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Abstract: Product innovation is gradually being noticed in university-industry 
collaboration (UIC), yet research on its impact on performance is scarce. A 
dynamic knowledge transfer perspective is presented in our paper, which is an 
integration of the dynamic nature of knowledge transfer and dynamic 
strategies, exploring R&D effort strategies in UIC. Further, we apply a 
Stackelberg differential game to portray the knowledge transfer process and 
investigate how product innovation affects UIC performance. The results 
indicate that in the scenario where the leadership positions of the two 
participants can be interchanged, stronger performance occurs in the case of 
university leadership. Equilibrium strategies that maximise the revenues always 
exist no matter who is the game leader, and revenues are U-shaped correlated 
with product innovativeness. Intriguingly, our research shows that enterprises’ 
revenue-sharing ratios do not always lead to higher profits. Our study provides 
several insights for both universities and firms. 
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transfer; Stackelberg differential game. 
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1 Introduction 

In the era of great changes in knowledge and technology, open innovation is the key to 
enhancing the core competitiveness of enterprises in the longer term (Bagherzadeh et al., 
2021; Lyu et al., 2019). As a practical organisation of open innovation (Perkmann and 
Walsh, 2007), the university-industry (U-I) alliance has heterogeneous resources (Chang, 
2017), which the external knowledge provided by universities can technological 
advancements in companies (Arvanitis et al., 2008). Innovation in modern society is 
increasingly based on knowledge derived from universities that is available and 
beneficial to companies (Cassiman et al., 2008; Liefner and Schiller, 2008). Many 
scholars have emphasised knowledge transfer in U-I due to the need for sustainable 
innovation (Alexander et al., 2020; Muscio et al., 2012; Weerasinghe and Dedunu, 2021). 

A number of prior studies have been devoted to finding the relationship between 
university-industry collaboration (UIC) and innovation performance, and several scholars 
(Bstieler et al., 2015; Cassiman and Veugelers, 2006; Wirsich et al., 2016) believed that 
UIC would enhance innovation performance and shorten the time to commercialisation. 
Conversely, other scholars have shown that innovation does not affect economic 
performance, but they claim it is only a matter of time (Robin and Schubert, 2013). 
Therefore, there is a controversy about whether UIC promotes firms’ innovation 
performance. 

Generally, UIC performance is measured in terms of academic, educational, and 
commercial outputs. Meanwhile, Kobarg et al. (2018) believed that the innovative 
performance of UIC is best demonstrated by the degree to which it achieved commercial 
success through developing and selling novel products. R&D product is a significant 
form of achieving collaborative innovation between businesses and academics. Examples 
of U-I co-production are especially demonstrated in the high-tech industry and are widely 
accessible to us (Petruzzelli and Murgia, 2020; Robertson et al., 2019), such as medical 
and biotechnology (e.g., Abbott Lab’s COVID-19 test, Boyer-Cohen ‘gene-splicing’ 
rDNA technique). Increasingly, product innovation in UIC breaks through internal 
capabilities and resources, sustaining companies’ survival and competitive advantage 
(Zhang et al., 2022). Regarding the relationship between product innovation and UIC 
performance, thus far, several scholars have found that radical innovation contributes 
more effectively than incremental innovation in improving the innovation performance of 
UIC (Tang et al., 2020). 

Whereas extant studies on UIC and research on product innovation have chiefly 
focused on the investigation of case studies (Jussila et al., 2020; Kunttu and Neuvo, 2020; 
Kuys et al., 2021; Paay et al., 2021), factors influencing innovation performance (Kobarg 
et al., 2018; Melnychuk et al., 2021), public policies (Song et al., 2022), and product 
innovation processes (Prabhu, 1999). However, there has been little exploitation of the 
relationship between the degree of product innovation and the performance of UIC and 
the use of underlying mechanisms at a deeper level to improve UIC, even though this is 
advantageous for economic performance (Robin and Schubert, 2013). 

Van Wijk et al. (2008) define the concept of knowledge transfer as a process in which 
organisations communicate, accept, and be influenced by the experience and knowledge 
of others. Knowledge transfer is strongly connected with technology development, 
strengthening the innovation performance in U-I (Hobbs et al., 2017). Knowledge is the 
link between business and university collaboration (Ahrweiler et al., 2011; Hermans and 
Castiaux, 2017), and U-I partnerships emphasise the process of transforming knowledge 
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transferred by universities into commercially exploitable products through the efforts of 
firms (Robertson et al., 2019). Meanwhile, the empirical literature on knowledge 
management revealed that knowledge transfer enhances the knowledge level of products 
in a dynamic interactive process; demonstrating knowledge transfer is a dynamic process 
with high risks, which aggravates the research difficulty (Ozkan-Seely et al., 2015). 
Product innovation achieved through U-I knowledge transfer plays a critical role in its 
performance, and thus successful knowledge transfer strategies can be conducive to 
enhancing UIC performance. Equilibrium can be achieved by continuously adjusting 
subjects’ effort strategies in dynamic game theory (Ma et al., 2020); yet such dynamic 
knowledge transfer strategies in UIC have rarely been discussed. 

The purpose of our paper is to demonstrate how product innovation affects U-I 
economic performance by exploring the following problems: 

1 How does product innovation affect the economic performance of UIC? 

2 Which structure is more effective in improving the performance of UIC in product 
innovation, enterprise leaders or university leaders? 

3 How should we control the micro variables in the product innovation process to 
maximise the benefits for both an enterprise and a university? 

Therefore, given the above questions, we add to the dynamic knowledge transfer 
perspective by portraying the time-varying process of knowledge transfer to enterprises 
resulting in product innovation and then investigate the impact of the rights and 
autonomy of UIC on economic performance. Our paper establishes a Stackelberg 
differential game wherein the leadership positions of the two participants can be 
interchanged. It is essential to understand that innovation is a dynamic process (Dosi, 
1988) in which the knowledge movement process is also complex and uncertain (Gao and 
Sun, 2020). Nevertheless, differential game theory can better simulate the dynamic  
time-varying process and has been applied in the field of knowledge management by Ma 
et al. (2020) and Lin and Wang (2019). Besides, the Stackelberg game model is often 
used to explore game problems under different decision orders (He et al., 2020; 
Mukherjee and Carvalho, 2021) means that leadership positions are exchangeable. 
Consequently, this study considers two scenarios: the enterprise Stackelberg (ES) game, 
which implies that the enterprise is the game leader in UIC, and the university 
Stackelberg (US) game, which means that the university leads innovation. 

Some intriguing findings were obtained by our analysis in combination with the 
problems posed above. First, our findings explain why some scholars (Robin and 
Schubert, 2013) have done experiments to prove that product innovation does not affect 
economic performance. In contrast, we found a U-shaped relationship between product 
innovativeness and the benefits of enterprises and universities. Furthermore, we find that 
the revenue of firms and universities will always increase with product innovativeness as 
long as the marginal contribution of product innovation is higher. Second, when the 
university is the game leader, this means that the university has more power and 
autonomy, and product innovativeness will increase dramatically, leading to a remarkable 
enhancement in economic performance in U-I. Contrary to the consensus, a higher 
distribution rate of the enterprise does not always lead to more substantial earnings. 
Besides, we found that low price sensitivity and high marginal contribution of innovative 
products can greatly promote consumer demand, resulting in increased revenue for 
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enterprises and universities. Therefore, the top priority for enhancing economic 
performance lies in improving the consumer perception of innovative products. 

This paper includes seven sections. Section 2 presents the literature review. Section 3 
proposes the Stackelberg differential model and makes some basic assumptions. The 
model analysis is demonstrated in Section 4. Numerical analysis is performed in  
Section 5. Discussions and conclusions are provided in Section 6. 

2 Literature review 

This paper uses game theory to depict the time-varying process of knowledge transfer of 
universities to firms to form innovative products and then investigates the impact of 
product innovation on UIC performance. Consequently, we assembled three key themes 
in this article: product innovation in UIC, the impact of product innovation on UIC 
performance, and a dynamic knowledge transfer perspective. 

2.1 Product innovation in UIC 

Product innovation is crucial to gaining a competitive advantage and achieving standing 
business success (Paay et al., 2021). Since seminal work such as Prabhu (1999) revealed 
the comprehensive progress of product innovation projects, special attention has been 
given to product innovation. Industrial innovation depends heavily on the knowledge 
interaction of companies and universities, whereas few studies have focused on the whole 
process of UIC product innovation (Maietta, 2015). Two mainstream approaches are used 
to explore product innovation in UIC: one is the case study, and the other is the empirical 
experiment. 

Case studies are usually employed to demonstrate the importance of UIC for product 
innovation (Jussila et al., 2020; Kunttu and Neuvo, 2020). According to the study of 
Kuys et al. (2021), wherein a joint product innovation project between the Malaysian 
government and a University in Mexico provides advice on the sustainable development 
of such products. Further, Paay et al. (2021) demonstrate the value of collaborative output 
for increasing university knowledge and company outputs through a case study of 
innovative design skylights. 

In essence, case studies describe a systematic process of product innovation in UIC, 
but this approach cannot be generalised, nor do they provide comprehensive guidance on 
UIC. Thus, empirical experiments gradually appear in the research literature, usually 
employed to investigate the factors influencing product innovation in UIC. A panel data 
of 56 global pharmaceutical firms were measured by Melnychuk et al. (2021) to testify 
that the stronger R&D intensity and the greater R&D performance. Using moderated 
multiple regressions based on a sample of 2061 German firms; Kobarg et al. (2018) 
considered the effects of two moderating variables, absorptive capacity and innovation 
capacity, on product innovation in UIC. Their results show that absorptive and innovation 
capacity impact innovation performance but are not the only effects. 

Although case studies and empirical studies have yielded some contributions on the 
importance of UIC and the influencing factors of product innovation, the establishment of 
a theoretical framework to encompass both the product innovation process and the 
influencing factors are lacking. Only this area has been focused on by Song et al. (2022), 
who applied a three-stage game to investigate how government subsidies affect the 
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sustainability of product innovation in UIC. The conclusion indicates that government 
subsidies to firms and universities can generate greater benefits and social welfare. 
Hence, the above discussion demonstrates that in the case of outlining the product 
innovation process and influencing factors, the impact of product innovation on economic 
performance has not yet been attended. 

2.2 The impact of product innovation on UIC performance 

As the debate over the determinants of innovation has unfolded, UIC has played a critical 
role in shaping universities’ and firms’ innovative performances (Barbolla and Corredera, 
2009). A large majority of scholars have extensively focused on the link between UIC 
and businesses’ innovative performance (Kobarg et al., 2018). Yet, insufficient attention 
has been paid to innovation performance at the level of the overall framework of U-I 
alliances. Regarding the measurement of UIC performance, Huang et al. (2019) believed 
that it could be considered in terms of the number of publications, the number of patents, 
the number of commercial collaborations, and commercial products. A large part of UIC 
consists of cooperative R&D products, which are considered to be the best indicators of 
performance (Kobarg et al., 2018). In addition, compared with non-product-development 
firms, Kodama (2008) found that product-development companies benefit more from 
partnering with universities. We thus focus on measuring product innovation 
performance in UIC. 

Since collaborations between businesses and academics enable them to maintain 
stronger performance, several scholars have endeavoured to find those factors that 
enhance the innovative performance of UIC (Lee and Huang, 2012). There is 
considerable divergence in the extant literature on whether the degree of innovation 
affects the economic performance of UIC. Tang et al. (2020) believed that innovation 
improves the performance of U-I partnerships, where radical innovation is more effective 
than incremental innovation. Conversely, Robin and Schubert (2013) have 
experimentally demonstrated that innovation does not affect the economic performance 
of the U-I. 

As a result of this divergence mentioned above, it is imperative to establish a 
systematic research framework to examine the impact of product innovation on UIC 
economic performance and identify additional influencing factors so that some measures 
can be proposed in order to enhance UIC economic performance. 

2.3 A dynamic knowledge transfer perspective 

Knowledge can be shared anywhere and anytime thanks to a variety of communication 
media, proving knowledge transfer is a dynamic process. Thus, a number of scholars 
believe that a dynamic framework is required to examine knowledge transfer (Lawson 
and Potter, 2012). Studying knowledge transfer in a dynamic framework can better 
capture the dynamic interplay between firms and universities over time (Ozkan-Seely  
et al., 2015). This framework responds to the characteristic of phased product innovation 
development, creating an opportunity for cooperative R&D products embedded in the 
constantly changing market demands (Dangelico et al., 2017). 

Lately, universities have gradually enhanced their efforts to transfer knowledge to 
firms, for example, by signing business contracts or setting up research platforms, given 
that these firms have a strong need for industrial innovation and improvement of their 
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competitiveness (Wang et al., 2021). Although appropriate knowledge transfer strategies 
can help them develop professional knowledge and achieve technological advantages in 
UIC, they seem to be neglected. 

Previous literature has used game theory to explore knowledge transfer strategies, 
which are essential to knowledge management. Employing Bayesian games, Koessler 
(2004) first considers the problem of direct, public, and strategic knowledge sharing. To 
find the collaborative strategies between organisations, Samaddar and Kadiyala (2006) 
established a Stackelberg game to explore the cooperative conditions in two situations 
where organisations only spend current efforts and spend related prior efforts. The 
exploration of such strategies is a gradual process. Dynamic strategies can be further 
discovered along with the shift from static to dynamic games. 

As the research pointed out by Lin and Wang (2019) has found, a dynamic game 
model framework can incentive knowledge-sharing behaviours in construction project 
teams, which is the first time to establish a dynamic game model to explore knowledge 
management strategies. Based on this article, Ma et al. (2020) designed a dynamic 
incentive model added venture to explore the knowledge-sharing behaviour under three 
scenarios: no cost-sharing, cost-sharing, and centralised decision-making. Additionally, 
since firms and universities have different interests, dynamic knowledge management 
strategies should also be considered in their cooperation. In this regard, considering the 
funding needs in UIC, Yi and Zhang (2022) employed a dynamic game model to 
investigate knowledge-sharing strategies. 

Dynamic game theory has proven effective for interacting with game subjects in 
complex and constantly changing environments (Srinivasan et al., 2017). In this work, we 
expect to gain a new interpretation of how product innovation affects UIC performance 
by adopting a dynamic knowledge transfer perspective, which combines the dynamic 
characteristics of knowledge sharing with the dynamic strategic needs of knowledge 
management. 

3 Model 

One of the essential forms of UIC is corporates develop the knowledge transferred from 
universities into commercial products, which is the product innovation process 
(Bramwell and Wolfe, 2008; D’Este and Patel, 2007; Robertson et al., 2019). In the 
product innovation process through UIC, universities contribute knowledge, and 
enterprises transform knowledge into products. Therefore, enterprises bear the production 
cost, while universities bear the knowledge transfer cost. In fact, both the company and 
the university jointly determine the price of the innovative product for two reasons. One 
is that both parties are involved in the process of UIC, and the other is that the cost of the 
product consists of two parts. Technology dynamics and market dynamics are two crucial 
environmental dimensions of high-technology industries (Yang et al., 2022). Firms are 
market inductors (Xiao et al., 2011), while universities transfer knowledge that evolves 
into technology (Wang and Lu, 2021). Consequently, the price of innovative products in 
this paper is dichotomised into those market-driven and technology-driven. This article 
proposed a new decision-making model to discuss the impact of product innovation on 
collaborative performance when universities and enterprises jointly determine the prices 
of innovative products. 
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The Stackelberg game is a dynamic information game with strict time order. One side 
of the game decides its optimal strategies based on the other side’s possible strategies for 
achieving Nash equilibrium. Usually, there is a leader and a follower in the Stackelberg 
game, and they have the decision order (Liu et al., 2012). This article studies the effect of 
rights and autonomy on UIC in product innovation. We thus discuss the order of 
precedence of the game. Innovation is a process of randomness and uncertainty 
accompanied by high risk (Boudreau et al., 2011), in which transforming knowledge into 
products is chronical and arduous with high contribution (Robertson et al., 2019). This is 
an essential reason we need to explore the knowledge transfer and innovation process 
over a long period. However, differential games build a continuous-time model that takes 
into account changes in time (Ma et al., 2020). Therefore, in conjunction with the 
research objectives of this paper, we attempt to develop the Stackelberg differential game 
model in UIC. Two rational players try their best to maximise revenues, consisting of one 
enterprise and one university. Both subjects are risk-neutral and morally neutral. For 
convenience, Table 1 shows the main parameters we set in the model. 
Table 1 Notations of main parameters 

Notation Description 
k The knowledge transfer cost coefficient of the university 
λ The ability of product innovation of the U-I 
c The coefficient of production cost of the enterprise 
a The potential demand market 
b The coefficient of price effect on the innovative product demand 
δ The decay rate of product innovation 
φ The marginal contribution of innovation 
θ The revenue-sharing ratio of the enterprise 
P′(t) The price of innovative products 
p(t) The market-driven price of products 
m(t) The technology-driven price of products 
q(t) The amount of knowledge transferred by the university 
I(t) The product innovativeness 
D(t) The demand for innovative products 

Most scholars (D’Este and Patel, 2007; Robertson et al., 2019; Ryan et al., 2018) believe 
that firms and universities collaborate to achieve innovation by transferring knowledge or 
technology from universities to firms, which can be used by firms to create innovative 
products. Previous literature has attempted to employ game theory to incorporate 
knowledge development process control into management activities. Regarding the 
process of knowledge transfer, Terwiesch and Loch (1999) have shown that it is a 
function of the transfer amount and time. Therefore, an effective way to represent such a 
process is to include the knowledge development process as a state variable contributing 
to knowledge transfer, knowledge absorption, and knowledge transformation. For 
example, Lin and Wang (2019) and Ma et al. (2020) portrayed this process of knowledge 
interaction as a state variable using dynamic game theory. 
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We regard knowledge development as a product innovation process, consistent with 
Ozkan-Seely et al. (2015). To capture how knowledge transfer affects the level of product 
innovation over time, we use the Nerlove and Arrow (1962) equation to incorporate the 
product innovation caused by the university’s knowledge transfer. The degree of product 
innovation is closely related to the ability of the company to absorb and transform 
knowledge, which is often expressed by the parameter of innovation efficiency. This 
parameter is used by Lu et al. (2019). Additionally, the constant change in demand leads 
to a replacement process of innovation (Haefner et al., 2021), so the level of product 
innovation will have a natural decay process. Based on the above discussion, supposing 
that I(t) denotes the degree of product innovation of the U-I, (i.e., product innovativeness) 
and is determined by the amount of knowledge transfer of the university. We can obtain 
the following differential equation: 

0

( ) ( ) ( )
(0) 0

I t λq t δI t
I I

 = −


= ≥


 (1) 

where λ > 0 represents the innovative effectiveness of the U-I (i.e., the ability of product 
innovation of the U-I). δ is the ratio referring to depreciation in the progress of product 
innovation with δ > 0. I(0) = I0 denotes the initial level of product innovation of the U-I. 
Due to the background, reputation, and experience of firms and universities, the initial 
level of product innovation of the U-I is known (Carrillo and Gaimon, 2004; Epple et al., 
1996). 

There are two types of costs associated with achieving collaborative innovation 
between the enterprise and the university: knowledge transfer investment and the 
increasing unit production cost regarding the degree of knowledge innovation. First, the 
amount of knowledge transferred by the university, (i.e., the willingness of the university 
to transfer knowledge) is q(t) with q(t) ≥ 0. Conveniently, the amount of knowledge 
transfer is measurable, and unit knowledge is deemed the unit measurement. Ozkan-Seely 
et al. (2015) pointed out that the cost increases with the amount of knowledge pursued. In 
this work, we suppose that the relation between the knowledge transfer cost and the 
amount of knowledge transfer is simply inverse linear. Consistent with Lin and  
Wang (2019) and Ma et al. (2020), the cost is supposed as a quadratic cost function 
C(q(t), t) = kq2(t)/ 2, where k > 0 denotes the knowledge transfer cost coefficient of the 
university. Second, co-production with high innovativeness may require high-quality 
talents, high-tech equipment, and advanced technology, proving that innovation input is 
highly correlated with product innovativeness (Bzhalava and Cantner, 2018). For 
simplicity, it is assumed that production cost has a simple linear correlation with product 
innovation level. Therefore, we suppose the production costs of the enterprise are as 
follows: 

( )C cI t=  (2) 

where c denotes the coefficient of production cost of the enterprise. The idea of  
equation (2) is drawn from Ozkan-Seely et al. (2015), who presented that the production 
cost of firms’ increases with the level of knowledge innovation. 

Based on the driving factors of product price determination and the key factors 
influencing consumers, we extended the demand function of He et al. (2020), Zhang et al. 
(2016), and Song et al. (2022). First, for driving factors of product price determination, 
the price of products is affected by different dynamic factors when the U-I decides to  
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co-production. According to Yang et al. (2022), this paper assumes that the price of 
innovative products produced by U-I is determined by technology and market dynamics. 
Thus the price P′(t) of the innovative product is composed of two parts, the price P′(t) 
driven by market dynamic is determined by the enterprise, and the price (m(t)) driven by 
technology dynamic is determined by the university, so P′(t) = p(t) + m(t). Second, 
empirical studies have shown that the degree of product innovation is a crucial factor 
influencing consumer purchases (Kshetri, 2017). The demand for innovative products by 
the price as well as product innovativeness, and we thus assume the demand function D(t) 
as follows: 

( ) ( + ) + ( )D t a b p m φI t= −  (3) 

where a represents the potential market demand for innovative products. The parameter b 
denotes the coefficient of price effect on the innovative product demand. φ > 0 is the 
marginal contribution of innovation to product demand. 

This article designs a revenue-sharing contract in which the revenue-sharing ratio of 
the enterprise is θ and the revenue-sharing ratio of the university is 1 – θ with θ ∈ (0, 1). 
In the infinite period, the same discount ratio ρ is owned by two players, and ρ > 0. Both 
players try to achieve their maximum benefits during the unlimited period. On account of 
these assumptions, the revenues of product innovation between the enterprise and the 
university are represented in the objective functions in the period’s time as follows: 

{ }
0

[ + ( )][ ( + ) + ( )]ρt
eJ e p θm cI t a b p m φI t dt

∞
−= − −  (4) 

{ }2
0

[(1 ) ][ ( + ) + ( )] ( )
2

ρt
u

kJ e θ m a b p m φI t q t dt
∞

−= − − −  (5) 

It is well known that the differential game model established in this paper has three 
control variables p(t), m(t), q(t) and one state variable I(t). 

4 Model analysis 

In this section, our assumptions include the ES game, (i.e., the enterprise is the game 
leader) and the US game (i.e., the university is the game leader). This paper analyses the 
equilibrium strategies the enterprise and the university made in collaborative innovation 
under two different decision sequences: who has more rights and autonomy? From the 
perspective of maximising benefits, the U-I alliance hopes to increase product innovation 
through cooperation and maximise the innovation benefits for both parties. 

4.1 The ES game 

In this scenario, we consider a two-stage model in which the firm first determines the 
market-driven price of products p(t), which is the basis for the next stage. Following that, 
the university submits to determine the technology-driven price of products m(t) and the 
amount of knowledge transfer of the university q(t). This paper focuses on deriving the 
optimal amount of knowledge transferred and the product price to maximise the 
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economic performance of the two players. The objective equations of the enterprise and 
the university are respectively represented as (denoted by superscript ES): 

{ }
( ) 0

max [ + ][ ( + ) + ]ES ρt
e

p
J e p θm cI a b p m φI dt

∞
−

⋅
= − −  (6) 

{ }2
( ), ( ) 0
max [(1 ) ][ ( + ) + ]

2
ES ρt
u

m q

kJ e θ m a b p m φI q dt
∞

−
⋅ ⋅

= − − −  (7) 

Proposition 1. In the ES game, the optimal equilibrium strategies for the product price, 
the amount of knowledge transfer, and product innovativeness are: 

1

2

( + 2 )(2 ) Δ (1 )( )( ) +
2 (2 ) (2 )Δ

ES kb ρ δ θ λa θ φ bcq t I
λkb θ θ

− − − −=
− −

 (8) 

(3 2 ) +[ (3 2 ) + ]( )
2 (2 )

ES a θ φ θ bc IP t
b θ

− −′ =
−

 (9) 

( ) 10+ES ES ES τ tI I I I e−
∞ ∞= −  (10) 

where 
2

1
12 2 2

(1 )( ) Δ (2 ), .
2 ( + )(2 ) (1 )( ) 2 (2 )

ES ESλ a θ φ bc ρkb θI τ I
kbδ ρ δ θ λ θ φ bc kb θ∞ ∞

− − − −= =
− − − − −

 represents 

the steady-state product innovativeness when t →+∞ in ES. 
The equilibrium price, knowledge transfer strategies, and profit functions are shown 

in Table 2. The proofs of these strategies, profit functions, and expressions of ∆1, ∆2, and 
are ∆3 presented in Appendix. 

Corollary 1. In the ES game. 

a ∂qES/ ∂I > 0; ∂P′ES/ ∂I > 0. 

b 2 2 2 2( ) / 0; ( ) / 0.ES ES
e uV I V I∂ ∂ > ∂ ∂ >  When φ > bc, / 0 and / 0.ES ES

e uV I V I∂ ∂ > ∂ ∂ >  

c When ρ + δ > 2(1 – θ)/ (2 – θ), / (1 ) 0, otherwise, / (1 ) 0.ES ESI θ I θ∞ ∞∂ ∂ − > ∂ ∂ − <  

The first part of Corollary 1 indicates that the amount of knowledge transfer qES and the 
prices of innovative products P′ES increase in product innovativeness I. The reason is 
straightforward with more knowledge contributed, the higher product innovation, and the 
innovative product can attract more customers, eventually leading to more expensive 
products. As per Corollary 1(b), it is easy to verify that the benefits of the enterprise ES

eV  
and the university ES

uV  are U-shaped functions of product innovativeness I. Contrary to 
the consensus, revenues do not always grow with product innovation. This is why 
innovation is a long-term and complex process requiring continuous efforts from 
enterprises and universities. Furthermore, andES ES

e uV V  are monotonic increasing in I 
when φ > bc, contrarily, it is decreasing in I once φ > bc. This means that we need to 
increase the marginal contribution of innovation while controlling consumers’ price 
sensitivity and firms’ production costs. The last part of Corollary 1 implies that firms 
must allocate sufficient profits to universities if they want to maintain a high degree of 
product innovation when the depreciation rate of the product is large enough (ρ + δ > 2 
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(1 – θ)/ (2 – θ)), which means that the rapid replacement of the product will lead to less 
profit for companies. 
Table 2 Equilibrium results 

 ES US 
 Feedback equilibria 

q(I) 
1

2

( + 2 )(2 ) Δ (1 )( )+
2 (2 ) (2 ) Δ

kb ρ δ θ λa θ φ bcI
λkb θ θ

− − − −
− − −

 ( )
4

4

( + 2 ) Δ ( )+
2 2 +Δ

kb ρ δ λa φ bcI
λkb ρkb

− −  

p(I) 
(1 ) + [ (1 ) + ]

(2 )
a θ φ θ bc I

b θ
− −

−
 (1 3 ) +[(1 3 ) (3 ) + ]

4 (1 )
a θ θ φ θ bc I

b θ
− − −

−
 

m(I) 
+ ( )
2 (2 )

a φ bc I
b θ

−
−

 + ( )
2 (1 )

a φ bc I
b θ

−
−

 

P′(I) 
(3 2 ) +[ (3 2 )] + ]

2 (2 )
a θ φ θ bc I

b θ
− −

−
 3 + (3 + )

4
a φ bc I

b
 

Time path 

I(t) ( ) 10+ES ES τ tI I I e−
∞ ∞−  ( ) 20+US US τ tI I I e−

∞ ∞−  

Steady states 

I∞ 
2

2 2 2

(1 )( )
2 ( + )(2 ) (1 )( )

λ a θ φ bc
kbδ ρ δ θ λ θ φ bc

− −
− − − −

 
2

2 2

( )
4( + ) ( )

λ a φ bc
ρ δ λ φ bc

−
− −

 

Value functions 
Ve v1I2 + v2I + v3 v4I2 + v5I + v6 
Vu n1I2 + n2I + n3 n4I2 + n5I + n6 

4.2 The US game 

In this case, we study a two-stage game where the university is the leader while the 
enterprise is the follower. To maintain the vitality of innovation, the university first sets 
the technology-driven price of products m(t) and the amount of knowledge transferred by 
the university q(t). After that, the enterprise determines the market-driven price of 
products p(t). Our main objective is to derive the optimal amount of knowledge transfer 
and product price, maximising the benefits for both parties. For ease of description, this 
paper indexes this scenario by superscription US. The corresponding objective equations 
for the enterprise and the university are given by: 

{ }
( ) 0

max [ + ][ ( + ) + ]US ρt
e

p
J e p θm cI a b p m φI dt

∞
−

⋅
= − −  (11) 

{ }2
( ), ( ) 0
max [(1 ) ][ ( + ) + ]

2
US ρt
u

m q

kJ e θ m a b p m φI q dt
∞

−
⋅ ⋅

= − − −  (12) 

Proposition 2. In the US game, the optimal equilibrium strategies for the product price, 
the amount of knowledge transfer, and product innovativeness are 
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( )
4

4

( + 2 ) Δ ( )( ) +
2 2 +Δ

US kb ρ δ λa φ bcq t I
λkb ρkb

− −=  (13) 

3 + (3 + ]( )
4

US a φ bc IP t
b

′ =  (14) 

( ) 20+US US US τ tI I I I e−
∞ ∞= −  (15) 

where 
2

4
22 2

( ) Δ, .
4 ( + ) ( ) 2

US USλ a φ bc ρkbI τ I
δ ρ δ λ φ bc kb∞ ∞

− −= =
− −

 represents the steady-state 

product innovativeness when t →+∞ in the US. 
The equilibrium price, knowledge transfer strategies, and profit functions are shown 

in Table 2. The proofs of these strategies and profit functions and expression of ∆4 are 
presented in Appendix. 

Corollary 2. In the US game 

a ∂qUS/ ∂I > 0; ∂P′US/ ∂I > 0. 

b 2 2 2 2( ) / 0; ( ) / 0.US US
e uV I V I∂ ∂ > ∂ ∂ >  When φ > bc, / 0 and / 0.US US

e uV I V I∂ ∂ > ∂ ∂ >  

c ∂(qUS)/ ∂θ = 0, ∂(P′US)/ ∂θ = 0. 

d ( ) / 0.USI θ∞∂ ∂ =  

Corollary 2 indicates that in the US game, the amount of knowledge transfer qUS and the 
products price P′US increase in product innovativeness I, which means that regardless of 
the game case, the amount of knowledge transferred by universities increases, the degree 
of product innovation increases, and thus the products price will increase. From  
Corollary 2(b), the benefits of the enterprise ES

eV  and the university ES
uV  are U-shaped 

functions of product innovativeness I. This finding indicates that the profits of the 
enterprise and the university will first decrease and then increase with product 
innovativeness. Furthermore, andES ES

e uV V  increase in I when φ is sufficiently big  
(φ > bc), but they decrease in I once φ > bc. In general, these findings give us practical 
enlightenment that the marginal contribution of innovation is the critical variable 
affecting the increase or decrease of revenues. Accordingly, it is significant to guide 
consumers to accept innovative products. Inconsistent with the ES, it is clear find that 
under the US, the amount of knowledge transfer qUS, the product price P′US, and the 
steady-state product innovativeness USI∞  are both independent of the revenue-sharing 
ratio θ. As the game leader, this is why the university can provide participants with more 
innovative vitality and motivation. When the university is the leader in collaborative 
innovation activities, the willingness to contribute knowledge is not influenced by the 
benefits distributed by firms. Meanwhile, it will actively participate in innovation 
activities, significantly increasing product innovativeness and benefits. 



   

 

   

   
 

   

   

 

   

    How does product innovation affect the performance of UIC? 67    
 

    
 
 

   

   
 

   

   

 

   

       
 

5 Numerical analysis 

Although the expressions of the amount of knowledge transfer and the profits functions 
of the two players are definite, they are so complex that it is impossible to clearly see the 
relationship between the parameters. Therefore, in this section, we will use numerical 
simulations to analyse the effects of parameters on the amount of knowledge transfer of 
the university, the product price, the degree of product innovation, and the profits of the 
two players. Changing the parameter values allows for simulating different contract 
mechanisms and finding effective incentives so that we can draw illuminating 
conclusions from these comparative analyses. 

5.1 Case study 

In this section, we choose a case that fits the research situation of this paper, which serves 
the specific parameter settings. Case studies are often used in theoretical studies to 
explain the current situation better and then simulate numerical experiments (Yang et al., 
2019, 2021). From what we know, case studies should only be selected based on their 
research requirements. Since our paper examines the collaborative form of the U-I for 
joint R&D products, the case studies chosen should be in accord with this scenario, which 
includes firms and universities. In summary, the selected case comes from a collaborative 
project between industry, academia, and research in Chongqing, China. 

Focusing on a UIC case between Nanjing Yunhai Special Metals Co., Ltd. and 
Chongqing University to develop high-performance magnesium alloy materials for  
die-casting of body-integrated structural parts, using body-integrated structural parts to 
achieve batch production. Due to the significant cost reduction advantage of integrated 
casting, new power and traditional car manufacturers are utilising integrated die-casting 
processes. Developing materials for integrated structural parts die-casting has become an 
essential prerequisite with the accelerated penetration of integrated die-casting 
technology. One of the new materials suitable for die-casting integrated structural 
components is magnesium alloy, which has good die-casting performance. Both parties 
combine their advantages to develop high-performance magnesium alloy materials for 
die-casting of integrated body structure parts. The company is the leading manufacturer 
of magnesium alloy, while Chongqing University has been researching magnesium alloy 
materials for many years. The collaboration between the two parties aligns with the  
long-term strategic development plan of the company, which is conducive to enhancing 
the company’s sustainable development capabilities. 

Parameters can be set based on this UIC. First, since this company and university 
have already established a sufficient basis for cooperation, the initial number of 
knowledge transfers is not zero. Second, Chongqing University has a strong R&D base 
for such products, making it highly efficient for knowledge transfer. As a result of their 
efforts, the knowledge transfer efficiency, (i.e., the innovative efficiency) can be 
improved and enhanced, which indicates that it can be a change parameter. Third, the 
contractual agreement to determine the distribution plan based on mutual agreement 
indicates uncertainty regarding the distribution coefficient of product profits. Further, 
other parameter values are set with reference to expert opinion and previous literature 
(Lin and Wang, 2019; Ma et al., 2020). Thus, the values of the parameters we set are 
shown as follows. 



   

 

   

   
 

   

   

 

   

   68 H. Yi and Q. Zhang    
 

    
 
 

   

   
 

   

   

 

   

       
 

• Fixed parameters 

01, 0.1, 1, 0.8, 5.k c a ρ I= = = = =  

• Varying parameters 

{0.2, 0.4, 0.6, 0.8}, {0.4, 0.5, 0.6, 0.7}, {0.2, 0.25, 0.3, 0.35},
{2, 2.2, 2.4, 2.6}, {0.15, 0.2, 0.25, 0.3}

θ b φ
λ δ

∈ ∈ ∈
∈ ∈

 

5.2 Comparison of equilibrium results 

Analysis based on the values of the parameters we set above, the variation trend of the 
degree of product innovation, (i.e., product innovativeness), the amount of knowledge 
transfer, the products price in ES, the products price in the US, and the revenues of two 
players are shown as follows. 

From Figure 1(a), we notice that product innovativeness first decreases and then 
stabilises when the enterprise is the game leader, yet it increases and then stabilises along 
with the time when the university is the game leader. What’s more, product 
innovativeness in the US is much greater than in the ES. The above phenomenon shows 
that the innovation activities in UIC led by the university will significantly increase 
product innovativeness. 

The amount of knowledge transfer in ES firstly decreases and finally stabilises while 
it increases and then stabilises when the university is the game leader. In addition, the 
amount of knowledge transfer in the US is higher. All of the above information is 
displayed in Figure 1(b). This indicates that the university will be more active in 
contributing knowledge to promote collaborative innovation in the US. When the 
efficiency of knowledge absorption and knowledge transfer is not considered, product 
innovativeness naturally improves as long as the amount of knowledge transfer increases. 
This also explains the phenomenon in Figure 1(a). 

Combining Figures 1(c) and 1(d) demonstrate that in the ES, the product price is 
driven more by market dynamics. In contrast, in the US, technological advancements 
drive product prices more than market advancements. The product price in the US is 
higher than in the ES because of product innovativeness. When the enterprise leads the 
game, the product is less innovative as well as the price of the product is low. Thus, the 
price is a weapon for innovative products to reduce competition. When the university 
leads the game, product innovativeness and price are also higher. Therefore, enterprises 
and universities should try to change consumers’ consumption concepts to make them 
accept new things. 

Figure 1(e) shows how the revenues of two players in the ES both first decrease and 
then stabilise. Moreover, the enterprise revenues are higher than the university revenues. 
While the revenues of the two players in the US both increase and stabilise finally, the 
university revenues are higher than the enterprise revenues. In addition, within a 
reasonable range, the revenues of the enterprise and the university in the US are always 
higher than their revenues in the ES. 
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Figure 1 Equilibrium results, (a) the product innovativeness, (b) the amount of knowledge 
transfer, (c) the product price in ES, (d) the product in US, (e) the revenues of two 
layers (see online version for colours) 

 
(a) 

 
(b) 

 
(c) 
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Figure 1 Equilibrium results, (a) the product innovativeness, (b) the amount of knowledge 
transfer, (c) the product price in ES, (d) the product in US, (e) the revenues of two 
layers (continued) (see online version for colours) 

 
(d) 

 
(e) 

5.3 Revenues analysis 

Due to the complexity of the parameters in the revenues, the effect of these parameters on 
the revenues cannot be seen directly. Therefore, we will explore the time course in which 
the revenues of both parties are affected by the following three aspects: revenue-sharing, 
consumer demands for products, and product innovativeness. 

5.3.1 Impact of the revenue-sharing ratio 
Both companies and universities are interested individuals who try to maximise their 
profits. Discussing the revenue-sharing ratio in the context of cooperative R&D products 
in the U-I is essential since both sides generate income from the product profits. Holding 
other parameter values constant, we set θ = 0.2, 0.4, 0.6, 0.8 to investigate the effect of θ 
on the revenues of two players. 
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Figure 2 Revenues sensitivity to θ, (a) the enterprise revenues in ES, (b) the university revenues 
in ES (see online version for colours) 

 
(a) 

 
(b) 

Observation 1. The impact of the revenue-sharing ratio on the revenues of the enterprise 
and the university is as follows: 

a ( 0.6) ( 0.4) ( 0.8) ( 0.2)ES ES ES ES
e e e eV θ V θ V θ V θ= > = > = > =  

b ( 0.2) ( 0.4) ( 0.6) ( 0.8).ES ES ES ES
u u u uV θ V θ V θ V θ= > = > = > =  

From Figure 2, we can find that within the steady state, a revenue-sharing ratio of 0.6 is a 
reasonable value for a company. When the revenue-sharing ratio exceeds 0.6, both 
parties’ revenues will drop significantly. Thus, firms increasing their earnings distribution 
do not continually improve their earnings. A plausible interpretation is that as the 
enterprise gains a higher percentage of revenues, the amount of knowledge transfer and 
product innovativeness is accompanied by lower motivation from universities, resulting 
in lower firms’ earnings. As 1 – θ decreases, the university revenues will be reduced. 
This phenomenon is well explained by Corollary 6, which states that the lower the 
enterprise’s revenue-sharing ratio is, the higher the university’s revenues will be. 
Meanwhile, the university will contribute more knowledge to increase product 
innovativeness, raise the product price, and increase revenues. 
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5.3.2 Impact of the consumer demand for innovative products 
It is known that the main factors affecting consumer demand for innovative products are 
the price sensitivity coefficient of products and the marginal contribution of innovation to 
consumer demand. Therefore, under the conditions of the parameter values set above, we 
vary the value of the parameters b and φ to analyse the influence of consumer demand on 
revenues. 

Figure 3 Revenues sensitivity to b, (a) the enterprise revenue, (b) the university revenue  
(see online version for colours) 

 
(a) 

 
(b) 

Observation 2. The impact of price sensitivity of innovative products on the revenues of 
firms and universities is as follows: 

a ( 0.4) ( 0.5) ( 0.6) ( 0.7)ES ES ES ES
e e e eV b V b V b V b= > = > = > =  

b ( 0.4) ( 0.5) ( 0.6) ( 0.7)US US US US
e e e eV b V b V b V b= > = > = > =  

c ( 0.4) ( 0.5) ( 0.6) ( 0.7)ES ES ES ES
u u u uV b V b V b V b= > = > = > =  

d ( 0.4) ( 0.5) ( 0.6) ( 0.7)US US US US
u u u uV b V b V b V b= > = > = > =  



   

 

   

   
 

   

   

 

   

    How does product innovation affect the performance of UIC? 73    
 

    
 
 

   

   
 

   

   

 

   

       
 

It can be found from Figure 3 that regardless of the game situation, the less sensitive the 
market is to the product price, the higher the returns of the enterprise and the university. 
In the case where cooperation enters a steady state, (i.e., after a while), a value of b below 
0.5 allows the firm’s gain to be consistently higher in the US than the ES. Furthermore, 
the revenues of two players in ES increase more equilibrium with the decrease of the 
value of b in the US. Once the value of b falls below 0.4, the two players’ revenues 
increase steeply. This implies that when the university is the game leader, there will not 
be a steady state of the enterprises and the university’s returns for values of b below 0.4, 
but always be in a condition of rapid growth. Furthermore, universities and enterprises 
should guide consumers to focus on product innovation and reduce price sensitivity in 
addition to producing more innovative products. Yet this kind of guidance for consumer 
perception is long-term and continuous. 

Figure 4 Revenues sensitivity to φ, (a) the enterprise revenue, (b) the university revenue  
(see online version for colours) 

 
(a) 

 
(b) 

Observation 3. The impact of the marginal contribution of innovation to consumer 
demand on the revenues of firms and universities is as follows: 
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a ( 0.35) ( 0.3) ( 0.25) ( 0.2)ES ES ES ES
e e e eV φ V φ V φ V φ= > = > = > =  

b ( 0.35) ( 0.3) ( 0.25) ( 0.2)US US US US
e e e eV φ V φ V φ V φ= > = > = > =  

c ( 0.35) ( 0.3) ( 0.25) ( 0.2)ES ES ES ES
u u u uV φ V φ V φ V φ= > = > = > =  

d ( 0.35) ( 0.3) ( 0.25) ( 0.2)US US US US
u u u uV φ V φ V φ V φ= > = > = > =  

From Figure 4, we expect a higher marginal contribution of innovation to increase 
customer demand. Obviously, a slight increase in the marginal contribution will 
significantly increase the benefits of the enterprise and the university. In the steady state, 
a value of φ exceeding 0.3 gives higher firm returns in the ES than in the US. Once the 
value of φ exceeds 0.35, there will be no steady state in the US, but always be a high 
growth rate in the earnings of the firm and the university. To sustainably improve 
marginal contribution, consumers should be the first step. The U-I should rebuild 
consumers’ consumption concept and increase product publicity to enhance market 
demand for innovative products. In general, if firms and universities want to increase 
consumer demand for innovative products, they need to reduce price sensitivity and 
increase the marginal contribution of innovation, preferably by keeping the value of b 
within 0.4 and expanding the value of b to 0.35. 

5.3.3 Impact of product innovativeness 
Product innovativeness is the key to U-I co-production, which significantly influences the 
development of collaboration and profitability of both parties. According to Melnychuk 
et al. (2021) and Kobarg et al. (2018), improving innovation performance requires 
accelerating knowledge absorption and transformation. Measuring the decay rate of 
product innovation is necessary because of the rapid turnover of current technologies and 
innovative products. The decay rate δ is a particular parameter that exists only with 
dynamic games. Consequently, we next investigate the impact of λ and δ in product 
innovation on the firm’s and university’s revenues. 

Observation 4. The impact of the ability of product innovation on the revenues of 
enterprises and universities is as follows: 

a ( 2.6) ( 2.4) ( 2.2) ( 2)ES ES ES ES
e e e eV λ V λ V λ V λ= > = > = > =  

b ( 2.6) ( 2.4) ( 2.2) ( 2)US US US US
e e e eV λ V λ V λ V λ= > = > = > =  

c ( 2.6) ( 2.4) ( 2.2) ( 2)ES ES ES ES
u u u uV λ V λ V λ V λ= > = > = > =  

d ( 2.6) ( 2.4) ( 2.2) ( 2)US US US US
u u u uV λ V λ V λ V λ= > = > = > =  

The revenues of the enterprise and the university increase with the ability of product 
innovation can be seen in Figure 5. In the case of ES, for each 0.2 increase in the 
parameter λ, the enterprise and the university have approximately equal increases in 
revenues. In the case of the US, as long as the value of the parameter λ reaches 2.6, the 
returns to the two players grow exponentially. The ability of innovative products depends 
on the quality of knowledge transferred by universities and the ability of firms to absorb 
and transform knowledge. Both sides need to work together to improve such ability. With 
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regard to select partners, they should fully consider each other’s ability to meet the 
innovation needs. 

Observation 5. The impact of the decay rate of product innovation on the revenues of 
firms and universities is as follows: 

a ( 0.15) ( 0.2) ( 0.25) ( 0.3)ES ES ES ES
e e e eV δ V δ V δ V δ= > = > = > =  

b ( 0.15) ( 0.2) ( 0.25) ( 0.3)US US US US
e e e eV δ V δ V δ V δ= > = > = > =  

c ( 0.15) ( 0.2) ( 0.25) ( 0.3)ES ES ES ES
e e e eV δ V δ V δ V δ= > = > = > =  

d ( 0.15) ( 0.2) ( 0.25) ( 0.3)US US US US
u u u uV δ V δ V δ V δ= > = > = > =  

Figure 5 Revenues sensitivity to λ, (a) the enterprise revenue, (b) the university revenue  
(see online version for colours) 

 
(a) 

 
(b) 

As Figure 6 shows, we can find that the revenues increase with the parameter δ, 
decreases. This is because a lower decay rate means that innovative products can be used 
for more extended periods, which directly impacts revenues. Interestingly, in the context 
of university leadership, when the decay rate is as low as 0.15, there is a tremendous 
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increase in revenues for both parties. In fact, the decay rate of innovative products is 
determined by industry, and different categories of innovative products differ. To control 
the decline rate of innovative products at a low level, companies and universities need to 
have an excellent degree of market awareness and understand the market outlook and 
consumer needs. Hence, we suggest that enterprises and universities should conduct 
sufficient market research before co-production. As a result, with respect to product 
innovativeness, what we need to do is to improve product innovation capacity and reduce 
the decay rate of innovative products, preferably rise λ to more than 2.6 and reduce δ to 
0.15. In doing so, the overall product innovativeness increases along with it. 

Figure 6 Revenues sensitivity to δ, (a) the enterprise revenue, (b) the university revenue  
(see online version for colours) 

 
(a) 

 
(b) 

6 Discussion and conclusions 

Existing literature on UIC has investigated the impact of product innovation on firm 
performance. Several studies have found that innovation enhances UIC performance, 
while others believe that innovation has a weak association with UIC performance (Robin 
and Schubert, 2013; Tang et al., 2020). Nevertheless, these studies do not examine the 
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economic performance of U-I alliances when both parties jointly develop products as a 
whole systematically and dynamically. Employing a Stackelberg game wherein the 
enterprise or the university is the game leader, in this work, we explore the effect of 
product innovation on the economic performance of UIC. In our paper, factors 
influencing the UIC performance in the product innovation process have been examined, 
strategies for knowledge transfer efforts have been decided, and relationships between 
product innovation and UIC performance have been identified. To sum up, our research 
makes some distinctive contributions. 

First, one of the most significant contributions of our study is the discovery of a  
U-shaped relationship between product innovativeness and UIC performance rather than 
a simple increase or decrease. We extend the results of Robin and Schubert (2013), who 
argued that the impact of innovation on UIC performance is ambiguous. As a result, the 
current divergence about whether innovation improves UIC performance is resolved. 
With a sufficient investment of time and cost, the theoretical model we derive finds that 
the innovation can enhance the UIC performance, ensuring the investment’s 
effectiveness. Furthermore, in response to the situation that an increase in innovation 
input leads to a decrease in UIC performance during the early stages of the project, we 
provide an explicit solution to address this dilemma in the numerical experiment. 

Second, we consider dynamic solutions for university knowledge transfer to be driven 
by complex dynamic relationships among many parameters, including the ability of UIC 
to transform knowledge and create products, as well as market demand outside of the 
product. Following that, we analyse how knowledge transfer works, how market demand 
is composed, and how profit maximisation is achieved. In spite of the fact that knowledge 
transfer is enhancing the innovativeness of products in UIC, they may naturally decay 
once products are finally produced since developing products is a long-term and arduous 
process. And this is the dynamic knowledge transfer process. In this context, we find two 
ways to sustainably improve UIC economic performance by discussing the interaction of 
parameters. One is to adjust the appropriate revenue-sharing ratio, which can promote the 
incentive of firms and universities to participate in product innovation. The other is 
maintaining low price sensitivity and high marginal contribution, which can stimulate 
consumer demand for the product. 

Third, we establish a Stackelberg wherein the leadership order of game subjects can 
be exchanged, which gives us the possibility to explore the governance structure in the  
U-I. In our results, no matter the enterprise or the university, the benefits under the 
university leadership are always greater than those under the enterprise leadership in 
cases where the collaboration is well developed. Compared with the enterprise as the 
game leader, the university in the game leader position can fully exert the vitality of UIC, 
which has a tremendous increase in product innovativeness and revenues. 

6.1 Managerial insights 

In the early stages of U-I collaborative R&D, managers of firms and universities need to 
realise that there is a payoff and reward mismatch. Whereas high investments are 
accompanied by high profits, representing a U-shaped relationship. Numerical 
experiments reveal that increasing the marginal contribution of innovation can resolve the 
dilemma of too low benefits for both parties at the beginning of UIC. This analysis is 
particularly relevant since managers can influence the marginal contribution of 
innovation. The inability of firms to absorb knowledge transferred from universities may 
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affect the timely effectiveness of product innovation. Collaboration software, for 
example, helps document information and defines procedures for codifying knowledge, 
which increases return on investment. Furthermore, increasing both partners’ confidence 
can be achieved by modelling the threshold at which benefits begin to grow. 

Additionally, compared to previous literature, our study offers guidance on dynamic 
strategies for knowledge transferred by universities. An appropriate revenue-sharing ratio 
and high consumer demands can achieve a more effective knowledge transfer strategy. It 
is generally believed that in UIC, more profits allocated to the university will cause a 
decrease in the firm’s profits. Interestingly, our study found that when a firm’s  
revenue-sharing ratio exceeds the limit, a higher revenue-sharing ratio makes the firm’s 
earnings fall. It is therefore possible to simulate an appropriate revenue-sharing ratio in 
numerical experiments to maximise the incentive for knowledge transfer in universities. 
However, when formulating the revenue-sharing ratio, the enterprise will need to 
consider the common interests of both parties separately. Moreover, promoting consumer 
demands as an external incentive measure can boost product innovation inputs for both 
parties. For example, disclosing product design highlights and processes and increasing 
publicity can be important ways to enhance consumer demand. 

Lastly, we suggest that more authority be delegated to universities in the U-I 
governance structure. This is because our results show that the game under university 
leadership maximises the benefits to both firms and universities, just as Zalewska-Kurek 
and Harms (2020) argues that universities should maintain a high degree of autonomy in 
the collaboration process, which is in line with our conclusion. 

6.2 Future research 

Despite these outstanding findings, our study still has some limitations because our 
model lacks some of the key variables that facilitate or hinder UIC (Atta-Owusu et al., 
2021; Cheng et al., 2022). What’s more, our study only discusses UIC in product 
development, but there are many other ways of UIC (Turk-Bicakci and Brint, 2005). 
Future studies can be developed based on our model, adding intermediate variables 
affecting UIC or subdividing the ways of UIC. 
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Appendix 

Proof of Proposition 1. According to the solution method of the Stackelberg game (the 
enterprise is in the leading position and the university is the follower), the optimal 
strategies for the university will be sought first. Define the profit functions of the 
enterprise and the university under the ES game as and ,ES ES

e uV V  respectively. The 
optimal benefits function of the follower satisfying the HJB equation is 

{ }2
0, 0

( ) max [ ][ ( + ) + ] + ( )
2

uES
u

m q

k VρV I m θm a b p m φI q λq δI
I≥ ≥

∂= − − − −
∂

 (A.1) 

To maximise the result of the equation (A.1), based on the first-order condition of m and 
q (necessary condition), respectively, we have 

+
2

a bp φIm
b

−=  (A.2) 

sV λ
Iq
k

∂
∂=  (A.3) 

At the same time, the enterprise is also aware that the university will determine the 
technology-driven price of products and the amount of knowledge transferred by 
equations (A.2) and (A.3). Thus, the optimal benefits function of the enterprise satisfying 
the HJB equation is 

{ }0
( ) max [ + ][ ( + ) + ] ( )eES

e
p

VρV I p θm cI a b p m φI λq δI
I≥

∂= − − + −
∂

 (A.4) 

Substituting the equations (A.2) and (A.3) into (A.4), maximising the equation (A.4), and 
finding the first-order derivative of p yields 

(1 ) +[ (1 ) + ]
(2 )

a θ φ θ bc Ip
b θ

− −=
−

 (A.5) 

Substituting the equation (A.5) into (A.2), we have 

+ ( )
2 (2 )

a φ bc Im
b θ

−=
−

 (A.6) 

Learning from differential equations (A.1) and (A.4), ( ),ES
iV I  i ∈ (e, s) are quadratic 

functions of I. Generally, we suppose 
2

1 2 3( ) + +ES
eV I v I v I v=  (A.7) 

2
1 2 3( ) + +ES

uV I n I n I n=  (A.8) 

where v1, v2, v3, n1, n2 and n3 are unknown constants. From equations (A.7) and (A.8), the 
partial derivatives of the profits functions are given by 
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1 22 +eV v I v
I

∂ =
∂

 (A.9) 

1 22 +uV n I n
I

∂ =
∂

 (A.10) 

Substituting equations (A.9) and (A.10) into (A.4) and (A.1), respectively, results in 

( )

2 2
1 1 2
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2 2 2
1 2 2 1 2 2
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( ) 4 ( )+ 2 +
4 (2 ) 2 (2 )
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2 + + +
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k b θ k
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   −    −   

 (A.11) 
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  − − − −+ −   − −   =  
 − −   −   

 (A.12) 

Substituting equations (A.7)–(A.10) into equations (A.11) and (A.12), we can obtain the 
solutions of six nonlinear equations with respect to the coefficients vi and ni (i = 1, 2, 3). 

2 2
1 1

1 1
( ) 4+ 2
4 (2 )
φ bc λ v nρv δv
b θ k

−= −
−

 (A.13) 
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Solving for the above six equations (A.13)–(A.17) yields 

1
1 2

( + 2 )(2 ) Δ
4 (2 )

kb ρ δ θn
λ b θ

− ±=
−

 (A.19) 

where 2 2 2 2 2 2
1Δ (2 ) ( + 2 ) 2 (1 )( ) .k b θ ρ δ λ kb θ φ bc= − − − −  After making calculations, 

the larger value means that the dynamic of product innovativeness does not converge to a 
steady-state value. Therefore, the larger value is omitted. 
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where ∆2 = ρkb(2 – θ) + ∆1, ∆3 = λ2b(1 – θ)(φ – bc)2. 
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Substituting v1, v2, v3, n1, n2 and n3 into and ,ES ES
e uV V  we can obtain optimal benefits 

equations of the enterprise and the university. 

Proof of Proposition 2. According to the solution method of the Stackelberg game (the 
university is the game leader, and the enterprise is in the following position), the optimal 
strategy for the enterprise will be sought first. Define the profits functions of the 
enterprise and the university under the US game as and ,US US

e uV V  respectively. The 
optimal profits function of the enterprise satisfying the HJB equation is 

{ }0
( ) max [ + ][ ( ) + ] + ( )eUS

e
p

VρV I p θm cI a b p m φI λq δI
I≥

∂= − − + −
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 (A.26) 

To maximise the result of the equation (A.26), based on the first-order condition of p 
(necessary condition), we have 

(1+ ) + ( + )
2

a b θ m φ bc Ip
b

−=  (A.27) 

At the same time, the university also realises that the enterprise will decide the 
technology-driven price of products and the amount of knowledge transferred by the 
equation (A.27). Hence the optimal benefits function of the university satisfying the HJB 
equation is 

{ }2
0, 0

( ) max [ ][ ( + ) + ] + ( )
2

uUS
u

m q

k VρV I m θm a b p m φI q λq δI
I≥ ≥

∂= − − − −
∂

 (A.28) 

Substituting the equation (A.27) into (A.28), we have 

+ ( )
2 (1 )

a φ bc Im
b θ

−=
−

 (A.29) 
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sV λ
Iq
k

∂
∂=  (A.30) 

Substituting the equation (A.30) into (A.28), we have 

(1 3 ) +[(1 3 ) + (3 ) ]
4 (1 )

a θ θ φ θ bc Ip
b θ

− − −=
−

 (A.31) 

Learning from differential equations (A.26) and (A.28), ( ),US
iV I  i ∈ (e, s) are quadratic 

functions of I. Generally, we suppose 
2

4 5 6( ) + +eV I v I v I v=  (A.32) 

2
4 5 6( ) + +sV I n I n I n=  (A.33) 

where v4, v5, v6, n4, n5 and n6 are unknown constants. From equations (A.32) and (A.33), 
the partial derivatives of the profits functions are given by 

4 52 +eV v I v
I

∂ =
∂

 (A.34) 

4 52 +sV n I n
I

∂ =
∂

 (A.35) 

Substituting equations (A.34) and (A.35) into (A.25) and (A.27), respectively, resulting 
in 

( )

2 2
4 4 2

4

2 2 2
4 5 5 4 5 5

5

( ) 4 2 ( )+ 2 + +
16 16( )

2 + +
16

US
e

φ bc λ v n a φ bcδv I
b kρV I

λ v n v n a λ v nδv I
k b k

 − −  −      =  
+   −       

 (A.36) 

2 22
4 2

4

2 22 2
4 5 5

5

2( ) ( )+ 2 +
8 4( )

2+ + +
8 2

US
u

λ nφ bc a φ bcδn I
b k bρV I

λ nλ n n aδn I
k b k

  − −−      =  
  −      

 (A.37) 

Substituting equations (A.31)–(A.35) into equations (A.36) and (A.37), we can obtain the 
solutions of six nonlinear equations concerning the coefficients vi and ni(i = 4, 5, 6). 

2 2
4 4

4 4
( ) 4+ 2

16
φ bc λ v nρv δv

b k
−= −  (A.38) 

( )2
4 5 5 4

5 5
2 ( ) 2 ++

16
a φ bc λ v n v nρv δv

k
−= −  (A.39) 

2 2
5 5

6 +
16
a λ v nρv

b k
=  (A.40) 
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2 22
4

4 4
2( ) + 2

8
λ nφ bcρn δn

b k
−= −  (A.41) 

2
4 5

5 5
( ) 2+

4
a φ bc λ n nρn δn

b k
−= −  (A.42) 

2 22
5

6 +
8 2

λ naρn
b k

=  (A.43) 

Solving for the above six equations (A.38)–(A.42), we can obtain 

4
4 2

( + 2 ) Δ
4

kb ρ δn
λ b

±=  (A.44) 

where 2 2 2 2 2
4Δ ( + 2 ) ( ) .b k ρ δ λ bk φ bc= − −  After making calculations, the larger value 

means that the dynamic of product innovativeness does not converge to a steady-state 
value. Thus, the larger value is omitted. 

4
4 2

( + 2 ) Δ
4

kb ρ δn
λ b

−=  (A.45) 

2

4
4

( )
16Δ

k φ bcv −=  (A.46) 

( )5
4

( )
2 +Δ
ak φ bcn
ρkb

−=  (A.47) 

( )
( )

2 2
4 4

5 2
4 4

( ) 2 +Δ Δ + ( )

8Δ Δ +

akb φ bc ρkb λ k φ bc
v

ρkb

 − − =  (A.48) 

( )
( )

22 2 2
4

6 2
4

+Δ + ( )

8 +Δ

a ρkb λ kb φ bc
n

ρb ρkb

 − =  (A.49) 

( )
( )

2 2 2 2 22 4 4
6 3

4 4

( ) 2Δ +Δ + ( )
+

16 16 Δ Δ +

λ a kb φ bc ρkb λ k φ bcav
ρb ρ ρkb

 − − =  (A.50) 

Substituting v4, v5, v6, n4, n5 and n6 into and ,US US
e uV V  we can have optimal benefits 

equations of the enterprise and the university. 
According to the dynamic equation, the amount of knowledge innovation is as 

follows: 

0

( ) ( ) ( )
(0) 0

I t λq t δI t
I I

 = −


= ≥


 (A.51) 
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Table A1 A summary of the parameter calculations 

Summary 

2 2 2 2 2 2
1Δ (2 ) ( + 2 ) 2 (1 )( )k b θ ρ δ λ kb θ φ bc= − − − −  ∆2 = ρkb(2 – θ) + ∆1 

∆3 = λ2b(1 – θ)(φ – bc)2 2 2 2 2 2
4Δ ( + 2 ) ( )b k ρ δ λ bk φ bc= − −  

1
1

Δ (2 )
2 (2 )
ρkb θτ

kb θ
− −=

−
 4

2
Δ

2
ρkbτ

kb
−=  

2

1
1

( )
4Δ

k φ bcv −=  ( )1 2 3
2 2

1 2

( ) Δ Δ + Δ
Δ Δ

ak φ bc kv −=  

( )2 3
1 3 1 2 32

3 3
1 2

Δ Δ + 4 Δ Δ Δ + Δ
4 (2 )Δ Δ

a k k
v

ρb θ
  =

−
 

1
1 2

( + 2 )(2 ) Δ
4 (2 )

kb ρ δ θn
λ b θ

− −=
−

 

2
2

(1 )( )
(2 )Δ

ak θ φ bcn
θ

− −=
−

 ( )2 2
32

3 2 2
2

(1 ) Δ + 2 Δ
4 (2 ) Δ

a θ k
n

ρb θ
−

=
−

 

2

4
4

( )
16Δ

k φ bcv −=  
( )

( )

2 2
4 4

5 2
4 4

( ) 2 +Δ Δ + ( )

8Δ Δ +

akb φ bc ρkb λ k φ bc
v

ρkb

 − − =  

( )
( )

2 2 2 2 22 4 4
6 3

4 4

( ) 2Δ +Δ + ( )
+

16 16 Δ Δ +

λ a kb φ bc ρkb λ k φ bcav
ρb ρ ρkb

 − − =  4
4 2

( + 2 ) Δ
4

kb ρ δn
λ b

−=  

( )5
4

( )
2 +Δ
ak φ bcn
ρkb

−=  ( )
( )

22 2 2
4

6 2
4

+Δ + ( )

8 +Δ

a ρkb λ kb φ bc
n

ρb ρkb

 − =  

In the case of ES, substituting the optimal equilibrium strategy of knowledge transferred 
into the equation (A.51) and then solving the differential equation, we can obtain 

( ) 10( ) +ES ES ES τ tI t I I I e−
∞ ∞= −  (A.52) 

where 
2

1
12 2 2

(1 )( ) Δ (2 ), .
2 ( + )(2 ) (1 )( ) 2 (2 )

ES λ a θ φ bc ρkb θI τ
kbδ ρ δ θ λ θ φ bc kb θ∞

− − − −= =
− − − − −

 

In the case of US, substituting the optimal equilibrium strategy of knowledge 
transferred into the equation (A.51), and then solving the differential equation, we can 
obtain 

( ) 20( ) +US US ES τ tI t I I I e−
∞ ∞= −  (A.53) 

where 
2

4
22 2

( ) Δ, .
4 ( + ) ( ) 2

US λ a φ bc ρkbI τ
δ ρ δ λ φ bc kb∞

− −= =
− −

 

The first-order partial derivative ESI∞  with respect θ to is 

2

2 2

1
2 ( )(2 )

[ (1 )( )

ES λ kabδ φ bc θ ξI
θ λ a θ φ bc
∞

 ∂   − −  =
∂ − −

 (A.54) 
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where ξ = (ρ + δ)(2 – θ) – 2(1 – θ). 
The first-order partial derivative ξ concerning the θ is 

2 ( + )ξ ρ δ
θ

∂ = −
∂

 (A.55) 

Because of ρ ∈ (0, 1) and δ ∈ (0, 1), we can know that 0.ξ
θ

∂ >
∂

 Let ξ ∈ (0, 1), we get 

+ 1 .
2
θρ δ
θ

= −
−

 When + 1 ,
2
θρ δ
θ

> −
−

 we can conclude that ESI∞  is decreasing with 

respect to θ. On the contrary, when + 1 ,
2

ESθρ δ I
θ ∞< −

−
 increases with θ. 


