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Under China’s distinct policy-driven agglomeration approach, the Chinese industrial park displays a low degree of industrial
relevance and weak cooperation among enterprises in the park. The key to solving this problem lies in the guiding role of the park
management committee. Accordingly, this study constructs a trilateral evolutionary game model of interenterprise cooperative
innovation inside the industrial park under the supervision of the park management committee, leadership of the core enterprises,
and with the participation of the small- and medium-sized enterprises. Through simulation analysis, this study explores the
influencing factors behind the trilateral cooperative innovation strategy choices. Results show that (1) the park management
committee, core enterprises, and small- and medium-sized enterprises have different degrees of influence on each other’s
willingness to participate in cooperative innovation; (2) small- and medium-sized enterprises are sensitive to the management
committee’s policy support, and core enterprises are sensitive to the management committee’s financial support; (3) core
enterprises are more sensitive to penalties and income distribution than small- and medium-sized enterprises; (4) the degree of
resource complementarity and trust among enterprises has a profound effect on core enterprises and small- and medium-sized

enterprises’ willingness to participate in cooperative innovation.

1. Introduction

As a local economic carrier, China’s industrial parks have
played an essential role in promoting the high-quality de-
velopment of the regional economy and the optimisation of
the industrial structure [1]. The statistics of China Devel-
opment Zone Yearbook and China Torch Statistical Year-
book shows that by the end of 2018, only two types of
industrial parks, namely, national high-tech and economic
development zones, have created a GDP of 17,081.63 billion
yuan, which accounted for a quarter of China’s total GDP.
The industrial park has become the main platform of China’s
industrial transformation and upgrading [2]. As a sub-
organisation of the local government, the industrial park
management committee executes government functions and
plays a leading role in the sustainable development of the
park [3]. In addition, through the introduction of

preferential policies on land, finance, taxation, and talents, it
has promoted the rapid expansion of the industrial park for
four decades in terms of economics and innovation [4, 5].
However, under this government-led management model,
enterprises enter the park only to obtain policy dividends;
less consideration is given to the degree of industrial rele-
vance inside the industrial park, resulting in a low degree of
industrial agglomeration [6, 7]. Most industrial parks also
attach extra importance to establishing enterprise whilst
undervaluing the importance of bolstering the enterprises
inside the park. The lack of connection and communication
in enterprises gathering together severely restricts the co-
operation and innovation of enterprises inside the industrial
park as well as the transformation and upgrading of its
industrial structure [8].

Improving the agglomeration effect of the industrial park
requires the enterprises to exchange information and
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knowledge through various formal and informal communi-
cations, which generate interaction and complementarity to
obtain the benefits of knowledge spillovers [9, 10]. Enterprises
can also reduce innovation costs and innovation risk [11]. In
this process, the industrial park management committee, as a
policymaker and resource coordinator, can help enterprises
find partners in the park to engage in joint research and
development via a built platform [12]. The management
commiittee can also perform coordination and supervision
functions to improve the degree of trust in cooperation be-
tween enterprises [13]. Therefore, a considerably high success
rate is anticipated in the joint research and development
among enterprises inside the park; moreover, the research
and development alliance is expected to be highly stable,
which can be effective in promoting the comprehensive in-
tegration of the industrial chain inside the industrial park and
can achieve better transformation and upgrading [14].
However, as far as the actual situation in China is concerned,
many problems remain in the practice of interenterprise
cooperative innovation in most of the industrial parks, such as
the lack of communication and cooperation platforms, in-
consistent target cognition among enterprises, and insuffi-
cient guidance and supervision. By contrast, interenterprise
cooperation should be a voluntary behaviour based on trust.
Unfamiliarity and relatively low trust level among the en-
terprises will easily lead to free-riding behavior [15], which
will then weaken the guidance effect of the park management
committee; the latter will lead to a lack of motivation for
enterprises to participate in collaboration innovation and a
low efficiency in cooperative innovation.

The industrial park management committee should play
an essential role in promoting and improving the effectiveness
of the interenterprise cooperative innovation in the industrial
park. However, from the existing research on cooperative
innovation, the focus remains at the microlevel (individual
enterprise) and the macrolevel (whole network). At the
microlevel, the focus lies on the effect of enterprise capabilities
such as enterprise’s exploration and exploitation capability
[16, 17], knowledge absorption and integration capability
[18, 19], knowledge base [20], and dynamic capability [21] on
collaborative innovation performance. For example, the
company’s moderate exploration and exploitation capabilities
can help companies obtain complementary innovation re-
sources and improve cooperative innovation performance
[22, 23]. Najafi-Tavani et al. pointed out that internal research
and development capabilities, especially absorptive capabil-
ities, are highly linked to collaborative innovation perfor-
mance [24]. The macrolevel is based on the characteristics of
the overall structure of the network, such as the centrality and
stabilisation of the network [25], network structure hole
[26-28], network density [29], network connectivity [30], and
the coupling structure of the network [31] to examine its effect
on cooperative innovation.

However, relatively few studies have been conducted from
the perspective of the middle level, that is, the perspective of
interfirm relations. The existing research is based on two-way
game theory to analyse cooperation strategy between two
enterprises. Arsenyan et al. introduced factors such as coop-
erative innovation excess returns, excess return distribution
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coefficients, additional default benefits, and default costs to
construct an evolutionary game model of cooperative inno-
vation among asymmetric enterprises; they then analysed their
cooperative innovation strategies [32]. Babu and Mohan
analysed the innovation strategy of upstream and downstream
firms in the supply chain by establishing a dynamic game
model. They pointed out that the profits of cooperative in-
novation between the relative enterprises in the supply chain
are higher than in the case of noninnovation or independent
innovation [33]. On this basis, some scholars introduce the
intermediary agencies into the interenterprise knowledge
transfer game model to analyse the factors that affect the
returns of game subjects and the choice of their knowledge
transfer strategies in the presence of intermediary agencies [34].
Mégnigbéto introduced the government into the evolutionary
game model of universities and enterprises to build a three-way
evolutionary game model. The specific evolutionary path and
influencing factors were determined via numerical simulations;
subsequently, the input cost, extra income, policy support, and
punishment mechanism were found to have a remarkable
effect on the evolutionary path [35].

Even at the middle level, the industrial park has been
excluded in the research field, and the vital role of the park
management committee in interenterprise cooperative inno-
vation has not been considered in the literature. Some literature
introduces government and other intermediary institutions
into the game model as exogenous variables. However, the
government mentioned here is not the park management
committee but a first-level local government. Conversely, the
literature does not consider government as one of the main
subjects to introduce into the interenterprise’s cooperation
game model. Inside the industrial park, the mechanisms of the
interenterprise cooperative innovation game strategies will
evolve with the participation of the park management com-
mittee as one of the main bodies. Therefore, this article regards
the park management committee as one of the main game
subjects of interenterprise cooperative innovation game model
and analyses the influence of the park management committee
on the process of cooperative innovation in terms of funding
and policy support. By constructing a trilateral evolution game
model of the park management committee, core enterprises,
and small- and medium-sized enterprises in the park clarify the
evolutionary stability strategy of the trilateral evolution game
under different situations to analyse the cooperative innovation
mechanism of the tripartite subjects. They also clarify the
influencing factors of the interenterprise cooperative innova-
tion strategy selection inside the industrial park through nu-
merical analysis.

2. Establishment of Tripartite Game Payment
Matrix for Interenterprise Cooperation
Innovation in the Industrial Park

2.1. Model Assumptions. Core enterprises in the industrial
park such as the world’s top 500 enterprises can attract
massive relative small- and medium-sized enterprises to
gather inside the industrial park to provide technical as-
sistance and production services for the core enterprises.
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Core enterprises have advantages such as strong financing
capabilities as well as strong market and technology de-
velopment capabilities. However, for core enterprises that
pursue large-scale production, researching and developing
products and technologies which face frequent changes in
technology and unstable market demand are obviously an
expensive choice. If the core enterprises rely solely on their
own capabilities for technology research and product de-
velopment, reducing the operating costs and improving the
economic efficiency of enterprises are not conducive,
thereby preventing them from adapting to intense market
competition. Conversely, despite the difficulty in obtaining
all the funds and market resources vital for innovation via
the exclusive efforts of small- and medium-sized firms,
compared with core enterprises, they have the advantages
such as flexible operating mechanisms, low operating costs,
high efficiency, and rapid transformation. Therefore, the
core enterprises and small- and medium-sized enterprises
can form a mutually beneficial symbiotic cooperative op-
eration model through cooperative research and develop-
ment, technology procurement, and production matching,
to name a few.

In the process of interenterprise cooperative innovation
in the industrial park, the park management committee also
plays an important role. Firstly, the management committee
of the industrial park can build a cooperation platform for
enterprises in the park. The management committee can
acquaint themselves with the core enterprises and the small-
and medium-sized enterprises’ respective technological
advantages and demands through fora, conferences, and the
enterprise demand investigations. Then, the committee can
integrate and publish information through this platform to
help the enterprises inside the industrial park carry on the
demand docking, which will largely increase the enterprises’
cooperation opportunities in the park and promote inno-
vation efliciency. Secondly, the park management com-
mittee can supervise and motivate the interenterprise
cooperative innovation in the park. As the government’s
dispatch agency, the park management committee can ex-
ercise its administrative and financial powers on behalf of
the government. By regularly evaluating the overall coop-
erative innovation performance and each main subjects’ task
completion degree, the management committee can im-
plement rewards and punishments for the subjects through
taxation and finance methods based on the assessment re-
sults. Therefore, this study puts forward the following
assumptions.

Hypothesis 1. The game of interenterprise cooperative in-
novation in the park involves three main subjects, namely,
the park management committee, core enterprises, and
small- and medium-sized enterprises. The three parties will
influence each other during the decision-making process
and will finally reach the evolutionary equilibrium.

Hypothesis 2. The park management committee, core en-
terprises, and small- and medium-sized enterprises are
bounded rationality, and they can continuously learn and

modify strategies in multiple games to determine the op-
timal strategy.

Hypothesis 3. Due to the information asymmetry, the park
management committee plays a leading role in the decision-
making process.

2.2. Model Symbol Description. The collection of the man-
agement committee’s strategies is (participate, not partici-
pate). Assuming the probability that the management
committee choosing to participate in cooperative innovation
is x, the probability that the management committee
choosing not to participate in cooperative innovation is
(1 —x); core enterprises and small- and medium-sized
enterprises can also choose to participate or not participate
in cooperative innovation according to their own needs, and
the collection of their strategies is (cooperation, not coop-
eration). Assuming that the probability of core enterprises
participating in cooperative innovation is y, the probability
of core enterprises choosing not to participate in cooperative
innovation is (1 — y); the willingness of small- and medium-
sized enterprises to choose to carry out cooperative inno-
vation is z, and the willingness of small- and medium-sized
enterprises to choose not to carry out cooperative innovation
is (1 —z). Moreover, x, y,z € [0, 1].

Using P, to represent the benefits earned by the park
management committee in choosing the “participation”
strategy and using b to indicate the percentage of the benefits
earned by the management committee in choosing the
“nonparticipation” strategy over the benefits earned by the
committee in choosing the “participation” strategy, the
benefits obtained by the committee in choosing the “non-
participation” strategy are bP, b € [0, 1]. We use P, and P;
to represent the initial benefits of the core enterprises and
small- and medium-sized enterprises before coinnovation.
Cooperative innovation income refers to the extra income
generated by the cooperative innovation results, which
depends on the complementarity degree of the innovation
resources shared by the main subjects, which are represented
by R and the degree of trust among the subjects involved in
cooperative innovation, which is represented by T'. There-
fore, when both core enterprises and small- and medium-
sized enterprises choose cooperative innovation, the benefits
generated can be expressed as RT. If the share ratio coef-
ficient of this part of the cooperative innovation income is a,
the core enterprise’s cooperative innovation revenue is aRT,
and the small- and medium-sized enterprises’ cooperative
innovation revenue is (1 —a)RT, a,R,T € [0,1]. In addi-
tion, when small- and medium-sized enterprises choose to
participate in cooperative innovation and core companies
choose independent research and development, the income
of core enterprise is L;; when core enterprises choose co-
operative innovation and small- and medium-sized enter-
prises choose independent research and development, the
income of small- and medium-sized enterprises is L,.

The total cost of the park management committee’s
supervision and incentive measures is M,. When core
enterprises and small- and medium-sized enterprises choose



to participate in innovative activities, they must invest a
certain amount of human, material, and financial resources.
Then, the costs of these material and financial resources will
be C,andC,, respectively. When the park management
committee chooses to participate in cooperative innovation,
the preferential policies it provides will reduce the total cost
invested by both core enterprises and small- and medium-
sized enterprises in the cooperative innovation process. The
reduced amount on cost will be S. In that case, the total cost
paid by the core enterprises and the small- and medium-
sized enterprises will become (C, + C, - ).

Under the supervision of the administrative committee,
if the small- and medium-sized enterprises choose coop-
erative innovation, but the core enterprises choose not to
participate in the cooperative innovation, the core enter-
prises must pay the punishment to the small- and medium-
sized enterprises, which can be represented by K. If the core
enterprise chooses to carry on the cooperation innovation
but the small- and medium-sized enterprises choose not to
carry on the cooperation innovation, that is, the small- and
medium-sized enterprises default, the small- and medium-
sized enterprise must pay the punishment to the core
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enterprise. This amount can be represented by W. In ad-
dition, according to the overall performance of the coop-
erative innovation, the management committee will give tax
reduction or financial support to the core enterprises and
small- and medium-sized enterprises that actively partici-
pate in the cooperative innovation, which can be represented
by M, and M, respectively.

2.3. Payment Matrix Construction. Tables 1 and 2 show the
payment matrices of the three parties in the cooperative
innovation game among enterprises from the perspective of
the park management committee participation.

3. Evolutionary Stability Strategy

3.1. Construction of Return Expectation Function.
According to Tables 1 and 2, when the management com-
mittee selects the “participation” strategy, its expected return
can be expressed as U,,;, U,,, can be used to describe its
expected return of the “nonparticipation” strategy and the
average expected return can be expressed as U,,,:

Up = yz(Py =M, = M, = M3) + y(1-2) (P, - M) +(1 - y)z(P, - M) + (1 - ) (1 - 2) (P, - M),
U,y = y2bPy + y(1 = 2)bP; + (1 = y)zbP; + (1 = y) (1 - 2)bPy, (1)

U,, =xU,,, +(1-x)U,,.

When the core enterprise selects the “participation”
strategy, its expected return can be expressed as Uy, U, can
be used to describe its expected return of the “nonpartici-
pation” strategy, and the average expected return can be
expressed as U,:

Uy =zx[P, +aRT -t((C, +C, - S) + M, ]
+(1-2)x(P,-C, + W)
+z(1=x)[P,+aRT -t(C, +C,)]
+(1-2)(1-x)(P,-C,). )

Uy, =2zx(Py+ L, —K) + (1 - 2)xP,
+z(1-x)(P,+L;)+(1

Uy = yUp + (1 = y)Up,.

When the small- and medium-sized enterprises select
the “participation” strategy, their expected return can be
expressed as U, U, can be used to describe its expected
return of the “nonparticipation” strategy, and the average
expected return can be expressed as Ug:

Ug =xy[P3+(1-a)RT - (1-1)(C; +C, = S) + M3] +x(1 - y)(P; - C, + K)
+(1-x)y[P;+(1-a)RT - (1-1)(C, +C,)] +(1 = x) (1 - y)(P; - C,),
Uy =xy(P3+L,—W)+x(1 - y)P;+(1 -x)y(P; +L,) + (1 — x) (1 - y)P5,

U,=2zUg +(1-2)U,.

(3)
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TaBLE 1: Payment matrix of interenterprise cooperative innovation game under the participation of the management committee.

Small- and medium-sized enterprises

Cooperation (z) Noncooperation (1 — z)

Cooperation (y)
Core enterprise

Noncooperation (1 — y)

P -M,-M,—-M; P, - M,
P, +aRT —t(C;+C, - S)+ M, P,-C +W
P;+ (1-a)RT - (1-1)(C,+C, = 8) + M; P;+L,-W
P, - M, P, - M,
P,+L -K P,
P;-C,+K P

TaBLE 2: Payment matrix of interenterprise cooperative innovation game in the park without the management committee’s participation.

Small- and medium-sized enterprise

Cooperation (z) Noncooperation (1 — z)

Cooperation (y)
Core enterprise

Noncooperation (1 - y)

bP, bP,

P, +aRT -t(C, +C,) P,-C,

P;+ (1-a)RT- (1-1)(C, +C,) P+ L,
bp, bp,
P, +L, p,
PS_CZ P3

3.2. Using Evolutionary Stability Strategy for Replicating
Dynamic Equations. Based on the analysis above, the copy
dynamic equations of the management committee are as
follows:

dx —
F(x) i XU,y —U,,)

=x(1-x)[yz(-M, - M;)+ (1 -b)P, — M,].
(4)

The copy dynamic equations of the core enterprises are
as follows:

d _
F() =" =7V -Ty)
=y(1-y{xz(tS+ M, +K-W)

+xW +z[aRT —t(C, +C,) - L, +C,] - C,}.
(5)

The copy dynamic equations of the small- and medium-
sized enterprises are as follows:

dz —
F(@)=7 =2(U, -T)

=z(1-2){xy(1-)S+ M;+W - K] + xK

+y[(1-a)RT - (1-1)(C, +C,) - L, + C,] - C,}.
(6)

3.3. Stability Analysis of the Equilibrium Point. Ritzberger
and Weibull pointed out that the progressive stability of
multi-group evolutionary games must only analyse eight
equilibrium points, that is, E; (0,0,0), E, (0,0,1), E; (0,1,0),
E, (0,1,1), E5 (1,0,0), E4 (1,0,1), E; (1,1,0), and Eg (1,1,1). The
following takes E; (0,0,0) as an example for analysis [36].
According to the method proposed by Friedman, the
equilibrium point can be analysed by the Jacobian matrix
[37]. At E,, the Jacobian matrix of the system is given by

(1- b)Pl -M, O 0
]1 = 0 _Cl (U (7)
0 0 -G,

Obviously, the three characteristic roots of the matrix are
A= (1-b)P, -M, A, =-C,,and A; = -C,. If A, 1,, A5 are
all less than 0, then, E, (0,0,0) will be a potential stable point. Put
differently, the system is likely to reach a status, in which no
party participates in cooperative innovation. By analogy, we can
obtain the characteristics of the Jacobian matrix of each equi-
librium point. The analytical analysis indicates that only E,
(0,0,1) and E, (0,1,0) are definitely the unstable points of the
system as the characteristics of the Jacobian of the two points are
all less than 0 in any case. Yet, we cannot clarify the status of the
remaining six points as eigenvalues could be either positive or
negative. We cannot further clarify the status of the six points
unless we make more assumptions on ranges or bounds or
relationships between parameters. Such process is complex and
difficult to conduct solutions, which is also the shortcoming of
the analytical strategy. In fact, these unknown points also mean
that there exist various possible outcomes of the game. In this
way, we adopt the numerical analysis approach to further
process our study to obtain more valuable insights in the fol-
lowing section.



4. Numerical Analysis of Interenterprise
Cooperative Innovation in the
Industrial Park

In addition, in order to match the parameter setting with the
actual situation, we investigated at Shanghai Zhangjiang Hi-
Tech Industry Alliance Center to collect data of cooperation
innovation situation, when part of the data is not available,
the parameters are estimated based on the advice of experts
(Table 3). As a result, the following assumptions are given for
the initial values of the parameters in the payment matrix.
The unit is million yuan. The benefit of the management
committee for participating in cooperative innovation
P, = 100; the management committee’s policy and moni-
toring costs M, = 20; the management committee’s financial
support for core enterprises M, = 30; and the financial
support for small- and medium-sized enterprises M, = 15.
The cost of innovation activities of core enterprises C; = 60,
the cost of innovation activities of small- and medium-sized
enterprises C, = 25, the cost-sharing ratio of core enter-
prises and small- and medium-sized enterprises in coop-
erative innovation ¢ = 0.8; the complementarity of resources
between core enterprises and small- and medium-sized
enterprises R = 10; trust level T' = 10, cooperation innova-
tion revenue is RT = 100, and sharing ratio of cooperation
innovation revenue a = 0.75. The proportion of revenue
obtained by the management committee when it chooses not
to participate in cooperative innovation is b =0.3. The
benefits when core enterprises and small- and medium-sized
enterprises choose to conduct innovation individually are
L, =70 and L, = 10, respectively. The penalties for core
enterprises and small- and medium-sized enterprises are
K =20 and W =5, respectively.

On the basis of the above analysis and the setting of
initial values, this study uses Matlab software to simulate the
dynamic evolution process of the strategy selection of the
industrial park management committee, core enterprises,
and small- and medium-sized enterprises under different
initial conditions. Besides, although the above set parameters
can reflect the actual conditions of the case industrial park,
different parks may vary in these parameters. Thus, the
possible outcomes of the game vary in different settings. In
this way, we also adjust these parameters to break out the
various possible outcomes of the game. In line with the
results of the simulation analysis, the initial participation
willingness of the three main subjects, the preferential
policies put forward by the management committee, the
punishment strength, and the revenue distribution coeffi-
cient are discussed.

4.1. Effect of Initial Willingness on the Evolution of
Cooperative Innovation Relationships. Figure 1 simulates the
effect of changes in the initial willingness of the management
committee, core enterprises, and small- and medium-sized
enterprises to participate in cooperative innovation with
other parameters unchanged. Assuming that the initial
willingness of the management committee, the core enter-
prise, and the small- and medium-sized enterprises to
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participate in the cooperative innovation is the same, which
means x = ¥ = z. As shown in Figure 1, the critical values of
the initial willingness of the three parties are between 0.6 and
0.7. If the initial willingness of x, y,z is smaller than this
critical value, x will converge to 1, y, z will converge to 0, and
the final equilibrium point will tend to be (1,0,0). If the initial
willingness of x, y, z is all larger than the critical value, x, y, z
will all converge to 1, and the final equilibrium point will
tend to be (1,1,1). Thus, with the increase in the management
committees’ willingness to participate in cooperative in-
novation, the intention of small- and medium-sized en-
terprises not to participate in cooperative innovation has
been considerably suppressed, whereas the core enterprises
are relatively less affected. When the participation willing-
ness of the management committee is very strong, the
participation willingness of the core enterprises and small-
and medium-sized enterprises has also increased substan-
tially, and ultimately, all three parties choose to participate in
cooperative innovation. The simulation results show that
with the initial intention of x, ¥,z to keep increasing, the
three parties tend to participate in cooperative innovation in
the end. This finding is explained by the fact that in the
interenterprise cooperative innovation, if the willingness of
core enterprises and small- and medium-sized enterprises to
participate in cooperative innovation is not very strong, the
park management committee will immediately play its
leading role by setting up cooperative innovation platforms,
establishing resources and information exchange channels,
perfecting the cooperative innovation operation mechanism
and promoting the core enterprises and small- and medium-
sized enterprises’ cooperation willingness.

Figure 2 simulates the effect of changes in the initial
participation willingness of the management committee x
on the core enterprises and small- and medium-sized en-
terprises’ choice of cooperative innovation strategies with
other parameters unchanged. As can be seen from Figure 2,
the initial participation willingness of the core enterprises
and small- and medium-sized enterprises remains un-
changed. With the increasing willingness of the management
committee to participate in the cooperative innovation, the
intention of the core enterprises and the small- and medium-
sized enterprises not to cooperate is obviously restrained,
and the changing speed of small- and medium-sized en-
terprises is faster than that of core enterprises. This finding is
explained by the fact that during cooperative innovation,
small- and medium-sized enterprises are in a disadvantaged
position and must therefore obtain corresponding resources
through the platform and communication channels estab-
lished by the management committee. Accordingly, the
participation willingness of the management committee has
a huge impact on it. By contrast, the core enterprises have a
strong resource base and other channels to obtain resources
and therefore rely less on the management committee. Thus,
the participation willingness of the management committee
has a relatively small impact on it.

Figure 3 simulates the influence of the change in the
initial participation willingness of the core enterprise on the
choice of management committee and the small- and me-
dium-sized enterprises’ cooperative innovation strategy with
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TaBLE 3: Model parameters’ plausible ranges.

_ Plausible
Parameters Description
ranges
P, The benefits earned by the park management committee when they participate in cooperation innovation 95~105
b The percentage of the benefits earned by the management committee in choosing the “nonparticipation” 0.28~0.32
strategy over “participation” strategy ' '
R The complementarity degree of the innovation resources shared by the main subjects 10~11
T The degree of trust among the subjects 10~11
a The share ratio coefficient of cooperative innovation income 0.75~0.85
L, The innovation income of core enterprises when they choose not to participate in cooperation 66~74
L, The innovation income of SMEs when they choose not to participate in cooperation 8~12
M, The total cost of the park management committee’s supervision and incentive measures 15~25
C, The initial innovation cost of core enterprises 57~63
C, The initial innovation cost of SMEs 23~27
S The reduced amount on cost provided by the park management committee 22~26
K The fine core enterprises need to pay 20~24
w The fine SMEs need to pay 10~14
M, The subsidy to core enterprises provided by the park management committee 15-34
M, The subsidy to SMEs provided by the park management committee 15~19
1.2 T T T T T T T T T 1.2 T T T T T T T T T
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== 2=0.5,2=06,z=0.7

Figure 1: Evolution results of simultaneous changes in partici-
pation willingness of x, y, z.

other parameters unchanged. As seen from Figure 3, the
management committee and the small- and medium-sized
enterprises’ initial willingness to participate in the cooper-
ative innovation x, z remain unchanged. With the increase
in y which denotes the willingness of the core enterprises to
participate in the cooperative innovation, the willingness of
the small- and medium-sized enterprises to participate in the
cooperative innovation has been obviously improved, and
the range of changes is obviously larger than that of the core
enterprises.

Figure 4 simulates the impact of changes in the initial
participation willingness of small- and medium-sized en-
terprises z on the choice of management committee and core
enterprises’ participation strategies with other parameters
unchanged. From Figure 4, the initial participation will-
ingness of the management committee x and core enter-
prises y remains unchanged. As the willingness of small- and

0 05 1 15 2 25 3 35 4 45 5

— x=04,x=0.5,x=0.6
---y=07,y=07,y=07
--2=07,2=0.7,2=0.7

FIGURE 2: Evolution results of changes in participation willingness x.

medium-sized enterprises to participate in cooperative in-
novation z increases, the willingness of core enterprises to
participate in cooperative innovation also increases. How-
ever, its change range is smaller than that of the small- and
medium-sized enterprises.

The simulation results of Figures 3 and 4 show that the
participation willingness of the core enterprises and the
small- and medium-sized enterprises significantly affects
each other. The increase in one party’s initial participation
willingness will lead to the promotion of the other party’s
participation willingness. In addition, small- and medium-
sized enterprises are sensitive to the changes in the core
enterprises’ participation willingness, that is, the partici-
pation strategies of the small- and medium-sized enterprises
are likely affected by the changes in the participation will-
ingness of core enterprises. This finding is due to the unequal
positions between small- and medium-sized enterprises and
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FIGURE 3: Evolution results of changes in participation willingness y.

core companies in this cooperative innovation relationship.
Compared with small- and medium-sized enterprises, core
enterprises hold more scarce resources and occupy the
dominant position. Therefore, when the willingness of the
core enterprises to participate in cooperation increases, the
willingness of the small- and medium-sized enterprises to
cooperate will naturally increase. By contrast, although the
willingness of small- and medium-sized enterprises to co-
operate is extremely large, it can only cause minor changes in
the willingness of core enterprises to cooperate.

The simulation results in Figure 5 show that with other
parameters unchanged, when the initial participation will-
ingness of the core enterprises ¥ and small- and medium-
sized enterprises z is high, even if the initial willingness of
the management committee x is low, y, z will converge to 1,
that is, core enterprises and small- and medium-sized en-
terprises will eventually choose to participate in cooperative
innovation. By contrast, when the initial participation
willingness of core enterprises y and small- and medium-
sized enterprises z is low, even if the initial willingness of the
management committee x is high, y and z will converge to 0,
that is, the core enterprises and small- and medium-sized
enterprises will choose not to participate in cooperative
innovation. Moreover, the figure shows that when core
enterprises and small- and medium-sized enterprises choose
not to participate in cooperative innovation, the speed of y
convergence to 0 is obviously higher than that of z. The
simulation results show that when the benefits of cooper-
ative innovation are insufficient to meet the psychological
expectations of the enterprise, and the incentives given by
the management committee are insufficiently strong, the
effect of the management committee’s choice of participa-
tion strategy on core enterprises and small- and medium-
sized enterprises will be immaterial, and market orientation
will become the key factor affecting their strategic choices.
Moreover, the small- and medium-sized enterprises will be
more affected by the participation of the management
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FIGURE 4: Evolution results of changes in participation willingness z.

committee than the core enterprises. Conversely, if the
cooperative innovation can bring sufficiently large benefits
to the core enterprises and small- and medium-sized en-
terprises, even if the support provided by the management
committee is relatively small, the willingness of the enter-
prises of core enterprises and small- and medium-sized
enterprises to participate in the cooperative innovation will
still be strong, and they will eventually choose to participate
in the cooperative innovation.

4.2. Effect of the Management Committee’s Policy
Support and Financial Support on the Evolution of Cooperative
Innovation Relationships. The willingness of the park
management committee to participate in cooperative in-
novation is reflected in two aspects. The first is policy
support, which refers to the preferential policies established
by the management committee which can promote coop-
erative innovation among enterprises within the industrial
park by reducing the total cost and the innovation result
transformation risk. Those preferential policies include tax
incentives, transformation of innovation results, and in-
ternal procurement within the industrial park. The second is
fund award, which refers to directly rewarding funds for
enterprises that actively participate in cooperative innova-
tion on the basis of performance appraisal.

Figure 6 simulates the effect of the change in the co-
operative innovation cost reduction S, resulting from policy
support provided by the management committee on the core
enterprises and small- and medium-sized enterprises’ choice
of cooperative strategy when other parameters are un-
changed. From Figure 6, the increase in S accelerates the
speed of y and z converging to 1, and the equilibrium point
tends to (1,1,1). Thus, a strong policy support of the man-
agement committee also strengthens the willingness of core
enterprises and small- and medium-sized enterprises to
participate in cooperative innovation and finally reach co-
operation. At the same time, when the increase in S is
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relatively small, the willingness of core enterprises to par-
ticipate in cooperative innovation will initially decline.
However, with the continuing increase in the management
committee and the small- and medium-sized enterprises’
willingness to participate in the cooperative innovation, the
willingness of the core enterprises to participate in the
cooperative innovation will also begin to rise. Ultimately, the
cooperative strategy will be chosen. The simulation results
show that the change in policy support has a significant
influence on the selection of the final strategy of core en-
terprises and small- and medium-sized enterprises. This
finding is explained by the fact that the tax reduction and
exemption resulting from the policy support provided by the
management committee can directly reduce the innovation
costs of core enterprises and small- and medium-sized
enterprises. Cooperative innovation parties only need to
invest less to obtain substantial returns. Therefore, both core
enterprises and small- and medium-sized enterprises will
choose to participate in cooperative innovation.

Figure 7 simulates the effect of the change in the
management committee’s financial subsidy to the core en-
terprise M, on the choice of the core enterprise and the
small- and medium-sized enterprises’ participation strategy
in cooperative innovation under the condition that the other
parameters remain unchanged. As seen from Figure 7, the
increase in M, hastens the convergence speed of y,z to 1,
and the final equilibrium point tends to (1,1,1). The simu-
lation result shows that the increase in the subsidy fund M,
for the core enterprises will affect the strategy choice of the
core enterprises and the small- and medium-sized enter-
prises, and the degree of the impact on the core enterprises is
greater than that of the small- and medium-sized enter-
prises. This finding is explained by the fact that this part of
the award is a direct reward for the core enterprise provided
by the management committee, and the core enterprise’s
participation in collaborative innovation aims to reduce the
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FiGure 6: Evolution results of changes in the policy support of the
management committee.

cost of innovation and increase the benefits. Therefore, the
core enterprise is sensitive to the financial support provided
by the management committee.

Figure 8 simulates the impact of changes in the park
management committee’s funding subsidy to the small- and
medium-sized enterprises M5 on the choice of core enter-
prises and small- and medium-sized enterprises’ partici-
pation strategies in cooperative innovation with other
parameters unchanged. As seen from Figure 8, the increase
in M, has no significant influence on the choice of core
enterprises and small- and medium-sized enterprises’ par-
ticipation strategy in cooperative innovation.

With reference to Figures 7 and 8, for small- and me-
dium-sized enterprises, the impact of the policy support
provided by the management committee on its choice of
cooperative innovation strategy is greater than the funding
support because small- and medium-sized enterprises have a
poor antirisk capability. Accordingly, they will pay extra
attention to the policy support behaviours of the manage-
ment committee, such as tax reduction and exemptions,
transformation of innovation results, and internal pro-
curement within the park, which can reduce the failure rate
of innovation and lower the risk of new product sales.
Therefore, the policy support of the management committee
has a profound effect on small- and medium-sized
enterprises.

4.3. Effect of the Penalty of the Management Committee on the
Evolution of Cooperative Innovation Relationships.
Figure 9 simulates the effect of changes in the default penalty
K, paid by core enterprises to small- and medium-sized
enterprises, on the choice of core enterprises and small- and
medium-sized enterprises in cooperative innovation strat-
egies with other parameters unchanged. As seen from
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Figure 9, the increase in the penalty K increases the speed in
convergence of y,z towards 1, and the equilibrium point
tends to (1,1,1). With the change in K, the change in core
enterprises’ willingness to participate in cooperation is
highly significant, which indicates that core enterprises are
sensitive to the change in K.

Figure 10 simulates the effect of change in the default
penalty W, paid by small- and medium-sized enterprises to
core enterprises, on the cooperative innovation strategy of
core enterprises and small- and medium-sized enterprises in
the case of other parameters unchanged. As seen from
Figure 10, the increase in the penalty W has no significant
influence on the willingness of core enterprises and small-
and medium-sized enterprises to participate in cooperative
innovation.

With reference to Figures 9 and 10, compared with
small- and medium-sized enterprises, core enterprises are
more sensitive to punishment, and larger penalties can
significantly enhance their willingness to participate in
cooperative innovation. This finding is explained by the fact
that the goal of core enterprises participating in cooperative
innovation is to maximise profit. Once they feel such pursuit
as unfavourable to themselves, the willingness to participate
will change immediately.

4.4. Effect of Income Distribution Coefficient on the Evolution
of Cooperative Innovation Relationships. Figure 11 simulates
the effect of changes in a, the distribution coefficient of
cooperative innovation revenues of core enterprises, and
small- and medium-sized enterprises on cooperative inno-
vation strategies with other parameters unchanged. As seen
from Figure 11, compared with the participation willingness
of small- and medium-sized enterprises x, the willingness of
core enterprises to participate in cooperative innovation y is
more sensitive to the change in benefit distribution coeffi-
cient a. Simulation results show that changes in the income
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distribution coefficient a will affect the final strategy choices
of core enterprises and small- and medium-sized enter-
prises, and core enterprises are sensitive to the distribution
of income. Core companies pursue maximum profits in the
process of cooperative innovation. Thus, they are affected by
the distribution coeflicient. However, the small- and me-
dium-sized enterprises must rely on the innovation re-
sources of the core enterprises. Thus, the bargaining power is
relatively small, and the benefit distribution coefficient has a
relatively small influence on the cooperation innovation
intention of the small- and medium-sized enterprises.

4.5. Impact of Complementary Resources and Trust on the
Evolution of Cooperative Innovation  Relationships.
Figures 12 and 13 simulate the impact of changes in the
degree of complementarity of resources R and the level of
trust T of core enterprises and small- and medium-sized
enterprises on cooperative innovation strategies with other
parameters unchanged. As seen from Figures 12 and 13, the
degree of resource complementarity and trust between
enterprises has a significant effect on the willingness of
enterprises to participate in cooperative innovation. As the
degree of resource complementarity R and trust T among
enterprises increases, the degree of willingness of small- and
medium-sized and core enterprises to participate in coop-
eration accelerates its convergence to 1, and the ultimate
equilibrium point tends to (1,1,1). In addition, the changing
range of core companies is large. The simulation results show
that the degree of resource complementarity and trust
among enterprises has a significant influence on the will-
ingness of enterprises to participate in cooperative inno-
vation. A strong degree of resource complementarity and
trust increases the likelihood of enterprises to participate in
cooperative innovation, and the core enterprises are sensi-
tive to the degree of resource complementarity and trust.
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5. Conclusion

On the basis of the bounded rationality of the game players,
this study uses evolutionary game theory to establish a
cooperative innovation game payment matrix under the
supervision of the park management committee, leadership
of core enterprises, and with the participation of the small-
and medium-sized enterprises. It also systematically analyses
the decision-making evolution process of the park man-
agement committee, the core enterprises, and the small- and
medium-sized enterprises for the cooperative innovation. It
combines numerical analysis to examine the behaviour of
the park management committee, core enterprises, and
small- and medium-sized enterprises’ cooperative innova-
tion strategies and the influencing factors. The following
conclusions are drawn.

Complexity

The park management committee, core enterprises, and
small- and medium-sized enterprises have different degrees
of influence on each other’s willingness to participate in
cooperative innovation. Firstly, the influence of the park
management committee on core enterprises and small- and
medium-sized enterprises is asymmetric. The increased
willingness of the park management committee to partici-
pate in cooperative innovation can substantially improve the
participation willingness of core enterprises and small- and
medium-sized enterprises. However, compared with the
core enterprises, the small- and medium-sized enterprises
are more likely to be affected by the change in the park
management committee’s cooperation willingness. Sec-
ondly, the influence of core enterprises and small- and
medium-sized enterprises on each other is asymmetric, and
small- and medium-sized enterprises are more sensitive to
the changes in the core enterprises’ willingness to participate
in cooperative innovation. Therefore, the park management
committee should actively participate in the guidance of
cooperative innovation. The work of the management
committee should simultaneously focus on how to mobilise
the passion of core enterprises to participate in cooperative
innovation.

Small- and medium-sized enterprises are sensitive to the
management committee’s policy support, and core enter-
prises are sensitive to the management committee’s financial
support. The reasonable guidance of the industrial park
management committee for the cooperative innovation of
enterprises in the park is reflected in policy and financial
support. Policy support such as innovation result trans-
formation, tax preference, and government purchase can
reduce the innovation cost and decrease the new products’
sales risk. Therefore, such provision is highly important for
small- and medium-sized enterprises with poor risk resis-
tance. By contrast, core companies’ participation in coop-
erative innovation aims to reduce their own research and
development costs and improve corporate profits. Thus,
direct financial support has also attracted other core en-
terprises to participate in cooperative innovation. Therefore,
the management committee should formulate diversified
guidance for the core enterprises and small- and medium-
sized enterprises and establish different preferential policies
to encourage both types of enterprises.

Core enterprises are more sensitive to penalties and income
distribution than small- and medium-sized enterprises. The
main appeal of core enterprises to participate in cooperative
innovation is to reduce innovation costs and pursue maximum
economic benefits. Therefore, changes in penalties and income
distribution will cause rapid changes in their willingness to
participate in cooperative innovation. Consequently, appro-
priately increasing the punishment of core enterprises and
guiding core enterprises to participate in cooperative inno-
vation through negative incentives are necessary. A reasonable
income distribution mechanism should be also be formulated
to enhance the enthusiasm of core enterprises for cooperative
innovation through positive incentives.

The degree of resource complementarity and trust
among enterprises has a profound effect on core enterprises
and small- and medium-sized enterprises’ willingness to



Complexity

participate in cooperative innovation. A high degree of
complementarity of resources and trust level between en-
terprises strengthens the willingness of both types of en-
terprises to choose to participate in cooperative innovation.
Therefore, the management committee must pay attention
to investigate the needs of enterprises inside the industrial
park to improve the degree of resource matching between
enterprises. Enhancing mutual trust between enterprises is
possible through various approaches such as fora, com-
munication meetings, and supervision of the cooperative
innovation process. Consequently, the willingness of core
enterprises and small- and medium-sized enterprises to
participate in cooperative innovation will also increase.

As alocal economic carrier, China’s industrial parks have
failed to effectively play their leading role in promoting in-
dustrial transformation and upgrading. The reason lies in the
low degree of industrial agglomeration inside of the park.
Therefore, it is urgent to strengthen the innovation cooper-
ation among enterprises inside of park to accelerate the in-
dustrial linkage and upgrading. However, due to the lack of
communication channels and mutual trust, it is difficult to
establish R&D cooperation among enterprises. Therefore, it is
essential for the park management committee to play a
leading role and build a cooperation platform to promote
cooperation among enterprises in the park. The three-party
game model and simulation results indicate that the behavior
of the park management committee has a strong guiding
effect on the behavior choice of the core enterprises and small-
and medium-sized enterprises in the park. Meanwhile, the
effect of different policies on the core enterprises and small-
and medium-sized enterprises varies. Therefore, the man-
agement committee needs to identify effective policies and
implement differentiated incentives and supervision mea-
sures for different types of enterprises. The findings of this
research can provide effective practical guidance for industrial
park managers in China. However, there are still some defects
and shortcomings in this research. Firstly, even though this
study collected data from the real case, but this research only
investigated in one industrial park, and some data are un-
available, so the universality of the research conclusions needs
to be improved. Secondly, the variable design in this study is
based on the assumptions of common scenarios, and it is
inevitable that there are other variables that are not taken into
account. In fact, the innovation cooperation among enter-
prises inside of the industrial park is more complex, including
other participants, such as university and research institutions
and intermediary service institutions, which is also the di-
rection of further research in this paper.
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