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Public technology collaborative innovation serves as an essential driving force to implement the innovation-driven strategy as well
as promote national and regional economic sustainable development. Moreover, strengthening the construction of public
technology collaborative innovation system is likewise of great significance for strengthening the quality and technology level of
enterprises, enhancing their independent innovation capability, and achieving strategic transformation. Particularly, collaborative
innovation of public technology in accordance with mature private technology enables the efficient allocation of technological and
economic resources. In practice, there are still issues including high innovation costs, insufficient motivation, and low efficiency of
innovation. Existing research typically ignores the technical cooperation among multiple parties. An evolutionary game model of
public technology collaborative innovation is established in this paper to examine the interaction mechanism among the
government, enterprises, and technology owners. For the purpose of analyzing the dynamic evolution of public technology
collaborative innovation behavior and its influencing factors, numerical simulation experiments were conducted with meaningful
results: (1) Setting the cost and benefit allocation coefficient in a scientific manner contributes to system stability and promotes
cooperation among game players. (2) Reasonable government subsidies and penalties can assist in the formation of an active
technological innovation between the firm and the technology owner. (3) The pricing method of private technology transfer is
a significant factor influencing the evolution process. Besides, the adoption of a technology pricing method on the basis of
government interests is conducive to the formation of a stable tripartite win-win situation. The research on collaborative in-
novation of public technology is further expanded in this paper, offering a reference for the formulation of relevant policies aimed
at promoting cooperation in public technology innovation.

1. Introduction

Currently, countries worldwide should strive to continu-
ously improve and enhance the provision of public goods in
response to the evolving social needs of the public, including
national defense and security, socially sustainable devel-
opment, energy, and the environment. Hence, it is necessary
to continue implementing technological advancements in
public goods. Nowadays, innovation in the public sector is
considered an open process of collaboration between
stakeholders across various organizations [1]. Furthermore,
collaboration is a more positive strategy for innovation in
the public sector in comparison with strategies that seek
isolation or competition [2]. Particularly collaborative in-
novation among participants from distinct sectors

(governments, companies, nonprofit organizations, and
universities, as well as other social groups) is increasingly
promoted to stimulate more innovative activities [3]. In-
tegrated innovation founded on big data technology is the
foundation for effective outbreak prevention and control [4].
For instance, cross-industry collaborative innovation has
played a positive position in the global fight against
COVID-19 [5]. Scientific and technological strength, in-
novation, and industry-university-research cooperation play
a function in technology integration and substantive support
[4, 6]. This type of collaborative innovation grounded on
cross-sectoral collaboration is gaining significance in norms
and practices, as it is recognized as a necessary means to
address the most pressing problems and challenges facing
the public sector today [4, 7]. In addition, such cross-
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departmental cooperation is frequently employed in re-
search on group decision-making to resolve conflicts among
distinct stakeholders and finally reach a collective consensus
[8-11]. Consequently, to effectively promote innovation in
cross-sectoral collaboration and promote cooperation, it is
necessary to analyze the factors influencing collaborative
innovation and to clarify the action path of collaborative
innovation systems.

Public technology innovation relates to the process of
generating new product ideas according to social needs and
existing technologies and developing new public products to
meet social public needs through applied research, tech-
nology development, and transformation as well as appli-
cation and eventually yielding social and economic benefits
[12]. Besides, the private sector generally focuses on com-
mercial, market, and technological innovations with the
primary objective of creating value through increased profits
or market share [13], whereas the public sector tends to focus
on public and social innovation to create public value. It is
widely assumed that the introduction of market-based
competition and private-sector technologies will help the
public sector become more innovative, flexible, and efficient
[14]. Collaboration can benefit all steps of the innovation
process and allows for the sharing of costs, risks, and rewards
[15]. Research on the American Government Awards in-
dicates that public innovation programs increasingly rely on
intra- and interorganizational collaboration [15]. The
nonprofit Benefits Data Trust (BDT) developed BenePhilly,
in partnership and the Pennsylvania Departments of Aging
and Human Services. BenePhilly has aided over 125,000
Philadelphia residents secure over $1.6 billion in benefits as
of January 2021. The focus of this paper is placed on the
technological innovation of public goods grounded on
private technology, aiming to better meet public needs.
Consequently, the issue addressed in this paper is the es-
tablishment of a scientific system for public technology
collaborative innovation, the promotion of the application of
proprietary technology achievements in the public domain,
and the analysis of the influencing factors and action paths of
the collaborative innovation participants.

Collaborative innovation can be broadly defined as in-
novation enabled through multiactor collaboration [15].
Besides, the existing research on public collaborative in-
novation primarily focused on benefits distribution, co-
operation mode, and policy recommendations, as well as
internal mechanisms. Al-Omoush et al. [5] empirically in-
vestigated the role of social capital in fostering collaborative
innovation during the COVID-19 crisis. Vivona et al. [3]
investigated how to reduce the cooperation cost of cross-
departmental collaborative innovation by analyzing trans-
action cost theory, game theory, and knowledge theory. On
the basis of transaction cost theory and the appropriability of
knowledge, Audretsch and Belitski [16] adopted a resource-
based perspective to concentrate on the constraints of open
collaborative innovation. Moreover, Hartley et al. [14] drew
on institutional and organizational theories in public ad-
ministration and governance to answer the increasingly
significant question of how to comprehend, analyze, and
enhance public innovation collaboration. Furthermore,
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Wang et al. [17] adopted a holistic and longitudinal per-
spective to explore collaborative innovation networks.
Schiuma and Santarsiero [18] used a systematic literature
review to map the state of technology, providing insights and
the necessary conceptual foundations for the design and
management of innovation organizations. Taivalsaari
Rohnebak [19] employed methodology and empirical re-
search to prove the relevance of the institutional logic
perspective in collaborative innovation research. Except for
that, Hwang [20] investigated the evolutionary mechanisms
of the interfirm collaborative innovation network in the
Korean ICT industry, the findings recommended that the
government can encourage SMEs to participate in collab-
orative innovation by focusing on technological capability
development. From the perspective of innovation diffusion
theory, Zhou et al. [21] examined the mechanism of in-
novation behavior in CDW recycling public-private part-
nership projects. Also, the preceding literature provides
a sufficient theoretical foundation for this paper’s research.

Nonetheless, public technology collaborative innovation
involves various factors, including actors as well as mac-
roeconomic management of national economies, which
should be seriously evaluated by all parties involved in the
technological cooperation process. In traditional game
theory, individuals are properly rational, and yet the players
of the game are not completely rational in practice [22]. The
evolutionary game theory takes the bounded rational game
as the analytical framework and presumes that individuals
can achieve dynamic equilibrium through study, imitation,
and variation, thus compensating for some defects in tra-
ditional game theory, including perfect market competition
and the economic theory hypothesis of rational economists
[23]. On the condition that the balance achieved by game
participants is not in line with the maximization of collective
interests, the evolutionary game model can introduce gov-
ernment incentives and penalties, as well as other measures
to ensure that the strategic choices of game participants
achieve an ideal balance [24]. As research has progressed, the
evolutionary game theory has been applied in a variety of
fields. Babu and Mohan [25] applied evolutionary game
theory to simulate stakeholders and revenue functions from
multiple dimensions to evaluate the sustainability of the
overall supply chain. Furthermore, Cai and Kock [26] ex-
amined the strategic interaction between two players in an
electronic cooperation game by evolutionary game theory,
filling the gap in the study of electronic cooperation within
the context of game theory. In their study, Ji et al. [27]
formulated an evolutionary game model to examine the
cooperative tendencies among various stakeholders. Build-
ing upon this research, Chen et al. [28] extended the evo-
lutionary game approach to investigate the factors
contributing to the establishment of interpersonal co-
operation mechanisms in the context of waste source
separation.

Since it is frequently difficult to systematically analyze
the interrelations between social sectors with multiple in-
terests and potential differences, evolutionary game theory
has been extensively applied to multiparty game issues,
particularly when governments are involved. Encarnacédo
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etal. [29, 30] developed a new framework in accordance with
evolutionary game theory to find that the public sector plays
amajor role in promoting the cooperation of various sectors.
Moreover, Gu and Hang [31] constructed a behavioral in-
teraction framework between innovative firms and local
government regulators on the basis of evolutionary game
analysis. Furthermore, Ji et al. [32] applied the indirect
evolutionary game theory for the purpose of studying the
interaction mechanism of complex behaviors between local
governments and automobile manufacturers.

Besides, the research on innovative cooperation in
accordance with evolutionary game theory has attracted the
interest of academics. The application of the evolutionary
game model to industry-university-research innovative
cooperation is prevalent in recent years. Yang et al. [33]
evaluated the government’s industry-university-research
intellectual property cooperation behavior as well as its
influencing factors using evolutionary game theory.
Moreover, Zan et al. [34] predominantly considered the
effects of agent coupling degree, population size, and
government policies on the steady evolution of industry-
university-research collaborative innovation. In addition,
Qu and Guo [35] investigated the influence of distinct
technological characteristics on private enterprise and
military enterprise, as well as the government under the
condition of three-party evolutionary game models. The
evolutionary game model is also utilized to analyze green
technology innovation systems [36-39]. Yang et al. [40]
adopted the game-based theory to indicate changes in game
strategies in the course of green technology development.
Derived from the coevolution theory, Li et al. [41] con-
structed a theoretical model of green innovation behavior
at the environmental and organizational levels. Besides,
Hao et al. [42] employed a tripartite evolutionary game
model to unpack the black box of evolution mechanism in
the recycling resources industry innovation ecosystem.
Nonetheless, the research on technological cooperation
innovation of heterogeneous agents is still relatively lim-
ited. Conflicts of interest among stakeholders will impede
the realization of technological collaborative innovation
[43]. Public technology collaborative innovation typically
involves multiple stakeholders and many conflicts of in-
terest, which would cause enormous obstacles to its ac-
complishment. The studies conducted have presented the
fundamental model framework and analysis approach for
the tripartite evolutionary game, serving as the basis for our
research.

Currently, few studies examine technology transfer in
the context of collaborative innovation, and the majority of
these studies begin at the theoretical level. In practice,
technology transfer plays an essential role in promoting the
knowledge flow of collaborative innovators and the evolu-
tion of industry-university-research collaborative in-
novation. Moreover, it frequently takes crucial resources for
a new technology or product to become viable, nonetheless,
compared to the average cost of research, development, and
application, the marginal cost of continuous application of
the existing technology is negligible due to the low cost of
transferring the existing innovation [44].

According to the literature retrieved, the existing re-
search has a certain reference role for the development of
collaborative innovation of public technology, and yet there
are still the following problems. Besides, existing related
studies generally dismissed the technological cooperation
between multiple heterogeneous entities and are restricted to
the technological cooperation innovation between firms. In
most studies, government behavior is typically incorporated
into the game model solely as exogenous variables, lacking
a comprehensive game analysis involving the government as
an active participant alongside firms and technology owners.
In practice, various public products are put into use after
innovative transformation derived from existing private
technologies, which can shorten the R&D cycle as well as
reduce the cost. Nonetheless, the majority of research fails to
take into account the fact that the existing technological
foundation can be employed for transformation and
innovation.

In accordance with the abovementioned theory, the aim
of this paper is to explore the technology collaborative in-
novation behavior of the government, firm, and technology
owner using the evolutionary game method. In particular,
on the basis of the situation that the game players can di-
rectly use the existing private technology to carry out
technological transformation and innovation, through nu-
merical analysis of the factors influencing collaborative
innovation in public technology and focus on the analysis of
the impact of technology transfer pricing method on the
evolution strategy.

Besides, the innovation of this paper is as follows. In
theory, the evolution process of public technology collab-
orative innovation behavior is revealed by this study. In
practice, the research on public technology collaborative
innovation mechanisms derived from existing private
technology is expanded by this study. Furthermore, this
study analyzes the effect of technology transfer pricing on
the evolution process and contains policy recommendations
for the government to encourage collaborative innovation of
public technology.

The rest of this paper is organized as follows. Section 2
predominantly carries out the basic assumption and con-
struction of the model. Section 3 serves as an evolutionary
stability strategy analysis derived from the replication dy-
namic equation. Section 4 includes the numerical simulation
and analysis of the influence of the corresponding param-
eters on the evolutionary game. Section 5 expands the model
and analyzes the effect of the pricing method for technology
transfer on the evolution strategy. Finally, Section 6 sum-
marizes the primary findings as well as recommendations.

2. Problem Description and Model
Assumptions

Derived from the previous studies [35, 40, 45-47], a three-
party evolutionary game model is constructed for the col-
laborative innovation of public technology, employing
a general solution method. The distinguishing feature of our
paper, compared to previous studies, is the inclusion of the
technology transfer process in two distinct cases between the



firm and the technology owner, which is explicitly in-
corporated into the model.

The game players in the model are the government (G),
firm (F), and technology owner (T).

2.1. The Government. The government, as the purchaser of
public technology, organizes collaborative public technology
innovation. It can participate in the collaborative innovation
system of public technology utilizing financial subsidies or
punishment regulation [48]. Initially, the government uti-
lizes its dominant market position to select the technology
owner with a particular technological foundation.

2.2. The Technology Owner. The technology owner is the
key body supporting collaborative innovation, which pri-
marily relates to the scientific research institution or uni-
versity that has mastered the core private technology
necessary for collaborative innovation.

2.3. The Firm. The firm primarily provides innovation re-
sources and promotes the innovation and output of in-
novation achievements. In order to bridge the gap between
private technology in the general commercial market and the
public technology required by the government, further
technological innovation is imperative to meet the demand
of the public sector.

For the purpose of simplifying this issue, our paper
assumes the following points.

Assumption 1. The players of the game behaviors in the
model are all bounded rationality. Players choose strategies
in accordance with their own needs and decide the behaviors
of the next round in accordance with the comparison be-
tween the benefits generated by the behaviors of the current
round and that of other game players.

Assumption 2. The government can choose to participate in
the collaborative innovation system, or it may opt out of
participation. The proportion of participation is x, sub-
sequently, the proportion of nonparticipation is 1 — x. Be-
sides, the proportion of the firm choosing to participate in
collaborative innovation is y, and the proportion of non-
participation is 1 — y. The proportion of the technology
owner selecting to engage in collaborative innovation is z,
and the proportion of nonparticipateis 1 — z. Here, x, y, and
z belong to [0, 1].

Assumption 3. The benefits obtained when the government
chooses to participate in the collaborative innovation system
are R,. To encourage firm and technology owner partici-
pation in collaborative innovation, the government will
implement regulatory and incentive measures. C; represents
the cost of government participation. C denotes the total cost
of collaborative innovation. The government’s imple-
mentation of incentive measures will reduce C by S.
Moreover, a represents the cost allocation coeflicient.
Consequently, the cost of the firm is a (C - S), while the cost
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of the technology owner is (1 —a)(C-S). To ensure the
successful completion of technological innovation, the
government will provide subsidy support S; and S, for the
firm and the technology owner participating in technological
innovation, correspondingly. When the government does
not participate in collaborative innovation, its revenue will
become R, = bR, where b pertains to [0,1]. To encourage
the firm and the owner of the technology to participate in
technological innovation, the government employs punitive
oversight over the firm and the owner of the technology.
Either party should pay the other party the fee k for the
abandonment of cooperation.

Assumption 4. The initial benefits of the firm and the
technology owner are R; and R,, respectively. On the
condition that the firm and the technology owner jointly
participate in the collaborative innovation, the overall ad-
ditional revenue is R. Besides, c¢ represents the revenue
sharing coefficient, including the revenue of the firm is cR
and the revenue of the technology owner is (1 —c)R. If the
owner of the technology prefers not to participate in the
collaborative innovation, then the technology owner will
transfer the technology to the firm at a fixed fee F,. After
acquiring the fundamental technology, the company can
independently innovate and implement it in production. C,
represents the innovation cost of the firm. 5 represents the
benefits obtained by the firm through independent tech-
nological innovation. In the same way, when the firm opts
not to take part in the cooperation, the technology owner
will conduct out the technological innovation in-
dependently. C; represents the innovation cost of the
technology owner. Subsequently, the firm could obtain the
completed technology for a fixed fee F, from the technology
owner. r, symbolizes the profits of the firm through product
production.

3. Stability Analysis of Evolutionary Strategies

The tripartite mixed strategy game matrix of the govern-
ment, firm, and technology owner is established according to
the above assumptions (Table 1).

3.1. Game Equilibrium Analysis of the Government. The
expected benefits of the government preferring to play an
active role in collaborative innovation are Uy;.

Uy =yz(R =C =8 =8,) +(1- )z (R, -C, = §,)
+y(1-2)(R,-C;-$)+(1 -1 -2)(R -C)).
(1)

The expected benefits of the government selecting not to
engage in collaborative innovationare U,,.

U, =yzR, + (1 — ¥)zR, + y(1 —2)R, + (1 — y) (1 — 2)R,.

(2)
The average expected benefits of the government are U, .
U, =xU,; +(1 = x)U,,. (3)
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The replication dynamic equation can be obtained from
equations (1)-(3).
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F(x) :i—f: x(Uy; -U))=x(1-x)[(1-b)R, —-C, - yS, — 2S,]. (4)

The first derivative of F(x) is as follows:

dF (x)
dx

The conditions that need to be satisfied on the condition
that the probability of the government choosing to partic-
ipate is in a steady state are F (x) = 0 and (dF (x)/dx) <0.If
F(x)=0 and F (x)<0, x is the evolutionary stability
strategy (ESS).

OIf m(y)=0, y*=((1-b)R,-C,-25,/S;) and
F(x) = 0. In this case, the government is in a stable
state of evolutionary game, and consequently, its
stable strategy cannot be determined.

@ If m(y)>0, y<y*, and (dF (x)/dx)|,,; <0, x = 1 is
the ESS. In this case, the government tends to prefer
to participate in collaborative innovation.

U, =xz(R;+cR—a(C-95)) +(1-x)z(Ry + cR-aC)

= (1-2x)m(y) = (1-2x)[(1 - b)R, - C, - ¥S, - 25,]. (5)

® Ifm(y)<0, y>y*, and (dF (x)/dx)|,, <0, x =0 is
the ESS. In this case, the government is typically
unwilling to engage in collaborative innovation.

The phase of the government’s strategy evolution process
is indicated in Figure 1.

3.2. Game Equilibrium Analysis of the Firm. The expected
benefits of the firm deciding to engage in collaborative
innovation are U,;:

(6)

+x(1-2)(Ry—F, -Cy+7r3+S,+k)+(1 —x)(1-2) (Ry — F, = C, +13).

The expected benefits of the firm preferring not to
participate in collaborative innovation are U,,:

Uy =xz(Ry—Fy+r,—k)+(1 -x)z(R; — F, + 1)

(7)
+x(1-2)R; +(1—x)(1-2)R;.

d _
F(y) =d—)t’=y(U21 -U,)=y(1-y)[z(cR+F,-aC -

The first derivative of F(y) is as follows:

dF(y)

The average expected benefits of the firm are U,:
U, = yUy + (1= y)Uy, (8)

Besides, the replication dynamic equation can be ob-
tained from equations (6)-(8).

r)+(1=2)(r;—F, -C,) +x(k+S; +z(aS-8,))]. 9)

—==(1-2yn(x)=(1-2y)[z(cR+F,-aC—-r,)+(1-2)(r;—F, -C,) +x(k+S, +z(aS-§,))]. (10)

dy

The conditions that need to be satisfied on the condition
that the probability of the firm preferring to participate is in
a steady state are: F(y) =0 and (dF(y)/dy)<0. Since
(on(x)/0x)>0, n(x) is monotonically increasing. If
F(y) =0, F () <0, y is the ESS.

QU n(x)=0, x*=(F;+Cy-ry+z(r;+aC+r,
—-F,-C,—cR-F,))k+S,+z(aS-S;)) and F(y)
= 0. In this case, the firm is in the stable state of
evolutionary game, and consequently, its stable
strategy cannot be determined.
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FIGURE 1: Phase diagram of the government’s strategy evolution process.

@ If n(x)>0, x>x*, and (dF (y)/dy)l,.; <0, y =11is The phase of the firm’s strategy evolution process is
the ESS. In this case, typically, the firm opts to engage  illustrated in Figure 2.
in collaborative innovation.

® If n(x) <0, x.<x*, and (dF (y)/dy)l,-0<0, y =01is 3.3 Game Equilibrium Analysis of the Technology Owner.
the ESS In j[hls case, the' ﬁrrp tends.tO choose not to The expected benefits of the technology owner choosing to
participate in collaborative innovation. participate in collaborative innovation are Uj;:

Uy =xy(Ry+(1-¢)R—(1-a)(C-9))+(1 - y)x(R, +S, —C5 + F, + k)

(11)
+yQ1-x)(Ry+(1-c)R-(1-a)C)+(1 -x)(1 - y) (R, —C5 + F,).
Moreover, the expected benefits of the technology owner
deciding not to participate in collaborative innovation are
Us,:
Uy, =xy(Ry+F; —k) + (1 = y)xRy+ y(1 = x) (R, + F) + (1 = x) (1 — y)R,. (12)
The average expected benefits of the technology owner The replication dynamic equation can be obtained from
are Uj: equations (11)-(13).

U; =zU,; + (1 - 2)Us,. (13)

d _
F(2) :d—j: z(Uy —U;z) =z(1-2){y[(1-c)R-(1 -a)C—F,] +xy(1 —a)S+ (1 - y) (F, - C5) + x (1 — )S, + xk}.
(14)

The first derivative of F(z) is as follows:

dF (z)
dz

=(1-22)p(x) =(1-22){y[(1-c)R-(1-a)C-F, ] +xy(1 —a)S+ (1 - y)(F, - C;) + x(1 - )S, +xk}.  (15)
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FIGURE 2: Phase diagram of the firm’s strategy evolution process.

The conditions that need to be satisfied when the
probability of the technology owner choosing to participate
are in a steady state, namely, F (z) = 0 and (dF (z)/dz) <0.
Since (0p(x)/0x) >0, p(x) is monotonically increasing. If
F(z) =0, F (2) <0. z is the ESS.

F(x)=x(1-x)
F(y)

b)R, - C, — S, - z5,],

By solving the aforementioned equations of duplicated
dynamical systems, the pure strategy equilibrium solutions
can be obtained, including E, (0,0, 0), E, (1,0, 0), E; (0, 1,0),
E,(0,0,1), E5(1,1,0), E;(1,0,1), E, (0,1,1), Eg(1,1,1), and
the mixed strategy equilibrium solution. In the asymmetric
game model, if the condition of information asymmetry
holds, the evolutionarily stable strategy must be a straight-
forward strategy [49, 50]. If the equilibrium of the evolu-
tionary game is asymptotically stable, it must be a strict Nash
equilibrium. Besides, strict Nash equilibrium is a pure
strategy, that is, the mixed strategy equilibrium of the
asymmetric game cannot be evolutionarily stable. Thus, only
the asymptotic stability of eight pure strategy equilibrium
points E; ~ E; in the dynamic replication system needs to be
discussed in this model.

In accordance with the existing literature research basis
[51-53], it is obvious that Lyapunov’s rule is effective in
verifying system stability and equilibrium point analysis.
Lyapunov stability, as a general method for analyzing the

(1-2x)[(1 -b)R, -C, — yS, - 2S,]
2| -k s) +2(as-s)]
z(1-2)[y(1-a)S+(1-y)S, +k|

-x(1-x)$,(1-2y)
[z(cR+F,—aC-ry) +

(1
=y(1-y[z(cR+F,-aC-ry)+(1-2)(r; -
F(z)=z(1-2){y[(1-¢c)R-(1-a)C - F]+xy(l—a)S+(1—y)(F2

(1-2)(r; - F; - Cy) +x(k+8,) +xz(aS-S,)]

z(1-2)[(1-¢c)R-(1-a)C - F, +x(1-a)S—(F, - C;) - xS,] (1-22){y[(1-c)R-(1-a)C-F ] +xy(1 -a)S+ (1 - y)(F, - C3) + x(1 - )S, + xk}
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@If p(x)=0, x**=(C3-F,-yl(l1-c)R-(1-a)
C-F, +C;-FJlk+S,+y[(1-a)S-5,]) and
F(z) = 0. In this case, the technology owner is in the

stable state of the evolutionary game, and conse-
quently, its stable strategy cannot be determined.

@ If p(x)>0, x>x**, and (dF (z)/dz)|,.; <0. z =1 is
the ESS. In this case, the technology owner tends to
decide to participate in collaborative innovation.

® If p(x) <0, x<x**, and (dF (z)/dz)|,.,<0. z =0 is
the ESS. In this case, the technology owner prefer not
to participate in collaborative innovation.

The phase of the technology owner’s strategy evolution
process is illustrated in Figure 3.

3.4. Stability Analysis of Equilibrium Point in Tripartite
Evolutionary Game. The preceding discussion is conducted
from the perspective of the government, firm, and tech-
nology owner and the strategy of the three-game players are
comprehensively analyzed. Equations (4), (9), and (14) are
combined to acquire the duplicate dynamic system equa-
tions of the evolutionary game among the government, firm,
as well as technology owner.

-C)+x(k+8+z(aS-5,))], (16)
C;) +x(1 - y)S, + xk}.

stability of univariable, multivariable, linear, nonlinear, and
time-varying systems, is built upon the state-space de-
scription method of the system, which not only describes the
external characteristics of the system but also fully reveals its
internal characteristics. According to Lyapunov’s first law,
we solved the differential equations of the system and
subsequently judge the stability of the system built upon the
properties of the solutions.

The eigenvalues of the Jacobian matrix of the dynamic
replication system of the tripartite evolutionary game at the
equilibrium point are A;, A,, and A; in accordance with
Lyapunov’s first law. If A, <0, A, <0, and 1; <0, the equi-
librium point is asymptotically stable. If A, >0, A, >0, and
A; >0, the equilibrium point is unstable. The equilibrium
point is unstable if there is at least one plus and one minus
between A4, A,, and A;.

The following represents the Jacobian matrix of the
system:

—x(1-x)8,y(1-y)
[(R+F,-aC-r,—r;+F +Cy+x(aS-8,)]

(17)
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FIGURe 3: Phase diagram of the technology owner’s strategy
evolution process.

The Jacobian matrix eigenvalues of each equilibrium
point are demonstrated in Table 2.

Conditions M-@ are assumed to facilitate the analysis
of eigenvalue symbols at distinct equilibrium points.

® F,>C,. The price of the technology upon the
completion of the innovation is greater than the cost
of technological innovation, which is the rational
constraint condition for the technology owner to
carry out technology innovation independently.

® ry — F; — C,>0. The benefits acquired by the firm
from participating in technological innovation are
greater than the cost of technological innovation,
which is the rational constraint condition for the firm
to conduct technological innovation independently.

® r, — F, >0. The benefits obtained by the firm from
product production are greater than the cost of
purchasing the technology, which is the rational
constraint condition for the firm.

@ (1-b)R, -C, -8, - §,>0. The advantages of gov-
ernment participation in collaborative technological
innovation outweigh those of nonparticipation.

® r,+a(C-S)—cR-F, - k<0. Under the condition
of government participation, the benefits of the firm
participating in collaborative innovation are larger
than that of nonparticipation.

® (1-c)R-F;-(1-a)(C-8)+k>0. Under the
condition of government participation, the benefits of
the technology owner participating in collaborative
innovation are greater than that of nonparticipation.

® (1-b)R, —C,<0. Government participation in
collaborative innovation provides fewer benefits than
nonparticipation.

(1-¢c)R-F,-(1-a)(C-8)+k<0. Under the
condition of government participation, the benefits
of the technology owner participating in collabora-
tive innovation are less than that of nonparticipation.

® ry+a(C-8)—cR-F, - k>0. Under the condition
of government participation, the benefits of the firm
participating in collaborative innovation are less than
that of nonparticipation.

For the purpose of simplifying the model parameters and
facilitating the assessment of equilibrium point stability, an
analysis of pivotal scenarios is conducted. Also, stability
analysis of each equilibrium point is demonstrated in
Table 3.

Case 1: if F,>C;, r3—F, -C,>0, (1-b)R, -C,-
§-5,>0, ry+a(C—-S)—cR-F,-k<0 and
(1-¢)R-F, - (1-a)(C-S)+k>0, the replication
dynamic systems have a stable point Eg(1,1,1).

Proof of Case 1: the stability of each equilibrium point
is judged according to the eigenvalues of the Jacobian
matrix in Table 2. If the conditions of Situation 1 are
met, despite the fact that the technology owner and firm
will not incur a loss if they participate in the techno-
logical innovation alone, all three parties stand to
benefit more from participation. In this case, the stable
strategy combination is (participation, participation,
and participation).

Case 2: ifr;—F —-C,>0,(1-¢)R-F, - (1-a)
(C-8)+k>0,(1-b)R, -C;-8,-85,>0, r,+a(C
-8)—cR-F, —k>0 and F,>C,, the replication dy-
namic systems have a stable point Eg (1,0, 1).

Proof of Case 2: if the conditions in Situation 2 are
satisfied, the government and the technology owner can
acquire higher benefits by participating in collaborative
innovation. Nonetheless, the benefits obtained by the
firm in participation are less nonparticipation. In this
case, the stable strategy combination is (participation,
nonparticipation, and participation).

Case 3: if r;-F,-C,>0, ry,+a(C-S)—cR-F,-
k>0, (1-c)R-F,-(1-a)(C-8) +k<0 and
F,>C;. The replication dynamic systems have two
stable points: E5(1,1,0) and E(1,0,1).

Proof of case 3: in case 3, neither the firm nor the
technology owner can obtain higher benefits by par-
ticipating in collaborative innovation. At this time, it is
preferable to independently pursue technological in-
novation. The stable strategy combination is (partici-
pation, nonparticipation, and participation) and
(participation, participation, and nonparticipation).

4. Numerical Simulation

For the purpose of further studying the evolutionary game
mechanism of the system and verifying the rationality of the
above stability analysis, this study takes advantages of
MATLAB R2022a software for simulation and evaluates the
evolutionary process of the system according to the simu-
lation results. Rooted in the actual situation and the basic
assumptions of the model, the simulation parameters satisfy
the conditions in Situation 1: R =400, R, = 300, r; = 50,
ry, =50, $=50, §; =20, a=b=c=0.5, S, =30, C =100,



10
TaBLE 2: Eigenvalues of Jacobi matrix.
Equilibrium Jacobian matrix eigenvalues
points AbAy,As
E,(0,0,0) F,-Cy 13— F —C,, (1-b)R, -C,
C,-(1-b)R,, F,-C5+S, +k,
E,(1,0,0) S,—F-Cy+k+r,
C,+F, —r5 (1-b)R, —C, - S,,
E;(0,1,0) (1-0OR-F, - (1-a)C
E,(0,0,1) C,—F,, (1-b)R,-C, =S,, F, —r, —aC + cR
C,— (1-b)R, +8,,C, +F, -8, —k — 3,
Es(1,1,0) (1-=R—F, - (1-a)(C-S)+k
C,— (1-b)R, +S,,C;—F, - S, — k,
Es(1,0,1) Fy+k-r,—a(C-8)+cR
ry+aC—cR-F,, (1-a)C+F, - (1-0)R,
E; (0,11 (1-B)R, -C, - S, - S,
C,-(1-b)R, +S,+S,,
E¢(1,1,1) ry+a(C—-8)-cR-F, -k,

(1-a)(C-8)-(1-¢)R+F, -k

C, =50, C, =20, C,=18, k=5, F, =10, and F, = 20.
Suppose that the initial willingness of game players to
participate is x = y = z = 0.5. The effects of benefits, pen-
alties, benefit-sharing coefficient, government subsidies,
initial willingness to participate, and technology transfer
pricing mode on the evolutionary game were discussed
based on the simulation results.

4.1. Analysis of the Influence of Benefits on Evolutionary Game.
Observing the Jacobian matrix eigenvalues of the replicator
dynamic equation system, it can be found that the evo-
lutionary game process is not affected by the initial benefits
of the firm and the technology owner. Due to the fact that
the initial benefits of the firm and the technology owner are
inherent properties, it has nothing to do with whether they
participate in collaborative innovation. Thus, only the ef-
fects of R, R,, 15, and r, need to be considered. The in-
fluence of this factor is generally ignored in existing studies
[34, 46, 54].

First, the influence of R on the evolutionary game was
analyzed. The number of evolutions over time was set to
50. The numerical simulation analysis was performed on
the replicated dynamic equations. Besides, the evolution
results were revealed in Figure 4(a). The improvement of R
can increase the probability of the firm and technology
owner participating in collaborative innovation. More-
over, the stability strategy converges to the equilibrium
point Eg, whereas the convergence speed gradually slows
down as it approaches the equilibrium point. When R are
relatively low (R = 50), condition ® cannot be satisfied.
In this case, the firm that participates in collaborative
innovation receives fewer benefits than if it had not
participated. Shifting to Situation 2, the evolution strategy
of the firm will be adjusted to nonparticipation. The firm is
more sensitive to the changes of benefits in collaborative
innovation than the technology owner. Hence, the im-
provement of R will help to improve the degree of par-
ticipation of the firm and technology owner, particularly
the firm.

Complexity

In the same way, we changed the parameters and carried
out a numerical simulation of R,, r5, and r,, subsequently
carried out the simulation of evolution with time. As revealed
in Figure 4(b), when R, are relatively low, condition @ is
satisfied. In this case, the government will decline to engage in
collaborative innovation. With the increase of R;, the will-
ingness for government participation keeps rising. When x
evolves from 0 to 1, it implies that the government will ul-
timately prefer to participate in collaborative innovation. As
the increase of R;, the probability of government participation
will steadily decrease. This is due to the fact that when the
government chooses not to participate, its benefits R, = bR,
likewise increase. Hence, the government will evaluate the net
benefit in the two cases to adjust its game strategy.

As displayed in Figure 5(a), the firm can pay less R&D cost
of technological innovation through collaborative innovation.
By utilizing government support policies, the company can
obtain new technologies through collaboration and generate
profits. Consequently, under the benefits orientation, higher
innovation benefits will improve the enthusiasm of the firm to
participate in collaborative innovation, the stable evolution
strategy combination of the system is (participation, non-
participation, and participation).

The improvement of r, will decrease the likelihood of
firm participation in collaborative innovation. When r,
increases to a certain extent and meets the condition ®, the
firm can obtain higher benefits even if the company does not
engage in collaborative innovation. In this case, the system’s
stability may be destroyed. Moreover, the firm will choose
not to participate in collaborative innovation and ultimately
converge to the equilibrium point E (Figure 5(b)).

4.2. Analysis of the Influence of Punishment Regulation on
Evolutionary Game. In this section, the punishment factors
are adjusted and the influence of the degree of punishment on
the evolutionary game is analyzed (Figure 6). When the
punishment intensity is relatively low (k = 5), the probability
of the technology owner preferring not to participate in
collaborative innovation is relatively large. In addition, the
firm’s willingness to participate will decrease. In this case, the
conditions in Situation 2 are satisfied. With the increase in
punishment intensity, the benefits of the technology owner
and the firm will alter. Also, the benefits of not participating in
collaborative innovation will be substantially reduced. The
technology owner may tend to participate in collaborative
innovation in order to obtain higher profits, which will
contribute to the firm paying a higher price and finally
choosing to participate in collaborative innovation. It can be
found that the convergence speed of the firm is dramatically
higher than that of the technology owner. The firm is more
sensitive to the intensity of punishment that is due to the fact
that it focuses more on the maximization of economic
returns. Changes in the intensity of punishment will lead to
a rapid change in its willingness of participate. Consequently,
the government’s strengthening of punishment supervision
will be more accommodating to promoting the firm to
participate in the collaborative innovation of public tech-
nology, which is consistent with those studies [33, 55].
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FIGURE 5: (a) The effect of r; on the strategy evolution. (b) The effect of 7, on the strategy evolution.

4.3. Analysis of the Influence of Apportionment Coefficients on
the Evolutionary Game. Cost and benefit are the key factors
in collaborative innovation decision-making, particularly
setting a reasonable cost and benefit-sharing plan that can
effectively reduce opportunistic behavior in cooperation
[56]. Due to the significance of the cost and benefit allocation
coefficient, the impact of collaborative innovation is ana-
lyzed in this section.

First, the influence of the cost allocation coefficient of
collaborative innovation on the evolutionary game is ex-
amined. As displayed in Figure 7(a), the simulation analysis
of evolution over time was conducted. If the cost allocation
coeflicient is low (a = 0.1), the conditions in Situation 3 are
satisfied. In this case, the firm needs to pay less cost than the
technology owner. Moreover, the firm has a stronger

willingness to participate, while the technology owner needs
to present its private technology, as well as need to bear most
of the cost of technology innovation. Thus, the willingness of
the technology owner to participate will decrease continu-
ously and the convergence rate is accelerating. The equi-
librium point ultimately tends to E;. With the constant rise
of the cost allocation coefficient (a = 0.9), the cost appor-
tionment of the technology owner will continue to decrease.
Thus, the participation willingness of the technology owner
will gradually increase. Concurrently, the firm’s participa-
tion willingness will decrease gradually. Also, the final
equilibrium point tends to E,. If a = 0.3, both the firm and
the technology owner will prefer to participate in collabo-
rative innovation. y and z will converge to 1 and the
convergence speed will accelerate. The equilibrium point
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FIGURE 7: (a) The effect of a on the strategy evolution. (b) The effect of ¢ on the strategy evolution.

eventually tends to Eg. This suggests that the cost allocation
rate will influence the system’s stability. The party that bears
more costs will get fewer benefits, which will contribute to
a reduction of its willingness to participate.

Secondly, the influence of the benefit allocation co-
efficient on the evolutionary game is explored. As indicated
in Figure 7(b), the change of c is exactly the opposite of a.
When ¢ = 0.1, the benefits of the firm are not guaranteed. As
a direct consequence, their willingness to participate grad-
ually declines, contributing to an eventual equilibrium point
E,. This implies that the firm will not prefer to participate in
collaborative innovation. When ¢ = 0.9, the technology
owner may get less apportioned benefits. Therefore, the
owner of the technology will not choose to engage in col-
laborative innovation. Finally, the equilibrium point tends to
E;. When ¢ = 0.5, the convergence rate of both parties is
consistent and the evolution process is stable. In this case,
the equilibrium point tends to Eg in the end.

Both the firm’s and the technology owner’s evolutionary
strategies are sensitive to the change in cost and benefit
allocation coefficient. These conclusions are in agreement
with Yang et al. [40] who presumed that in the absence of an
efficient distribution mechanism, the performance of col-
laborative innovation was inadequate. If the allocation co-
efficients are set improperly, one party will choose not to
participate in collaborative innovation. As a consequence,
the scientific setting of the cost and benefit allocation co-
efficient is conducive to preserving the system’s stability and
the synergy of game players.

4.4. Analysis of the Influence of Government Subsidies on
Evolutionary Game. It is observed that public innovation
subsidies within a reasonable range can achieve the same
incentive effect. In a broad sense, the government wants to
promote cooperation with minimal subsidies under financial
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pressure. Besides, the existing research indicates that the
probability of noncooperation within the valid value range
of public innovation subsidies will converge to zero [57].
Public funding subsidies can reduce the cost of a company’s
participation in collaborative innovation [58]. The govern-
ment generally encourages the firm and the technology
owner to participate in collaborative innovation through
subsidies, which can be primarily divided into two types. The
first type is collaborative innovation subsidies, which aim to
lower the cost of collaborative innovation for both the firm
and the technology owner, thereby increasing their in-
centives and benefits in the collaborative innovation process.
The second type involves providing subsidies to parties
involved in technological innovation to ensure the successful
completion of the innovation activities. These subsidies are
intended to facilitate and encourage the smooth progress of
technological innovation endeavors.

First, the simulation analysis is conducted on the impact
of S on the evolutionary game. Also, the evolutionary results
are indicated in Figure 8(a). If the intensity of government
subsidies is low, the firm with the goal of maximizing
benefits will invariably decide not to engage in collaborative
innovation. With the increase in subsidy intensity, the
participation probability of the firm and the technology
owner keeps increasing. During the same time, the con-
vergence rate keeps accelerating. The equilibrium point
eventually tends to Eg.

Consequently, when the firm participates in techno-
logical innovation alone, the government’s punishment
regulation decreases the firm’s loss of independent tech-
nological innovation (Figure 8(b)). Even with low-intensity
subsidies, the firm’s willingness to participate can be en-
hanced. Ultimately, the evolution tends to the equilibrium
point Eg. Currently, there is a need for attention to the
magnitude of government subsidies. Excessive subsidies will
undermine the interests of the government and cause the
circumstance that the technology owner cannot profit from
providing the private technology. Besides, the stability of the
collaborative innovation system is damaged and eventually
tends to E; (Situation 2).

Ultimately, if the technology owner participates in
technological innovation alone, government subsidies will
increase its participation probability (Figure 8(c)). By ac-
quiring technology, the firm can profit from the production
of public goods. Even if it does not participate in techno-
logical innovation, the willingness of the firm to participate
in collaborative innovation will not be significantly affected
by the technology owner’s innovation subsidies. The final
evolution tends to the equilibrium point Eg.

The simulation results indicate that government sub-
sidies would affect the strategy selection of the evolutionary
game. Since the firm has two functions of collaborative
innovation and product production, its willingness to par-
ticipate in collaborative innovation will not be greatly af-
fected on the condition that the external environment
changes. Also consequently, the owner of the technology is
more responsive to government subsidy incentives. Thus,
government subsidy policies need to be formulated in ac-
cordance with the characteristics of the firm and the
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technology owner to address the requirements of multiparty
game players as far as possible. There are some researches
[40, 59] that also report the above findings. Reasonable
subsidy incentive measures can encourage more technology
owners to invest in collaborative innovation and contribute
their technologies as well as encourage firms to achieve the
win-win goal of technological innovation and mass
production.

4.5. Analysis of the Influence of Initial Participation Will-
ingness on Evolutionary Game. To investigate the impact of
varying initial participation willingness among game players
on the stability of evolutionary strategies, we modify the
initial willingness of participation while keeping all other
parameters constant. Besides, the simulation analysis is
carried out. Assuming the initial willingness of the three
parties to participate is x = y = z, the initial values are set to
0.2, 0.5, and 0.7, correspondingly. Moreover, evolutionary
simulation results are indicated in Figure 9.

Regardless of the initial willingness to participate, x, y, z will
converge to 1 eventually. As initial willingness increases, the rate
of convergence accelerates. With the same initial willingness to
participate, the convergence speed of the firm and the tech-
nology owner is higher than that of the government.

Rooted in the above simulation analysis results, the system
evolution game simulation is carried out in Figure 10. Besides,
the array satisfying Situation 1 is simulated 100 times from
distinct initial strategy combinations. It is observed that the
system only has one stable point Eg, which is consistent with
the conclusion derived from Lyapunov’s rule.

5. Analysis of the Influence of Technology
Transfer Pricing on Evolutionary Game

In the previous section, numerical simulations were used to
analyze the influence of each factor on the process and
outcome of the evolutionary game based on its effect on the
three-party players. In this section, the model will be ex-
panded to predominantly consider the stable strategy
(participation, nonparticipation, and participation) and
(participation, participation, and nonparticipation) that
appeared in cases 2 and 3. In one situation, the company
acquires the initial technology for innovation and pro-
duction, while in the other, it acquires the modified tech-
nology for production.

As a significant department that masters the core
technology in collaborative innovation, whether the tech-
nology transfer of the technology owner can be paid rea-
sonably will become the best approach to influencing the
implementation of technological innovation lies in. Ac-
cordingly, distinct pricing methods of technology transfer
will have various impacts on the evolution of the system and
the decision selection of game players. Existing research
frequently ignores this key factor [34, 60].

This paper examines the two-part pricing method of
technology licensing adopted in technology transfer pricing
in the general market, which can be predominantly divided
into the fixed fee, variable fee, and variable fee + fixed fee and
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evolution.

other various combinations [61-64]. Our pricing strategy is
not identical to the two-part pricing strategy. Considering
that the technology owner’s private technology comes from
the silent cost paid in the early stage, we take F, as a fixed
part of the technology transfer price. We consider a linear
pricing strategy for technologies. The cost of the technology
owner’s innovation (C;), the firm’s benefits (r,), and the
government’s benefits (R,/bR;) are employed as the pricing
basis to analyze the impact of divergent technology transfer
pricing methods on the final evolution game.

5.1. Analysis of the Influence of Cost-Based Pricing on Evo-
lutionary Game. First, the technology is priced from the
perspective of the technology owner, with the technology
royalty being calculated based on the investment made by
the technology owner in technological innovation. Suppose
r is the pricing ratio, the technology transfer price is

expressed as F, = F, +rC;. To satisfy the participation
constraints of the technology owner, the pricing ratio should
satisfy r > 1.

First, in the case of fixed pricing ratio (r = 1.5), the
pricing base C; is changed for simulation analysis, as dem-
onstrated in Figure 11(a). As the party of payment of tech-
nology royalty, the participation probability of the firm is
probable to be affected with greater frequency by the change
of C;. When the C; is low (C; = 20), the technology royalty
required by the firm is likewise relatively low. Accordingly, the
firm will eventually choose not to participate in collaborative
innovation. Besides, the final evolutionary strategy is (par-
ticipation, nonparticipation, and participation).

With the increase of Cs, the price of technology transfer
will rise, contributing to the need for the firm to purchase
technology at a higher price and pay the penalty for breach of
contract. Thus, the firm prefers to participate in collaborative
innovation. Their willingness to participate will be enhanced
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with the increase of C;. Likewise, the cost of the technology
owner can also be reasonably compensated (r>1). In the
end, both the business and the owner of the technology
prefer to engage in collaborative technological innovation
and the system converges to the equilibrium point E.
Next, we conduct a simulation analysis of the pricing
ratio r in Figure 11(b). When the pricing ratio is low
(r=1,1.3), the price of technology acquisition is

relatively low. The company will decline participation
in collaborative innovation. In this case, the system
stability point is Eg. Through further simulation
analysis, it is obvious that only when r is large enough, the
firm will choose to participate in collaborative in-
novation. In practice, the pricing ratio cannot be ex-
tremely high, and consequently the stable evolutionary
strategy of the system is (participation, nonparticipation,
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and participation). After innovation has been completed,
it is more prudent for the company to directly decide to
acquire the technology.

5.2. Analysis of the Influence of Firm Benefit-Based Pricing on
Evolutionary Game. Calculating the technology price in ac-
cordance with r, after the utilization of innovative technology
is definitely to price from the perspective of the firm. The
technology transfer price is expressed as F, = F; + rr,. In the
first place, we take the pricing ratio r = 0.5 and conduct
a simulation analysis on the pricing base r, in Figure 12(a).

The firm’s willingness to participate is more sensitive to
the change of r,. When the benefits are relatively low,
companies tend to engage in collaborative innovation in
order to obtain cost-reduction subsidies. Nonetheless, when
the benefits are relatively high, the firm will choose not to
participate in collaborative innovation. Besides, the final
evolution trend is y = 0. Participation in collaborative in-
novation enables the owner of the technology to obtain
additional benefits and avoid penalties. The evolutionary
strategy eventually tends to the balance point E.

With the increase in the pricing ratio, the government’s
willingness to participate slightly weakens, and yet it still
chooses to participate in collaborative innovation in the end
(Figure 12(b)). On the condition that the pricing ratio is low
(r =0.2), the firm can obtain the initial technology at
a lower price. That is, it can obtain higher earnings without
participating in collaborative innovation. Thus, the firm will
not prefer to participate in technological innovation. In the
final evolution, with the increase of the pricing ratio
(r =0.7), the firm is required to pay a higher technology
royalty, and consequently, it will tend to participate in
technological innovation.

Consequently, when r,, are considered as the pricing base
of technology royalty, the pricing ratio predominantly affects
the decision-making of the firm. On the condition that the

pricing ratio is low, the stable strategy of system evolution is
(participation, nonparticipation, and participation). It im-
plies that it is preferable for the company to purchase the
final technology directly. When the pricing ratio is high, the
stable strategy of system evolution is (participation, par-
ticipation, and participation). Both the firm and the owner of
the technology will elect to participate in technological
innovation.

5.3. Analysis of the Influence of Government Benefit-Based
Pricing on Evolutionary Game. Since public technology in-
novation ultimately brings about the improvement of public
interests, it is more appropriate to base technology transfer
pricing on the benefits of the public sector as represented by
the government. Under the condition of government par-
ticipation, the technology transfer price is expressed as
F, = F, + rR,. Besides, under the condition of government
participation, the technology transfer price is expressed as
F, = F, + rbR,. The simulation analysis was carried out by
readjusting the replication dynamic equation.

Take the middle value of the pricing rate * = 0.5 to
conduct a simulation analysis of the pricing benefits in
Figure 13(a). When R, is relatively low, the government
will choose not to take part in collaborative innovation.
With the increase of R, the probability of government
participation will gradually increase. In the meantime, the
firm’s willingness to participate in collaborative innovation
keeps rising. For the technology owner, despite the im-
provement of R, indicates more technology royalties, its
participation in collaborative innovation can bring more
benefits and avoid punishment. Consequently, increasing
the benefits of collaborative innovation can encourage the
company and the owner of the technology to engage in
collaborative innovation. Besides, the improvement of
government benefits also contributes positively to the
stability of the system.
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FIGURE 13: (a) The effect of R, on the strategy evolution. (b) The effect of r on the strategy evolution.

When the pricing rate is low (r =0.2), the firm can
attain the technology at a reasonable cost. In this case, the
firm can obtain more benefits if it does not participate in
collaborative innovation (Figure 13(b)). With the increase in
pricing, the company must incur greater expenses to use the
technology, while the advantages of participating in col-
laborative innovation are enhanced. As a result, the firm’s
strategy changes from participation to nonparticipation.
Moreover, it can be found that the change in pricing rate
predominantly affects the evolution strategy of the firm.
Hence, adjusting the pricing rate can promote the partici-
pation of the firm in collaborative innovation.

If government benefits are regarded as the pricing base of
technology royalty, the government’s benefits increased
through technology innovation can encourage the company
and the owner of the technology to participate in collabo-
rative technology innovation and form a stable state of win-
win between the three parties in the end.

Divergent from previous studies, we found that tech-
nology transfer pricing has an essential impact on the col-
laborative innovation process of public technology, the
setting of distinct pricing basis and pricing proportion, and
ultimately, it influences the willingness of game participants
to take part.

6. Conclusion and Policy Recommendations

Under the premise that all game players are bounded ra-
tionality, in accordance with the technology collaborative
innovation problem in the public domain, this paper con-
structs a game model of the behavioral strategy evolution of
three participants, the government, the firm, and the
technology owner. The influence of distinct behavior
strategy choices on technology innovation in the technology
collaborative innovation system is systematically analyzed.
In addition, the influencing factors and evolutionary path of
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strategy selection, as well as verifying the rationality of the
model by simulation were analyzed in this study. It is worth
mentioning that we consider the technology transfer in
collaborative innovation and focus on the impact of the
technology transfer pricing method on the collaborative
innovation system. The primary findings of the research are
as follows:

(1) The advancement of the benefits of collaborative in-
novation could motivate the firm and the technology
owner to participate in collaborative innovation and
achieve win-win cooperation. Compared with the
technology owner, the firm is more attuned to changes
in benefits. Unsatisfactory benefits of cooperation are
easy to induce opportunistic behavior, which is not
conducive to the integration of technology resources.
Particularly for benefit-oriented firms, benefits, and
participation willingness can have a double-sided
promoting impact.

(2) Cost and benefit allocation coefficient will affect the
stability of the public technology collaborative in-
novation system. If the cost allocation coeflicient is
low, the firm will be more willing to participate. As
the increase of cost allocation coefficient, the will-
ingness of the technology owner to participate will
incrementally increase. During the same time, the
willingness of the firm to participate will in-
crementally decrease. This indicates that the cost
allocation will affect the stability of the collaborative
innovation system. In addition, the party that bears
more costs has less to gain, which contributes to
a lower willingness to participate. The evolutionary
strategies of both the firm and the technology owner
are sensitive to changes in the allocation coefficients
of costs and benefits. The scientific configuration of
the cost and benefit allocation coefficient is condu-
cive to maintaining the system’s stability and the
players’ cooperation.

(3) Punishment plays an important role in collaborative
innovation. When the intensity of punishment is
relatively low, the willingness of both the technology
owner and the firm will decrease accordingly. With
the increase in the intensity of punishment, there is
a corresponding increase in their willingness to
participate, and alterations in the intensity of pun-
ishment can result in rapid fluctuations in their
willingness to participate. By contrast, the firm is
more sensitive to the intensity of punishment than the
technology owner. Large default costs or prices can
effectively restrain the emergence of opportunistic
behavior. The government can facilitate collaborative
innovation by modifying the severity of punitive rules.
Furthermore, incentive measures have distinct im-
pacts on the firm and the technology owner. Besides,
the technology owner is more sensitive to government
subsidy incentives than the firm. The appropriate level
of separate subsidies can maintain the advantages of
the technology owner while ensuring the participation
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effect of the firm. A firm’s and the owner of a tech-
nology’s cooperation in technological innovation can
be facilitated by reasonable government subsidies and
punishment regulations.

(4) The initial willingness to participate has little in-

fluence on the stability of the system as a whole,
which implies that no matter what the initial par-
ticipation state of the game players is, through the
manipulation of various influencing factors, im-
proved evolutionary effects can be achieved.

(5) The method of pricing technology transfer is also

a significant factor in the evolution process. When
technology pricing is in accordance with the tech-
nology innovation cost of the technology owner, the
firm will choose to participate in collaborative in-
novation only when the pricing ratio is large enough. In
this instance, the company will choose to acquire the
technology directly following the completion of the
innovation. When technology pricing is built upon the
benefits of the firm, the pricing ratio predominantly
affects the decision of the firm. On the condition that
the pricing ratio is low, the firm will not participate in
collaborative innovation and choose to directly acquire
the technology after the completion of innovation. If
the pricing ratio is high, both the firm and the tech-
nology owner will choose to engage in collaborative
innovation. When the benefits of the government are
taken as the pricing base of technology, the benefits of
the government increased through technology in-
novation can encourage the firm and the technology
owner to participate in collaborative technology in-
novation, and ultimately, the three parties will reach
a stable, win-win equilibrium.

To promote the cooperative innovation of public tech-
nology, we present several policy recommendations for
decision-makers.

(1) A scientific cost and benefit allocation system should

be established among the collaborative innovation
subjects, and the disclosure should be improved to
eliminate the asymmetrical role of information in
innovation cooperation. The principle of fairness and
matching benefits should be adhered to at all times,
and a reasonable mechanism for distributing benefits
should be designed after fully considering factors
such as the strength, investment, degree of effort, and
cost of risk of innovation subjects.

(2) The government should formulate flexible policies

according to the internal and external environment
of collaborative innovation, including building
a scientific reward and punishment system, mod-
erately enhancing the intensity of rewards and
sanctions, and adopting a dynamic reward and
punishment mechanism. On the one hand, the ra-
tional use of policy tools including rewards and
penalties or subsidies could make up for the lack of
motivation for collaborative innovation between the
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firm and the technology owner. On the other hand, it
is necessary to use policy tools carefully. The use of
policy tools increases the reliance of collaborative
innovation subjects on policy tools and impedes the
substantial improvement of their collaborative in-
novation capacity.

(3) Government institutions should establish and en-
hance the corresponding technology evaluation and
transfer mechanism, particularly designing a rea-
sonable technology transfer pricing method to
strengthen the transfer of private technology to
public technology in the market. Simultaneously, the
government must establish a technology cooperation
platform, eliminate communication barriers be-
tween firms and technology owners, and establish
a favorable market environment for public tech-
nology collaborative innovation The Technology and
Innovation Support Center (TISC) launched by the
State Intellectual Property Office of China can enable
enterprises and technology owners to speedily grasp
industry trends and new technology information,
and enhance innovation capabilities.

Despite this study has achieved its intended objectives,
deficiencies remain that are worthy of attention. The exis-
tence of certain important limitations arising from the basic
assumptions of the model is duly recognized and ac-
knowledged, thereby potentially opening doors for future
research. In terms of the foundation of technology pricing,
the quantification of public benefits into monetary terms was
undertaken directly. It is challenging to measure public
benefits with money. National defense or military benefits
frequently need to be converted into other performance
indicators including combat effectiveness for value judg-
ment, and consequently, the relationship between public
benefits and currency requires further consideration.
Moreover, the research on collaborative innovation of public
technology in this paper is predominantly built upon
existing private technologies in the market. With a focus on
enhancing and revolutionizing current technologies, the
emphasis lies on the improvement and innovation of
existing technologies. In practical terms, certain public
technologies may necessitate research and development
(R&D) innovation, thereby providing an avenue for future
studies to explore the collaborative dynamics of R&D
innovation.
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