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Innovation is an important driver of sci-tech progress. In the innovation network, there are
multiple challenges for the cooperation based on sci-tech resources, talents, and sharing mode.
To cope with these challenges, it is imperative to promote the sustainable development of sci-
tech service intermediaries, the external institutions that support innovation activities. Based
on the triple helix model of innovation, this paper looks for the sustainable development path
of sci-tech service intermediaries in the context of openness and innovation. Firstly, neural
network analysis was performed to clarify the driving factors and their correlations in
innovation activities. Next, the authors established an evolutionary game model of the
sustainable development for the sci-tech service intermediary, and used the model to analyze
the factors affecting the intermediary’s cooperation strategies in innovation activities. After
that, the influencing factors of the intermediary’s sustainable development were identified
through Matlab simulation. The results show that the sustainability of sci-tech service
intermediaries depends on the information technology level, resource allocation capability,

and operation and management level of its platform.

1. INTRODUCTION

In the era of knowledge economy, innovation is an
important path for a country or region to gain a competitive
advantage. Many countries have made innovation the focus of
national or regional economic policies, aiming to realize long-
term economic growth and recovery. Sci-tech service
intermediaries link up the suppliers and consumers of
innovation resources, thanks to their abilities to integrate
information and resources, identify nonredundant information,
expand access to resources, and promote the introduction,
transfer, and diffusion of regional innovation resources [1].
With the development of the triple helix model of innovation,
innovation subjects in the same region have witnessed changes
in their interaction mode and combination structure, resulting
in changes in the role of sci-tech service intermediaries [2].

With the development of the triple helix model of
innovation, innovation subjects in the same region have
witnessed changes in their interaction mode and combination
structure, resulting in changes in the role of sci-tech service
intermediaries [2]. However, there is still ample room for sci-
tech service intermediaries, facing problems like small scale,
limited capacity, and insufficient aggregation, to enhance their
supports to innovation activities [3-6]. Therefore, it is
imperative to find a solution for sci-tech service intermediaries
to realize sustainable development. Drawing on the triple helix
model of innovation, this paper introduces the evolutionary
game model to analyze the internal dynamic factors of the
development of sci-tech service intermediaries, and enable
them to achieve sustainable development amidst the
increasingly complex innovation activities.

513

The existing studies on the development of sci-tech service
intermediaries mainly focus on role transition and
collaborative innovation network. In terms of role transition,
sci-tech service intermediaries constantly change their
interaction mode with other innovation subjects, and extend
their business scope to the upstream and downstream of the
innovation chain. Over the time, these intermediaries
gradually evolve into media, knowledge disseminators, or
integrated service providers [7]. As the media, sci-tech service
intermediaries act as a bridge between research institutes,
technical institutions, and enterprises, which effectively
reduces the acquisition cost of innovation resources, and
promotes the willingness of enterprises to communicate and
cooperate [8]. Their business operations could create a long-
awaited channel for information dissemination between the
government and small and medium-sized enterprises (SMEs)
[9]. As knowledge disseminators, sci-tech service
intermediaries accumulate and master lots of heterogeneous
information through frequent contacts with enterprises and
research institutions, facilitating the enterprises to obtain
nonredundant new knowledge and expand their knowledge
reserves [10, 11]. As integrated service providers, sci-tech
service intermediaries provide rich and diverse services in a
systematic manner, fulfilling the demand for overall
development of regional innovation system [12]. The
diversification of sci-tech service intermediaries helps to stick
regional innovation subjects together, and forge a common
knowledge base for regional innovation system [13, 14].

In terms of collaborative innovation network, sci-tech
service intermediaries are essential to the innovation system
[15]. The higher the density of the network, the more likely it
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is for network members to develop mutual trust, formulate
recognized norms, and improve the overall performance [16].
Smits and Kuhlmann [17] suggested that sci-tech service
intermediaries are mainly responsible for laying a strategic
intellectual foundation for the innovation system. Kivimaa
[18] pointed out that intermediaries with government
background can promote systemic sustainable development
through the management of sci-tech policies. Jiang and Mei
[19] held that the unique attributes of sci-tech service
intermediaries help to overcome three obstacles in regional
innovation, namely, information asymmetry, information
isolated island, and professional divide, thereby promoting the
effective operation of regional innovation system, and
enhancing the coupling mechanism of regional innovation
capabilities.

Since its proposal by Leydesdorff and Etzkowitz, the triple
helix model has been constantly improved [20-22]. The core
of the model is to build an institutional foundation for
innovation development [23, 24]. The triple helix model
considers the complex innovation process as a trilateral
network of constant interactions between the spheres of
industry, university, and government, rather than an event
involving a single innovation subject. The three spheres are
closely combined into a triple helix structure. In the triple helix
model, each sphere is assigned a specific role to constitute an
innovation system. The scopes of the spheres are changed and
rebalanced continuously [25]. For example, the university may
set up affiliated industries, large and small enterprises may
form strategic alliances, and the government may operate labs
and organize academic research groups. As the functions of
the three spheres overlap each other, the roles of industry,
university, and government will change in the overlapping
areas.

In general, there are three forms of the triple helix model:
centralized, free, and balanced [26]. In the centralized triple
helix model (Figure la), the government organizes and
controls industry and university, and strictly supervises the
interaction between the two. In the free triple helix model
(Figure 1b), industry, university and government have clearly
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divided functions, and very limited interactions. In the
balanced triple helix model (Figure 1c), the boundaries of
industry, university, and government are blurred through
cooperation, exchanges, and role transitions. With the elapse
of time, the scopes of the three spheres overlap and penetrate
each other. Hence, various functions are organized organically,
enhancing factor integration, resource sharing, and innovation
efficiency. In this process, the three spheres keep adjusting
their own functions and structures, while maintaining their
independence. Overall, the entire innovation system exists as
a triple helix, in which the members support each other and
develop across borders. The balanced form is the closet to the
original triple helix model designed by Etzkowitz and
Leydesdorff. Most countries and regions adopt this form of the
triple helix model.

Based on the balanced triple helix model of innovation, this
paper takes the hybrid organization in the innovation network
as the cooperation object of a sci-tech service intermediary,
and constructs an evolutionary game model of the sustainable
development for the sci-tech service intermediary from the
perspective of triple helix. The established model was used to
discuss the cooperation strategies of the sci-tech service
intermediary in innovation activities, such as to promote the
sustainable development of technical innovation. To the best
of our knowledge, it is the first time that the hybrid
organization in the triple helix model, i.e. the trilateral network
formed through the role transitions of the spheres in the triple
helix model of innovation, is treated as an innovation subject.

The remainder of this paper is organized as follows: Section
2 relies on neural network analysis to clarify the driving
factors and their correlations in innovation activities; Section
3 sets up an evolutionary game model of the sustainable
development for the sci-tech service intermediary from the
perspective of triple helix, and establishes the profit matrix of
the cooperation strategies; Section 4 verifies the stability of the
proposed model, and applied the model to simulation analysis;
Section 5 summarizes the key factors in the sustainable
development of sci-tech service intermediaries, and puts
forward the conclusions.

Trilateral network and
hyprid organizalifcm

(c) Balanced

Figure 1. Three forms of the triple helix model

2. NEURAL NETWORK ANALYSIS ON
FACTORS OF INNOVATION ACTIVITIES

DRIVING

Based on network theory of system engineering, the neural
network integrates multiple disciplines and mimics the basic
functions of the human brain. It is a highly-responsible
nonlinear dynamic learning system, capable of distributed
storage and parallel processing of information. The neural
network is suitable for handling fuzzy problems with many
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factors and constraints. Artificial neural networks have many
advantages in information processing, such as nonlinear
mapping, good fault tolerance, strong adaptability, and
associative storage. Thanks to these advantages, the neural
network can fully consider the correlations between various
factors, reflect their mutual influence and constraints, and
examine the nonlinear transmission and actions of them in the
same network.

In innovation activities, the cooperation between a sci-tech



service intermediary and the hybrid organization in the triple the hybrid organization are in the center of the two rings,

helix model is affected by multiple factors. Inspired by the respectively. The factors affecting their participation in
nonlinear processing of the neural network, two frameworks innovation activities not only act on the two centers, but also
(Figure 2) were developed to illustrate the factors affecting the interact with each other. The framework design visually
participation of the sci-tech service intermediary and the displays the driving factors of each innovation subject and the
hybrid organization, as two independent subjects, in the correlations between these factors, laying a solid basis for the
innovation activities. subsequent analysis.

As shown in Figure 2, the sci-tech service intermediary and
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Figure 2. Frameworks of factors affecting innovation activities

3. EVOLUTIONARY GAME MODEL OF resource allocation capability, and operation and management
SUSTAINABLE DEVELOPMENT FOR SCI-TECH level. The higher the information technology level, the lower

SERVICE INTERMEDIARY the unit cost, and the faster the creation of sci-tech resources.
The stronger the resource allocation capability, the more
During the dynamic process of an evolutionary game, the efficiently the platform allocates the resources. The more
evolutionarily stable strategy (ESS) depends on the initial scientific the operation and management, the lower the cost of
conditions and the evolutionary path. Drawing on the A. For B, the cost By is the intermediary fee.
replicator dynamics of evolutionary game theory, this paper HS5. After A and B both chose cooperation, if one party
assumes that the two innovation subjects have bounded breaches the contract, this party should pay a default fine P to
rationality. In a dynamically changing environment, the two the other party; the subsidy, fund, and other benefits brought
game players, i.e. the sci-tech service intermediary and the by the cooperation between A and B are denoted as F.
hybrid organization, keep making decisions on whether to H6. The probabilities for A and B to choose cooperation are
implement sci-tech cooperation until the proportion of x and y, respectively; the probabilities for A and B to choose
cooperation behavior tends to be stable. noncooperation are 1-x and 1-y, respectively; x and y€[0, 1].
3.1 Basic hypotheses 3.2 Model construction
H1. The strategy space of the sci-tech service intermediary Under the dynamically changing environment (information
A and the hybrid organization B is {cooperation, exchange, resource complementation, and profits), A and B
noncooperation}. continue to decide on whether to cooperate with each other
H2. The net profits of A and B in noncooperation are A; and until the optimal strategy tends to be stable. Based on the
Bj, respectively. above hypotheses, a profit matrix was established (Table 1) for
H3. The profits of A and B through cooperation include the cooperation strategies of A from the perspective of triple
direct profits A, and B,, and indirect profits Az and Bs. For A, helix.

the direct profit A, is the intermediary fee collected for its
services, and the indirect profit Az is the popularity and
credibility of the platform. With the growing indirect profit of 4. EXAMPLE ANALYSIS
A, the business volume and radiation area of the platform will

both increase. Focusing on the cooperation strategies of A, this 4.1 Local stability analysis

research will not tackle the direct or indirect profit of the

hybrid organization. The dynamic evolution of the cooperation strategies
H4. The costs of A and B through cooperation are A4 and between A and B was described based on the above profit

By, respectively. For A, the cost A4 is mainly affected by three matrix and replicator dynamics functions. The first step is to

factors of the platform, namely, information technology level, construct the expected profit functions.
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Table 1. The profit matrix of A’s cooperation strategies from the perspective of triple helix

B The hybrid organization
A Cooperation Noncooperation
Sci-tech service intermedia Cooperation A1+A2+As3-A4tF; Bi+B2+B3-Bs+F  Aj-A4+P; B1-P
Ty Noncooperation A1-P; Bi-B4+P Ai; Bi
. . dy _
If A chooses cooperation, the expected profit is g(x,y) = 2= y(Ug cooperation — Us) =y(1—

UAcooperation = y(Al +A, + A5 - A, + F) + (1 - y)(Al -
A4 + F); If A chooses noncooperation, the expected profit is
UA cooperation_= y(Al - P) + (1 - y)Al . Then, the mean
PrOﬁt of Ais UA = xUA cooperation + (1 - X) UA nocooperation-

Based on the expected profit and mean profit of A choosing
cooperation, the replicator dynamics function of A choosing
cooperation can be constructed as:

dx

f(x' y) = . x(UA cooperation — UA) = x(l - (1)
xX)(yA, + yA; + yF — Ay + P)

If B chooses cooperation, the expected profit is
Ug cooperation — x(By+ B, +Bs—B,+F)+(1—x)(B, —
B, + F); If B chooses noncooperation, the expected profit is
Ug nocooperation = X(By — P) + (1 — x)B; . Then, the mean
proﬁt of Bis UB = yUB cooperation + (1 - }/) UB nocooperation*

Similarly, the replicator dynamics function of B choosing
cooperation can be constructed as:

_ (1 — ZX)[y(AZ + As +F) — A, +P]
J= y(1—)(B; + By + F)

The determinant and trace of matrix J can be respectively
expressed as:

det(J) = (1 — 2x)[y(4, + A; + F) — A, + P](1 —
2Y)[x(B, + B3+ F) =B, + Pl —x(1 — x)(4, + A3 +
F)y(1 —y) (B + B3 + F)(x — xo),

tr(D=>0-2x)[y(A, +A;+F)—A,+P]+ (1 —
2y)[x(B, + B; + F) — B, + P].

Next, the five equilibrium points were subjected to local
stability analysis of the Jacobian matrix. The analysis results
are listed in Table 2.

Table 2. Results of local stability analysis

Equilibrium points Sign of Sign of Results
determinant trace
0(0,0) + - ESS
C(0,1) + + Unstable
A(1,0) + + Unstable
B(1,1) + - ESS
Dy B4—P , As=p ) - 0 Saddle
B,+B3+F’ Ay+Az+F point

As shown in Table 2, local equilibrium points O and B are
the stable points of the game, corresponding to strategies
{cooperative, cooperative} and {non-cooperative, non-
cooperative}, respectively.

By contrast, local equilibrium points C and A are unstable
points of the game, corresponding to strategies {non-
cooperative, cooperative} and {cooperative, non-cooperative}.
In addition, local equilibrium point E is the saddle point, i.e.
the critical point of the game.

(1-2y)[x(B, +B; +F)—B, +P]
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(2)
y)(xB, + B; —xF — B, + P)

The decisions of A and B will eventually reach a Nash
equilibrium, due to environmental changes and continuous
learning and communication. Thus, the equilibrium point of
the game can be calculated by:

d d
Sle)==0; glx,y)="=0.
From the above, five local equilibrium points can be
identified for the game between A and B: (0,0), (0,1), (1,0),

By—P As-p
(1,1) and (B2+B3+F’ A2+A3+F)’

Through Taylor series expansion of (1) and (2), the
point (Xo, Yo) can be derived:

2= (1-20)[y(A, + A + F) — Ay + P](x — x) +

d

2= y(1 = y)(By + Bs + F)(x — xp) + (1 = 2y)[x(B, +
B; + F) =B, + P](y — ¥0).

approximate linear equations of (1) and (2) at the equilibrium
x(1—x)(Az + A3 + F)(y — Yo)»
Then, the Jacobian matrix can be obtained as:

x(1—x)(A, + A3+ F) 3)

4.2 Phase diagram analysis

Based on the stability analysis on local equilibrium points,
a phase diagram (Figure 3) was plotted to illustrate the
dynamic evolution of the cooperation strategies between A
and B.

C(0.1) B(L.1)

\\/

R

0(0.0)

__A-p
Ay +A;+F

y

ey

—
 Bp A(10)

X= B +B, +F
Figure 3. The phase diagram of strategy evolution

Whether A chooses cooperation mainly depends on the ratio
of profit to cost. Therefore, any change to the profit matrix and
its parameters will directly affect A’s selection of cooperation
strategy, causing the strategies of A and B to evolve towards
different equilibrium points.

The critical line between the behaviors of A and B connects
unstable points A and C through the saddle point D. If the
initial state of the game falls in OADC, the cooperation
strategies of A and B will converge to the stable point O (0, 0),
i.e. both A and B choose noncooperation. If the initial state of



the game falls in CDAB, the cooperation strategies of A and B
will converge to the stable point B (1, 1), i.e. both A and B
choose cooperation. In this case, the two parties will achieve
coordinated development through cooperation.

Based on the analysis of the evolutionary game model, the
cooperation strategies of A and B could both eventually
stabilize as cooperation or noncooperation. This is mainly
related to the change of parameters in the profit matrix.
Therefore, the key factors affecting A’s cooperation strategies
were analyzed in details below:

(1) Cooperation cost

If the cooperation cost grows, the CDAB area will continue
to expand, and the two parties will be more likely to choose
noncooperation. Then, the probability that the game evolves
toward the stable point of {noncooperation, noncooperation}
will increase. If the cooperation cost falls, the CDAB area will
continue to shrink, and the two parties will be more likely to
choose cooperation. Then, the probability that the game
evolves towards the stable point of {cooperation, cooperation}
will increase. Therefore, the two parties should reduce the cost
and risk of cooperation, so that the game evolves towards
{cooperation, cooperation}.

For A, the cooperation cost is mainly affected by the
information technology level, resource allocation capability,
and operation and management level of the platform. First, A
should reduce the cooperation cost by improving the level of
information technology of its platform. The higher the
information technology level, the platform is more likely to
provide high-quality sci-tech resources and services at a low
cost. As a result, high-tech resources could be created more
efficiently, fulfilling the diverse and complex technical
demand. Second, the cooperation cost should be reduced by
enhancing the resource allocation capability. A strong
capability of resource allocation helps to integrate sci-tech
resources efficiently, improve service quality, and strengthen
the complementarity of resources. Third, A should also
operate and manage its platform more efficiently to further
reduce its cooperation cost. For B, the cooperation cost
decreases with the intermediary fee.

To sum up, in our model, A should improve the information
technology level, resource allocation capability, and operation
and management level of the platform, and charge a proper
amount of intermediary fee, thereby reducing the cooperation
costs of both parties. These efforts could push the saddle point
D towards the stable point A (0, 0), and expand the area of
CDAB, i.e. increase the probability for both A and B to choose
cooperation.

(2) Default fine

As shown in the phase diagram, the evolution directions of
the two parties hinges on the areas of OADC and CDAB. The

_ 1, A4P
area of OADC can be calculated by S = 2(AZ+A3+F

B4—P
B,+B3+F

). Deriving P by the area formula S, we have 2—5 =

1 1 1 g
T2 (A2+A3+F By+B3+F
function of P. If the default fine increases, the OADC area will
shrink, and the two parties will be more likely to choose
cooperation. Then, the game will evolve towards {cooperation,
cooperation} at a greater probability. Thus, the two parties
should properly increase the default fine P to promote the
evolution towards {cooperation, cooperation}.

(3) Cooperation subsidy

) < 0. Obviously, S is a decreasing

Deriving F by the area formula S, we have Z—S
F
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1( A4—P B,—P
_E((A2+4A3+F)2 (B2+Al;3+F)2) <0.
decreasing function of F. If the third-party subsidy increases,
the OADC area will shrink, and the two parties will be more
likely to choose cooperation. Then, the game will evolve
towards {cooperation, cooperation} at a greater probability.
Thus, the two parties should properly increase the subsidy to
deepen cooperation.

is a

Obviously, S

4.3 Numerical simulation

According to previous hypothesis, Matlab simulation was
performed to reveal how initial state and relevant factors affect
the game evolution and the stability of cooperation strategies.
Based on Figure 3, three factors were selected for simulation:
cooperation cost A4, default fine P, and cooperation subsidy F.

(1) Cooperation cost A4

During the simulation of cooperation cost A4, the
parameters were configured as: A;=8, Bi=12, A»=20, B,=25,
A3=10, Bs=15, B4=15, F=30, and P=32. Under the game
constraints, the value of A4 should fall in (0, 16). Hence, the
value of A4 was simulated at 10, 12, 13, and 15. Figure 4 shows
how the variation of A4 affects the cooperation strategies. It
can be seen that, with the gradual increase of A4, A tended to
choose noncooperation. The willingness to cooperate of A is
negatively correlated with cooperation cost.
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Figure 4. Evolution of cooperation strategies with the change
of A4

(2) Default fine P

During the simulation of default fine P, the parameters were
configured as: A1=8, Bi=12, A,=20, B,=25, A3;=10, Bs;=15,
A4=12, B4s=15, and F=30. Under the game constraints, the
value of P should fall in (3, 9). Hence, the value of P was
simulated at 6, 7, and 8. Figure 5 shows how the variation of
P affects the cooperation strategies. It can be seen that, with
the growth of P, the cooperation between the two parties
stabilized at an increasingly fast rate. This means default fine
restricts the two parties to a certain extent.

(3) Cooperation subsidy F

During the simulation of cooperation subsidy F, the
parameters were configured as: A;=8, Bi=12, A,=20, B,=25,
As=10, Bs=15, A4s=12, B4=15, and P=32. Under the game
constraints, the value of P should fall in (2, 8). Hence, the value
of P was simulated at 5, 6, and 7. Figure 6 shows how the
variation of F affects the cooperation strategies. It can be seen



that, with the growth of F, the cooperation between the two
parties became more and more stable. Thus, cooperation
subsidy, as part of profit, promotes the stability of the
cooperation between the two parties.
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Figure 6. Evolution of cooperation strategies with the change
of F

5. CONCLUSIONS

Based on the triple helix model of innovation, this paper
adopts evolutionary game model to analyze the sustainable
cooperation strategies of sci-tech service intermediaries in
innovation activities. Through the analysis, the authors
identified the factors that promote sci-tech service
intermediaries to choose cooperation in innovation activities.
The results show that, to enhance the national/regional
innovation vitality, sci-tech service intermediaries should
improve the information technology level, resource allocation
capability, and operation and management level of its platform;
these efforts can effectively promote the willingness of sci-
tech service intermediaries to cooperate with the hybrid
organization in innovation activities. Moreover, the
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sustainability of sci-tech service intermediaries could be
improved by increasing default fine, government subsidy, and
third-party fund. It should be noted that our evolutionary game
model does not consider information asymmetry. The future
research will further investigate the cooperation strategies of
sci-tech service intermediaries in sci-tech innovation, giving
full play to their promoting effects on innovation activities.
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