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Internet public opinion events at universities in China occurred frequently, creating painful repercussions for reputation and
stability of colleges and universities. To better cope with the problem, this paper explores an evolutionary mechanism of the
university Internet public opinion events. Firstly, we discuss the interactions and behavior of three key participants: an Internet
medium, university students as a whole, and administration. Secondly, we construct a tripartite evolutionary game model
consisting of an Internet medium, student group, and university administration and then analyze and obtain the differential
dynamic equations and equilibrium points. Subsequently, the evolutionary stable equilibrium is further analyzed. Finally, we
employ numerical studies to examine how the tripartite behavior choices affect evolutionary paths and evolutionary equilibrium
strategies. Results are derived as follows: under certain conditions, there exists an asymptotically stable equilibrium point for the
tripartite evolutionary game. On the one hand, appropriate penalties and rewards should be provided to foster objectives and fair
behaviors of the network medium. On the other hand, university students should be educated and guided to deal rationally with
negative effects of Internet public opinion events. Moreover, online real-name authentication is an important and necessary
measure. Finally, the university administration should release truthful, timely, and comprehensive information of Internet public
opinion events to mitigate potential negative impacts.

1. Introduction

In recent years, Internet public opinion events occurred
frequently across colleges and universities in China. For
example, several incidents recently made to headlines on the
Internet social media such as “South China University of
Technology tampered postgraduate entrance exam scores”
[1] and “Foreign students’ study partners at the Shandong
University” [2]. -e resulting negative public opinions arose
from the students on the campus and spread rapidly
throughout China, bringing reputation and public relation
damage to the universities involved in these events.

With rapid development of new generations of infor-
mation technology, new social media on the Internet, such as
WeChat, Weibo, and mobile apps, have become popular
among college and university students in China. Due to real-

time spread, interactive nature, and pervasiveness of the new
social media, university students can gain easy access to and
add their personal comments on public opinion events,
further aggravating their abrupt development and ampli-
fying their negative impacts. A series of great challenges have
been created for university administrations to properly
guide and handle these events. Furthermore, facing mis-
cellaneous and sometimes false Internet information about
the events, Chinese university administrations typically
suffer from lack of public opinion response tools and proper
handlingmethods. Hence, mishandling of and inappropriate
response to Internet public opinion events by Chinese
university administrations can quickly turn to polarized
group protests or mass incidents.

In order to better deal with Internet public opinion
events at colleges and universities in China, university
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administrations should enhance their understanding of
multiple drivers behind online public opinion events and
study their evolution and communication mechanisms. -is
paper aims to address this challenge by developing a tri-
partite evolutionary game model consisting of a network
medium, university student group, and university admin-
istration. -is model allows us to analyze the impacts of the
three participants’ behavior on evolutionary paths and
equilibrium points.

-e rest of this paper is organized as follows. Section 2
briefly reviews literature related to this research. In Section 3,
we first propose a tripartite evolutionary game to model
public opinion events surrounding an Internet medium,
university student group, and university administration.
-en, we derive the replicator dynamic system and evolu-
tionary stable equilibrium and discuss stability of the
equilibrium points. A numerical example is given in Section
4 to analyze the spread mechanism of Internet public
opinion events at universities in China. Finally, Section 5
concludes the paper with future research directions.

2. Literature Review

Two streams of literature are closely related to our research:
Internet public opinion events and evolutionary game
models for these events.

2.1. Network Public Opinion. With rapid development of
Internet, online public opinion has become one of the
hotspots in information management and has attracted
more and more attention of many scholars. For instance,
Laxmidhar et al. [3] developed a Sznajd model with three-
dimensional networks and scale-free networks. Weisbuch
[4] investigated how different social network topologies
affect the dynamics of the bounded confidence model.
Fortunato [5] studied a damage spreading problem
characterized by the Krause–Hegselmann consensus
model with a scale-free Barabasi–Albert network. Mare
et al. [6] applied strategic game theory to simulate the
interpersonal persuasion process between two individuals.
Cao and Li [7] analyzed the individual persuasion process
by using a gender game. -eir research revealed that the
system will either reach a final consensus with the initial
dominant view or a steady state in which multiple view-
points coexist. Liu et al. [8] studied supervision and
evolution mechanisms of public opinion information and
analyzed the impacts of the punishment coefficient, risk
coefficient, network node strength, and neighbor node
selection preference on individual selection of rumor
propagation behavior. Li et al. [9] developed an evolu-
tionary game model to examine the rumor propagation
process in a complex network. Jiang et al. [10] provided a
postevaluation method to convert Internet nonstructural
public in Internet crisis events. Ai et al. [11] first analyzed
geographical interaction characteristics of online public
opinions on WeChat and then proposed different man-
agement methods for coping with different online public
opinions based on the economic, historical, and political

characteristics in different regions. Wang et al. [12] applied
a bimodal Gaussian model to examine the key charac-
teristics of Internet public opinion information trans-
mission and revealed the spread mechanism of social
events on the Internet.

-e aforesaid literature review reveals that the current
research on online public opinions has been widely studied.
However, existing research rarely considers participants’
bounded rationality. In reality, participants in a university
online public opinion event such as network media, uni-
versity students, and university administration are typically
not completely rational and often respond to the event ir-
rationally. -is is particularly true for university students
who are easily agitated and follow the herd without a second
thought. In contrast, we put forward a tripartite evolutional
game model with bounded rationality to characterize the
evolution and communication processes of Internet public
opinions. We also offer measures to manage bounded ra-
tionality in such events.

2.2. Evolutionary Game Analysis of Internet Public Opinion.
-is paper resorts an evolutionary game method to analyze
Internet public opinion events with three participants. An
evolutionary game is an effective approach to analyze the
behavioral paradigm of bounded rationality under incom-
plete information. In an evolutionary game, players often
cannot obtain full information for all participants. -ey
constantly adjust their behavior strategy to improve their
payoffs based on the principle of profit maximization. -e
core concepts in an evolutionary game are “evolutionary
stable strategy” and “replication dynamics” [13].

Due to the superiority of evolutionary games in be-
havior analysis, they have been applied to study the evo-
lution and control of Internet public opinions. For
instance, Li et al. [14] and Xiao et al. [15] studied the
influencing factors and diffusion mechanisms of Internet
public opinions by evolutionary games. Based on the at-
titude change theory, group behavior theory, and evolu-
tionary game theory, Yin et al. [16] proposed an agent-
based online opinion formation model in the perspective of
sociology and psychology. Askarizadeh et al. [17] devel-
oped an evolutionary gamemodel to analyze the spread and
control of rumors in social networks. -ese existing studies
typically consider two players (i.e., network media and
regulator) in the game. But, it is difficult to accurately
describe the increasingly complex behavior patterns of the
participants in Internet public opinions. In a typical uni-
versity Internet public opinion event in China, participants
usually consist of Internet media, university students, and
administrations. To better characterize the complex be-
havior characteristics of the rapid spread, heterogeneous
participants, and irrational response in these events, this
paper develops a tripartite evolutionary game model
consisting of an Internet medium, university students, and
administration. -is model allows us to reveal the spread
mechanism of university Internet public opinion events in
China, thereby formulating proper measures to mitigate
potential damage.
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3. Modeling

In this section, we first establish an evolutionary gamemodel
consisting of three players, an Internet medium, university
student group, and university administration for a university
online public opinion event. -en, we analyze the interac-
tions among the players and their equilibrium strategies.

3.1. Problem Descriptions and Assumptions. In a university
Internet public opinion event, we consider three bounded
rational participants, an Internet medium, university stu-
dents as a group, and university administration. Upon
naively selecting its strategy, a participant rationally makes
decision to maximize its payoff function associated with the
chosen strategy. -at is, all participants optimize their
strategies based on their previous decision and other par-
ticipants’ interactive response [18]. For model tractability,
we make the following assumptions.

Assumption 1. -e network medium has two strategies of
“Reporting” and “No-reporting” m1, m2 with (p, 1 − p) as
the corresponding probabilities. Which strategy that the
Internet medium chooses depends on the medium flow
revenue from the Internet public opinion events. If the
Internet medium takes the m1 strategy to report the event, it
gets a fixed revenue α12 and pays a fixed cost β10. If the
medium does not correctly report the event (i.e., reporting
false information or information out of the context), it will
incur a social welfare loss β12. In addition, if university
students and university administration take part in the
Internet public opinion event, then the Internet medium will
receive extra revenues α21 and α31, respectively, with heated

debates of the public opinion event. Otherwise, the network
medium loses β11 if it chooses not to report the event.

Assumption 2. For university students as a group player, it
can choose two strategies of “participation” and “nonpar-
ticipation” s1, s2 with (x, 1 − x) as the corresponding
probabilities. University students can gain a social identity
revenue α21 with a searching and time cost β20. Moreover,
university students obtain an extra revenue α22 if their
participation in the event meets with a positive appraisal
from the university administration. On the contrary, if their
participation meets with disciplines by the university ad-
ministration, they will incur an individual misjudgment cost
β21, university penalty loss β22, and social cost β23owing to
spreading rumors and misinformation.

Assumption 3. For the university administration, its strategy
space is (positive response, negative response), denoted by
u1, u2 , with (y, 1 − y) as the corresponding probabilities.
When the university administration adopts the positive
strategy, its revenue is α30 due to enhanced reputation
subject to an operation cost β30. -e university adminis-
tration can obtain an additional revenue α31 by actively
participating in the online interactions surrounding the
event. In addition, if university students objectively spread
information, the university administration can obtain an
extra revenue α32. On the other hand, if the university
administration takes the negative strategy, it incurs a loss
β31.

To summarize, the notation used in this paper is depicted
in Table 1.

M �
M11 M12 M13 M14

M21 M22 M23 M24
 

�
α10 + α11 + α12 − β10 − β12 α10 + α12 − β10 − β12 α11 + α12 − β10 − β12 α12 − β10 − β12

− β11 − β11 − β11 − β11
 ,

S �
S11 S12 S13 S14

S21 S22 S23 S24
 

�
α20 + α21 + α22 − β20 − β21 − β22 − β23 α20 + α21 − β20 − β21 − β22 − β23 α22 0

α20 + α22 − β20 − β21 − β22 − β23 α20 − β20 − β21 − β22 − β23 α22 0
 ,

U �
U11 U12 U13 U14

U21 U22 U23 U24
 

�
α30 + α31 + α32 − β30 − β31 α30 + α31 − β30 − β31

α30 + α32 − β30 − β31 α30 − β30 − β31
 .

(1)

3.2. Model Formulation. Firstly, this section discusses the
payoff table of the tripartite game. If the Internet media (m),
university students (s), and university administration (u) all
choose their first strategy, the resulting situation is repre-
sented by (m1, s1, u1). -e corresponding payoffs are
denoted by M11, S11, and U11, respectively. Similarly, the

payoffs under the other seven situations can be expressed as
shown in Table 2.

Given each player’s two strategies, Table 2 shows the 8
possible situations under different combinations of the player’s
strategic choices. Based on the assumptions in Section 3.1, the
payoff matrices of the network medium (m), university
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students (s), and university administration (u) are denoted by
M, S, and U, respectively, and determined as follows:

Next, given the probability distributions, the expected
payoffs of the three participants are analyzed.

Section 3.1 assumes that the probability of university
students participating in the event is y, the probability of the
university administration responding positively is z, and the
probability of the Internet medium reporting the event is p.

For the Internet medium, its expected payoff under
strategy m1 is

E m1(  � yzM11 + y(1 − z)M12 +(1 − y)zM13

+(1 − y)(1 − x)M14.
(2)

Its expected payoff under strategy m2 is

E m2(  � yzM21 + y(1 − z)M22 +(1 − y)zM23

+(1 − y)(1 − z)M24.
(3)

As such, the Internet medium’s overall expected payoff is

E(x) � xE m1(  +(1 − x)E m2( . (4)

Similarly, the expected payoffs of university students and
university administration are shown in equations (5)–(7)
and equations (8)–(10), respectively.

For university students, its expected payoffs under
strategies s1 and s2 are, respectively,
E s1(  � xzS11 + x(1 − z)S12 +(1 − x)zS21 +(1 − x)(1 − z)S22,

(5)

E s2(  � xzS13 + x(1 − z)S14 +(1 − x)zS23 +(1 − x)(1 − z)S24.

(6)

-e university students’ overall expected payoff is thus

E(y) � yE s1(  +(1 − y)E s2( . (7)

For the university administration, its expected payoffs
under strategies u1 and u2 are, respectively,

E u1(  � xyU11 + x(1 − y)U13 +(1 − x)yU21

+(1 − x)(1 − y)U23,
(8)

E u2(  � xyU12 + x(1 − y)U14 +(1 − x)yU22

+(1 − x)(1 − y)U24.
(9)

-e university administration’s expected payoff is

E(z) � zE u1(  +(1 − z)E u2( . (10)

Table 1: Notations and their meaning.

Participants Notation Meaning

Network media

p Reporting probability
α10 Additional benefits from university student participation
α11 Additional benefits from university administration participation
α12 Gains from advertising, clicks, and user loyalty
β10 Information disclosure, follow-up costs
β11 Undetected user churn costs
β12 Social order disorder and other costs

University students

x Participation probability
α20 Social identity, satisfaction, and potential benefits of participating in the topic
α21 Participate in the online media topic and get additional benefits
α22 Students’ income from the active education guidance of colleges and universities
β20 Time spent on searching for topics, search costs, etc.
β21 -e cost of misjudgment
β22 Spread rumors and be punished by colleges and universities
β23 Spread rumors, chaotic costs of social order

University
administrator

y Active participation probability
α30 Timely information processing, education, guidance, teacher and student behavior, etc.
α31 Participate in the online media topic and get additional benefits
α32 Additional benefits from active student participation
β30 Cost of manpower, material resources, time, etc. spent on participation in topics
β31 Costs to be paid due to the decline in the credibility of colleges and universities due to negative coping

Note. α and β denote, respectively, the revenues and costs.

Table 2: Tripartite game normative representation.

University students
s1(y) s2(1 − y)

University administration University administration
u1(z) u2(1 − z) u1(y) u2(1 − z)

Internet medium m1(x) (M11, S11, U11) (M12, S12, U12) (M13, S13, U13) (M14, S14, U14)

m2(1 − x) (M21, S21, U21) (M22, S22, U22) (M23, S23, U23) (M24, S24, U24)
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3.3. Solution of the Evolutionary Game. In order to analyze
the long-term behavior and equilibrium strategies of the

three participants, their replicator dynamics equations are
shown below based on equations (2)–(10):

dx

dt
� M(x) � x E m1(  − E(x)(  � x(1 − x) yα10 + zα11 + α12 − β10 + β11 − β12( ,

dy

dt
� S(y) � y E s1(  − E(y)(  � y(1 − y) α20 + xα21 + zα22 − β20 − β21 − β22 − β23 ,

dy

dt
� U(z) � z E u1(  − E(z)(  � z(1 − z) α30 + xα31 + yα32 + β31 − β30( .

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(11)

According to the equilibrium theory, we have
dx

dt
� 0,

dy

dt
� 0,

dz

dt
� 0.

(12)

By solving equation (12), it is easy to obtain 8 pure
strategy equilibrium points and the mixed strategy equi-
librium of the tripartite evolutionary game as E1(0, 0, 0),
E2(0, 0, 1), E3(0, 1, 0), E4(0, 1, 1), E5(1, 0, 0), E6(1, 0, 1),
E7(1, 1, 0), E8(1, 1, 1), and E9 � (x∗, y∗, z∗). Leta1 � a10,
a2 � a11, a3 � α12 − β10 + β11 − β12, b1 � α20, b2 � α21,
b3 � α20 − β20 − β21 − β22 − β23, c1 � α31, c2 � α32, and
c3 � α30 + β31 − β30. We obtain the mixed strategy equilib-
rium point as

E9 x
∗
, y
∗
, z
∗

(  �
− a1b2c3 − a2b3c2 + a3b2c2

a1b2c1 + a2b1c2
,
a2b3c1 − a3b2c1 + a2b1c3

a1b2c1 + a2b1c2
,
a1b1c3 − a1b3c1 − a3b1c2

a1b2c1 + a2b1c2
 . (13)

By solving equation (14),
yα10 + zα11 + α12 − β10 + β11 − β12 � 0,

α20 + xα21 + zα22 − β20 − β21 − β22 − β23 � 0,

α30 + xα31 + yα32 + β31 − β30 � 0.

⎧⎪⎪⎨

⎪⎪⎩
(14)

In E9(x∗, y∗, z∗), if none of the players selects a mixed
strategy, i.e.,x∗ ∉ (0, 1), y∗ ∉ (0, 1), and z∗ ∉ (0, 1), then

there does not exist a mixed strategy equilibrium point. If
any one of the participants chooses pure strategy 0 or 1 in the
mixed strategy (note that if any two participants select pure
strategies, then equation (14) has no solution. In this case,
there will be no mixed strategy equilibrium point), then
there exist 6 special mixed strategy equilibrium points
(x∗, y∗, z∗) as follows:

0,
β30 − β31 − α30

α32
,
β20 + β21 + β22 + β23 − α20

α22
 ,

1,
β30 − β31 − α30 − α31

α32
,
β20 + β21 + β22 + β23 − α20 − α21

α22
 ,

β30 − β31 − α30
α31

, 0,
β10 + β12 − β11 − α12

α11
 ,

β30 − β31 − α30 − α32
α31

, 1,
β10 + β12 − β11 − α12 − α10

α11
 ,

β20 + β21 + β22 + β23 − α20
α21

,
β12 + β10 − β11 − α12

α10
, 0 ,

β20 + β21 + β22 + β23 − α20 − α22
α21

,
β12 + β10 − β11 − α12 − α11

α10
, 1 .

(15)
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3.4. Stability of the Equilibrium Points. An evolutionary
stable strategy (ESS) corresponds to an asymptotically stable
fixed point. In this section, we analyze the stability of the
equilibrium points by the Jacobian matrix J [19].

Denoting the right of equation (11) by M(x, y, z),
S(x, y, z), and U(x, y, z), respectively, then the Jacobian
matrix of equation (11) is obtained as

J(x, y, z) �

zM(x, y, z)

zx

zM(x, y, z)

zy

zM(x, y, z)

zz

zS(x, y, z)

zx

zS(x, y, z)

zy

zS(x, y, z)

zz

zU(x, y, z)

zx

zU(p, x, y)

zy

zU(x, y, z)

zz

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

�

j11 j12 j13

j21 j22 j23

j31 j32 j33

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
, (16)

where j11 � (1 − 2x)(yα10 + zα11 + α12 − β10 + β11 − β12),
j12 � x(1 − x)α10j13 � x(1 − x)α11, j21 � y(1 − y)α21 j22 �

(1 − 2y)[α20 + xα21 + zα22 − β20 − β21 − β22 − β23], j23 �

y(1 − y)α22, j31 � z(1 − z)α31, j32 � z(1 − z)α32, and j33 �

(1 − 2z)[α30 + xα31 + yα32 + β31 − β30].
Next, we determine the local stability of the dynamic

system (11) by analyzing the sign of the determinant of
matrix J and the trace at the nine equilibrium points. If the
determinant of matrix J detJ is positive and the trace trJ is
negative, then the evolutionary equilibrium is a local stable
point, which can be interpreted as the ESS [19]. -e judg-
ment criteria is written as

detJ �

j11 j12 j13

j21 j22 j23

j31 j32 j33





> 0,

trJ � j11 + j22 + j33 < 0.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(17)

(1) E1(0, 0, 0)

detJ � α12 − β10 + β11 − β12(  α20 − β20 − β21 − β22 − β23(  α30 + β31 − β30( ,

trJ � α12 + α20 + α30 + β31 − β10 + β11 − β12 − β20 − β21 − β22 − β23 − β30.
 (18)

(2) E2(0, 0, 1)

detJ � − α11 + α12 − β10 + β11 − β12(  α20 + α22 − β20 − β21 − β22 − β23(  α30 + β31 − β30( ,

trJ � α11 + α12 + α20 + α22 − α30 − β10 + β11 − β12 − β20 − β21 − β22 − β23 + β30 − β31.

 (19)

(3) E3(0, 1, 0)

detJ � − α10 + α12 − β10 + β11 − β12(  α20 − β20 − β21 − β22 − β23(  α30 + α32 + β31 − β30( ,

trJ � α10 + α12 − β10 + β11 − β12 − α20 + β20 + β21 + β22 + β23 + α30 + α32 + β31 − β30.
 (20)
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(4) E4(0, 1, 1)

detJ � α10 + α11 + α12 − β10 + β11 − β12(  α20 + α22 − β20 − β21 − β22 − β23(  α30 + α32 + β31 − β30( ,

trJ � α10 + α11 + α12 − β10 + β11 − β12 − α20 − α22 + β20 + β21 + β22 + β23 − α30 − α32 − β31 + β30.
 (21)

(5) E5(1, 0, 0)

detJ � − α12 − β10 + β11 − β12(  α20 + α21 − β20 − β21 − β22 − β23(  α30 + α31 + β31 − β30( ,

trJ � − α12 + β10 − β11 + β12 + α20 + α21 − β20 − β21 − β22 − β23 + α30 + α31 + β31 − β30.
 (22)

(6) E6(1, 0, 1)

detJ � α11 + α12 − β10 + β11 − β12(  α20 + α21 + α22 − β20 − β21 − β22 − β23(  α30 + α31 + β31 − β30( ,

trJ � − α11 − α12 + β10 − β11 + β12 + α20 + α21 + α22 − β20 − β21 − β22 − β23 − α30 − α31 − β31 + β30.

⎧⎨

⎩ (23)

(7) E7(1, 1, 0)

detJ � α10 + α12 − β10 + β11 − β12(  α20 + α21 − β20 − β21 − β22 − β23(  α30 + α31 + α32 + β31 − β30( ,

trJ � − α11 − α12 + β10 − β11 + β12 − α20 − α21 + β20 + β21 + β22 + β23 + α30 + α31 + α32 + β31 − β30.
 (24)

(8) E8(1, 1, 1)

detJ � − α10 + α11 + α12 − β10 + β11 − β12(  α20 + α21 + α22 − β20 − β21 − β22 − β23(  α30 + α31 + α32 + β31 − β30( ,

trJ � − α11 − α12 + β10 − β11 + β12 − α20 − α21 + β20 + β21 + β22 + β23 − α30 − α31 − α32 − β31 + β30.
 (25)

Next, we resort to the numerical experiment to illustrate
the equilibrium points of the tripartite evolutionary game
and carry out a sensitivity analysis.

4. Numerical Experiment

In this section, numerical experiment is conducted to
stimulate and analyze the ESS of the tripartite game for
Internet public opinion events.

4.1. Parameter Setting. -e parameters of the evolutionary
game model are given in Table 3 to facilitate our numerical
studies, where α and β denote revenues and costs,
respectively.

4.2. Analysis of the Equilibrium Points. Based on the pa-
rameter values in Table 3, 15 equilibrium points are obtained

by solving equation (11) as follows: (0, 0, 0), (0, 0, 1), (0, 1, 0),
(1, 0, 0), (0, 1, 1), (1, 1, 0), (1, 0, 1), (1, 1, 1), (0, − 1/8, − 3.4),
(1, − 3/8, − 4.4), (− 1/2, 0, − 16/2), (− 21/2, 1, − 19/2), (− 17/5,

− 16/3, 0), (− 22/5, − 18/3, 1), and (49.3/51, 11.2/51,

− 265.2/51).
Since mixed strategy equilibrium points should satisfy

x∗ ∈ (0, 1), y∗ ∈ (0, 1), andz∗ ∈ (0, 1), the seven points
(0, − 1/8, − 3.4), (1, − 3/8, − 4.4), (− 1/2, 0, − − 16/2),
(− 21/2, 1, − 19/2), (− 17/5, − 16/3, 0), (− 22/5, − 18/3, 1),
and(49.3/51, 11.2/2, − 265.2/51) are not meaningful mixed
strategy equilibrium points given the negative values therein.
As such, among the aforesaid 15 equilibrium points, only 8
meaningful equilibrium points remain, (0, 0, 0), (0, 0, 1),
(0, 1, 0), (1, 0, 0), (0, 1, 1), (1, 1, 0), (1, 0, 1), and (1, 1, 1),
which are the pure strategy equilibrium points.

Next, we assess the stability of these eight equilibrium
points. According to equation (17), their Jacobian matrices
are calculated as shown below:
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detJ(0, 0, 0) �

16 0 0

0 3.4 0

0 0 13





� 707.2> 0,

trJ(0, 0, 0) � 32.4> 0,

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

detJ(0, 0, 1) �

18 0 0

0 4.4 0

0 0 − 13





� − 1029.6< 0,

trJ(0, 0, 1) � 9.4> 0,

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

detJ(0, 1, 0) �

19 0 0

0 − 3.4 0

0 0 21





� − 1356.6< 0,

trJ(0, 1, 0) � 36.6> 0,

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

detJ(1, 0, 0) �

− 16 0 0

0 4.4 0

0 0 15





� − 1056< 0,

trJ(1, 0, 0) � 3.4> 0,

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

detJ(0, 1, 1) �

21 0 0

0 − 4.4 0

0 0 − 21





� 1950.4> 0,

trJ(0, 1, 1) � − 4.4< 0,

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

detJ(1, 1, 0) �

− 19 0 0

0 − 4.4 0

0 0 23





� 1922.8> 0,

trJ(1, 1, 0) � − 0.4< 0,

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

detJ(1, 0, 1) �

− 18 0 0

0 5.4 0

0 0 − 15





� 1458> 0,

trJ(1, 0, 1) � − 27.6< 0,

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

detJ(1, 1, 1) �

− 21 0 0

0 − 5.4 0

0 0 − 23





� − 2608.2< 0,

trJ(1, 1, 1) � − 49.4< 0.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(26)

Given the criteria given in equation (17), we have the
evolutionary equilibrium stability analysis result in Table 4.

From Table 4, we can know that (0, 1, 1), (1, 1, 0), and
(1, 0, 1) are currently ESS.

4.3. Sensitivity Analysis. In this section, sensitivity analyses
are conducted to show the effect of the three participants’
behavior on the evolutionary path and evolutionary equi-
librium strategies. Next, we successively examine the impact
of the initial probability distributions as well as the three
players’ revenue and cost parameters.

4.3.1. Effects of the Initial Probability Distributions. In
sensitivity analysis, we first analyze the effects of the initial
probability distributions. Five groups of the initial proba-
bility distributions are set as shown in Table 5. -e revenue
and cost parameters are set as per Table 3 in Section 4.1. -e
results are visually displayed in Figures 1–3.

Figure 1 shows that as the initial probability of the In-
ternet medium taking the “reporting m1” strategy increases,
the system will increase its rate of evolution toward (m1, s1,
u1). -is result indicates that a higher probability of the
network medium reporting the event is conducive to more
effective guidance of the university administration in the
evolution of the public opinion event.

Figure 2 shows that the evolution rate of the system
towards (m1, s1, u1) will be enhanced with a higher initial
probability of university students’ participating in the In-
ternet public opinion event. -is implies that a higher
probability of university students’ “participation” in
spreading the words is beneficial for the university ad-
ministration to effectively guide the development of the
online public opinion event.

According to Figure 3, a higher initial probability of the
university administration’s choice of the “positive response”
strategy allows the system to evolve more quickly to situation
(m1, s1, u1). It indicates that the university administration
should actively respond to the Internet public opinion event
in order to effectively guide its evolution.

Table 3: -e parameters of the evolutionary game model.

Participants Parameters
Internet medium

Profit and loss value (unit: ten thousand yuan)

α10 � 2, α11 � 8, α12 � 4, β10 � 13, β11 � 1, β12 � 6

University students α20 � 1, α21 � 0.8, α22 � 0.3, β20 � 0.5, β21 � 1, β22 � 12,
β23 � 2

University administration α30 � 5, α31 � 6

Table 4: Evolutionary equilibrium stability analysis.

Evolutionary equilibrium detJ trJ Local stability
(0, 0, 0) + + Unsteady
(0, 0, 1) − + Saddle point
(0, 1, 0) − + Saddle point
(1, 0, 0) − + Saddle point
(0, 1, 1) + − ESS
(1, 1, 0) + − ESS
(1, 0, 1) + − ESS
(1, 1, 1) − − Saddle point
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4.3.2. Effects of the Internet Medium Parameters. -is sec-
tion discusses the effects of the benefits and costs of the
Internet medium. -e corresponding benefit and cost pa-
rameters are listed in Table 6 where α and β denote, re-
spectively, the revenues and costs. -e results are illustrated
in Figures 4–7.

According to Figure 4, we know that the evolution rate of
the system to (m1, s1, u1) increases with a higher revenue of
the network medium. It shows that a higher revenue for the
Internet mediummotivates it to adopt the reporting strategy
to capitalize on the event to maximize its payoff.

Figures 5 and 7 demonstrate that higher costs of in-
formation handling, tracing, and social disorder slow down
the evolution of the system to (m1, s1, u1). As a matter of fact,
once these costs exceed certain thresholds, the Internet
medium prefers to choose the “No-reporting m2” strategy
instead.

On the other hand, Figure 6 demonstrates that an in-
creasing cost of user churn will only slow down the evolution
of the system to (m1, s1, u1) without diverting the Internet
medium away from the “reporting m1” strategy.

4.3.3. Effects of the University Student Parameters. Next, we
analyze the effects of university student revenue and cost
parameters. -e corresponding parameter values are listed
in Table 7, and the numerical study results are shown in
Figures 8–12, where α and β denote, respectively, the uni-
versity students’ revenues and costs.

According to Figure 8, the system will evolve more
quickly from the equilibrium point (1, 0, 1) (i.e., (m1, s2, u1))
to the asymptotically stable equilibrium point (1, 1, 1) (i.e.,
(m1, s1, u1)) when the revenues of university students are

Table 5: Five groups of the initial probability distributions.

Participants Probability
Internet medium x � 0.1 x � 0.3 x � 0.5 x � 0.7 x � 0.9
University students y � 0.1 y � 0.3 y � 0.5 y � 0.7 y � 0.9
University
administration z � 0.1 z � 0.3 z � 0.5 z � 0.7 z � 0.9

p0 = 0.1
p0 = 0.3
p0 = 0.5

p0 = 0.7
p0 = 0.9
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Figure 1: Effects of the initial distributions (Internet medium).
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Figure 2: Effects of the initial distribution (university students).
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Figure 3: Effects of the initial distribution (university
administration).

Table 6: Parameter set of the network media.

Parameters Parameter values
α10 α10 � 1 α10 � 3 α10 � 5
α11 α11 � 1 α11 � 2 α11 � 3
α12 α12 � 2 α12 � 8 α12 � 10
β10 β10 � 4 β10 � 14 β10 � 25
β11 β11 � 3 β11 � 13 β11 � 23
β12 β12 � 1 β12 � 5 β12 � 10
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high enough and increase steadily. When the revenues
from participation are sufficiently low, the students will
take the “No-participation s2” strategy instead. In this
case, the optimal situation of the whole game is (m1, s2,
u1). But, it is not stable and causes reputation damage to
the university. Accordingly, the university administration
has motivation to adopt some measures so that it can
influence the Internet public opinion. When the revenues
of the students increase beyond certain thresholds, the
optimal situation of the system changes from (m1, s2, u1)
to (m1, s1, u1). -erefore, one can conclude that improving
students’ revenues is an effective measure to influence the
dynamics of Internet public opinions.

From Figures 9–12, we can see that the system slowly
evolves from (m1, s2, u1) to (m1, s1, u1) due to higher costs of
searching time, individual misjudgment, university

disciplining, and social disorder. In Figures 9–11, they may
even select not to participate in the event if the relevant costs
are sufficiently high. -is result implies that the higher the
student costs, the greater the chance that students will
choose the “No-particitation s2” strategy.

4.3.4. Effect of the University Administration Parameters.
-e effects of university revenue and cost parameters are
investigated in this section. Table 8 lists the relevant pa-
rameter values, and the resulting figures are given in
Figures 13–15, where α and β denote, respectively, the
university administration’s revenues and costs.

According to Figures 13–15, it is crucial that the uni-
versity administration balances between the cost from

α10 = 1, α11 = 1, α12 = 2
α10 = 3, α11 = 2, α12 = 8
α10 = 5, α11 = 3, α12 = 10
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Figure 4: -e effect of the benefits.

β10 = 4
β10 = 14
β10 = 25

1
0.8

0.6
0.4

x0.2
00

y 0.5

1

0.2

0.4

0

0.8

0.6

1

z

Figure 5: -e effect of β10.
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Figure 6: -e effect of β11.
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Figure 7: -e effect of β12.
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damaged university reputation and the relevant handling
costs (i.e., manpower, material resources and time in topics,
and handling information in time). When the university

administration can efficiently guide the evolution of the
public opinion, they prefer to adopt the “positive response
u1” strategy to enhance university reputation.
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Figure 9: -e effect of β20.
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Figure 11: -e effect of β22.
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Figure 8: -e effect of the revenue.
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Figure 10: -e effect of β21.

Table 7: Parameter values of university students.

Parameters Parameter values
α20 α20 � 4 α20 � 6 α20 � 8
α21 α21 � 0 α21 � 1 α21 � 2
α22 α22 � 0 α22 � 1 α22 � 2
β20 β10 � 0.8 β10 � 1 β10 � 1.5
β21 β21 � 0.3 β21 � 0.6 β21 � 1
β22 β22 � 0.5 β22 � 1 β22 � 2
β23 β23 � 1 β23 � 2 β23 � 3
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Figure 12: -e effect of β23.

Table 8: Parameter set of the university.

Parameters Parameter values
α30 α30 � 12 α30 � 14 α30 � 16
α31 α31 � 2 α31 � 4 α31 � 6
α32 α32 � 8 α32 � 10 α32 � 12
β30 β30 � 5 β30 � 7 β30 � 19
β31 β31 � 6 β31 � 8 β31 � 10

α30 = 12, α31 = 2, α32 = 8
α30 = 14, α31 = 4, α32 = 10
α30 = 16, α31 = 6, α32 = 12
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Figure 13: -e effect of the revenue.
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Figure 14: -e effect of β30.
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5. Conclusion

-is paper develops a tripartite evolutionary game model
consisting of an Internet medium, university students as a
group, and university administration to examine the process of
Internet public opinion evolution within a university setting in
China. -e model is solved to obtain the differential dynamic
equations and the equilibrium points. We then carry out a
stability analysis of the equilibrium points. -rough the ana-
lytic and numerical studies, we obtain the following results:

(1) -e Internet medium, university students, and
university administration continuously adjust their
own strategies, and the dynamic evolution of the
system finally reaches a stable situation at (1, 1, 1)

corresponding to each of the three players selecting
their first strategy in the ESS situation (m1, s1, u1).
More specially, if the three participants have higher
probabilities of selecting their first strategy at the
initial stage of the game, the evolutionary equilib-
rium (m1, s1, u1) arises more quickly.

(2) From the perspective of the Internet medium, they
should adopt an objective and fair attitude toward
reporting university Internet public opinion events
based on socially responsible and industrial norms.-e
government, as the authority for public opinion su-
pervision, should formulate appropriate laws and
regulations to enhance its monitoring of online media
communications. On the one hand, appropriate pen-
alties should be given to irresponsible behavior of the
networkmedia to block reports. On the other hand, it is
necessary to increase the revenues of truthful reporting
and other Internet media operations, as well as reduce
the cost of publishing and following up relevant in-
formation by the medium.

(3) University students, as the main recipients and
spreaders of university Internet public opinions,
should be educated and guided by the university

administration. University students should improve
their online media literacy to differentiate rational
arguments from miscellaneous and false Internet
information and be educated about the negative
impact of disseminating disinformation about sen-
sitive events, thereby reducing their participation
benefits. In addition, online real-name authentica-
tion improves the participation costs for university
students and reduces spreading of rumors and dis-
information about public opinion events.

(4) Diverse information about an Internet public
opinion event can rapidly spread through various
social media channels (i.e., Google, Baidu, Weibo,
Blog, and WeChat). Facing an Internet public
opinion event, the university administration should
release truthful and comprehensive information in a
timely manner. -is is the best handling approach as
it helps to maintain transparency in communicating
facts to the public and prevent disinformation and
rumors from spreading. In addition, timely release of
truthful information can help to reduce costs of
manpower, resources, and time in response to the
event. Furthermore, the university administration
can exploit big data analysis to better understand the
dynamics of the public opinion evolution, thereby
avoiding deterioration of the situation caused by
undesirable spreading of disinformation about the
event and minimizing subsequent negative impacts.

-is research has its limitations and can be further ex-
tended along several directions. Firstly, this paper assumes
that the players’ payoff functions are independent of time.-e
implication of this assumption is that each participant’s action
at time t + 1 only depends on the actions of all participants at
time t. To better characterize the dynamics of public opinion
events, it would be interesting to consider the case that the
payoffs are functions of time t. Secondly, the proposed model
consists of three participants, an Internet medium, university
students as a group (a single player), and one university
administration. In reality, there are often multiple players and
multiple strategies in different types of participants. In this
case, a networked evolutionary game model would be a more
appropriate tool. To address this more complicated network
structure, the novel methodologies and models furnished by
Zhao et al. [20, 21] can be useful. We may establish a net-
worked evolutionary game model for university public
opinion events and employ the trajectory control [20] and
strategy consensus method [21] to investigate different par-
ticipants’ strategies and derive useful managerial insights for
different stakeholders in these events.
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