
Research Article
Differential Game Analysis on University-Enterprise
Cooperation considering Social Responsibility

Shiqi Xu and Yuejin Fan

Business School, Qingdao University, Qingdao 266071, China

Correspondence should be addressed to Yuejin Fan; fanyj@qdu.edu.cn

Received 16 August 2021; Accepted 6 October 2021; Published 2 November 2021

Academic Editor: Daqing Gong

Copyright © 2021 Shiqi Xu and Yuejin Fan. +is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Aiming at not only economic benefits but also social benefits in university-enterprise cooperation, this paper considers both
technological innovation and social responsibility in university-enterprise cooperation. By using differential game theory, this
paper provides three models of Nash noncooperative game, Stackelberg game, and cooperative game and discusses the impact of
these three models on university-enterprise cooperation. Our results show that the Stackelberg game model can improve the
innovation level of the university based on innovation cost-sharing and does not change the social responsibility level of the
university without sharing the social cost. Among the three game models, the cooperative game model can bring the greatest
innovation level and social responsibility level to the university-enterprise cooperation and make the whole system realize Pareto
optimal. Our research can provide a theoretical basis and practical guidance for university-enterprise cooperation.

1. Introduction

+e university-enterprise cooperation has been valued by
many countries and it is an important strategy. +e United
States enacted the National Cooperation Research act as
early as 1984 to spur the formation of Strategic Research
Partnerships (SRP). +e SPR includes research collabora-
tions, industry associations, collaborative research and de-
velopment agreements, strategic alliance networks,
technology licensing, university start-ups, and forums for
scientists from academia and industry, which contribute to
the rapid diffusion of knowledge and technology from
universities to businesses [1]. In the Eureka Program, the
university-enterprise cooperation is also emphasized, re-
quiring universities and research institutions applying for
projects to find corporative partners to jointly apply and
undertake [2]. Finland’s science and technology projects
require a university-enterprise cooperation model, which
makes Finland’s university-enterprise cooperation rank first
in the world [3]. As a representative of an emerging de-
veloping country, China is establishing a deeply integrated
innovation system with university-enterprise cooperation to

foster new drivers of economic growth [4]. As a result, most
governments have adopted different incentive policies to
encourage university-enterprise cooperation and enhance
the technological innovation ability of enterprises, so as to
improve the core competitiveness of industries.

With the development of economic globalization, it is
difficult for enterprises to make innovation and progress by
their strength, so they must cooperate with different inno-
vation subjects. Among these partners, universities have
become the core of many enterprises because of their unique
resource advantages and innovation ability [5, 6]. +e uni-
versity-enterprise collaboration is an extremely complex part
of the educational and economic system, which has changed
substantially since the 1980s and has led to a series of in-
stitutional tools such as contact centers, science parks, in-
cubators, teaching and researcher exchanges, student
placements’ programs, joint training programs, and con-
tinuing education centers [7, 8]. +e university-enterprise
collaboration has also been interpreted as industry-university-
research cooperation [9–11] which is a teaching form of
educational methods and thinking and focuses on cultivating
talents with high-level innovation ability and practical skills
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by making full use of the resources of universities and en-
terprises [12, 13]. At present, there is no unified explanation
and definition of university-enterprise cooperation, and some
scholars explain it from different perspectives [14–17]. In this
paper, we define university-enterprise cooperation as a social
and economic activity that promotes industrial development
through the combination of various elements by colleges,
scientific research institutes, and enterprises relying on their
advantages and resources, by cultivating innovative talents
and realizing the transformation of scientific and techno-
logical achievements. In other words, unlike other coopera-
tion between organizations that only pursue profit, university-
enterprise cooperation also assumes social responsibility.

In academic research on university-enterprise cooper-
ation, collaborative innovation has been concerned by many
scholars and is a mainstream research subject. +is subject
mainly includes three aspects: driving factors of cooperative
innovation [18–21], innovation network [22–24], and
knowledge sharing [25–27]. However, these studies mainly
study university-enterprise cooperation from the perspec-
tive of economic effect, without considering the social re-
sponsibility factor. As enterprises face pressure from
different internal and external stakeholders such as con-
sumers, employees, investors, and communities, they have
integrated corporate social responsibility (CSR) into their
operations and management [28]. +e concept of corporate
social responsibility was first proposed by Bowen in 1953. He
believed that businessmen had the obligation to make
policies, make decisions, or take certain actions under the
goals and values expected by the society [29]. Since Bowen’s
research pointed out that “voluntary social responsibility by
businessmen is a feasible way to improve economic prob-
lems and better achieve the economic goals we pursue,”
more scholars have begun to study CSR [30–35]. From the
existing CSR research literature, we can find that the re-
search subjects are mainly for profit enterprises, with few
studies on nonprofit organizations. As a nonprofit organi-
zation, universities are important members of society, and
they are believed to shape the future, to nurture individuals,
to nurture ethics, and to make people more responsible for
the companies they work for and the society in which they
live [36]. At present, there are few studies specifically fo-
cusing on university social responsibility (USR). Latif [36]
provided a detailed scale to measure university social re-
sponsibility (USR).+e study found that USR has four types:
operational responsibility, research/development responsi-
bility, stakeholder responsibility, and legal responsibility.
Alzyoud and Bani-Hani [37] discussed how universities can
achieve development, sustainable development, and com-
petitiveness by using the concept of USR. MuijenHeidi [38]
suggested that USR can not only be realized through
compliance strategy but also needs a strategy to promote the
cultural transformation process as a supplement. Based on
an empirical assessment of USR levels and complementary
factors in BRICS countries (Brazil, Russia, India, China, and
South Africa) and based on these literature studies, this
paper will focus on the impact of corporate social respon-
sibility and university responsibility on the optimal decision
of university-enterprise cooperation.

With the deepening of university-enterprise cooperation
and the growing benefits of cooperation, universities and
enterprises have begun to pay attention to the cooperation in
social responsibility in addition to the pursuit of economic
effect. However, through literature review, we find that the
research on social responsibility in university-enterprise co-
operation has not received enough attention. Gebbels et al. [39]
discussed the impact of the joint responsibility of university-
enterprise cooperation on students and employees. Smith et al.
[40] examined how university-enterprise partnerships change
engineering students’ knowledge and attitudes towards social
responsibility and found that university-enterprise cooperation
can help students gain amore comprehensive understanding of
the socio-technical nature of corporate social responsibility and
professional engineering practice. However, different from the
above studies, this paper establishes three different differential
game models to discuss university-enterprise cooperation.

Some scholars have studied the two-party cooperation
problem by using the differential game, and the research in
this area mainly focuses on R&D. Lambertini andMantovani
[41] discussed the timing of adoption of product and process
innovation using a differential game, and they showed that
Cournot competition entails lower R&D incentives than
Bertrand competition; on this basis, Anton and Greiner [42]
presented an R&D differential game of multiproduct oli-
gopolies, and they found that the spillovers may generate a
technology lock-in to a situation with a large number of
high-quality products. Similar to [42], Liu et al. [43] applied
a differential game framework to examine how online
customer reviews can be leveraged as external knowledge for
duopoly manufacturers R&D, and they found that when the
manufacturer utilizes online customer reviews more in
R&D, both manufacturers’ profits can either increase or
decrease. Recently, Wei and Wang [44] and Deng et al. [45]
used a differential game to analyze carbon reduction tech-
nology innovation. However, these studies did not address
the issue of university-enterprise collaboration. At present,
there are few kinds of research on introducing differential
game into university-industry cooperation. Yin and Li [46]
considered three models which are the Nash noncooperative
gamemodel, Stackelberg gamemodel, and cooperative game
model in a university-enterprise collaborative innovation
system using a differential game. Different from [46], this
paper considers not only the profits generated by university-
enterprise cooperative innovation but also the social re-
sponsibilities of both parties.

In summary, the existing literature on university-en-
terprise cooperation focuses on the analysis of economic
effects, and most of them are a static framework. A few kinds
of literature focusing on the dynamic framework only
consider the impact of technology innovation on university-
enterprise cooperation, and there are few studies on social
responsibility in university-enterprise cooperation, espe-
cially those that consider both technology innovation and
social responsibility. +erefore, this paper considers two
factors of technological innovation and social responsibility
in university-industry cooperation and establishes three
models of Nash noncooperative game, Stackelberg game,
and cooperative game by using a differential game.
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+e rest of our paper is organized as follows. Section 2
describes problems, and Section 3 develops three game
models: the Nash noncooperative game model, the Stack-
elberg game model, and the cooperative game model. Sec-
tion 4 makes a comparative analysis of the models. Some
numerical experiments are given by Section 5, and Section 6
concludes this study and outlines directions for future
research.

2. Model Description

Consider a university-enterprise cooperation system com-
posed of an enterprise and a university. In the process of
university-enterprise cooperation, the university and en-
terprise will fulfill their social responsibilities while reaping
economic benefits through technological innovation. In
other words, the enterprise and university pursue not only
economic goals but also social goals. +e notations used in
our models are presented in Table 1.

In terms of university-enterprise cooperation, the in-
novation levels invested by the university and enterprise are
assumed to be h1(t) and h2(t), respectively. In the aspect of
social responsibility, the social responsibility level invested
by the university and enterprise is assumed as r1(t) and
r2(t), respectively. Furthermore, the investment cost of the
innovation and social responsibility have a nonlinear in-
crease in hi(t) and ri(t), respectively (i � 1, 2), and these cost
functions at time t can be assumed as follows:

C11(t) �
1
2
k11h

2
1(t),

C21(t) �
1
2
k21h

2
2(t),

C12(t) �
1
2
k12r

2
1(t),

C22(t) �
1
2
k22r

2
2(t).

(1)

+e university-enterprise cooperation is a dynamic
process, which is determined by the innovation and social
responsibility level of the university and enterprise. On
the one hand, the university and enterprise can create new
technology through cooperation and improve the level of
joint innovation. On the other hand, the university and
enterprise can take advantage of their advantageous

position and shoulder a wider range of social responsi-
bilities and improve the joint social responsibility. Fur-
thermore, the following differential equations can be used
to describe the joint innovation level and social respon-
sibility level changing with time in university-enterprise
cooperation:

L′(t) �
dL(t)

dt
� λ1h1(t) + λ2h2(t) − δL(t),

L(0) � l0 ≥ 0,

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

S′(t) �
dS(t)

dt
� η1r1(t) + η2r2(t) − θS(t),

S(0) � s0 ≥ 0.

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(2)

L(t) is the level of joint innovation at time t and l0
represents the initial state of joint innovation level. S(t) is
the level of joint social responsibility at time t and s0 rep-
resents the initial state of joint social responsibility level.

+e investment of the university and enterprise in
innovation will directly affect the economic benefits of
joint innovation. At the same time, the effort of the
university and enterprise in social responsibility will di-
rectly affect the level of joint social responsibility and affect
social benefits. +erefore, the economic benefits and social
benefits of university-enterprise cooperation can be ob-
tained as follows:

π1(t) � α1h1(t) + α2h2(t) + μL(t),

π2(t) � β1r1(t) + β2r2(t) + ξS(t).
(3)

Assuming that the total benefits from joint innovation
and social responsibility are distributed among the partic-
ipants under the preagreed distribution ratio, the total
economic benefits and social benefits obtained by the uni-
versity are φ1π1(t) and φ2π2(t), respectively, and the total
economic benefits and social benefits obtained by the en-
terprise are (1 − φ1)π1(t) and (1 − φ2)π2(t), respectively. To
encourage the university to pay more for innovation in the
process of the university-enterprise cooperation, the pro-
portion of innovation cost-shared by the enterprise will be ω
(0<ω< 1). +us, the objective function of the university and
enterprise are, respectively,

J1 � 
∞

0
e

− ρt φ1 α1h1(t) + α2h2(t) + μL(t)(  + φ2 β1r1(t) + β2r2(t) + ξS(t)(  −
1
2

(1 − ω)k11h1(t) −
1
2
k12r1(t) dt,

J2 � 
∞

0
e

− ρt 1 − φ1(  α1h1(t) + α2h2(t) + μL(t)(  + 1 − φ2(  β1r1(t) + β2r2(t) + ξS(t)( 

−
1
2
k21h2(t) −

1
2
k22r2(t) − ω

1
2
k11h1(t)dt.

(4)

+is paper assumes that the university and enterprise are
faced with the same game at any time point in the university-

enterprise system. For analysis purposes, t will be omitted
below.
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3. Model Construction and Solution

3.1. Nash Noncooperative Game. In the Nash noncoopera-
tive game, the university and the enterprise are independent
and have an equal footing, i.e., ω � 0. +e benefit functions

of the two sides are V1(L, S) and V2(L, S), respectively. Since
V1(L, S) and V2(L, S) are continuously bounded and dif-
ferentiable for L, S≥ 0, the HJB equations are as follows:

ρV1(L, S) � max
h1 ,r1

φ1 α1h1 + α2h2 + μL(  + φ2 β1r1 + β2r2 + ξS( 

−
1
2
k11h

2
1 +

zV1

zL
λ1h1 + λ2h2 − δL(t)(  +

zV1

zS
η1r1(t) + η2r2(t) − θS(t)( ,

(5)

ρV2(L, S) � max
h1 ,r1

1 − φ1(  α1h1 + α2h2 + μL(  + 1 − φ2(  β1r1 + β2r2 + ξS( 

−
1
2
k21h

2
2 −

1
2
k22r

2
2 +

zV2

zL
λ1h1 + λ2h2 − δL(t)(  +

zV2

zS
η1r1(t) + η2r2(t) − θS(t)( .

(6)

Proposition 1. In a Nash noncooperative game, the optimal
strategies of university and enterprise are

h
N
1 , r

N
1  �

φ1 (ρ + δ)α1 + μλ1( 

(ρ + δ)k11
,
φ2 (ρ + θ)β1 + ξη1( 

(ρ + θ)k12
 , (7)

h
N
2 , r

N
2  ��

1 − φ1(  (ρ + δ)α2 + μλ2( 

(ρ + δ)k21
,
1 − φ2(  (ρ + θ)β2 + ξη2( 

(ρ + θ)k22
 . (8)

Table 1: Summary of basic notations.

Parameters
ki1 Cost coefficients of i for technology innovation
ki2 Cost coefficients of i for social responsibility
λi Impact of the i investment in innovation on the level of joint innovation
ηi Impact of the i investment in social responsibility on the level of joint social responsibility
δ Depreciation of the joint innovation
θ Depreciation of the joint social responsibility
αi Degree of impact of the i investment in innovation on the total economic benefits
βi Impact of the social responsibility of i on the total social benefits
μ Influence degree of joint innovation level on total economic benefits
ξ Influence degree of joint social responsibility on total social benefits
φ1 Distribution coefficients on the total economic benefits
φ2 Distribution coefficients on total social benefits

Decision variables
hi(t) Innovation levels invested by i
ri(t) Social responsibility level invested by i
ω +e proportion of innovation cost-shared by the enterprise

Dependent variables
π1(t) Total economic benefits
π2(t) Total social benefits
V

j

i +e i’s profit in scenario j, where j ∈ N, S, C{ }

Vj Total profit in scenario j, where j ∈ N, S, C{ }
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Proof. It is easy to judge that equations (5) and (6) are
concave functions with respect to (h1, r1) and (h2, r2), re-
spectively. Based on the first-order conditions, the optimal

decisions of the university and the enterprise can be ob-
tained as follows:

h1, r1(  �
φ1α1 + λ1zV1/zL

k11
,
φ2β1 + η1zV1/zS

k12
 ,

h2, r2(  ��
1 − φ1( α2 + λ2zV2/zL

k21
,
1 − φ2(  β2 + η2zV2/zS( 

k22
 .

(9)

Substituting the above two equations into equations (5)
and (6), respectively, it can be concluded that the revenue
functions of university and enterprise are binary quadratic
functions about L and S. +us, the following function form
can be set:

V1(L, S) � f11L + f21S + f31,

V2(L, S) � g11L + g21S + g31.
(10)

Furthermore, by the method of undetermined coeffi-
cients, we can obtain

f11 �
φ1μ
ρ + δ

,

f21 �
φ2ξ
ρ + θ

,

f31 �
φ1α1 + λ1f11( 

2

2ρk11
+

φ2β1 + η1f21( 
2

2ρk12
+

φ1α2 + λ2f11(  1 − φ1( α2 + λ2g11( 

ρk21
+

φ2β2 + η2f21(  1 − φ2( β2 + η2g21( 

ρk22
,

g11 �
1 − φ1( μ
ρ + δ

,

g21 �
1 − φ2( ξ
ρ + θ

,

g31 �
φ1α1 + λ1f11(  1 − φ1( α1 + λ1g11( 

ρk11
+

φ2β1 + η1f21(  1 − φ2( β1 + η1g21( 

ρk12
+

1 − φ1( α2 + λ2g11( 
2

2ρk21
+

1 − φ2( β2 + η2g21( 
2

2ρk22
.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(11)

From equation (11), equations (7) and (8) can be ob-
tained. +us, this proposition is proved.

According to Proposition 1, in Nash noncooperative
game, the level of joint innovation and social responsibility
can be obtained as follows:

L
N

�
λ1h

N
1 + λ2h

N
2

δ
+ l0 −

λ1h
N
1 + λ2h

N
2

δ
 e

− δt
, (12)

S
N

�
η1r

N
1 + η2r

N
2

θ
+ s0 −

η1r
N
1 + η2r

N
2

θ
 e

− θt
. (13)

Furthermore, the optimal revenue functions of the
university and enterprise are obtained as follows:

V
N
1 �

φ1μ
ρ + δ

L
N

+
φ2ξ
ρ + θ

S
N

+ f31, (14)

V
N
2 �

1 − φ1( μ
ρ + δ

L
N

+
1 − φ2( ξ
ρ + θ

S
N

+ g31. (15)

+en, the optimal revenue function of the university-
enterprise cooperation system under this gamemodel can be
obtained:
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V
N

�
μ

ρ + δ
L

N
+

ξ
ρ + θ

S
N

+ f31 + g31. (16)
□

3.2. Stackelberg Game. In the Stackelberg game, the enter-
prise is the leader and the university is the follower, and both

aim to maximize their own benefits. To encourage the
university to improve the level of innovation, the enterprise
will share the innovation costs of the university in a certain
proportion ω. +us, the HJB equations are as follows:

ρV1(L, S) � max
h1 ,r1

φ1 α1h1 + α2h2 + μL(  + φ2 β1r1 + β2r2 + ξS(  −
1
2

(1 − ω)k11h
2
1 −

1
2
k12r

2
1 −

1
2
k12r1

+
zV1

zL
λ1h1 + λ2h2 − δL(t)(  +

zV1

zS
η1r1(t) + η2r2(t) − θS(t)( ,

(17)

ρV2(L, S) � max
h1,r1

1 − φ1(  α1h1 + α2h2 + μL(  + 1 − φ2(  β1r1 + β2r2 + ξS( 

−
1
2
k21h

2
2 −

1
2
k22r

2
2 −

1
2
ωk11h

2
1 +

zV2

zL
λ1h1 + λ2h2 − δL(t)(  +

zV2

zS
η1r1(t) + η2r2(t) − θS(t)( .

(18)

+e game process is divided into two stages: the en-
terprise first decides the optimal strategy and the proportion
of sharing, and the university chooses its optimal strategy
after observing the enterprise’s decision. +erefore, Prop-
osition 2 can be obtained.

Proposition 2. In a Stackelberg game, the optimal strategies
of the university and enterprise are

h
S
1, r

S
1  �

2 − φ1(  (ρ + δ)α1 + μλ1( 

2(ρ + δ)k11
,
φ2 (ρ + θ)β1 + ξη1( 

(ρ + θ)k12
 , (19)

h
S
2, r

S
2  ��

1 − φ1(  (ρ + δ)α2 + μλ2( 

(ρ + δ)k21
,
1 − φ2(  (ρ + θ)β2 + ξη2( 

(ρ + θ)k22
 , (20)

ωS
�
2 − 3φ1
2 − φ1

. (21)

Proof. It is easy to judge that equation (17) is a concave
function with respect to (h1, r1). Based on the first-order
conditions, the optimal reaction function of the university
can be obtained:

h1, r1(  �
φ1α1 + λ1zV1/zL

(1 − ω)k11
,
φ2β1 + η1zV1/zS

k12
 . (22)

Substituting equation (22) into equation (18), the opti-
mal decisions of the enterprise can be obtained as follows:

h2, r2(  �
1 − φ1( α2 + λ2zV2/zL

k21
,
1 − φ2( β2 + η2zV2/zS

k22
 , (23)

ω �
2 − 3φ1( α1 + λ1 2zV1/zS − zV1/zL( 

2 − φ1( α1 + λ1 zV1/zL + 2zV1/zS( 
. (24)

Substituting equations (22)–(24) into equations (17) and
(18), respectively, it can be concluded that the revenue
functions of university and enterprise are binary quadratic
functions about L and S. +us, the following function form
can be set:
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V1(L, S) � f12L + f22S + f32,

V2(L, S) � g12L + g22S + g32.
(25)

Furthermore, by the method of undetermined coeffi-
cients, we can obtain

f12 �
φ1μ
ρ + δ

,

f22 �
φ2ξ
ρ + θ

,

f32 �
φ1α1 + λ1f12(  2 − φ1( α2 + λ1 f12 + 2g12( ( 

4ρk11
+

φ2β1 + η1f22( 
2

2ρk12
+

φ1α2 + λ2f12(  1 − φ1( α2 + λ2g12( 

ρk21
+

φ2β2 + η2f22(  1 − φ2( β2 + η2g22( 

ρk22
,

g12 �
1 − φ1( μ
ρ + δ

,

g22 �
1 − φ2( ξ
ρ + θ

,

g32 �
2 − φ1( α1 + λ1 f12 + 2g12( ( 

2

8ρk11
+

φ2β1 + η1f22(  1 − φ2( β1 + η1g22( 

ρk12
+

1 − φ1( α2 + λ2g12( 
2

2ρk21
+

1 − φ2( β2 + η2g22( 
2

2ρk22
.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(26)

From equation (26), equations (19)–(21) can be ob-
tained. +us, this proposition is proved.

According to Proposition 2, in a Stackelberg game, the
level of joint innovation and social responsibility can be
obtained as follows:

L
S

�
λ1h

S
1 + λ2h

S
2

δ
+ l0 −

λ1h
S
1 + λ2h

S
2

δ
 e

− δt
, (27)

S
N

�
η1r

S
1 + η2r

S
2

θ
+ s0 −

η1r
S
1 + η2r

S
2

θ
 e

− θt
. (28)

Furthermore, the optimal revenue functions of the
university and enterprise are obtained as follows:

V
S
1 �

φ1μ
ρ + δ

L
S

+
φ2ξ
ρ + θ

S
S

+ f32, (29)

V
S
2 �

1 − φ1( μ
ρ + δ

L
S

+
1 − φ2( ξ
ρ + θ

S
S

+ g32, (30)

+en, the optimal revenue function of the university-
enterprise cooperation system under this gamemodel can be
obtained:

V
S

�
μ

ρ + δ
L

S
+

ξ
ρ + θ

S
S

+ f32 + g32. (31)
□

3.3. CooperativeGame. In the cooperative game, as a unified
whole, the university and enterprise aim to maximize the
overall system and work together to enhance comprehensive
innovation capacity and fulfill social responsibility. Since
V(L, S) is continuously bounded and differentiable for
L, S≥ 0, the HJB equation is as follows:

ρV(L, S) � max
h1 ,h2 ,r1 ,r2

α1h1 + α2h2 + μL + β1r1 + β2r2 + ξS −
1
2
k11h

2
1 −

1
2
k12r

2
1 −

1
2
k21h

2
2 −

1
2
k22r

2
2

+
zV

zL
λ1h1 + λ2h2 − δL(t)(  +

zV

zS
η1r1(t) + η2r2(t) − θS(t)( .

(32)
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Proposition 3. In a cooperative game, the optimal strategies
of the university and enterprise system are

h
C
1 , r

C
1  �

(ρ + δ)α1 + μλ1
(ρ + δ)k11

,
(ρ + θ)β1 + ξη1

(ρ + θ)k12
 , (33)

h
C
2 , r

C
2  ��

(ρ + δ)α2 + μλ2
(ρ + δ)k21

,
(ρ + θ)β2 + ξη2

(ρ + θ)k22
 . (34)

Proof. It is easy to judge that equations (32) is a concave
function with respect to (h1, r1) and (h2, r2). Based on the
first-order conditions, the optimal decisions of the university
and enterprise can be obtained as follows:

h1, r1(  �
α1 + λ1zV/zL

k11
,
β1 + η1zV/zS

k12
 , (35)

h2, r2(  �
α2 + λ2zV/zL

k21
,
β2 + η2zV/zS

k22
 . (36)

Substituting the above two equations into equation (32),
it can be concluded that the revenue function of university-
enterprise is a binary quadratic function about L and S.+us,
the following function form can be set:

V(L, S) � m1L + m2S + m3. (37)

Furthermore, by the method of undetermined coeffi-
cients, we can obtain

m1 �
μ

ρ + δ
,

m2 �
ξ

ρ + θ
,

m3 �
α1 + λ1m1( 

2

2ρk11
+

β1 + η1m2( 
2

2ρk12
+

α2 + λ2m1( 
2

2ρk21
+

β2 + η2m2( 
2

2ρk22
.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(38)

From equation (38), equation (34) can be obtained.+us,
this proposition is proved.

According to Proposition 3, in a cooperative game, the
level of joint innovation and social responsibility can be
obtained as follows:

L
C

�
λ1h

C
1 + λ2h

C
2

δ
+ l0 −

λ1h
C
1 + λ2h

C
2

δ
 e

− δt
, (39)

S
C

�
η1r

C
1 + η2r

C
2

θ
+ s0 −

η1r
C
1 + η2r

C
2

θ
 e

− θt
. (40)

Furthermore, the optimal revenue function of the whole
system can be obtained:

V
C

�
μ

ρ + δ
L

C
+

ξ
ρ + θ

S
C

+ m3. (41)
□

4. Model Analysis

In this section, we compare and analyze the optimal decision
and the optimal revenue under the three kinds of game
models and get the following propositions.

Proposition 4. (i) hC
1 > hS

1 > hN
1 and rC

1 > rS
1 � rN

1 ; (ii)
hC
2 > hS

2 � hN
2 and rC

2 > rS
2 � rN

2 .

Proof. (i) From equations (7), (19), and (33), we have

h
C
1 − h

S
1 �

φ1 (ρ + δ)α1 + μλ1( 

2(ρ + δ)k11
> 0,

h
S
1 − h

N
1 �

2 − 3φ1(  (ρ + δ)α1 + μλ1( 

2(ρ + δ)k11
> 0,

r
C
1 − r

S
1 �

1 − φ2(  (ρ + θ)β1 + ξη1( 

(ρ + θ)k12
> 0,

r
S
1 − r

N
1 � 0.

(42)

(ii) From these equations (8), (19), and (34), we have

h
C
2 − h

S
2 �

φ1 (ρ + δ)α2 + μλ2( 

(ρ + δ)k21
> 0,

h
S
2 − h

N
2 � 0,

r
C
2 − r

S
2 �

φ2 (ρ + θ)β2 + ξη2( 

(ρ + θ)k22
> 0,

r
S
2 − r

N
2 � 0.

(43)

Taken together, the proposition is proved. □

Proposition 4. 9is proposition indicates that whether it is a
Nash noncooperative game or is a Stackelberg game, the
enterprise’s efforts in innovation and social responsibility
remain unchanged. However, in the Stackelberg game, the
enterprise shares the innovation input of the university, thus
improving the innovation level of the university. Proposition 4
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also shows that, under the cooperative game model, the
university and enterprise have the highest level of effort in
innovation and social responsibility, which is better than the
other two models.

Proposition 5. LC > LS >LN and SC > SS � SN.

Proof. From equations (12), (27), and (39), we have

L
C

− L
S

�
λ1 h

C
1 − h

S
1  + λ2 h

C
2 − h

S
2 

δ
1 − e

− δt
 > 0,

L
S

− L
N

�
λ1 h

S
1 − h

N
1  + λ2 h

S
2 − h

N
2 

δ
1 − e

− δt
 > 0.

(44)

From equations (13), (28), and (40), we have

S
C

− S
S

�
η1 r

C
1 − r

S
1  + η2 r

C
2 − r

S
2 

δ
1 − e

− θt
 > 0,

S
S

− S
N

�
η1 r

S
1 − r

N
1  + η2 r

S
2 − r

N
2 

δ
1 − e

− θt
  � 0.

(45)

+us, the proposition is proved. □

Proposition 5. 9e enterprise shares the innovation cost of
the university, which can promote the innovation level of the
university-enterprise cooperation. As the enterprise does not
share the social responsibility input of the university, the level
of social responsibility of the university is not high. Proposition
5 also shows that the joint innovation and social responsibility
level of the university and enterprise are the highest under the

cooperative game mode, which is better than the other two
game modes.

Proposition 6. VS
1 >VN

1 , VS
2 >VN

2 , and VC >VS >VN.

Proof. From equations (14) and (29), we have

V
S
1 − V

N
1 �

2 − 3φ1( φ1 (ρ + δ)α1 + λ1μ( 
2

4ρ(ρ + δ)
2
k11

> 0. (46)

From (15) and (30), we have

V
S
2 − V

N
2 �

2 − 3φ1( 
2

(ρ + δ))α1 + λ1μ( 
2

8ρ(ρ + δ)
2
k11

> 0. (47)

+us, we can get VS >VN. Furthermore, according to
Propositions 4 and 5 and combined with equations (39) and
(50), we can obtain VC >VS. As a result, the proposition is
proved. □

Proposition 6. In the Stackelberg game, the optimal revenue
of the university and enterprise and the revenue of the uni-
versity-enterprise system are both higher than the corre-
sponding value of the Nash noncooperative game. In other
words, the Stackelberg game can achieve Pareto improvement.
Proposition 6 also shows that the overall profit of the uni-
versity-enterprise cooperative innovation system is the highest
in the cooperative game.

5. Numerical Analysis

We illustrate our theoretical results by using some numerical
examples and discuss some related issues. Let k11 � 1,

0 5 10 15 20
0

5

10

15

20

LN

LS

LC

t

(a)

0

2

4

6

8

10

0 5 10 15 20

SN

SS

SC

t

(b)

Figure 1: (a) Joint innovation level and (b) joint social responsibility level under three game models.
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k12 � 2, k21 � 2, k22 � 1, λ1 � 0.6, λ2 � 0.4, δ � 0.3, η1 � 0.4,
η2 � 0.3, θ � 0.2, α1 � 4, α2 � 3, μ � 2, β1 � 3, β2 � 2, ξ � 1,
ρ � 0.1, l0 � s0 � 0, ϕ1 � 0.3, and φ2 � 0.2; then, we use
maple 2020 and can get Figures 1–3 .

As shown in Figure 1, in the early stage of university-
enterprise cooperation, the level of joint innovation and

social responsibility grow rapidly, that is, exponentially.
However, with the increase of cooperation span, the level of
joint innovation and social responsibility grow steadily and
converge to a certain value. Figure 1 also shows that the
cooperative game model will bring the greatest innovation
level and social responsibility level to the university-

0 5 10 15 20

V1
N

V1
S

t

140

120

100

80

60

(a)

0 5 10 15 20

V2
N

VS
2

t

350

300

250

200

150

(b)

Figure 2: (a) Revenue of the university and (b) revenue of the enterprise under the Stackelberg and Nash game mode.

0 5 10 15 20
t

VN

VS

VC

200

300

400

500

Figure 3: Revenue of the system of university-enterprise cooperation under three game modes.
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enterprise cooperation, while the noncooperative game
model will lead to a lower level.

As shown in Figures 2 and 3, with the continuous
promotion of university-enterprise cooperation, the
revenue of both sides and the whole system is steadily
increasing and tends to a certain stable value. It can be
easily observed from Figures 2 and 3 that the cooperative
game mode is superior to the Stackelberg game mode,
while the Stackelberg game mode is superior to the Nash
noncooperative game mode. In other words, the coop-
erative game model can make university-enterprise co-
operation reach Pareto optimal.

6. Conclusions

In this paper, we used a differential game theory to exam the
cooperation problem of a system composed of a university
and an enterprise in the field of joint innovation and social
responsibility. We have developed three game models of
Nash noncooperative game, Stackelberg game, and coop-
erative game to discuss the important influence of the in-
novation level and social responsibility level in university-
enterprise cooperation.

Our results showed that the cost-sharing strategy for
innovation input can significantly improve the innovation
level of the university and can keep the enterprises’ in-
novation level unchanged, while the cost-sharing strategy
did not affect the social responsibility level of the uni-
versity and enterprise. In addition, if the university and
enterprise adopt the cooperative game model, comparing
with the Nash noncooperative game and Stackelberg
game, the innovation level and social responsibility level
of the university and enterprise are the highest. Our re-
sults also showed that the Stackelberg game for innovation
input can effectively improve optimal revenue of the
university, the enterprise, and the whole system, which is
Pareto efficient. More importantly, in the cooperative
game mode, the level of innovation and social responsi-
bility of the university and enterprise will reach the
maximum, and the whole system benefits are higher than
those of the other two game modes, so as to achieve Pareto
optimization.

Our study also has some limitations. We assumed all
information is known such as the cost coefficients of the
university and enterprise for innovation and social re-
sponsibility. However, this information may be asym-
metric. Moreover, it may be useful to develop an
equilibrium model in the presence of multiple universities
or enterprises.
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