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ABSTRACT

With the deepening of the research on the issue of corporate social responsibility, the relationship among the government,
enterprise and society has become the hotspot of researches. It has great practical significance to analyze the dynamic game
relationship among the three parties under the incomplete information condition. Based on this, the three-party evolutionary
game model under the incomplete information condition and the hypothesis of bounded rational participants has been built,
and the behavioral strategies and earnings of the three-party participants as well as the evolutionarily stable strategy have been
analyzed. Besides, the three-dimensional stereogram is applied to demonstrate the gradually progressive trend of different
strategy profiles; and the game results suggest that the government chooses the intervention strategy, enterprise chooses the
social responsibility fulfillment strategy, and society chooses the supervision strategy reaches the optimal status of the model,

and can better promote the enterprise to fulfill social responsibility.
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1. INTRODUCTION

Papers should be prepared according to present instructions
and printed on high-quality white paper, A4 size. Papers are
to be sent to the Editor or the managing editor who handled
your manuscript.

Corporate social responsibility theory has won its
reputation among all sectors since it was prosed by Oliver
Sheldon who thought that corporates should not only target at
earning money for survival and development, but also bear
stakeholders’ requests in mind and shoulder social
responsibility [1-2]. However, China acts poor in social
responsibility and eats out people’s expectation on it. Lack of
corporate social responsibility is the culprit of food safety
problem, safety production problem, social trust crisis, labor-
capital conflict, wealth disparity, environment degradation,
etc. All of these are worse enough to stunt enterprises’
development and social harmony. In such context, this paper
uses evolutionary game theory to construct a three-party
evolutionary game model among the government, enterprise
and society in corporate social responsibility.

Evolutionary game theory has been mature through efforts
of domestic and foreign researches such as Smith [3],
Friedman [4], Tadj, Touzene [5], Sun Qingwen [6], etc. It
contains two basic concepts: Evolutionary Stable Strategy-
ESS and Duplicate Dynamic Equation [7-9]. It is a departure
from traditional Game theories in which people are
reasonable and information is completed. Rather, it takes a
more practical perspective to explain economic phenomena.
There is no dearth of researches interested in the study of
Evolutionary game theory. But few managed to apply it to the
study of stakeholders of corporate social responsibility. More
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often than not, they just focused on two Game bodies and
neglected that there were cases where three bodies competed
with each other. In the three-party game among government,
enterprise and society, the decision made by anyone will
influence over the rest two. Therefore, this paper constructs a
three-party evolutionary game model for better analyzing and
predicting the Game [10].

2. PAPER LENGTH THE CONSTRUCTION OF THE
THREE-PARTY EVOLUTIONARY GAME MODEL
AND ITS PRESUPPOSITION

Direct stakeholders of corporate social responsibility are
the government, enterprises and the society. The strategies of
enterprises are either performance of social responsibility or
non-performance of social responsibility. The strategies of the
government are either intervention performance of corporate
social responsibility or non-intervention performance of
corporate social responsibility. The strategies of the society
are either supervision of social responsibility performance or
non-supervision of social responsibility performance. Each of
the three takes on each other and adjusts its behaviors. Under
incomplete information, they may not reach the maximum
profit. But by learning and imitating, they optimize their
benefits step by step.

There are eight Game combinations, namely, (intervention,
performance, supervision), (intervention, performance, non-
supervision), (intervention, non-performance, supervision),

(intervention, non-performance, non-supervision), (non-
intervention, performance, supervision), (non-intervention,
performance, non-supervision), (non-intervention, non-
performance, supervision) and (non-intervention, non-



performance, non-supervision). Out of convenient reason, set
up relevant parameters [11], as shown in Table 1 (all of them

are positive).

Table 1. Main parameters and their implications

Parameter Implication Parameter Implication
yos . . Quantitative indicator of negative influence that non-
Ci Cost of government’s intervention on enterprises F o . ..
performance enterprise is exposed to social supervision
. Quantitative indicator of negative influence that
Cost of performance of corporate social -, . o
C2 o Gi enterprise’s non-performance of social responsibility
responsibility .
brings to the government
Quantitative indicator of negative influence that
Cs Cost of the society’s supervision on enterprises Gz enterprise’s non-performance of social responsibility
brings to the society. It is relatively high.
. . Quantitative indicator of positive influence that
Benefits from government intervention of -, . s .
Ri . o Gs enterprise’s performance of social responsibility brings to
corporate social responsibility
the government
Economic profits from the performance of Quantlt.atl’ve indicator - of positive %nﬂl..lence. that
R . s Ga enterprise’s performance of social responsibility brings to
corporate social responsibility . .
the society. Suppose it is small
R Quantitative indicator of positive effect of the R Incentives that the government gives enterprises for their
} society’s supervision on enterprises 4 performance of corporate social responsibility
M Economic benefits from enterprises’ saving costs R Incentives that the society gives enterprises for their
by non-performance of social responsibility i performance of corporate social responsibility
Quantitative indicator of negative effect on the Quantitative indicator of positive influence that the
Si government because of the government’s non- Wi government’s performance intervention brings to the
supervision society
. Quantitative indicator of negative influence that the
Losses of enterprises because of non- | . . .
Sa . L W2 government’s non-performance intervention brings to the
performance of social responsibility .
soclety
Quantitative indicator of negative effect on the Quz.mtlt’atlve indicator of positive 1nﬂu§:nce that - the
S3 . .S - Py society’s performance supervision brings to the
society because of the society’s non-supervision
government
. . Quantitative indicator of negative influence that the
Fines on enterprises from the government for ., .. .
D . o P> society’s non- performance supervision brings to the
non-performance of social responsibility (D> C2)
government
According to Table 1, when the combination is social responsibility is Ry; positive influence that enterprise’s

(intervention, performance, supervision), the intervention cost
of the government is C;; benefits from government
intervention of corporate social responsibility is R;; positive
influence that the society’s performance supervision brings to
the government is P;; positive influence that enterprise’s
performance of social responsibility brings to the government
is G3; cost of performance of corporate social responsibility is
C»; economic profits from the performance of corporate

performance of social responsibility brings to the government
is Cs; positive effect of the society’s supervision on
enterprises is Rj; positive influence that enterprise’s
performance of social responsibility brings to the society Ga.
When the combination (intervention, performance,
supervision), the benefits of the government, enterprise and
society are -C;+R;+G3tP;, C,+tRy+R4+Rs, -C3+R3+G4t+W
respectively.

Table 2. Benefits of other combinations are shown.

Government benefits Enterprise benefits Society benefits
-C1+R1+G3+P; -C2+R2+R4+Rs -C3+R3+Ga+ Wi
-C1+R1+G3-P2 -C2+Ro+R4 0

-C1+R+D-Gi+P M+-S>-D-F -C3+R3-Go+Wi
-C1tR1+D-G1-P2 M+-S2-D -S3-Got Wi
0 -C2+Ro>+Rs -C3+R3+Gy
0 -C2tR2 0
-S1-Gi M-S>-F -C3+R3 -W2
-S1-G1-P> M-S» -G2-W2-S3

3. ANALYSIS OF THE GAME AMONG THE
GOVERNMENT, ENTERPRISE AND THE SOCIETY

The manuscript will be printed by the offset printing
process. The printed page will be approximately 95% of the
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original size. This should be accounted for when sizing small
symbols and suffixes.

Suppose the proportion of intervention of the government is
X, S0 the proportion of non-intervention is 1-x; the proportion
of performance of enterprises is y, so the proportion of non-
performance of enterprises is 1-y; the proportion of



supervision of the society is z, so the proportion of non-
supervision of enterprises is 1-z.
Suppose under government intervention, the expected

benefits and the average benefits are Uy and U1 [12]
respectively, there is:

Ul‘( :yZ(-C1+R1+G3+P1)+y(1-2)(-C1+R1+G3-P2)
+(1-y)z(-C1+R1+D-G1+P1)+(1-y)(1-2)(-C1+R1+D-G1-Py)
U1 =xyz(-C1+R1+Gz+P1)+xy(1-2)(-C1+R1+G3-P)
+X(1-y)z(-C1+R1+D-G1+P1)+x(1-y)(1-2) (-C1+R1+D-G1-P5)
+(1-X)(1-Y)2(-51-G1) +(1-X)(1-y)(1-2)(-S1-G1-P2)

Suppose under enterprises performance of social
responsibility, the expected benefits and the average benefits

are U,, and U respectively, there is:

U 2y =XZ(—C2+R2+R4+R5)+X( 1 —Z)(—C2+R2+R4)

+(1-x)z(-C2+R2+Rs)+(1-x)(1-2)(-C21R2)

U 2 =xyz(-C+Ro+R4+Rs)+xy(1-2)(-Co+Ro+Ry)

+x(1-y)z(-S2-D-F)+x(1-y)(1-z)(-S2-D)+(1-x)yz(-C2+R2+R5)

;(I-X)Y(I-Z)(-CerRz) +H(1-x)(1-y)z(-So-F)+(1-x)(1-y)(1-z)(-
Sz

Suppose under social supervision, the expected benefits and
the average benefits are U, and U, respectively, there is:

U3Y :Xy(-C3+R3+G4+W1)+X(1-y)(-C3+R3-Gz+W1)
+(1-X)y(-C3+Rs+Ga)+(1-X)(1-y)(-Cs+R3 -W>2)

U_3 =Xyz(-C3+R3+Ga+W1) +X(1-y)z(-Cs+R3-Go+W1)
+ X(1-y)(1-2)(-S3-G2+Wi) +(1-x)yz(-C3+R3+Ga)
+(1-X)(1-y)z(-Cs+R3 -W2)+(1-x)(1-y)(1-2)(-G2-W2-S3)

3.1 Duplicate dynamic
intervention strategy

equation of government

Construct the duplicate dynamic equation of government
intervention strategy as:

F(X) = % = X(Uy —U1) =x(1-X)[yzP2+y(G3-P>-D-S,)+2zP)-

Ci+R1+D+S4]

a) When 7z=[y(P2+D+S-G3)+G-R-D-S,]/(yP>+P)),
there is F(X) =0, which means all the three are in a stable
state.

b) When z#y(P>+D+S:1-G3)+Ci-R1-D-S:]/(yP2+P1),

make F(X)=0,s0 Xx=0 and X =1are two stable points of x.
Calculate the derivative of F(x) [13]:
dF(x)

dx
= (1-2x) [z(yP2+P1)+y(G3-P2-D-S;) -C+R;+D+S;]

=(1-2x)[yzP2+y(G3-P2-D-S;)+zP-Ci+R+D+S1]

c) When 7>[y(P2+D+S;-G3)+C1-R1-D-S1]/(yP2+Py),
F F

aFx) , dF () >0, so x=1 is the equilibrium
ax | dx |,

point.
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d) When z<[y(P2+D+S:-G3)+Ci-R-D-S]/(yP2+P)),
m , m <0, so x=0 is the equilibrium
dX x=1 dX x=0
point. (1)

Based on the abovementioned discussion, we can get the
dynamic trend and the stability of the government, as shown
in Figure 1.
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Figure 1. The dynamic trend and the stability of the
government

3.2 Typing duplicate dynamic equation of tnterprises’
performance of social responsibility strategy

Construct the duplicate dynamic equation of enterprises’
performance of social responsibility strate:

F(y)= % ~ y(U,, ~U;) ~y(1-9)[x(Re+D)+2(R<+F)

-CrtRy+S,-M]



a) When z=[C»-R>-S>+M- x(R4+D)]/ (Rs+F), there is
F(y)=0, which means all the three are in a stable
state.

b) When z#Cs-R2-S>*+M- x(R4tD)]/ (Rs+F), make
F(y)=0, so y=0 and y=1 are two stable points of y.

Calculate the derivative of F(y) dl;—;y) =(1-
2y)[x(R4+D)+2z(R5+F)-Co+RotS:-M].
¢) When  z>[C-Ry-S2+M-  x(R4tD)]/  (RstF),
m <0 y=1 is the equilibrium point.
dy |_
y=1
d) When  z<[Co-Ry-S:+*M-  x(R4tD))/  (RstF),
M <0, y=0 is the equilibrium point.
dy |,
y=0
(2)

Based on the abovementioned discussion, we can get the
dynamic trend and the stability of enterprises, as shown in
Figure 2.

Az

z=[ C2-Ra-8rtM- x(R+tD)]/ (RetF)

A Z

g

C

b

=] Cr-Fr-8r-M- xR+ D))/ (BF)

& Z

[ C2-Fa-82M- m(Ret D)) (BF)

Figure 2. The dynamic trend and the stability of
enterprises

3.3 Duplicate dynamic equation of social supervision
strategy

Construct the duplicate dynamic equation of the society’s
supervision strategy:

d _
F(z)= d—i =2(U,, —U;)  =2(1-2){y[x(W1+G2)+Gs-G2-S3]-
XG2-C3+R3+G2+Ss}

a) When y=(xG>+C3-R3-G2-S3)/ [x(W1+G2)+G4-G2-S3],
there is F(z) =0, which means all the three are in a stable
state.

b) When y#(XG2+C3-R3—G2—S3)/ [X(W1+G2)+G4-G2-S3],
make F(z)=0, so z=0 and z=1 two stable points of z.

Calculate the derivative of F(z):
dF(z)

dz
C3+R3+Gz+53}

= (1-22) {Y[X(W1+G2)+Ga-G2-S3]-XG2-

Owing to special characteristics of enterprises, there is
X(W1+G2)+Ga-G2-S3<0, so:

c) When y>(xG2+C3-R3-G2-S3)/ [x(W1+G2)+G4-G2-Ss],

_dF(Z) <0, z=0 is the equilibrium point.
dZ z=0
d)  When  y<[CRrS:tM-  x(RetD))  (RstF),
dF_(Z) <0, z=1 is the equilibrium point.
dZ z=1
3)

Based on the abovementioned discussion, we can get the
dynamic trend and the stability of the society, as shown in
Figure 3.
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Figure 3. The dynamic trend and the stability of the
society

4. EQUATIONS, ANALYSIS OF STABILITY OF THE
THREE-PARTY EVOLUTIONARY GAME MODEL

Suppose in Fig.1, curve surface S1 is the bounder from
which the cubic is divided into two parts, namely, vl and v2.
In Fig.2, curve surface S2 is the bounder from which the
cubic is divided into two parts, namely, v3 and v4. In Fig.3,
curve surface S3 is the bounder from which the cubic is
divided into two parts, namely, v5 and v6. Analyze three
different Game states. The equilibrium state is different with
different initial state.

() When the initial state falls into the intersection space
of vl, v3 and v5, the convergence and balance point is x=1,
y=1, z=0. In other word, (intervention, performance, non-
supervision) is the inevitable choice of the government,
enterprises and the society.

(2)  When the initial state falls into the intersection space
of vl, v3 and v6 the convergence and balance point is x=1,
y=1, z=1. In other word, (intervention, performance,
supervision) is the inevitable choice of the government,
enterprises and the society.

(3)  When the initial state falls into the intersection space
of vl, v4 and v5 the convergence and balance point is x=1,
y=0, z=0. In other word, (intervention, non-performance, non-
supervision) is the inevitable choice of the government,
enterprises and the society.

(4)  When the initial state falls into the intersection space
of vl, v4 and v6 the convergence and balance point is x=1,
y=0, z=1. In other word, (intervention, non-performance,
supervision) is the inevitable choice of the government,
enterprises and the society.

(5)  When the initial state falls into the intersection space
of v2, v3 and v5 the convergence and balance point is x=0,
y=1, z=0. In other word, (non-intervention, performance, non-
supervision) is the inevitable choice of the government,
enterprises and the society.

(6)  When the initial state falls into the intersection space
of v2, v3 and v6 the convergence and balance point is x=0,
y=1, z=1. In other word, (non-intervention, performance,
supervision) is the inevitable choice of the government,
enterprises and the society.

(7)  When the initial state falls into the intersection space
of v2, v4 and v5 the convergence and balance point is x=0,
y=0, z=0. In other word, (non-intervention, non-performance,
non-supervision) is the inevitable choice of the government,
enterprises and the society.

(8)  When the initial state falls into the intersection space
of v2, v4 and v6 the convergence and balance point is x=0,
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y=0, z=1. In other word, (non-intervention, non-performance,
supervision) is the inevitable choice of the government,
enterprises and the society.

As the equilibrium state is resistant to small disturbance and
according to the trend of all bodies, we can conclude that x=1,
y=1 and z=1 is the ESS of the Game, namely, (intervention,
performance, supervision) is the most resistant combination to
small disturbance. When the initial state falls into the
intersection space of vl, v4 and v5, there is x=1, y=1, z=I.
When the initial state falls into other intersection space, as
other strategies are not resistant to small disturbance, they
would advance to the stable strategy of x=1, y=1, z=1014],

From Formula 1, as long as the proportion of social
supervision exceeds a certain value, the government will stick
to the strategy of intervention of corporate social
responsibility. If the society chooses the non-supervision
strategy, the government will prefer the non-intervention
strategy. So, the government is in line with the society in
promoting social responsibility. Therefore, two parties should
coordinate and play a role together rather than fight for one’s
own. Otherwise, the corporate social responsibility will be
convulsed by non-supervision of the society and non-
intervention of the government.

From Formula 2, as long as the proportion of social
supervision exceeds a certain value, enterprises will stick to
performance of social responsibility. If social supervision is
smaller than a certain value, enterprises will prefer non-
performance of social responsibility. So, enhancing social
supervision will urge enterprises to perform social
responsibility.

From Formula 3, when the proportion of enterprises
performance of social responsibility is close to 1, social
supervision is close to 0. When the proportion of enterprises
performance of social responsibility is close to 0, social
supervision is close to 1. Even though enterprises have
incentives of performance of social responsibility, they would
not be anxious to do so. Besides, according to internal and
external causes of Marxist theory, internal causes play a more
dominant role. So were it not for the government intervention
and social supervision, enterprises may not perform social
responsibility consciously.

5. CONCLUSIONS

In this Game model, the higher the proportion of
government performance intervention, the more likely
enterprises will choose the performance of social
responsibility. The government’s choice of intervention is
positively relevant to enterprises’ choice of performance of
social responsibility. The higher the proportion of the
society’s performance supervision, the more likely enterprises
will choose the performance of social responsibility. The
society’s choice of supervision is positively relevant to
enterprises’ choice of performance of social responsibility. In
other word, government intervention, performance of
corporate social responsibility and social supervision are
positively relevant to each other. If the government chooses
the intervention strategy, enterprises choose to shoulder
corporate social responsibility and the society chooses the
supervision strategy, then the three-party model is the best
one. With the cooperation of the three, performance of
corporate social responsibility is advanced to a higher level.



ACKNOWLEDGMENT

At the point of finishing this paper, I wish to express my
heartfelt gratitude to Jiang Yi, Wei Dong, for their gracious
guidance and assistance, invaluable suggestions, pertinent
criticisms and constant encouragement, without which this
thesis would be impossible.

REFERENCES

1. Rob Gray, R. Kouhy and S. Lavers, Corporate Social and
Environmental Reporting: A Review of the Literature and
a Longitudinal Study of UK Disclosure, Accounting.
Auditing and Accountability Journal, vol. 8(2), pp. 47-
77.2007.

2. Ma Lu, Li Wei, Du Dayou, The influence of market
orientation on corporate social responsibility — from the
stakeholder perspective, Science & Technology Progress
and Policy, vol. 4, pp. 99-102, 2014,

3. Smith. J. M., Evolution and the Theory of Games, New
York: Cambridge University Press, 1982.

4. Friedman D., A Simple Testable Model of Double
Auction Markets, Journal of Economic Behavior and
Organization, vol. 15, pp. 47-70, 1991.

5. Tadj L., Touzene A., A QBD Approach to Evolutionry
Game Theory, Applied Mathematical Modeling, vol. 11,
pp-913-927, 2003.

34

10.

11.

12.

13.

14.

Sun Qingwen, Lu Liu, Yan Bule, Asymptotic Stability of
Evolutionary Equilibrium under Imperfect Knowledge,
Systems engineering——Theory & Practice, vol. 7, pp.
11-16, 2003.

Wei Fangfang, Chen Fuji, A behavior analysis of
evolutionary game under three asymmetric parties,
Journal of Zhejiang University(Science Edition), vol. 3,
pp. 146-151, 2013.

Hodgson. G., Economics and evolution: bringing life
back to economics, Cambridge: Polity Press, 1993.

Yu Xiaojun, Evolutionary Game Analysis on Passenger
Transport, Mathematics in economics, vol. 3, pp. 1-4,
2011.

Joseph E. Harrington. Jr, Harrington game theory, China
renmin university press, 2012

Zhu Qinghua, Dou Yijie, An Evolutionary Model
between Governments and Core-enterprises in Green
Supply Chains, Systems engineering——Theory &
Practice, vol. 12, pp. 85-89, 2007.

Jiang Guo-yin, Hu Bin, Qian Ren, Evolutionary Game
Theoretic Perspective on Analysis of Cooperative
Performance Among Mobile Service Providers,
Operations research and management science, vol. 19,
pp- 90-94, 2010.

Smith. J. M., Evolution and the Theory Games,
Cambridge University Press, 1982.

Liu Ting, Analysis of Medicine Reverse Logistics Based
on Triple-party Evolutionary Game, Logistics Sci-tech,
vol. 2, pp. 115-120, 2014.





