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Effective participation of the general public in public-private partnerships (PPPs) can coordinate the multidemands of stake-
holders and improve the scientificity of decision-making on infrastructure and public utility projects. However, excessive public
participation may aggravate the complexity of PPPs and delay the progress of developing PPP projects. Accordingly, the ap-
propriate participation of the general public is essential in the implementation of PPPs. (is study examines the boundary
conditions and the effective thresholds of public participation in adjusting the cooperative behaviors of both the government and
the private investor in PPPs through an analysis of the evolution paths and dynamic balances of the strategy choices between the
two parties.(e results indicate that public participation in PPPs has the particularity of adjusting the partnership between the two
parties. (e results also suggest that public participation is not always effective and there are differences in the degree of public
participation in the various strategy behaviors in which the government and the private investor choose to cooperate.

1. Introduction

Public-private partnerships (PPPs) are defined as the co-
operation between the government (or the public authority)
and the private investor to improve public service delivery
and realize the provisions of infrastructure [1–3]. (e
government holds the administrative and policy-making
powers. (e private investor is responsible for the design,
construction, operation, and maintenance of a PPP project
within the scope of the PPP agreements and policy con-
straints. (e government and the private investor are two
direct participants who receive respective advantages from
their collaborations. In addition, as recipients of public
service or end users of infrastructure in PPP projects, the
general public is the ultimate beneficiary and proposes some
demands to the relevant government and receives public
service or production provided by the private investor.
Although the general public is an indirect participant in PPP
agreements and decision-makings, its supervision and
evaluation affect the healthy development of the PPPs [4–6].

If communication with the general public is inadequate or
if the interests of the general public are ignored, it will lead to
strong public opposition and result in the relocation, sus-
pension, or even termination of PPP projects [7, 8]. Conse-
quently, great losses will be brought to the whole society. Many
failed cases, such as the Hangzhou Bay Cross-sea Bridge in
China, the TokyoWaste Incineration Power Plant in Japan, the
Skye Island Bridge Project in UK, the Ontario Medical Pro-
gram in Canada, and the Hazardous Waste Treatment Project
in Yuma County, Ariz., USA [9–11], reveal the serious con-
sequences of the lack of public participation or inappropriate
public participation in PPP projects. Furthermore, there are
problems, in practice, with public participation in the PPPs,
such as insufficient time to allow the general public to par-
ticipate [12], indirect and passive participation [13], and im-
perfect laws and regulations [14].

Consequently, there are three main participants in op-
eration of PPPs including the government, the private in-
vestor, and the general public. (e relationships of the three
parties are shown in Figure 1.
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Most of the existing research studies analyzed the co-
operation mechanism in PPPs from the perspectives of the
two direct participants, i.e., the government and the private
investor. For example, Carbonara and Pellegrino developed
a win-win model to calculate the optimal government
guarantees for the private sector and the government and to
fairly allocate risks between them [15]. Jin et al. presented an
effective methodological framework for the probabilistic
evaluation of the excess profit allocation between the gov-
ernment and the private investor, as well as the corre-
sponding subsidy mechanism [16]. (e study conducted by
Liu et al. proposed a two-dimensional framework for
evaluating the fiscal support mechanisms by the government
to attract private financing [17]. Pellegrino et al. employed
real options to discuss the set of the maximum interest rate
by which the private investor will obtain reimbursement
from the government [18]. However, a few studies have been
conducted to investigate the strategic behaviors of the
government and the private investor influenced by the
participation of the general public in PPPs. It is a compli-
cated issue that involves the interactions between the general
public and the government, the general public and the
private investor, and the government and the private in-
vestor. (erefore, how to promote cooperation between the
two direct participants from the perspective of public par-
ticipation is examined in this paper.

Public participation is an activity that the general
public, as a stakeholder, values in the PPP project, as it
allows them to claim their rights and express their in-
terests and, thereby, influences decisions made by the
government and the private investor on the provision of
the public service and productions [19, 20]. (e field has
developed a wealth of rich literature on the concepts
[21, 22], types [23, 24], approaches and mechanisms
[25, 26] of public participation in environmental pro-
tection, urban planning, public policy decision making,
and governance. (e levels of public participation are
divided according to the depth of the activity, and ac-
cordingly, there are differences in the ways the general
public can participate [27]. While increasing public
participation improves satisfaction of the general public
and promotes the performance of both the government
and the private investor [21], the practical effect of public
participation on PPPs remains uncertain [28].

(us, there are several questions regarding public par-
ticipation that deserve attention. How do relations between
the government and the private sector evolve after the
general public participates in a PPP project? What is the
requisite degree of effectiveness that the participation of the
general public must attain to impact or modify the strategic
behaviors of the government and the private investor in
PPPs? How can we quantify the reasonable participation of
the general public in various situations to achieve a strategic
balance between the government and the private investor?

Game theory is a method used to study how decision
making and decision-making equilibrium are conducted
while interactions among the parties are ongoing [29, 30].
(e premise of classic game theory is that the participants
are completely rational, a condition that is difficult to
achieve in reality. Evolutionary game theory combines the
analysis of the game with that of dynamic evolution, and
thus, it more accurately reflects the dynamic equilibrium of
game behavior among limited rational groups [31–33].
Evolutionary game theory is an important analytical tool
that has been widely used in social governance [34–36],
government administration [37–39], and business operation
and management fields [40, 41]. In practice, it is difficult for
the government and the private investor to find equilibrium
strategies under uncertain conditions due to information
asymmetry and the dynamic changes in the operating en-
vironments of PPPs. Hence, as both the two direct partic-
ipants are bounded by rationality, the strategic choice and
equilibrium of the game between them are dynamic
processes.

(e aim of this study is to construct an evolutionary
game model that illustrates the evolution and dynamic
equilibrium of collaborative behaviors between the gov-
ernment and the private investor in PPPs and then to analyze
the participation of the general public as an indirect
influencing factor on the evolutionary equilibrium (as
shown in Figure 2). (e contribution of this article is that it
provides an explanation of the boundary conditions and
effective thresholds of the public participation activities that
affect the collaborations between the government and the
private investor. Moreover, it offers an improved under-
standing of the degree of public participation in PPPs, which
is a variable that must be considered given different situa-
tions rather than fixed ones.
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Figure 1: (e relationships between the government, private investor, and general public.
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2. Game Model Construction

(e government and the private investor are two parties
directly involved in the game of PPPs. (e subsidies and tax
preferences given by the government to the private investor
usually depend on the extent to which the government
actively cooperates, whereas the level of revenue and public
acceptance of the private investor often depend on the
quality of the public services/products provided by the
private investor. Moreover, there may be conflicts of interest
between the two parties, as the former pursues the maxi-
mization of the social benefits for the general public and the
latter pursues the maximization of its profits.

(e participation of the general public helps to balance
the power and reduce the contradictions in PPPs [42, 43].
Accordingly, from the perspective of the general public as an
indirect participant in the public-private game, the degree of
public participation is considered as an influencing factor of
the game in this research. When the general public joins in
the PPPs, its demands may be expressed and the cooperation
strategies of the government and the private investor may be
changed. (erefore, this paper supposes that public par-
ticipation is effective when it has the potential to adjust the
evolutionary stable strategies between the two decision-
making parties.

Based on the aforementioned statements, basic as-
sumptions regarding the evolutionary game model are
proposed.

Assumption 1 (e individuals in the two game parties, i.e.,
the government and the private investor, are comprised of
bounded rational people. Specifically, the government is
composed of government officials who are involved with the
PPP project, whereas the private investor is composed of
groups, companies, enterprises, and/or consortia who have
established partnerships with the government for the con-
struction and operation of the PPP project. In addition, the
general public refers to the people with direct or indirect
interests in the PPP project, as well as other interested or-
ganizations and groups.

Assumption 2

(i) When facing the strategic behaviors of the private
investor in PPPs, it is supposed that the government
has two strategic choices, i.e., active cooperation
(AC) and no active cooperation (NAC). (e strategy
of AC suggests that the relevant government can
actively complete the PPP agreement, e.g., paying
subsidies to the private investor on time and actively
maintaining the partnership between the two sides to
ensure the successful implementation of the PPP
project. (e strategy of NAC is contrary to that of
AC.

(ii) (e private investor also has two strategic choices,
i.e., to provide high-quality public services/products
(PHS) and to provide low-quality public services/
products (PLS).(e strategy of PHS suggests that the
private investor actively fulfills the PPP agreement
and enables the general public to experience better
services and products, while the strategy of PLS
indicates that the private investor reduces the project
investment and reduces the cost of operation and
maintenance to improve its own profits without
taking the interests of the general public into
account.

Assumption 3

(i) (e revenue of the private investor in PPPs includes
two parts, namely, income from the project and
subsidies/preferences from the relevant govern-
ment. (e former is dependent on the quality of the
public services/products provided by the private
investor, whereas the latter depends on the coop-
erative attitude of the government, i.e., those who
evaluate the level of efforts and performance of the
private investor. (us, the revenue is represented by
four values, Ri (i� 1, 2, 3, 4), according to the four
different situations that are formed from the
combination of the strategies of the private investor
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Figure 2: (e analysis mode of this research.
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adopting either PHS or PLS and the relevant gov-
ernment adopting the strategy of either AC or NAC.

(ii) When the private investor adopts the PHS strategy,
additional time and human and material resources
are required. Hence, the resulting additional cost is
set to C.

(iii) It is assumed that PPP projects promote the effi-
ciency of public services and products and enhance
the reputation and performance of the relevant
government.(us, the efficiency of the PPP projects
and the evaluations of the relevant government, as
drawn from the general public and its leaders, are
affected by the quality of the public services and
products provided by the private investor and the
cooperative attitude of the government toward the
PPP projects. Hence, the revenues that the PPP
projects bring to the government are set as Gi (i� 1,
2, 3, 4), according to the four situations previously
mentioned.

Assumption 4. When the general public is participating in a
PPP project, it is supposed that the degree of public par-
ticipation is λ (0≤ λ≤1). (at is, the participation of the
general public in the PPP project improves the revenue of
the government that actively cooperates or the private in-
vestor that provides PHS, such that the degree of im-
provement is λ. Meanwhile, the revenue reduction is λ when
the government does not actively cooperate or the private
investor provides PLS.

As a result, the game payoff matrices between the
government and private investor are examined under two
scenarios, namely, without and with public participation in
PPPs, as presented in Table 1.

3. Evolutionary Game Analysis

We suppose that, in the initial stage of the game, the pro-
portions of the private investor adopting the PHS and PLS
strategies are x and 1 − x, respectively, and the proportions of
the government adopting the AC and NAC strategies are y
and 1 − y, respectively.

3.1. Construction of Replicator Dynamic Equations

3.1.1. Scenario without Participation of the General Public.

(e expected payoffs of the private investor under the PHS
and PLS strategies are denoted by U11 and U12, respectively.

U11 � y R1 − C(  +(1 − y) R2 − C(  � y R1 − R2(  + R2 − C,

U12 � yR3 +(1 − y)R4 � y R3 − R4(  + R4.

(1)

(e expected payoffs of the government under the AC
and NAC strategies are denoted as U21 and U22, respectively.

U21 � xG1 +(1 − x)G3 � x G1 − G3(  + G3,

U22 � xG2 +(1 − x)G4 � x G2 − G4(  + G4.
(2)

(e replicator dynamic equations of the private investor
selecting the PHS strategy and the government selecting the
AC strategy are denoted as FE(x) and FG(y), respectively.

FE(x) �
dx

dt
� x(1 − x) U11 − U12( 

� x(1 − x) y R1 − R2 − R3 + R4(  + R2 − R4 − C ,

FG(y) �
dy

dt
� y(1 − y) U21 − U22( 

� y(1 − y) x G1 − G2 − G3 + G4(  + G3 − G4 .

(3)

3.1.2. Scenario with Participation of the General Public.
(e expected payoffs of the private investor under the PHS
and PLS strategies are denoted as UP11 and UP12,
respectively.

UP11 � y R1 − R2( (1 + λ) + R2 − C( (1 + λ),

UP12 � y R3 − R4( (1 − λ) + R4(1 − λ).
(4)

(e expected payoffs of the government under the AC
and NAC strategies are denoted as UP21 and UP22,
respectively.

UP21 � x G1 − G3( (1 + λ) + G3(1 + λ),

UP22 � x G2 − G4( (1 − λ) + G4(1 − λ).
(5)

(e replicator dynamic equations of the private investor
selecting the PHS strategy and the government selecting the
AC strategy are denoted as FPE(x) and FPG(y), respectively.

FPE(x) �
dx

dt
� x(1 − x) UP11 − UP12( ,

� x(1 − x) y R1 − R2 − R3 + R4 + λ R1 − R2 + R3 − R4(   + R2 − R4 − C + λ R2 + R4 − C(  ,

FPG(y) �
dy

dt
� y(1 − y) UP21 − UP22( ,

� y(1 − y) x G1 − G2 − G3 + G4(  + λ G1 + G2 − G3 − G4(   + G3 − G4 + λ G3 + G4(  .

(6)
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3.2. Stability Analysis of Equilibriums

3.2.1. Scenario without Participation of the General Public.
According to the dynamic relationships of strategic adjustment
between the government and the private investor, FE(x) and
FG(y), FE(x)� 0 and FG(y)� 0 must hold when the game be-
tween the two parties reaches an evolutionary stable state, and
as a consequence, five equilibriums of the evolutionary game
are obtained: O(0,0), A(0,1), B(1,0), C(1,1), D (x∗0 , y∗0 ), where

x
∗
0 �

G4 − G3

G1 − G2 − G3 + G4
,

y
∗
0 �

R4 − R2 + C

R1 − R2 − R3 + R4
.

(7)

If and only if 0≤x∗0 ≤1 and 0≤y∗0 ≤1, D (x∗0 , y∗0 ) exists
and is a saddle point.

According to the stability theory of differential equa-
tions, any one of the abovementioned five equilibrium
points is an evolutionary stable strategy (ESS) when it passes
the stability test [34], which requires that the determinant of
the Jacobian matrix J0 satisfies the condition det J0> 0 and
the trace of J0 satisfies the condition tr J0< 0. Furthermore,

J0 �

zFE(x)

zx

zFE(x)

zy

zFG(y)

zx

zFG(y)

zy

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

,

zFE(x)

zx
� (1 − 2x) y R1 − R2 − R3 + R4(  + R2 − R4 − C ,

zFE(x)

zy
� x(1 − x) R1 − R2 − R3 + R4( ,

zFG(y)

zx
� y(1 − y) G1 − G2 − G3 + G4( ,

zFG(y)

zy
� (1 − 2y) x G1 − G2 − G3 + G4(  + G3 − G4 ,

detJ0 �
zFE(x)

zx
·
zFG(y)

zy
−

zFE(x)

zy
·
zFG(y)

zx
,

tr J0 �
zFE(x)

zx
+

zFG(y)

zy
.

(8)

On the basis of the abovementioned analysis, the fol-
lowing conclusions are proposed:

(i) det J0|(0,0) � (R2 − R4 − C)(G3 − G4) and
tr J0|(0,0) � (R2 − R4 − C) + (G3 − G4)

(e point O(0,0) is an ESS when R2 − R4 − C< 0
and G3 − G4 < 0, which indicates that the ESS
between the two parties in the game is (PLS, NAC)
under the conditions R2 − R4 <C and G3 <G4

(ii) det J0|(0,1) � (R1 − R3 − C)[− (G3 − G4)] and
tr J0|(0,1) � (R1 − R3 − C) − (G3 − G4)

(e point A(0,1) is an ESS, which means that the
ESS between the two parties in the game is (PLS,
AC) when R1 − R3 <C and G3 >G4

(iii) det J0|(1,0) � [− (R2 − R4 − C)](G1 − G2) and
tr J0|(1,0) � − (R2 − R4 − C) + (G1 − G2)

(e point B(1,0) is an ESS, which indicates that the
ESS between the two parties in the game is (PHS,
NAC) when R2 − R4 >C and G1 <G2

(iv) det J0|(1,1) � [− (R1 − R3 − C)][− (G1 − G2)] and
tr J0|(1,1) � − (R1 − R3 − C) − (G1 − G2)

(e point C(1,1) is an ESS, which means that the
ESS between the two parties in the game is (PHS,
AC) when R1 − R3 >C and G1 >G2

3.2.2. Scenario with Participation of the General Public.
According to the dynamic relationships of strategic ad-
justment between the government and the private investor,
FPE(x) and FPG(y), FPE(x)� 0 and FPG(y)� 0 must hold
when the game between the two parties comes to an evo-
lutionary stable state. Consequently, five equilibriums in the
evolutionary game are obtained: O(0,0), A(0,1), B(1,0),
C(1,1), E (x∗1 , y∗1 ), where

x
∗
1 �

G4 − G3 − λ G4 + G3( 

G1 − G2 − G3 + G4 + λ G1 + G2 − G3 − G4( 
,

y
∗
1 �

R4 − R2 + C − λ R4 + R2 − C( 

R1 − R2 − R3 + R4 + +λ R1 − R2 + R3 − R4( 
.

(9)

If and only if 0≤x∗1 ≤1 and 0≤y∗1 ≤1, E (x∗1 , y∗1 ) exists
and is a saddle point.

J1 �

zFPE(x)

zx

zFPE(x)

zy

zFPG(y)

zx

zFPG(y)

zy

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

,

zFPE(x)

zx
� (1 − 2x) y R1 − R2 − R3 + R4 + λ R1 − R2 + R3 − R4(   +R2 − R4 − C + λ R2 + R4 − C( ,
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zFPG(y)

zy
� (1 − 2y) x G1 − G2 − G3 + G4(  + λ G1 + G2 − G3 − G4(   +G3 − G4 + λ G3 + G4( ,

detJ1 �
zFPE(x)

zx
·
zFPG(y)

zy
−

zFPE(x)

zy
·
zFPG(y)

zx
,

tr J1 �
zFPE(x)

zx
+

zFPG(y)

zy
.

(10)

On the basis of the abovementioned analysis, the fol-
lowing conclusions are proposed:

(i) det J1|(0,0) � [R2 − R4 − C + λ(R2 + R4 − C)][G3 −

G4 + λ(G3 + G4)]

(e point O(0,0) is still an ESS when R2 − R4 − C +

λ(R2 + R4 − C)< 0 and G3 − G4 + λ(G3 + G4)< 0. If
we combine the condition of 0≤ λ≤1 and the
equilibrium conditions of the evolutionary game in
(I-i), i.e., R2 − R4 <C and G3 <G4, we then deter-
mine that 0≤ λ<min (R4 − (R 2 − C))/(R4+

(R2 − C)), (G4 − G3)/(G4 + G3)}. (at is, when the
ESS between the private investor and the govern-
ment is (PLS, NAC) and the degree of the partic-
ipation concerning the general public, namely, λ, is
under the condition of 0≤ λ<min (R4 − (R2−

C))/(R4 + (R2 − C)), (G4 − G3)/(G4 + G3)}, the
participation of the general public in PPPs cannot
alter the strategy options of either the private in-
vestor or the government, and thus, the public
participation in the PPP is deemed ineffective.
Rather, either when R2 − R4 − C + λ(R2+

R4 − C)> 0 and G3 − G4 + λ(G3 + G4)< 0 or when
R2 − R4 − C + λ(R2 + R4 − C)< 0 and G3 − G4+

λ(G3 + G4)> 0, i.e., when (R4 − (R2 − C))/(R4+

(R2 − C))< λ< (G4 − G3)/(G4 + G3) or (G4 − G3)/
(G4 + G3)< λ< (R4 − (R2 − C))/(R4 + (R2 − C)),
det J1< 0 and tr J1 have both positive and negative
values. (us, O(0,0) is a saddle point. When R2 −

R4 − C + λ(R2 + R4 − C)> 0 and G3 − G4 + λ(G3+

G4)> 0, i.e., when max (R4 − (R2 − C))/(R4+

(R2 − C)), (G4 − G3)/(G4 + G3)}< λ≤ 1, det J1> 0
and tr J1> 0. (us, O(0,0) is an unstable point.
Accordingly, the abovementioned substantiate that
when the ESS between the private investor and the
government is (PLS, NAC) and the degree of public
participation λ is under the condition of
min (R4 − (R2− C))/(R4 + (R2 − C)), (G4 − G3)/
(G4 + G3)}< λ≤ 1, participation of the general
public in PPPs is effective and is able to play a
substantive role in adjusting the equilibrium
strategies between the government and the private
investor.

(ii) detJ1|(0,1) � [R1 − R3 − C + λ(R1 + R3 − C)] − [G3−

G4 + λ(G3 + G4)]}

(e point A(0,1) is still an ESS when R1 − R3 − C +

λ(R1 + R3 − C)< 0 and G3 − G4 + λ(G3 + G4)> 0.
When we combine the condition of 0≤ λ≤1 and the

equilibrium conditions of the evolutionary game in
(I-ii), i.e., R1 − R3 <C and G3 >G4, we then deter-
mine that 0≤ λ< (R3 − (R1 − C))/(R3 + (R1 − C)).
(at is, when the ESS between the private investor
and the government is (PLS, AC) and the degree of
public participation λ is under the condition of
0≤ λ< (R3 − (R1 − C))/R3 + (R1 − C), public par-
ticipation in PPPs cannot alter the strategy options
of the government or the private investor and is,
therefore, deemed ineffective.
When R1 − R3 − C + λ(R1 + R3 − C)< 0 and G3−

G4 + λ(G3 + G4)< 0 or when R1 − R3 − C + λ(R1 +

R3 − C)> 0 and G3 − G4 + λ(G3 + G4)> 0, that is,
when (R3 − (R1 − C))/(R3 + (R1 − C))< λ≤ 1, A(0,
1) is a saddle point. When R1 − R3 − C + λ(R1 +

R3 − C)> 0 and G3 − G4 + λ(G3 + G4)< 0, that is,
when λ ∈ ϕ, A(0, 1) is an unstable point. According
to these results, when the ESS between the private
investor and the government is (PLS, AC) and the
degree of public participation λ is under the con-
dition where (R3 − (R1 − C))/(R3 + (R1 − C))

< λ≤ 1, public participation in PPPs is effective and
plays a substantive role in adjusting the equilibrium
of the strategies between the two parties.

(iii) detJ1|(1,0) �

− [R2 − R4 − C + λ(R2 + R4 − C)] [G1 − G2 + λ(G1 +

G2)]

(e point B(1, 0) is still an ESS when R2 − R4 − C +

λ(R2 + R4 − C)> 0 and G1 − G2 + λ(G1 + G2)< 0.
When we combine the condition where 0≤ λ≤1 and
the equilibrium conditions of the evolutionary game
in (I-iii), i.e., R2 − R4 >C and G1 <G2, we then
determine that 0≤ λ< (G2 − G1)/(G2 + G1). (at is,
when the ESS between the private investor and the
government is (PHS, NAC) and the degree of public
participation λ meets the condition where
0≤ λ< (G2 − G1)/G2 + G1, public participation in
PPPs cannot alter the strategy options of the two
parties and, therefore, is deemed ineffective.
Rather, when R2 − R4 − C + λ(R2 + R4 − C)> 0 and
G1 − G2 + λ(G1 + G2)> 0 or when R2 − R4 − C+

λ(R2 + R4 − C)< 0 and G1 − G2 + λ(G1 + G2)< 0,
that is, when (G2 − G1)/(G2 + G1)< λ≤ 1, B(1, 0) is
the saddle point. When R2 − R4 − C + λ(R2 + R4 −

C)< 0 and G1 − G2 + λ(G1 + G2)> 0, that is, when
λ ∈ ϕ, B(1, 0) is an unstable point.(ese calculations
indicate that when the ESS between the private
investor and the government is (PHS, NAC) and the
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degree of public participation λmeets the condition
where (G2 − G1)/(G2 + G1)< λ≤ 1, public partici-
pation in PPPs becomes effective and plays a sub-
stantive role in adjusting the equilibrium of the
strategies between the two parties.

(iv) detJ1|(1,1) � − [R1− R3 − C + λ(R1 + R3 − C)]} −{

[G1 − G2 + λ(G1 + G2)]}

(e point C(1, 1) is still an ESS when R1 − R3 − C +

λ(R1 + R3 − C)> 0 and G1 − G2 + λ(G1 + G2)> 0.
When we combine the condition of 0≤ λ≤1 and the
equilibrium conditions of the evolutionary game in (I-
iv), i.e., R1 − R3 >C and G1 >G2, we then determine
that λ ∈ [0, 1]. (at is, when the ESS between the
private investor and the government is (PHS, AC), no
degree of public participation can change the status of
cooperation between the two parties. It further indi-
cates that although public participation in PPPs is
ineffective in this context, it is due to the original
efforts of public-private collaborations.

(e abovementioned analysis on the results concerning
the evolutionary game of the government and the private
investor in PPPs with participation of the general public is
summarized in Table 2.

4. Numerical Analysis

4.1. Simulation of the Evolutionary Process. To visually verify
the previous analysis, MATLAB R2017b was used to sim-
ulate the dynamic evolutionary process. Because it is difficult

to obtain the actual data in an all-round way, this paper
makes a reasonable assumption of the parameters in the
context of the existing cases in China.

Based on the qualifications in situation 1 and as pre-
sented in Table 2, the initial value of each parameter is set as
R1 � 150, R2 �140, R3 � 90, R4 � 80, C� 70, G1 � 7, G2 � 6,
G3 � 3, and G4 � 4, λ� 0.05. As presented in Figures 3(a) and
3(b), O(0,0) is the ESS of both the evolutionary games be-
tween the government and the private investor without and
with participation of the general public under different
initial conditions, which is consistent with the conclusions of
the evolutionary game model.

Based on the requirements in situation 2, the initial value
of each parameter is set as R1 � 150, R2 �140, R3 � 90, R4 � 80,
C� 70, G1 � 7, G2 � 6, G3 � 4, G4 � 3, and λ� 0.05. As pre-
sented in Figures 4(a) and 4(b), A(0, 1) is the ESS of both the
evolutionary games without and with participation of the
general public under different initial conditions, which is
consistent with the conclusions of the evolutionary game
model.

Based on the qualifications in situation 3, the initial value
of each parameter is set as R1 � 150, R2 �140, R3 � 90, R4 � 70,
C� 60, G1 � 6, G2 � 7, G3 � 4, G4 � 3, and λ� 0.05. As evi-
denced in Figures 5(a) and 5(b), B(1, 0) is the ESS of both the
evolutionary games without and with participation of the
general public under different initial conditions, which is
consistent with the conclusions of the evolutionary game
model.

Based on the stipulations in situation 4, the initial value
of each parameter is set as R1 � 170, R2 �140, R3 � 90, R4 � 80,

Table 1: Game payoff matrices in PPPs.

Scenario I: without participation of the general public Scenario II: with participation of the general public

Private investor Government Private investor Government
AC (y) NAC (1 − y) AC (y) NAC (1 − y)

PHS (x) R1 − C R2 − C PHS (x) (R1 − C) (1 + λ) (R2 − C) (1 + λ)
G1 G2 G1 (1 + λ) G2(1 − λ)

PLS (1 − x) R3 R4 PLS (1 − x) R3(1 − λ) R4(1 − λ)
G3 G4 G3 (1 + λ) G4(1 − λ)

Table 2: Results of the evolutionary game in PPPs with public participation.

Conditions
Initial evolutionary stability strategies
of the government and the private

sector
Ineffective degree of public participation

Situation 1
R2 − R4 <C Not actively cooperating

Providing low-quality public services/
products

0≤ λ<min (R4 − (R2 − C))/(R4 + (R2 − C)), (G4 − G3)/(G4 + G3) 
G3 <G4

Situation 2
R1 − R3 <C Actively cooperating

Providing low-quality public services/
products

0≤ λ< (R3 − (R1 − C))/(R3 + (R1 − C))
G3 >G4

Situation 3
R2 − R4 >C Not actively cooperating

Providing high-quality public services/
products

0≤ λ< (G2 − G1)/(G2 + G1)G1 <G2

Situation 4
R1 − R3 >C Actively cooperating

Providing high-quality public services/
products

λ ∈ [0, 1]
G1 >G2

Advances in Civil Engineering 7



C� 70, G1 � 7, G2 � 6, G3 � 4, and G4 � 3. Referencing
Figures 6(a)–6(c), C(1, 1) is the ESS of the evolutionary
games without and with participation of the general public
under different initial conditions, which is consistent with
the conclusions of the evolutionary game model.

4.2. Influence of Public Participation. (e impact of public
participation on the evolutionary game between the

government and the private investor in PPPs is examined. (e
parameters remain the same as those in the abovementioned
simulations. In situation 1, the degree of public participation λ
changes, and the evolutionary results are presented in
Figure 7(a). As evidenced in Figure 7(a), an increase in λ results
in the evolutionary trajectories moving from O (0,0) to C (1,1).
When the degree of public participation is low (λ<min{0.067,
0.143}), the evolutionary trajectories reach ESS (0, 0), which
means λ falls within the interval of ineffective public
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Figure 3: (e evolutionary trajectories of players in situation 1. (a) Scenario without public participation. (b) Scenario with public
participation.
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Figure 4: (e evolutionary trajectories of players in situation 2. (a) Scenario without public participation. (b) Scenario with public
participation.
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Figure 5: (e evolutionary trajectories of players in situation 3. (a) Scenario without public participation. (b) Scenario with public
participation.
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Figure 6: Continued.
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participation, as in situation 1, where the strategies of the
government and the private investor remain the same as in the
situation where there is no public participation, a finding that is
consistent with the conclusions of the evolutionary game
model. When the degree of public participation is high
(λ≥min{0.067, 0.143}) and out of the range of ineffective
public participation, the evolutionary trajectories reach ESS (1,
1), which means that public participation in the two-party
game is effective and that it not only affects the strategic be-
haviors of the two parties but also causes the cooperation
between the two parties to develop in a positive direction.

Similarly, with the increase of λ, the evolutionary tra-
jectories evolve from A(0, 1) to C(1, 1) in situation 2, as
presented in Figure 7(b); the boundary value of λ is 0.059,
transitioning from B(1,0) to C(1,1) in situation 3, as pre-
sented in Figure 7(c); and the boundary value of λ is 0.077
with the evolutionary trajectories always reaching C(1,1) in
situation 4, regardless of the initial values of λ, as presented
in Figure 7(d).

5. Conclusions and Suggestions

5.1. Discussion and Practical Implications of the Evolutionary
Game. In this paper, we focus on the appropriate public
participation to promote the collaborations between the
government and the private investor in PPPs. Based on the
evolutionary game theory, the boundary conditions and the
effective thresholds of public participation in the two-party
evolutionary game are proposed. (e potential impacts of
public participation on PPPs can be explained as follows.

First, public participation in PPP projects is different from
public participation in general commercial projects or gov-
ernment investment projects. (e particularity of public par-
ticipation in PPPs is that it is able to modify the partnerships

between the government and the private investor. As the
analysis of the model and the data simulation indicate, even
though the initial status of the cooperative strategies between
the two partiesmay be (NAC, PLS), (AC, PLS), or (NAC, PHS),
they are transformed into (AC, PHS) strategies after the in-
troduction of a certain participation of the general public.

As a main stakeholder, the general public has the right
and the responsibility participate in the development of PPP
projects. However, allowing the general public to participate
in the decision-making process of PPPs inevitably leads to
the reconstruction of the benefit structure and institutional
mechanism. (e essence of public participation in PPPs is
that the general public restricts the decision-making powers
of both the government and the private investor due to their
right to participate, thus resulting in the sharing of the
decision-making powers of the two parties. It must be
clarified that this does not mean that the general public
replaces the relevant government or the private investor in
making decisions for the PPP projects, as the two partici-
pants retain the ultimate right to make decisions. (erefore,
public participation in PPP projects forms trilateral coop-
erative interactions between the government and the general
public, the private investor and the general public, and the
government and the private investor. Public participation
could protect public interest and promote the evolution of
the strategy behaviors from negative collaboration to pos-
itive collaboration in both the government and the private
investor, as evidenced in Figure 7. In addition, public
participation in PPPs does not result in the deterioration of
the state of the original positive collaboration in the two
parties such as in situation 4.

Second, public participation in PPPs is not always ef-
fective. (e analysis of ESS in the evolutionary game model
reveals that when the government and the private investor
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Figure 7: (e evolutionary trajectories of players when the degree of public participation changes. (a) Situation 1. (b) Situation 2. (c)
Situation 3. (d) Situation 4.
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are in a certain initial equilibrium state and participation of
the general public is in a certain degree, as listed in Table 2,
the equilibrium strategies of both parties cannot be modi-
fied, as presented in Figures 3–6.

It is necessary to pay attention not only to whether the
general public have been involved in PPP projects but also to
whether the public involvement is effective. (ere is a differ-
ence between nominal and substantive participation. In
practice, public participation in some projects is only the
former one. For example, the general public may be introduced
in PPPs and allowed to express their views, but no follow-up
steps are involved. (is is merely a waste of human, material,
and financial resources, and no more effect is produced,
whereas effective and substantive participation of the general
public is needed for PPPs, and it should be able to regulate the
cooperation behaviors between the government and the private
investor, balance the needs of the stakeholders, and promote
the sustainable development of PPP projects.

(ird, there are differences in the degrees of public
participation in PPPs based on the existing conditions.
According to the results of the evolutionary game between
the government and the private investor, when the two
parties are in different initial equilibriums, such as (NAC,
PLS) or (AC, PLS) or (NAC, PHS) or (AC, PHS), the
boundary conditions for participation of the general public,
which effectively play an important role in regulating the
evolutionary behaviors of both parties, are various and
depend on the different variables. (us, the degree of public
participation in PPPs is not fixed but is rather measured by
corresponding intervals according to the specific states of
two-party cooperation, as presented in Table 2 and Figure 7.
Only with such degrees of public participation can the
government change its strategic choice fromNAC to AC and
the private investor change its strategic choice from PLS to
PHS. In this way, participation of the general public in PPPs
plays an effective role in regulating the evolution of two-
party stability.

5.2. Recommendations regarding Public Participation in PPPs.
In view of the abovementioned analysis regarding the results
of the evolutionary game, some recommendations are fur-
ther proposed.

First, the activities of public participation in PPPs should
be evaluated. (e premise that the public participation is
always effective is not beneficial. To enhance the effectiveness
of public participation in PPPs, it is necessary to (a) evaluate
the process of public participation from the perspective of
scientificity, authenticity, and rationality, (b) focus on the
whole process of public participation and emphasize the
operation of each stage and detail, (c) match the arrange-
ment of public participation in PPPs to the expected purpose
and assess the effect of the arrangement, and (d) balance the
costs and benefits derived from public participation among
the interested parties, i.e., the government, the private in-
vestor, the general public, and the PPP project itself.

Second, it is necessary to consider the different situations
and properly introduce the concept of public participation.
Effective participation of the general public in PPPs is not a

static or fixed state. Rather, the degree of public participation
in PPPs depends on the status of collaboration between the
government and the private investor and on certain vari-
ables, such as revenues and costs related to both parties.
(us, appropriate participation of the general public in PPP
projects should (a) consider the objectives, types, and
properties of the projects and then cautiously disclose in-
formation about the status of two-party collaborations and
(b) establish reasonable themes, periods, modes, and ap-
proaches for public participation in PPPs based on the in-
direct effect that such participation brings to the project.

(ird, the legal system related to public participation in
PPPs should be improved. Public participation cannot be
performed only as a statutory obligation, as doing so does
not reflect the true commitment of the general public to
participation or the value of public participation in PPPs. At
present, because legal documents have not been formed in
most countries, the participation of the general public at
each stage of the PPP project, i.e., decision making, design,
construction, operation, and transfer, is limited, and hence,
the interests and suggestions of the general public are not
fully considered. (us, it is necessary to form a relatively
perfect legal system and establish policies regarding public
participation in PPPs to ensure a three-way symmetrical
interaction among the government, the private investor, and
the general public and to make certain that the main
stakeholders of the three parties have the opportunity to
participate in the decision-making process of the PPPs.

Four, there must be an active environment in which
public participation is valued by PPPs. On the one hand, the
recognition by and positive attitude of the government and
society with respect to public participation and equal
communication and dialogue with the general public could
promote timely public access to information regarding
projects and provide the general public the opportunity to
express their ideas and views. On the other hand, the nature
and state of the participants are also critical to the effec-
tiveness of public participation. Characteristics of the gen-
eral public such as the identity, quantity, ability, and interest
of the participants directly influence whether public par-
ticipation best benefits the general public itself or the group
represented by the general public and whether public par-
ticipation enhances the social benefits acquired from the
development of PPP projects. Hence, it is necessary to create
a better environment and improve conditions for public
participation from more than one dimension, e.g., the
government, society, and the general public, to enhance the
strength and depth of public participation in PPPs, and to
enable public participation to effectively regulate and
monitor the PPPs.
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