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A B S T R A C T   

The assessment of colleges’ effectiveness heavily relies on the employment status of graduates. 
Government-industry-university-research (GIUR) collaboration in cultivation talent is the key to 
improving the employment rate of college graduates. Based on the theoretical framework of the 
triple helix, this study develops a tripartite evolutionary game model that encompasses govern-
ment, enterprises, and university research institutions. The research findings indicate (1) the 
evolutionary convergence of strategies among the subjects of the three-party game. (2) The 
attainment of a stable ideal evolution state for (1,1,1) is possible when the requisite conditions are 
met. This suggests that the cultivation of aligned talent in GIUR collaborations should coordinate 
the interests of various stakeholders. (3) Drawing inspiration from parameter-sensitive simula-
tion, the problem of mismatch between talent cultivation and social demand can be effectively 
addressed through measures such as reducing the cost of cooperation, balancing the distribution 
of benefits, and implementing appropriate reward and punishment mechanisms. In response to 
these implications, we put forward some management insights and suggestions.   

1. Introduction 

China places a significant emphasis on development driven by innovation and actively pursues this strategic approach, with the aim 
of attaining a competitive advantage internationally and expediting China’s long-term economic growth. The sole means by which a 
nation can attain an edge in such a fiercely competitive global milieu is to foster a heightened level of innovative talent and effectively 
harness the advantages of high-quality talent to bolster the high-quality development of the nation and society [1]. Currently, China 
has experienced a significant increase in its gross enrollment rate in higher education, rising from 30 % in 2012 to 59.6 % in 2022 [2]. 
This represents a substantial increase of 29.6 percentage points. Furthermore, the total number of individuals enrolled in higher 
education has reached an impressive 240 million. Institutions of higher education also play a crucial role in fostering innovation, 
adapting to societal trends, and reimagining approaches to nurturing talent and facilitating transformation [3]. 

However, in certain circumstances, inadequate teaching methods and curricula may not be able to fulfill this demand of businesses 
seeking individuals with advanced skills [4]. According to the data presented in Fig. 1, the relevance of employment to the profession 
for undergraduate graduates from 2017 to 2021 is found to be below 75 %. Additionally, the level of students’ satisfaction with their 
employment is reported to be low, illustrating that the current employment rate is unsatisfactory, and the existing talent cultivation is 
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insufficient to meet the demands of society [5]. Therefore, vigorously cultivating technical talent that is compatible with the upgrading 
of industrial structure and social and economic development and improving the modern higher education system has become an urgent 
problem [6]. The creation of a “market-oriented, enterprise is the main body, industry-university-research (IUR) collaboration" 
technological innovation system is more conducive to further balance between China’s innovative talent training structure and modern 
industrial development needs. 

In this instance, the idea of “Government-Industry-University-Research” (GIUR) collaboration gives this occurrence fresh life. The 
foundation of this idea necessitates collaboration between numerous components and interaction across the four sectors of govern-
ment, university, society, and practice. GIUR collaborative talent cultivation is an innovative behavior of complementing each other’s 
advantages made by governments, enterprises, and university research institutions through mutual collaboration with their own re-
sources, aiming to compensate for their knowledge inadequacy and improve their talent cultivation. During collaboration, all parties 
are involved spontaneously in an informal collaboration network and work together through the collaboration of each sector [7]. 
Universities can turn knowledge dissemination into a more direct teaching approach throughout the teaching stage by using other 
environments, including social businesses, as the basis of the teaching environment, which considerably enhances the skills and talents 
needed by society [8]. 

China’s economic development and government policies provide a platform for collaboration between its stakeholders (namely 
universities), government, and industry [9]. GIUR collaboration highlights the role and responsibilities of each actor at different stages 
of knowledge generation and commercialization [10]. For the past few years GIUR relations, as well as the scope of collaborations, 
have changed in response to reforms in regulations [11]. Though GIUR relations continue to develop, the scope of 
government-industry collaboration decreases because of deregulation, and the tripartite relationship between universities, industry, 
and government shows a loose trend [12]. 

Cultivation of innovative talent should prioritize comprehensive collaborative education involving government, industry, and 
university research institutes. It is crucial to integrate innovation and entrepreneurship education with the requirements of enterprises 
throughout the entire talent cultivation process. This approach is necessary to address the growing demand for talent in the era of 
globalization [13]. As an emerging and innovative approach to talent cultivation, the GIUR talent cultivation model has the potential 
to enhance the quality of talent for enterprises while also addressing the issue of college student employment. This model aims to 
improve overall performance [14,15]. However, when considering the interests of individual groups, the industry-university-research 
alliance may not always opt for collaboration, as these groups often prioritize fair distribution and maximizing benefits, and there 
exists a significant interdependence among individuals [16]. 

This paper investigates the following three inquiries: (1) Does the government opt to proactively engage or adopt a hands-off 
approach? (2) How can a system of rewards and punishments be implemented to incentivize university research institutions and 
enterprises? (3) In the face of the employment rate of college students, enterprises have the option to either passively respond to 
government initiatives or proactively assume social responsibility by actively collaborating with universities to foster talent. In 
addressing these inquiries, this paper aims to address an overlooked concern by examining the tripartite evolutionary game of the 
stakeholders involved in the university talent cultivation system. It seeks to elucidate the strategic decisions made by the government, 
university research institutes, and enterprises within the framework of the innovative talent cultivation system. 

This paper may contribute to the literature in the following aspects: (1) It provides a new evolutionary perspective that concen-
trates on the behavioral strategies of university research institutions and industry collaborating to train innovative talent under 
government involvement. The focus of this paper is on the evolution of strategy interactions rather than technology improvement or 
policy design in static situations. (2) The application of evolutionary game theory is extended, and the theory is innovatively used to 
analyze the process of cultivating innovative talent and the interaction among the government, university research institutions, and 
industry. (3) The evolutionary trajectory and the influence of key parameters are provided through numerical simulation. In addition, 
targeted policy recommendations are proposed based on the model results, which are of strong practical significance for innovation to 

Fig. 1. Employment satisfaction among undergraduate graduates and relevance of profession, 2017–2021.  
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enhance talent training. To the best of our knowledge, this study represents the pioneering application of an evolutionary game model 
to analyze the tripartite decision-making process involved in the cultivation of innovative talent through GIUR collaboration. By 
conducting numerical simulations to analyze the evolutionary trajectory of the evolutionarily stable strategy (ESS) and its dependence 
on key parameters, this paper offers valuable theoretical insights for the cultivation of innovative talent. 

The subsequent sections of this paper are structured as follows. Section 2 provides an overview of the literature. Section 3 presents 
the theoretical framework for fostering innovative talent through collaborative GIUR, drawing upon triple helix theory. Section 4 
delineates the problem and establishes the parameters while also presenting the tripartite evolutionary game model. Section 5, 
simulation analysis, aims to examine the effects of key parameters on the evolutionary results and trajectories. Finally, the results of the 
analysis are summarized, management insights are presented, and ideas and directions for future development are offered. 

2. Literature review 

2.1. University talent cultivation 

Talent cultivation in higher education has become a critical focal point in academia. Collaboration between universities and in-
dustry is largely seen as one approach to cultivating innovative talent [17,18]. The cultivation of innovative talent requires the 
collaboration of universities, governments, enterprises, and other pertinent stakeholders. Successful collaboration between industry 
and university research institutions necessitates the alignment of the university’s evolving mission with the crucial demands of the 
industry [19]. The incorporation of conventional academic fields with interdisciplinary technology and the integration of theoretical 
instruction and practical education, along with the integration of knowledge transfer and application inquiry, fosters the development 
of innovative talent [20]. 

Intel’s exploratory research model facilitates collaboration and enables the simultaneous execution of projects in various locations, 
thereby enhancing outcomes and expediting technology transfer [21]. Rui Zhou et al. found that under the guidance of IUR collab-
oration, students practice more in the teaching and learning process in response to the needs of society [22]. It incorporates the 
“Industry-University-Research-Competition" approach, considering the viewpoints of students, teachers, and colleges. It effectively 
incorporates positive psychological cues and develops the “student teaching assistant" auxiliary system to enhance learning promotion 
efforts. Ultimately, it aims to innovate the talent cultivation system [23]. Additionally, companies have the option to establish direct 
collaborations with universities and their affiliated research institutions. They can also consider recommendations from universities, 
delegate the task of cultivating specific professionals to universities, or even offer internship opportunities for designated students 
pursuing professional cultivation and cultivating innovative talent [24]. 

With the advancement of science and technology, an increasing number of novel technologies are being utilized in the education 
and cultivation of innovative talent in higher education institutions. The “Internet + Education" initiative in innovative talent edu-
cation can effectively guide the innovation of talent education models, allowing for greater utilization of novel technologies to enhance 
efficiency and performance [25]. The ongoing global pandemic caused by the coronavirus has necessitated a swift adjustment to online 
learning for students and educators at all levels of education [26]. Yanli Ma is incorporating artificial neural networks into the 
cultivation process of developing film creation talent [27]. Additionally, for the past few years, a significant body of literature has 
addressed the cultivation of innovative talent, emphasizing the need for colleges and universities to revise their understanding and 
optimize their faculty structure [28,29], the reform of educational concepts, models, and policies [30], and the reform of curricula [31, 
32]. Zhang, H et al. suggested dismantling institutional obstacles, fostering collaboration and talent exchange, and implementing a 
talent-sharing mechanism [33]. 

In these papers, numerous scholars have examined the issue of university talent cultivation from various perspectives. However, 
while a few studies [22–24] have explored university talent cultivation from the IUR perspective, they have not analyzed the role of the 
government in fostering talent through IUR collaboration, nor have they examined the influence of the interests of each main 
stakeholder on the development of collaborative talent. Therefore, to address this research gap, this paper aims to investigate the 
application of evolutionary game theory in describing the long-term dynamic process of multiplayer games within the context of GIUR 
collaborative talent cultivation, taking into account the constraints of limited rationality. The multiplayer evolutionary game is 
simulated, and its stability is subsequently analyzed. Based on the simulation analysis involving various stakeholders, an efficient 
stabilization control strategy is proposed and subsequently validated. 

2.2. Evolutionary game theory 

Game theory offers a mathematical framework for examining the dynamics of rational decision-makers’ interactions, addressing a 
gap that is often overlooked by traditional approaches, which fail to consider the individual and social behaviors of stakeholders [34]. 
The aforementioned analysis tool and decision theory holds significant influence in the field of economics, as it aids in comprehending 
and examining conflict and collaboration within the decision-making process [35]. Traditional game theory is founded upon the 
assumption of complete rationality, wherein individuals always strive to maximize their utility and possess flawless introspection and 
inference capabilities [36]. However, this assumption diverges from the concept of bounded rationality that characterizes real in-
dividuals. At the same time, the strategy choice of participants with limited rationality is not fixed but rather influenced by the 
observation and comparison of benefits. These individuals could adjust their strategy choices and adapt their strategies dynamically. 

The Evolutionarily Stable Strategy and the Replicating Dynamic Equation, proposed by Maynard Smith and Price [37] and Taylor 
and Jonker [38] in the 1970s, respectively, have been fundamental to the field of evolutionary games. These concepts have provided a 
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solid foundation for understanding the dynamics of evolution in various contexts. Evolutionary game theory offers a solution to the 
limitations of traditional game theory by examining the bounded rationality of players and the dynamic nature of games. Each in-
dividual within the study is considered a bounded rational economic agent [39]. Over time, individuals engage in the process of 
observing and comparing the advantages, subsequently continuing to acquire knowledge and adapt their strategic decisions. This 
behavior exemplifies the attributes of a complex dynamic game. 

At present, there is an increasing body of research that has utilized evolutionary game theory to examine the strategic interactions 
among various stakeholders in the fields of supply chain management [40], low-carbon economy [41], land and resources adminis-
tration [42], safety management [43], and public service [44] to investigate this phenomenon. Meanwhile, evolutionary game 
analysis, a widely used quantitative analysis framework, has been utilized to examine the effectiveness of energy policies. Gong et al. 
employed an evolutionary game-theoretic model to ascertain the optimal time-of-use pricing for urban gas. Their study revealed that 
various gas users demonstrated varying degrees of demand responsiveness [45]. Therefore, the utilization of evolutionary game theory 
is deemed more appropriate for the examination of a long-term dynamic game involving bounded rational players within the context of 
our GIUR cultivation innovation talent cultivation system. 

3. Theoretical framework based on triple helix theory 

The triple helix model is a conceptual framework employed for the analysis of the interconnections among government, univer-
sities, and industries [46,47]. Etzkowitz and Leydesdorff [47] introduced the metaphor of the triple helix to conceptualize the intricate 
dynamics of relationships between universities, industries, and governments. The model posits the establishment and expansion of 
innovation in a knowledge-based society [48]. Presently, with the increasing interaction between universities and industrial activities, 
the roles and responsibilities of universities are expanding. According to the original talent cultivation theory, universities have 
traditionally been regarded as the primary institutions responsible for talent cultivation. However, this perspective is no longer in line 
with the current phenomenon of talent cultivation. Triple helix theory posits that universities, enterprises, and governments each play 
a crucial role in fostering innovative talent. According to this theory, these three entities should not only collaborate closely in 
innovation but also retain their distinct characteristics and independent status. This approach aims to establish a novel model of talent 
cultivation. 

This paper utilizes Etzkowitz’s triple helix theory of innovation [48] to construct a theoretical framework for examining the 
collaboration between government, industry, and university research institutions in fostering the development of innovative talent, as 
shown in Fig. 2. 

Innovative talent cultivation institutions consist of three key stakeholders: the government, industry, and university research in-
stitutions. The three subjects converge based on the principles of prior talent development and cultivation, establishing a cycle of 
elements through collaborative project pathways and the translation of scientific research outcomes. This approach aims to foster a 
triple helix relationship, wherein the capabilities of all three parties mutually influence one another; by leveraging their respective 
strengths, they can collectively contribute to the development of innovative talent. In the context of fostering innovative talent through 
collaboration, it is possible for the government, enterprises, and university research institutions to engage in talent cultivation indi-
vidually and independently. However, the most crucial aspect of this practical endeavor lies in the cross-collaboration between these 
three entities. This collaboration serves as a catalyst for the other two parties, generating positive outcomes and fostering a collab-
orative initiative. The emphasis of policy promotion should be on the establishment of overlapping sectors. 

Fig. 2. Theoretical framework based on triple helix theory.  
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4. The evolutionary game consisting of tripartite participants 

4.1. Model assumptions 

In the process of cultivating innovative talent, it is necessary to rely on collaboration between industry and university research 
institutes. In addition to the key participants who can be seen in the cultivation process, the government, the driving force behind the 
process, also does work that cannot be ignored. The government is equivalent to the “ripening agent", which has the incentive to 
promote collaboration between universities and research institutions and enterprises as soon as possible and obtain social benefits by 
solving the employment problems of university graduates. In a realistic environment of IUR collaboration to cultivate talent, the 
employment situation of graduates and the work completion degree of the participants is inspected by the government on a regular 
basis, and the inspection results are used as evidence for subsequent financial support. On this basis, the following assumptions are 
made.  

(1) Participating subjects. Government (G), university research institutions (S) and enterprises (E) are the three main bodies in the 
process of GIUR collaboration in cultivating innovative talent. At present, our country’s GIUR collaborative talent cultivation is 
a model of government guidance, with university research institutions leading and enterprises participating. As a guide, the 
government mainly uses various encouraging policies to provide support to universities and research institutions and their 
enterprises to promote collaboration between enterprises and university research institutions to cultivate talent; enterprises are 
responsible for practical courses and providing internships; universities and research institutions are mainly responsible for the 
delivery of theoretical knowledge. In the process of collaboration, the three parties constantly play a limited and rational game 
and seek the best strategy in the game.  

(2) Collaboration strategy. If the three parties collaborate in the game of cultivating talent, the geographical boundaries of the 
activities of the people participating in the three parties are split, and the government can play its unique role of supervision, 
supervising the university research institutions and enterprises in the process of joint cultivation of talent. It can also choose not 
to participate in the supervision of enterprises and university research institutions’ collaboration to cultivate talent and provide 
preferential and incentive policies. Whether or not to participate in the collaboration mainly depends on the actual situation of 
the two main subjects, that is, whether it is beneficial for them to participate in the collaboration, which can also be divided into 
two cases, and the set is expressed as (collaborative, noncollaborative). Let x and y denote the probability of collaboration 
between enterprises and university research institutions to cultivate talent, respectively; then, 1 − x and 1 − y denote the 
probability of noncollaborative between enterprises and university research institutions, respectively. Let z represent the 
probability of government participation and 1 − z represent the probability of no government participation, where x,y,z ∈ [0,1].  

(3) Cost of collaboration. If the government does not participate in the cultivation of collaborative innovation talent, then it will not 
produce the total cost, and then enterprises and university research institutions become the key participants in the cultivation of 
talent, as the main body will inevitably put the corresponding human, talent and material resources as the total cost of pro-
duction C. If we take αe and αs as the cost-sharing ratios of enterprises and university research institutions, respectively, and αe +

αs = 1, we can obtain the costs of enterprises and university research institutions as αeC and αsC, respectively. If the government 
chooses to participate in the process, then it will pay certain supervision and incentive costs. We set G and π as the monitoring 
and incentive costs of government participation, respectively. At the same time, because of the government’s participation and 
because the government’s own characteristics can give enterprises and university research institutions corresponding prefer-
ential policies to reduce the total investment of the two main participants, the total cost is expressed by C, the amount of cost 
reduction is expressed by Δ, and at the same time, the total cost paid by the two parties will become (c, c = C − Δ). Then, αec 
and αsc are the cost of their needed inputs and the cost of the university research institutions’ inputs, respectively. 

(4)Benefits of collaboration. Let R1 and R2 denote the benefits when enterprises and university research institutions choose not to 
collaborate, respectively, R3 denote the benefits when enterprises and university research institutions collaborate with each other 
to cultivate talent without government involvement, R4 denote the benefits when enterprises and university research institutions 
collaborate with each other to cultivate talent and government involvement, and R4 > R3 > R2 > R1. When both enterprises and 
university research institutions choose to collaborate to cultivate talent, the government can obtain an additional benefit of V, the 
total benefit of enterprises and university research institutions is R, the proportion of enterprises and university research in-
stitutions sharing this benefit is βe and βs, βe + βs = 1, the new benefit of enterprises is βeR, and βsR indicates the benefit of uni-
versity research institutions. In addition, if there are enterprises and university research institutions that actively participate in the 
collaboration to cultivate talent, the government will give additional incentive funds, which is denoted by π. The ratio of incentive 
funds for enterprises and universities is γe and γs, and γe + γs = 1; then, the incentive funds for enterprises are γeπ, and the incentive 
funds for universities are γsπ. In the case that the enterprise agrees to join the collaboration to cultivate talent, but the research 
institution refuses to join,L1 indicates the benefits gained by the enterprise. Conversely, if the company does not join the collab-
orative talent cultivation but the university research institution chooses to join, the following indicates the benefits received by the 
university research institution L2.  
(5) Punishment. To further control the breach of trust between enterprises and university research institutions in the process of 

collaboration to cultivate talent, so that the collaboration can achieve the ultimate purpose of cultivating innovative talent, we 
use the government to supervise, such as in the case that enterprises participate in the collaboration and university research 
institutions do not participate, the enterprise will get the penalty amount paid by the university research institutions when the 
university research institutions break the trust and breach the contract W1; the position changes when the university research 

J. Ma and D. Yang                                                                                                                                                                                                    



Heliyon 10 (2024) e25335

6

institutions participate in the collaboration and enterprises choose not to participate, and the university research institutions 
will get the penalty amount paid by the enterprises. If the enterprise is involved in the collaboration, the enterprise chooses not 
to participate, and the enterprise defaults on the contract, the university research institution will receive the penalty amount 
paid by the enterprise W2. 

Based on the underlying assumptions, the anticipated payoffs for the government, industry, and university were illustrated in a 
game tree, as depicted in Fig. 3. 

4.2. Game solution 

4.2.1. Constructing the expected payoff function 
Based on the data presented in Fig. 3, we conducted calculations to determine the anticipated payoffs to the government when 

deciding whether to engage in GIUR collaboration for talent cultivation. The expected benefits of the government “participate" strategy 
Ug1, the expected benefits of the “nonparticipate" strategy Ug2, and the average expected benefits of the game Ug，which are expressed 
by formulas(1)-(3), respectively: 

Ug1 =R4 − G + (xy − x − y)π + xyV (1)  

Ug2 = xyV + R3 (2)  

Ug = zUg1 + (1 − z)Ug2 (3) 

The expected benefits of the enterprise choosing the “collaborative" strategy Ue1, the expected benefits of choosing the “non-
collaborative" strategy Ue2, and the average expected benefits of the game Ue，which are expressed by formulas(4)-(6), respectively: 

Ue1 = yz(R1 + βeR + γeπ − αec) + y(1 − z)(R1 + βeR − αeC) + (1 − y)z(R1 + L1 + γeπ + W1 − αec) + (1 − y)(1 − z)(R1 + L1 − αeC)

 = [αe(C − c) + γeπ + (1 − y)W1 ]z − αeC + (βeR − L1)y + L1 + R1

(4)  

Ue2 = yz(R1 − W2)+ y(1 − z)(R1 − W2)+ (1 − y)zR1 +(1 − y)(1 − z)R1

= R1 − yzW2
(5)  

Ue = xUe1 + (1 − x)Ue2 (6) 

The expected benefits of the university choosing the “collaborative" strategy Us1, the expected benefits of choosing the “non-
collaborative" strategy Us2 and the average expected benefits of the game Us，which are expressed by formulas(7)-(9), respectively: 

Us1 = xz[R2 + βsR + γsπ − αsc] + (1 − x)z(R2 + L2 + γsπ + W2 − αsc) + x(1 − z)(R2 + βsR − αsC) + (1 − x)(1 − z)(R2 + L2 − αsC)

= [αs(C − c) + γsπ + (1 − x)W2 ]z − αsC + (βsR − L2)x + L2 + R2

(7)  

Us2 = xz(R2 − W1)+ x(1 − z)(R2 − W1)+ (1 − x)zR2 +(1 − x)(1 − z)R2

= R2 − xzW1
(8) 

Fig. 3. Tripartite game tree.  
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Us = yUs1 + (1 − y)Us2 (9)  

4.2.2. Dynamic replication equations for evolutionary games 
With the above analysis, the replication dynamic equation of the enterprise is formula (10): 

F(x) =
dx
dt

= x(Ue1 − Ue) = x(1 − x){[αe(C − c) + γeπ + (1 − y)W1 ]z − αeC + (βeR − L1)y + L1 + yzW2 } (10) 

The replication dynamics equation for university research institutions is formula (11): 

F(y) =
dy
dt

= y(Us1 − Us) = y(1 − y){[αs(C − c) + γsπ + (1 − x)W2 ]z − αsC + (βsR − L2)x + L2 + xzW1 } (11) 

The replication dynamic equation for the government is formula (12): 

F(z)=
dz
dt

= z
(
Ug1 − Ug

)
= z(1 − z)[R4 − R3 − G+(xy − x − y)π] (12) 

By associating formulas (10), (11) and (12), the dynamic equations of the replication dynamics system of the government, en-
terprises and university research institutions are obtained as formula (13). 

⎧
⎨

⎩

F(X) = x(1 − x){[αe(C − c) + γeπ + (1 − y)W1 ]z − αeC + (βeR − L1)y + L1 + yzW2 }

F(Y) = y(1 − y){[αs(C − c) + γsπ + (1 − x)W2 ]z − αsC + (βsR − L2)x + L2 + xzW1 }

F(Z) = z(1 − z)[R4 − R3 − G + (xy − x − y)π ]

(13)  

4.2.3. Stability analysis of the tripartite evolutionary game system 
According to the method proposed by Friedman, the ESS [49] of the system of differential equations can be obtained from the local 

stability analysis of the Jacobi matrix of this system, which is obtained from formula (13) as formula (14): 

J =

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

∂F(x)
∂x

∂F(x)
∂y

∂F(x)
∂z

∂F(y)
∂x

∂F(y)
∂y

∂F(y)
∂z

∂F(z)
∂x

∂F(z)
∂y

∂F(z)
∂z

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

(14)  

Among them, 

∂F(x)
∂x

= (1 − 2x){[αe(C − c) + γeπ + (1 − y)W1 ]z − αeC + (βeR − L1)y + L1 + yzW2 }

∂F(x)
∂y

= x(1 − x)(Rβe − zW1 + zW2 − L1)

∂F(x)
∂z

= x(1 − x)[αe(C − c) + γeπ + (1 − y)W1 + yW2 ]

∂F(y)
∂x

= y(1 − y)(βsR + zW1 − zW2 − L2)

∂F(y)
∂y

= (1 − 2y){[αs(C − c) + γsπ + (1 − x)W2 ]z − αsC + (βsR − L2)x + L2 + xzW1 }

∂F(y)
∂z

= y(1 − y)[αs(C − c) + γsπ + (1 − x)W2 + W1x ]

∂F(z)
∂x

= z(1 − z)(πy − π)

∂F(z)
∂y

= z(1 − z)(πx − π)

∂F(z)
∂z

= (1 − 2z)[R4 − G − (x + y − xy)π − R3 ]

In the system of replicated dynamic equations, let F(x) = F(y) = F(z) = 0 obtain the locally stable equilibria as E1(0, 0, 0) , E2(0,0, 1) , 
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E3(0,1, 0) , E4(0,1, 1) , E5(1, 0, 0) , E6(1, 0, 1) , E7(1, 1, 0) , and E8(1, 1,1) . According to the evolutionary game theory, the equilibrium 
point that satisfies all the eigenvalues of the Jacobi matrix is nonnegative and is the ESS of the replicated dynamic equation system. 

The following is the first analysis of the case where the equilibrium point is E1(0, 0, 0) when the Jacobi matrix is: 

J1 =

⎡

⎣
− (αe C − L1) 0 0

0 − (αs C − L2) 0
0 0 − G − R3 + R4

⎤

⎦

The eigenvalues of the Jacobi matrix are currently λ1 = − (αeC − L1), λ2 = − (αsC − L2), and λ3 = − G − R3 + R4. By analogy, the 
eigenvalues of the Jacobi matrix corresponding to each of the eight equilibrium points can be obtained by substituting them into the 
Jacobi matrix, as shown in Table 1. 

To facilitate understanding the sign of the eigenvalues corresponding to different equilibrium points without loss of generality, 
Assuming (1) the government’s participation in monitoring and incentivizing the collaborative cultivation of talent will make the 
government earn more revenue and make the net revenue more than that without participation in monitoring and incentivizing the 
collaborative cultivation of talent, i.e., R4 − π − G − R3 > 0; (2) under the condition that the government participates in monitoring 
and incentivizing, the net revenue of the collaborative cultivation of talent between enterprises and university research institutions is 
greater than that without collaboration, i.e., γeπ + βeR − αec + W2 > 0 and γsπ + βsR − αsc+ W1 > 0; and (3) under the condition that 
the government is not involved in supervision and incentives, the net benefit of collaboration between enterprises and university 
research institutions in cultivating talent is greater than the net benefit of not cooperating in cultivating talent, i.e., βeR − αeC > 0 and 
βsR − αsC > 0. Based on the large number of complicated parameters in the model, the evolutionary game stabilization strategy is 
discussed in the following four scenarios. 

Scenario 1: αeC − L1 < 0 and αsC − L2 < 0 means when the enterprise chooses not to participate in collaboration to cultivate talent 
but to cultivate talent independently with itself as the largest subject, the cost paid out, in this case, is less than the benefit, while the 
benefit of independent cultivation of talent by university research institutions is greater than the cost paid. From Table 2, we know that 
E8(1,1, 1) is the evolutionary equilibrium point of the game model, and the evolutionary equilibrium strategy is (collaborative, 
collaborative, participate). 

Scenario 2: αec − γeπ − W1 − L1 > 0 and αsc − γsπ − W2 − L2 > 0, that is, under the condition that the government participates in 
supervision and incentives, the sum of the revenue obtained by the enterprise when it chooses to collaborate and the university 
research institution when it chooses not to collaborate to cultivate talent, and the sum of the liquidated damages and government 
incentive funds paid by the university research institution is less than the cost of its investment, and the sum of the revenue obtained by 
the university research institution when it chooses to collaborate and the enterprise when it chooses not to collaborate to cultivate 
talent, and the sum of the liquidated damages and government incentive funds paid by the enterprise is less than the cost of its in-
vestment. The sum of the default and government incentive funds is less than the funds invested. Table 2 shows that the eigenvalues of 
the Jacobi matrices of E2(0,0, 1) and E8(1,1, 1) are nonpositive, which are the evolutionary equilibrium points of the game model, and 
on this basis, the system presents two stable points of (0, 0, 1) and (1,1,1), and the corresponding evolutionary strategies are (non-
collaborative, noncollaborative, participation) and (collaborative, collaborative, participate). 

Scenario 3: αeC − L1 < 0 and αsc − γsπ − W2 − L2 > 0, i.e., the benefits of independent cultivation are greater than the costs, and the 
sum of the benefits gained and the liquidated damages and government incentive funds paid by the enterprise is less than the costs 
when the university and research institution choose to collaborate and the enterprise chooses not to collaborate in cultivating talent. 
From Table 2， E8(1,1, 1) is the evolutionary equilibrium point of the game model, and the evolutionary equilibrium strategy is 
(collaborative, collaborative, participate). 

Scenario 4: αec − γeπ − W1 − L1 > 0 and αsC − L2 < 0, i.e., the sum of the benefits gained by the enterprise when it chooses to 
collaborate and the university research institution when it chooses not to collaborate to cultivate talent, and the sum of the breach of 
contract and government incentive funds paid by the university research institution is less than the costs paid by the university 
research institution, and the benefits of the university research institution to cultivate talent independently are greater than the costs 
paid by the university research institution. From Table 2, we can see that E8(1,1, 1) is the equilibrium point of the model, and the 
corresponding strategies are (collaborative, collaborative, participate). 

Table 1 
Eigenvalues of the Jacobi matrix.  

Balancing point Eigenvalue λ1 Eigenvalue λ2 Eigenvalue λ3 

E1(0,0,0) − (αe C − L1) − (αs C − L2) − G − R3 + R4 

E2(0,0,1) − (αec − γe π − W1 − L1) − (αsc − γs π − W2 − L2) G+ R3 − R4 

E3(0,1,0) − (αe C − Rβe) αs C − L2 − G − π − R3 + R4 

E4(0,1,1) − (αec − γe π − Rβe − W2) αsc − γs π − W2 − L2 G+ π+ R3 − R4 

E5(1,0,0) αe C − L1 − (αs C − Rβs) − G − π − R3 + R4 

E6(1,0,1) αec − γe π − W1 − L1 − (αsc − γs π − Rβs − W1) G+ π+ R3 − R4 

E7(1,1,0) αe C − Rβe αs C − Rβs − G − π − R3 + R4 

E8(1,1,1) αec − γe π − Rβe − W2 αsc − γs π − Rβs − W1 G+ π+ R3 − R4  
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5. Numerical simulations 

In light of the research opportunity regarding talent cultivation in private colleges and universities in Chongqing, a comprehensive 
study was conducted on a total of 29 colleges and universities, as well as 33 school-enterprise collaboration units in the same region. 
Based on an analysis of data from the “Chongqing Municipal Statistical Yearbook" and relevant research, the initial values of each 
external variable were determined in relation to the expenditure on the fusion of university and enterprise production and education. 
The values are displayed in Table 3. In this paper, Python 3.8 is utilized to simulate and analyze the decision-making process of 
government entities, enterprises, and university research institutions in various scenarios. The focus is primarily on factors such as the 
initial inclination to participate, government policies and the severity of associated penalties, as well as the distribution of benefits and 
cost-sharing coefficients among the final participants. 

5.1. 1Influence of variations in participants’ initial probabilities 

Fig. 4 illustrates the simulation of the impact of variations in the initial probabilities of the three parties, i.e., enterprises, university 
research institutions and the government, to participate in the collaborative cultivation of talent on the collaborative cultivation of 
talent strategy, occurring under the condition that the remaining parameters remain unchanged. As can be seen from Fig. 4 that 

Table 2 
Local stability of equilibrium points.   

Scenario 1 Scenario 2 Scenario 3 Scenario 4 

λ1 λ2 λ3 Stability λ1 λ2 λ3 Stability λ1 λ2 λ3 Stability λ1 λ2 λ3 Stability 

E1(0,0,
0)

+ + + Saddle Point – – + Non-Stability 
Point 

+ – + Non-Stability 
Point 

– + + Non-Stability 
Point 

E2(0,0,
1)

+ + – Non-Stability 
Point 

– – – ESS + – – Non-Stability 
Point 

– + – Non-Stability 
Point 

E3(0,1,
0)

+ – + Non-Stability 
Point 

+ + + Saddle Point + + + Saddle Point + – + Non-Stability 
Point 

E4(0,1,
1)

+ – – Non-Stability 
Point 

+ + – Non-Stability 
Point 

+ + – Non-Stability 
Point 

+ – – Non-Stability 
Point 

E5(1,0,
0)

– + + Non-Stability 
Point 

+ + + Saddle Point – + + Non-Stability 
Point 

+ + + Saddle Point 

E6(1,0,
1)

– + – Non-Stability 
Point 

+ + – Non-Stability 
Point 

– + – Non-Stability 
Point 

+ + – Non-Stability 
Point 

E7(1,1,
0)

– – + Non-Stability 
Point 

– – + Non-Stability 
Point 

– – + Non-Stability 
Point 

– – + Non-Stability 
Point 

E8(1,1,
1)

– – – ESS – – – ESS – – – ESS – – – ESS  

Table 3 
Parameters and assignment.  

Parameters Parameter Meaning Initial 
value 

C The total cost of cultivating talent for companies and universities when the government is not involved 60 
c Total cost for companies and universities to train talents when the government is involved 56 
G The cost of monitoring, when the government is involved 8 
π Incentive costs when the government is involved 5 
V When both enterprises and university research institutions choose to collaborate in cultivating talent, the government can gain 

additional benefits 
2 

R4 Government participation in collaboration between enterprises and universities to train talents to gain revenue 40 
R3 The government does not participate in the collaboration between enterprises and universities to train talents to gain revenue 20 
R1 Benefits when companies choose not to collaborate 18 
R2 Benefits for university research institutions when they choose not to collaborate 15 
R Enterprises and university research institutions bring total benefits 60 
αe Cost allocation coefficient of enterprise talent cultivation 0.5 
αs Cost allocation coefficients for cultivating talents in university research institutions 0.5 
βe Coefficient of revenue distribution for enterprise collaboration in cultivating talent 0.5 
βs Coefficient of revenue distribution for collaboration between universities and research institutions in cultivating talent 0.5 
γe Allocation factor for enterprises to receive government incentive funds 0.5 
γs Allocation coefficients of government incentive funds to university research institutions 0.5 
L1 The benefits gained by enterprises when universities and research institutions choose not to collaborate in cultivating talent, but 

enterprises choose to collaborate in cultivating talent 
15 

L2 The benefits gained by university research institutions when university research institutions choose to collaborate in cultivating 
talent while enterprises choose to train talents alone 

18 

W1 Universities and research institutions pay the cost of a breach of contract 5 
W2 Companies pay the cost of a breach of contract 5  
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0.4–0.5 is the range of the critical value of the initial probabilities of enterprises, universities and research institutions and the gov-
ernment. When the critical value is larger than the initial probabilities of all three parties, z will converge to 1, but x, y will converge to 
0, and the final equilibrium point will converge to (0, 0, 1). The convergence speed of enterprises’ probabilities to participate is much 
faster than university. In contrast, which will make x, y, z all converge to 1, and the final equilibrium point will converge to (1, 1, 1). 
When the three parties’ probabilities to participate remains the same, positive encouragement will gradually increase the government 
and universities’ probabilities to participate, but the government’s increase rate is more prominent. However, in the face of positive 
encouragement enterprises’ probabilities to participate will decrease, but eventually, enterprises’ probabilities to participate will 
decrease along with the remaining two parties’ probabilities to participate. If the government is fully involved in the plan of coop-
erating to cultivate talent, and their interests are guaranteed, then this will directly drive the other two parties to participate, and their 
probabilities to participate will go up, and finally both parties will choose to participate after weighing the pros and cons. The ideal 
state is that the government, enterprises and university research institutions are all willing to participate, and finally, all three parties 
are willing to collaborate to cultivate talent, which will make the point at (1,1,1) remain stable. From the simulation analysis, when x,y,
z, which represents the probabilities of the three parties, is rising, then the speed of x, y converging to 1 is significantly accelerated, and 
the speed of z converging to 1 is slowed down, but finally, all three parties can reach the same probabilities to participate in the 
collaborative cultivation of talent. 

The starting point of Fig. 5 is a simulation analysis of the impact of the strategy of collaboration between university research in-
stitutions and the government in cultivating talent caused by the variations in the initial probabilities of enterprises participating x 
based on the remaining parameters being unchanged. As can be seen from Fig. 5 that under the influence of the initial probabilities of 
enterprises, the values of y,z, which represent the initial probabilities of government and university research institutions to participate, 
are kept in an intermediate position, and the initial probabilities of enterprises x are taken from 0.3 to 0.4, and when the critical value 
is greater than x, x, y converges to 0, and z converges to 1. The point (0,0,1) is the convergence point of the final equilibrium. 
Meanwhile, the expansion of z will slow down the convergence speed of x,y, and with the increase of z = 1, the convergence speed of 

Fig. 4. Evolutionary results of simultaneous variations in probabilities to participate x, y, z.  

Fig. 5. Evolutionary results of variations in probabilities to participate x.  
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x, y will be accelerated rapidly; when the critical value is less than x, x, y, z converges to 1, but the convergence speed of x, y is less than 
that of z, and the point (1,1,1) is the convergence point of the final equilibrium point. 

Fig. 6 shows the simulation analysis of the initial probabilities to participate of enterprises and the government subjected to 
variations in the initial probabilities to participate of universities and research institutions y occurring under the condition that the 
remaining parameters remain unchanged. As can be seen from Fig. 6 that the values of x,z, which represent the initial probabilities of 
government and enterprises to participate, are kept at half and half, and it can also be concluded that the initial probabilities of 
universities to participate value y is taken at 0.3–0.4; when the critical value is greater than y , z converges to 1, x, y converges to 0, and 
the (0,0,1) point is the final equilibrium convergence point. At this time the convergence of x, y slows down because of the rise of the z 
value, however, in order to make the convergence of the y value accelerate rapidly, it is necessary to make z = 1 so that the 
convergence speed of enterprises is much faster than the convergence speed of university research institutions. The critical value is less 
than y when x, y, z converges to 1, then the point (1,1,1) will be the convergence point of the final equilibrium point. In this case the 
convergence speed of x will be accelerated because of the increase of y , and it makes the convergence speed of z slow down; from this 
change trend it can be concluded that the probabilities of enterprises to participate varies with the initial probabilities of universities 
and research institutions to participate in y , and increases together with the increase of probabilities. The government’s probabilities 
to participate is the opposite, but it will join eventually. According to the data in Figs. 5 and 6 that when the initial probabilities of 
enterprises or university research institutions to participate both increase, the likelihood of the probabilities to participate in 
collaborative talent cultivation continues to rise so that both parties eventually join the line of collaborative talent cultivation; only 
from this perspective can we know that the probabilities of enterprises to participate are largely influenced by the attitude of the 
universities. 

Fig. 7 shows the simulation analysis of the probabilities of universities and research institutions and enterprises participating in 
collaboration to cultivate talent influenced by the change in the initial probabilities of the government participating z, which occurs 
under the condition that the rest of the parameters remain unchanged. As can be seen from Fig. 7 the initial probabilities of enterprises 
and universities to participate in x,y, and their values show a flat state; that is, the probabilities to participate are not very strong. The 
government’s initial probabilities to participate in z are taken at 0.2–0.3. When the critical value is greater than z, x, y converges to 0, 
and point (0,0,1) is the convergence point of the greatest equilibrium point. At this time, the convergence speed of x, y will slow down, 
which is due to the increase of z at this time, but for xy, when the critical value is less than z, the convergence speed of x, y, z converges 
to 1 and point (1,1,1) is the convergence point of the final equilibrium point. The convergence speed of x, y is accelerated, which is 
caused by the rise of z, but the convergence speed of x is less than that of y. Meanwhile, it can be found that the probabilities to 
participate of enterprises and university research institutions will be motivated following the increase of the government’s initial 
probabilities to participate z, and the increase of the government’s probabilities is a positive guidance, so the government’s proba-
bilities to participate has a significant impact on the probabilities to participate of universities. 

Fig. 8 shows that the rest of the parameters remain unchanged; that is, when x, y is high, it means that both enterprises and 
universities have a strong initial probability of participating in collaborative talent cultivation. In this case, even if z is low, x、y will 
converge to 1, and finally, both enterprises and universities will join the collaborative talent cultivation team. In contrast, when both 
enterprises and universities are not willing to join the collaboration, that is, x、y is very low, and even z will converge to 0 with the 
high initial probabilities of the government alone, enterprises and universities will still not join the collaborative talent cultivation 
team. Meanwhile, we can see in Fig. 8 that if both enterprises and universities are not involved, y will converge to 0 less quickly than x, 
and z will converge to 1. As can be seen from Fig. 8 that when the government is involved in the collaborative cultivation of talent with 
small preferences, whether the government is involved in the collaborative cultivation of talent has little influence on enterprises and 
universities, and the market demand for talent is the core factor that enterprises consider repeatedly. In contrast, universities are 
strongly influenced by the government’s probability of participating. 

Fig. 9 is under the condition that the rest of the parameters remain unchanged, letting the government’s initial probabilities to 

Fig. 6. Evolutionary results of variations in probabilities to participate y.  
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Fig. 7. Evolutionary results of variations in probabilities to participate z.  

Fig. 8. Evolutionary results of simultaneous variations in probabilities to participate x, y.  

Fig. 9. Evolutionary results for unchanging probabilities to participate z.  
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participate z be fixed; if the enterprise side shows a strong initial probability of participating x, the opposition of the university research 
institutions can be directly ignored regardless, but this does not prevent x, y, z from converging to 1. At first, the enterprises’ prob-
ability of participating will have a small decline, but the downward trend will be broken gradually by the rising probability of the 
university research institutions participating. Eventually, when the probabilities of university research institutions to participate reach 
a certain value, the probabilities of enterprises to participate will no longer decline but will follow the same rise of university research 
institutions, finally leading to the choice of both enterprises and university research institutions to join the collaboration to cultivate 
talent. In another situation, under the premise that university research institutions have a strong initial probability of participating y, 
even if enterprises refuse to participate in their initiatives, x, y, z will converge to 1. As can be seen from Fig. 9 the government’s 
probability of participating remains stable, and the choices of enterprises and university research institutions have a great influence on 
each other, which is determined by their characteristics. When one party is willing to collaborate, the other party will choose to 
participate in the collaboration. 

5.2. Influence of variations in the cost of collaboration 

Fig. 10 depicts a simulation illustrating the influence of variations in the cost allocation coefficient on the collaborative talent 
cultivation strategy between enterprises and universities, with all other parameters held constant. In Fig. 10(a)–a pivotal range of 
values for the cost allocation factor emerges, specifically falling between 0.3 and 0.4. Additionally, Fig. 10(b) presents an additional 
critical range of values for the cost allocation factor, spanning from 0.6 to 0.7. 

In this way, there are three situations: (1) when the cost allocation coefficient αe is smaller than 0.3–0.4, x、z converges to 1 and y 
converges to 0. This is because the shared cost of university research institutions is higher than the sum of their shared benefit and the 
default amount paid to enterprises; at this time, γsπ + βsR − αsc+ W1 < 0, the research institutions choose not to collaborate in 
cultivating talent, and enterprises and the government choose to participate in collaborative talent cultivation. (2) When the cost 
allocation coefficient αe is greater than 0.6–0.7, y、z converges to 1 and x converges to 0. At this time, the shared cost of enterprises is 
higher than the sum of their shared revenue and the liquidated damages paid to universities, γeπ + βeR − αec+ We < 0, so enterprises 
choose not to collaborate in cultivating talent; in contrast, universities and governments show a willing attitude. (3) When the cost 
allocation coefficient αe is between 0.4 and 0.6, x、y、z converges to 1, and the cost allocation coefficient αe will be infinitely close to 
0.5. The speed of x、y、z converging to 1 is also determined by the distance between the distribution coefficient and 0.5; the closer the 
distance is, the faster the convergence speed. When αe < 0.5, because the input cost of enterprises is less than that of universities and 
research institutions, the probabilities of universities, in this case, will drop temporarily, but it will rise at a later stage; when αe > 0.5, 
the situation is just the opposite, but no matter what, enterprises and universities eventually choose to collaborate to cultivate talent. 
As can be seen from Fig. 10 the final strategy choice of enterprises and universities will be affected by the change in the cost allocation 
coefficient αe, and in terms of the degree of being affected, enterprises are more sensitive to its influence. 

5.3. Influence of variations in the distribution of earnings 

Fig. 11 illustrates the simulation with the remaining parameters held constant, exploring the impact of variations in the revenue 
allocation coefficient βe within collaborative talent development involving companies and university research institutions. In Fig. 11 
(a), it is evident that the range of 0.36–0.37 represents a critical interval for the income distribution factor under constant costs and a 
cost-sharing ratio of 0.5 each. Moving to Fig. 11(b), we observe that the range of 0.63–0.64 signifies another critical interval for the 
income distribution factor under constant costs and a cost-sharing ratio of 0.5 each. 

In this case, three situations will be presented. (1) There is a situation where enterprises and universities refuse to participate in 
collaboration to cultivate talent in the end, which is because the benefit distribution coefficient βe is smaller than 0.36 and x、y 
converges to 0. However, in this case, the relative comparison of universities’ share of benefits will be larger than that of enterprises, so 
the probabilities of universities’ research institutions to participate will be adjusted upward because of the benefit factor, but will 
eventually decline due to the decline in revenue (2) When the benefit distribution coefficient βe is larger than 0.64, x、y will converge 

Fig. 10. Evolutionary results of the variations in the cost allocation factor.  
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to 0, which will cause both enterprises and universities not to choose to collaborate to cultivate talent. (3) When the benefit distri-
bution coefficient βe is between 0.36 and 0.64, x、y、z will converge to 1, the benefit distribution coefficient βe will be infinitely close 
to 0.5, and the speed of convergence of x、y、z to 1 will be determined by the distance between the distribution coefficient and 0.5. 
When βe < 0.5, the benefit to the enterprise is smaller than that to the university, because the benefit will make the enterprise’s 
probabilities first decline and then rise slowly; when βe > 0.5, the situation is the opposite, although the enterprise’s benefit is higher 
than that of the university, but the probabilities of both parties will decline slightly, but then will increase. However, the probabilities 
of both parties in this case decreases slightly, and then gradually increase, so that both parties can join the collaboration in cultivating 
talent. As can be seen from Fig. 11 the change in revenue allocation coefficient βe will affect the strategy choice of enterprises and 
universities to join the collaborative cultivation or not, and among the three, enterprises are the most sensitive to revenue allocation 
because they always pursue profit maximization, so they are most affected by the allocation coefficient. 

5.4. Influence of variations policy incentive 

The government’s probability of participating can be demonstrated in two ways: policy support and financial incentives. Policy 
support will alleviate the total cost of enterprises and university research institutions in joining collaborative talent development, and 
the financial incentive is through direct payment to enterprises and university research institutions. The starting point of Fig. 12 is 
based on the simulation of the impact of the amount of cost of collaborative cultivation of talent made by the government’s policy 
support Δ under this change on the choice of collaborative cultivation of talent strategy by enterprises and universities, with the 
remaining parameters unchanged. From Fig. 10, it can be concluded that 1–2 is the critical value of cost reduction Δ. When the critical 
value is greater than Δ, x、y converges to 0, (0,0,1) point is the convergence point of final equilibrium, the increase of Δ makes the 
convergence speed of x、y slow down, and the convergence speed of y is slower than the convergence speed of x. The critical value of Δ 
is less than Δ, x、y converges to 1, (1,1,1) is the convergence point of final equilibrium, the convergence speed of x、y accelerates 
because of the increase of Δ, and the convergence speed of x is relative to the convergence speed of y. We find that the former is slower 
than the latter, and we can conclude that the increase of Δ will enhance the probabilities of enterprises and universities to participate. 
When the amount of Δ is smaller, its enterprises’ probabilities to participate has a downward trend, but if the government and uni-
versities’ probabilities to participate continue to be strong, then the enterprises’ probabilities will gradually increase, and they will 

Fig. 11. Evolutionary results of the variations in the revenue distribution coefficient.  

Fig. 12. Evolutionary results of variations in policy support.  
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finally agree to collaborate in cultivating talent. As can be seen from Fig. 12 that the final choice of enterprises and university research 
institutions is affected by the change in the cost reduction Δ, and enterprises are affected more strongly than university research 
institutions. The reason for this is that the government’s participation in the collaborative cultivation process can reduce the cost of 
both enterprises and universities through preferential policies, which can achieve the same benefit with less money than before. 
However, the impact of Δ on enterprises is more obvious because enterprises attach great importance to benefits and losses. 

Fig. 13 shows the simulation of the impact of the change in the incentive funds π given by the government to universities and 
enterprises on their strategies to participate in the collaborative cultivation of talent, occurring under the condition that the remaining 
parameters remain unchanged. We find that 1–2 is the range of values of the critical value of the funding subsidy π; at the critical value 
greater than, πx、y converges to 0, the point (0,0,1) is the convergence point of the final equilibrium point, πx、y will let its 
convergence slow down because of the increase of π, and the performance of university research institutions is more distinct. At the 
critical value less than , x、y converges to 1, and point (1,1,1) is the convergence point of the final equilibrium. In summary, the 
change in government incentive funds π has a profound impact on the strategy choice of enterprises and universities, but the impact on 
universities is stronger in comparison. 

5.5. Influence of variations in penalties 

Fig. 14 shows the simulation analysis of the impact of the change in the default penalty W1 paid by the university to the enterprise 
on the strategy of the enterprise and the university to participate in the collaboration to cultivate talent, which occurs under the 
condition that the remaining parameters remain unchanged. The critical value of the default penalty W1 is 2–3. When the critical value 
is greater than W1, x、y converges to 0, and the point of (0,0,1) is the convergence point of the final equilibrium point. In this case, 
because of the increase in the government’s probability of participating in z, the convergence speed of x、y slows down. In comparison, 
the convergence speed of university research institutions will be slower than the convergence speed of enterprises. When the critical 
value is less than W1, x、y converges to 1, and the point of (1,1,1) is the convergence point of the final equilibrium point. The point of 
(1,1,1) is the convergence point of the final equilibrium point; in this case, the convergence speed of x、y will be accelerated because of 
the increase in the government’s probability of participating in z, but in comparison, the convergence speed of university research 
institutions will be faster than that of enterprises. 

Fig. 15 shows the simulation analysis of the impact of the change in the default penalty W2 paid by the enterprise to the university 
research institution on the university research institution and the enterprise on the choice of the strategy of collaboration in cultivating 
talent, which occurs with the remaining parameters unchanged. Fig. 15 shows that 2–3 is the range of the critical value of the default 
penalty W2. When the critical value is greater than W2, x、y converges to 0, and the point (0,0,1) is the convergence point of the final 
equilibrium point. In this case, the convergence speed of x、y slows down because of the increasing probabilities of the government 
participating in z. In comparison, the convergence speed of the university research institution will be slower than that of the enterprise. 
The critical value is less than W1, x、y converges to 1, the point (1,1,1) is the convergence point of the final equilibrium point, and the 
convergence speed of the university research institution will be slower than that of the enterprise. The critical value is less than W2, 
converges to 1, and the point (1,1,1) is the convergence point of the final equilibrium point. In the convergence of the final equilibrium 
point, in this case, the convergence speed x、y is accelerated because of the increase in the government’s probability of participating z, 
but the convergence speed of the enterprise at this time is slower than that of the university research institution. Fig. 16 shows the 
simulation analysis of the impact of the simultaneous variations of the default penalty W1 paid by the university research institution to 
the enterprise and the default penalty W2 paid by the enterprise to the university research institution on the enterprises and uni-
versities’ choice of collaboration strategy for cultivating talent, occurring under the condition that the remaining parameters remain 
unchanged. We find that the critical value of the default penalty is between 3 and 4. When the default penalty is less than this critical 
value, x、y converges to 0, and the final equilibrium point converges to (0,0,1). At this time, the convergence speed x、y slows down 
with the increase in the government’s probability of participating z, but the convergence speed of enterprises is obviously faster than 
that of universities; when the critical value is less than the default penalty, x、y converges to 1, and the point (1,1,1) is the convergence 
point of the final equilibrium point. At the convergence point, the faster convergence rate x、y is due to the increase in the gov-
ernment’s probability of participating z, while the convergence rate of enterprises is slower than that of universities and research 
institutions. In addition, the convergence rate x、y follows the increase in the default penalty. 

According to the simulation in Figs. 14–16, it can be learned that what drives the probabilities of enterprises and universities to 
collaborate more is the increase in the penalty for breach of contract, compared to the enterprise side, which is more significantly 
affected by the intensity of the penalty. This is due to the nature of enterprises, which always aim at pursuing greater profitability, and 
when enterprises find that collaboration is harmful to themselves, their probabilities of participating then vary. However, if the 
punishment is too light, it will lead to the enterprise not participating in the collaborative talent cultivation program, which will lead to 
the chain reaction of decreasing the probabilities of universities and research institutions of participating, until the probabilities of 
participating completely disappear and the situation occurs that they also do not participate in collaborative talent cultivation; in 
contrast, when the punishment is stronger, even if the university (enterprise) does not participate in collaborative talent cultivation, 
the enterprise (university) will get part of the benefits. This increases the probability of enterprises (universities) participating driven 
by interest until the probability of universities (enterprises) participating also increases and they finally choose to collaborate in 
cultivating talent. 
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Fig. 13. Evolutionary results of variations in incentive funding.  

Fig. 14. Evolutionary results of the variations of default penalties in universities.  

Fig. 15. Evolutionary results of the variations in the penalty for corporate default.  
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6. Conclusions and policy recommendations 

6.1. Conclusions 

This paper uses evolutionary game theory to construct a matrix of collaboration in cultivating talent involving the government, 
enterprises and university research institutions and provides a systematic interpretation of the decision and strategy deconversion 
process of the three parties in cooperating in cultivating talent while exploring the factors regarding the strategic choices affecting the 
collaboration of the three parties in cultivating talent based on the study of the values, and the following conclusions can be drawn.  

(1) The government, enterprises and university research institutions are influenced by the differences in the probabilities of 
participation among each other. Under the condition that the participation of universities and enterprises increases year by 
year, the dependence of both parties’ probabilities to participate on the government’s probabilities to participate gradually 
decreases. At the same time, the government’s probability of participating is not influenced by the other benefits obtained by 
participating and not participating in the collaboration. What determines the government’s probability of participating is the 
amount of difference in the benefits received. The government’s main purpose is to promote the employment rate of college 
graduates, and only the outstanding benefit gap will push the government to choose the corresponding program.  

(2) Regarding sensitivity to penalties, cost sharing and revenue division, enterprises are more sensitive than universities. In 
contrast, the purpose of universities is to serve the profound development of the country and to cultivate innovative talent to 
serve scientific research and social construction, so the academic value of knowledge is particularly important. At the same 
time, a scientific and appropriate benefit distribution system is developed to encourage enterprises to join the ranks of 
collaboration in cultivating talent in a positive way.  

(3) The size of the government’s incentive cost for enterprises and universities involved in the collaborative cultivation of talent 
affects the probabilities of the three parties participating. The lower the incentive cost is, the lower the probability of enterprises 
and university research institutions participating, and the higher the probability of the government participating in the 
collaborative cultivation of talent; the higher the incentive cost is, the higher the probability of enterprises and university 
research institutions participating in the collaborative cultivation of talent, and the lower the probability of the government 
participating. On the other hand, when the government supervision cost and incentive cost are constant, making policies to 
reduce the cost of cooperating with enterprises and university research institutions to cultivate talent can enhance the prob-
abilities of both parties participating. 

6.2. Policy recommendations 

The collaboration between government, industry, university, and research institutions holds immense importance in fostering the 
cultivation of innovative talent. The strategies employed by these stakeholders significantly influence this process. The findings of the 
study suggest that the decision-making behavior of major stakeholders is influenced by factors such as incentives [50] and penalties, 
cost sharing, and benefit distribution. Consequently, this paper puts forth the subsequent policy implications. 

(1) To enhance the collaboration between industry, and university research institutions in talent cultivation, the government es-
tablishes a robust system of incentives and penalties. To foster collaboration, financial grants are provided to support collab-
orative projects, while tax incentives are offered to industries that actively participate in such initiatives. Access to state-of-the- 
art research facilities is facilitated as an additional reward. Conversely, entities that do not engage in cooperation are confronted 
with diminished research funding, exclusion from government programs, and limited access to facilities. Industries that resist 

Fig. 16. Evolutionary results of simultaneous variations in default penalties for universities and firms.  
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collaboration may face the consequence of higher taxes, heightened regulatory scrutiny, and limited access to subsidies. This 
strategic integration of incentives and penalties seeks to foster a culture of collaboration, creativity, and ongoing enhancement 
in the domain of talent cultivation, aligning the objectives of government, industry, and university research institutions.  

(2) Establishing a robust mechanism to ensure the fair distribution of benefits among industry, academia, and research institutes is 
of paramount importance in promoting the cultivation of innovative talent. Financial benefits arising from collaborative pro-
jects, such as favorable research outcomes or groundbreaking products, may be allocated using a predetermined formula that 
considers the extent of participation and expertise provided by each collaborating entity. Additionally, the implementation of a 
shared intellectual property policy can serve to delineate the allocation of ownership and royalties, thereby safeguarding the 
interests of all collaborators involved. 

(3) Achieving a reasonable sharing of talent training costs is pivotal for promoting effective GIUR collaboration in talent culti-
vation. Government funding can serve as foundational support, covering a portion of the overall expenses to encourage 
collaboration. Industries can contribute by providing financial support, internships, and on-the-job training opportunities. On 
the other hand, university research institutes can leverage their educational expertise and infrastructure for training purposes. A 
tiered funding structure could be implemented, considering the scale and impact of collaboration. Regular assessment and 
reassessment of the collaborative initiatives would ensure that the burden is shared fairly, and adjustments can be made based 
on the evolving needs of all stakeholders. This balanced approach to sharing talent training costs promotes a sustainable and 
mutually beneficial ecosystem, fostering long-term cooperation between industry, academia, and research institutions. 

This study has several limitations. (1) To prevent the model from becoming overly complex, we limited our consideration to a select 
few influential factors that are widely recognized and significant. Future research endeavors may explore student factors and incor-
porate demand-side stakeholders for a more comprehensive and in-depth discussion. (2) This study is grounded in a survey conducted 
among universities in Chongqing to establish the parameters. Subsequent research endeavors may consider broadening the survey’s 
scope to enhance the accuracy of the findings. (3) Future research can differentiate and study public and private universities. 
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