and knowledge innovation coefficient
affect the sharing probability for Researcher 1.

Figure 5. The knowledge sharing level coefficient and knowledge heterogeneity coefficient
affect the sharing probability for Researcher 1.

5. Conclusions and suggestions

An attempt is made in this paper to study knowledge sharing among the college and university
teachers with a view that the intermingling of different ideas and the reuse of knowledge can help
them improve their personal knowledge. This paper quantifies each influencing factor of knowledge
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sharing at an individual level using the evolutionary game model, and it explains how each factor
influences cooperation in a more intuitive way. An evolutionary game model is used to demonstrate
the absolute influence of the cooperative atmosphere on the overall knowledge sharing among the
team members at an organizational level. Further, it provides a path study for knowledge
management from the perspectives of the initial stage of knowledge-based team building, knowledge
sharing process and team stability, with a certain degree of theoretical innovation and application
value. The results demonstrate that the researchers not only participate in the knowledge creation
process but accept and utilize inter-disciplinary knowledge. The level of scientific research can be
fully exploited if the relevant knowledge from other disciplines is shared and improved. Based on the
findings, the following suggestions are offered.

5.1. Construct interdisciplinary scientific research team with priorities

The current interdisciplinary crossover still follows certain rules. For example, the connection
between humanities, social disciplines and natural sciences is not close, and it is difficult for them to
cooperate with each other. Further, the transplantation and penetration of natural science research
techniques and theories from humanities and social sciences encounter “subjective dilemma,”
“objective dilemma” and “comprehensive dilemma” [25]. Therefore, the university researchers
should grasp the cross-discipline correlations while conducting cross-disciplinary research. Hence,
sufficient preparation and feasibility studies of the research project must be carried out in order to
truly exchange and use the relevant knowledge from different disciplines in the future.

In the real application process, it is necessary to prioritize scientific research, discipline
construction, talents training and platform building. Our research covers many disciplines and
focuses on major current theoretical and real hotspot issues. By coordinating two or more disciplines,
a cross-disciplinary scientific base with remarkable major features and strengths is thus constructed
with the support of department and research entities in universities or colleges.

5.2. Give full play to the initiative of team members

Based on the success of the evolutionary game, every link in the scientific research and every
member’s willingness to cooperate exert a positive influence on others’ attitudes to cooperate and
eventually propels the whole game towards sharing. Of late, many academicians tend to be hassled
by other activities and are abstracted from academic research and just claim the credit by adding their
names to the academic papers without any contribution. Instead, objectively, they are supposed to
share their knowledge, expertise, skills, communicate effectively and develop a long-term conducive
team spirit.

5.3. Formulate incentive measures for interdisciplinary research

The overall strength of the scientific research team can be rapidly enhanced by inviting
interdisciplinary expertise. As long as they have certain innovative abilities and breakthroughs in
their specializations, they have to be rewarded, and failures also have to be accommodated. In
addition, it is essential to provide an interdisciplinary research project start-up fund to establish and
develop more integrated interdisciplinary courses.
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5.4. Build a knowledge sharing platform

Summarizing team achievements through modern information technology enhances knowledge
sharing and re-utilization among the disciplines and effectively reduces knowledge sharing cost of
scientific research teams. Knowledge Sharing Platform can be classified into two categories:
structured platform and unstructured platform. The former can be used to circulate rule-based data,
classify and manage complicated knowledge while the latter can be used as discussion forums.
Knowledge can be accumulated through discussions and brainstorming on various issues. Implicit
knowledge, latent ideas, instincts and inspirations tend to be the most creative. Therefore, building a
study platform for individuals based on knowledge sharing and considering each member’s
characteristics and demands in the scientific research team is conducive in formulating a
study-oriented team.

It is essential to exploit information technology by establishing an online experimental platform
to provide technical support for smooth operations of research bases, facilitate multi-disciplinary
coordination guided by data science: data base establishment, data mining, data fusion analysis and
applications in interdisciplinary fields with Big Data technology and establish a professional
interdisciplinary data bank.

5.5. Create open scientific environment

The research teams need to adopt an open-mind research model approach by breaking the
inherent closed-loop research operation, expand the choice of research topics to promote mutual
exchange of information in multi-functional research activities, share and disseminate related
research processes and research gains in more convenient manner.

In order to meet the current scientific demand, it is imperative to break down the
interdisciplinary barriers to form new-type scientific research teams, but of late, neither theoretical
nor practical research achievements in the field have been significantly noticed. The paper has both
theoretical and practical significance since it suggests basic principles for the management of
interdisciplinary scientific research teams in colleges and universities on the basis of the analysis and
simulation of knowledge cooperation mechanisms in the game model.

Acknowledgments

We are grateful for the financial support by the National Social Science Fund of China
(18BGL010) and Beijing Municipal Social Science Foundation (16GLAQ08).

Conflict of interest
All authors disclosed no relevant relationships.
References

1. Z. Liu, The way of interdisciplinary, Sci. Tech. Dia., 16 (1999), 47-50.

Mathematical Biosciences and Engineering Volume 20, Issue 5, 8782-8799.



8798

N

w

10.

11.

12.

13.

14.

15.

16.

C. L. Borgman, The user’s mental model of an information retrieval system: an experiment on a
prototype online catalog, Int. J. Hum.-Comput. Stud., 51 (1999), 435-452.
https://doi.org/10.1006/ijhc.1985.0318

A. Dipple, K. Raymond, M. Docherty, General theory of stigmergy: Modeling stigma semantics,
Cogn. Syst. Res., 31-32 (2014), 61-92. https://doi.org/10.1016/j.cogsys.2014.02.002

N. Enke, A. Thessen, K. Bach, J. Bendix, B. Seeger, B. Gemeinholzer, The user’s view on
biodiversity data sharing-Investigating facts of acceptance and requirements to realize a
sustainable use of research data, Ecol. Inf., 11 (2012), 25-33.
https://doi.org/10.1016/j.ecoinf.2012.03.004

K. C. Lee, N. Lee, H. Lee, Multi-agent knowledge integration mechanism using particle swarm
optimization, Technol. Forecast. Soc. Change, 79 (2012), 469-484.
https://doi.org/10.1016/j.techfore.2011.08.004

L. Zhu, S. Sun, Tripartite evolution game and simulation analysis of food quality and safety
supervision under consumer feedback mechanism. J. Chongging Uni. (So. Sci.), 25 (2019),
94-107. http://dx.doi.org/10.11835/j.issn.1008-5831.jg.2018.10.002

P. Zhang, F. Luo, Evolutionary game analysis on safety supervision of general aviation based on
system  dynamic  simulation, China  Saf. Sci. J., 29 (2019), 43-50.
https://doi.org/10.16265/j.cnki.issn1003-3033.2019.04.008

Z. Rong, X. Xu, Z. Wu, Experiment research on the evolution of cooperation and network game
theory, Sci. Sin-Phys. Mech. As., 50 (2020), 118-132.
https://doi.org/10.1360/sspma-2019-0129

V. Peltokorpi, S. Yamao, Corporate language proficiency in reverse knowledge transfer: A
moderated mediation model of shared vision and communication frequency, J. World Bus., 52
(2017), 404-416. https://doi.org/10.1016/j.jwb.2017.01.004

L. A. G. Oerlemans, J. Knoben, Configurations of knowledge transfer relations an empirically
based taxonomy and its determinants, JET-M, 27 (2010), 33-51.
https://doi.org/10.1016/j.jengtecman.2010.03.002

J. Xu, S. Zhang, An evaluation study of the capabilities of civilian manufacturing enterprises
entering the military products market under the background of China’s civil-military integration,
Sustainability, 6 (2020), 145-160. https://doi.org/10.3390/su12062416

Q. Liu, A brief talk on multidisciplinary interdisciplinary research, 2014, Available from:
https://guozr.com/nsfc/304.

Q. Liu, X. Li, X. Meng, Effectiveness research on the multi-player evolutionary game of
coal-mine safety regulation in China based on system dynamics, Saf. Sci., 111 (2019), 224-233.
https://doi.org/10.1016/j.ssci.2018.07.014

Y. Yang, Z. Li, Y. Su, S. Wu, B. Li, Customers as co-creators: Antecedents of customer
participation in online virtual communities, Int. J. Environ. Res. Public Health, 24 (2019),
18-32. https://doi.org/10.3390/ijerph16244998

L. Wang, Q. Zhang, An agent-based simulation model for IING’s adoption from a perspective of
kinetic energy and  potential energy, Kybernetes, 47 (2018), 605-635.
http://dx.doi.org/10.1108/K-10-2017-0397

E. E. Wolkova, V. Z. Dubrovsky, N. Y. Yaroshevich, Modelling uncertainty-exposed team
decision-making in multi-agent system, Int. J. Appl. Math. Stat., 26 (2017), 29-45.

Mathematical Biosciences and Engineering Volume 20, Issue 5, 8782-8799.



8799

17.

18.

19.

20.

21.

22.

23.

24,

25.

D. I. Castaneda, S. Cuellar, Knowledge sharing and innovation: A systematic review, Knowl.
Process Manage., 27 (2020), 159-173. https://doi.org/10.1002/kpm.1637

S. Klessova, C. Thomas, S. Engell, Structuring inter-organizational R&D projects: Towards a
better understanding of the project architecture as interplay between activity coordination and
knowledge integration, Int. J. Proj. Manage., 38 (2020), 291-306.
https://doi.org/10.1016/j.ijproman.2020.06.008

Z. Zhou, L. Ruan, Q. Ding, Evolutionary game analysis of cross-organizational knowledge
sharing behavior in enterprise innovation network, Oper. Res. Manage. Sci., 30 (2021), 83-90.
https://doi.org/10.12005/0rms.2021.0184

M. Majuri, Inter-firm knowledge transfer in R&D project networks: A multiple case study,
Technovation, 115 (2022), 102475. https://doi.org/10.1016/j.technovation.2022.102475

C. E. Huang, Discovering the creative processes of students: Multi-way interactions among
knowledge acquisition, sharing and learning environment, J. Hospitality, Leisure, Sport &
Tourism Educat., 26 (2020), 36-52. https://doi.org/10.1016/j.jhlste.2019.100237

H. Kremer, 1. Villamor, H. Aguinis, Innovation leadership: Best-practice recommendations for
promoting employee creativity, voice, and knowledge sharing, Bus. Horiz., 1 (2019), 89-101.
https://doi.org/10.1016/j.bushor.2018.08.010

X. Yang, S. Liao, R. Li, The evolution of new ventures’ behavioral strategies and the role played
by governments in the green entrepreneurship context: An evolutionary game theory perspective,
Environ. Sci. Pollut. Res., 24 (2021), 17-28. https://doi.org/10.1007/s11356-021-12748-6

D. Friedman, Evolutionary game in economics, Econometrica: J. Econometric Soc., 59 (1991),
637-666.

D. Song, H. Liu, J. Gu, C. He, Collectivism and employees’ innovative behavior: The mediating
role of team identification and the moderating role of leader-member exchange, Creat. Innov.
Manage., 2 (2018), 44-65. http://dx.doi.org/10.1111/caim.12253

AR ©2023 the Author(s), licensee AIMS Press. This is an open access

MS AJMS Press article distributed under the terms of the Creative Commons
~ Attribution License (http://creativecommons.org/licenses/by/4.0).

Mathematical Biosciences and Engineering Volume 20, Issue 5, 8782-8799.


http://dx.doi.org/10.1111/caim.12253

