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Abstract. The performance of a construction project can be severely harmed by its participants’ rent-seeking. In order to
prevent such attempt, this research integrates the evolutionary game theory with system dynamics method to simulate the
impact of the change of some factors that may cause/reduce rent-seeking. Based on the analysis of the behavioral character-
istics and interactive relationships of the main participants (the owner, supervisor, and contractor), an evolutionary game
model is constructed and simulated with the method of system dynamics based on the replication dynamic equation of the
mixed strategy solution of the three-party static game model. By assigning the parameters of project scale, supervision like-
lihood, supervision success rate, supervision cost, and penalty intensity, the interaction mechanism of the participants on
each factor is revealed through a case-based simulation. The results show that the impacts of these factors on participants’
rent-seeking decisions are significantly different. Furthermore, some management suggestions are provided to prevent
rent-seeking for project owner according to the research conclusions. This research can help the project owners take proper

https://doi.org/10.3846/jcem.2022.16159

measures to prevent rent-seeking of the supervisors and the contractors to improve the performances of the projects.

Keywords: project management, project participants, rent-seeking, evolutionary game, system dynamics.

Introduction

Corruption can hinder the social and economic devel-
opment of human societies worldwide (Snaith & Khan,
2008). With a large number of participants, a big amount
of investment, a long period of construction and a wide
range of influence, the construction projects are conducive
to the stability and prosperity of the national economy and
society. However, these features also make them vulner-
able to corruptions. Corruption behaviors are common in
the field of construction (Boudreaux et al., 2018; Goldie-
Scot, 2008; Kyriacou et al.,, 2015; Le et al., 2014). With the
continued economic growth and urbanization worldwide,
an increase in corruption has yielded in infrastructure and
urban construction projects (Ameyaw et al., 2017; Ken-
ny, 2009). Corruption of construction may occur in any
phase of a project (Sohail & Cavill, 2008); such as project
initiation, planning and design, bidding and construc-
tion, and operation and maintenance (Chan & Owusu,
2017; Tabish & Jha, 2011; Zhang et al., 2017). Corruption

is an extremely significant risk that greatly impacts score
management tasks in construction projects, particularly in
developing countries (Deng et al., 2013; Fernandez-Dengo
et al., 2013). Some efforts have been made to investigate
causes of corruption in the construction industry (Brown
& Loosemore, 2015; Owusu et al., 2017). Most of the cor-
ruptions are caused by the rent-seeking (Di & Ji, 2012).
The project participants’ rent-seeking behavior, which is
non-productive, can lead to unfair competition, resource
unreasonably distribution and disharmony of the mutu-
al-value-realization among the stakeholders in a project
(Igbal & Daly, 2014). Therefore, it is very important to
prevent construction rent-seeking to guarantee the efhi-
cient project management and delivery. In this research,
a new approach, combining the system dynamics method
with evolutionary game theory, is used to analyze and
simulate the impact of rent-seeking decisions among par-
ticipants.
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1. Literature review

1.1. Rent-seeking in construction

As the rent-seeking among project participants is the main
concern of the research, the research on rent-seeking is
reviewed. Gordon Tullock, who is the developer of the
rent-seeking theory, defined the term rent-seeking as “an
attempt to obtain economic rent by manipulating the so-
cial or political environment in which economic activities
occur, rather than by creating new wealth” (Tullock, 2001,
2005). There are a lot of research focusing on some aspects
and stages of the project participants’ rent-seeking. Based
on the prospective of economics, Wang et al. (2008) cat-
egorized the reason of rent-seeking of engineering super-
visors into subjective and objective factors. Wu and Peng
(2013) discussed the rent-seeking between the owners and
the contractors at the tendering stage and the rent-seeking
conspiracy of contractors and supervisors. Liu et al. (2010)
adopted classic Tullock model to analysis the land rent-
seeking games of the real-estate developers. Wang and
Cheng (2013) studied the rent-seeking theory based on
a comparison among current construction supervision
mode, PM mode and hybrid mode. Mei et al. (2017) sug-
gested that BIM and IPD have a positive impact on rent-
seeking activities of construction projects. A simulation
technology was run to study the interactions among the
stakeholders to observe the impact of rent-seeking on the
related benefits and safety statuses (Feng et al., 2019). Qin
(2017) analyzed the rent-seeking from the prospective of
legislation, regulation, mechanism and motivation and
gave his suggestions on how to prevent such behaviors.

1.2. Evolutionary game theory

Evolutionary game theory is one of the most fruitful
frameworks for studying evolution in different disciplines,
ranging from Biology to Economics (Roca et al., 2009).
This research integrates the evolutionary game theory with
system dynamics method to simulate various factors that
may cause/reduce rent-seeking. So, the research status of
game theory and system dynamics applied to analyze the
rent-seeking is reviewed. Li (2009) used game theory to
uncover the inner motivation of rent-seeking decisions in
each stage of the construction process. Feng et al. (2015)
took the construction safety supervision as the research
target and proposed an evolutionary game model of the
rent-seeking decisions among bounded rationality par-
ticipants. The trilateral static game model is established to
analysis the relationships among three participants (Huang
& Chen, 2012; Shiwei et al., 2006). Xiang and Ren (2010)
established a trilateral behavior game theory of general
and public projects and suggested that the rent-seeking
can be prevented by establishing a refined construction
management regulation, combining forward-supervision
and afterward-punishment and integrating excitation and
restraint mechanism. Considering the Information Asym-

metry among the game process, Wang et al. (2005) estab-
lished an incomplete information dynamic models among
government. Guo et al. (2018) proposed a system dynam-
ics model based on evolutionary game theory to describe
the complex and dynamic interactions among tripartite
stakeholders in China.

1.3. Contributions and limitations
of current research

Opverall, the fundamental interests of all participants in
the construction project are consistent. Through the co-
operation of all participants, the construction project is
completed on schedule, on quality and on quantity, so as
to ensure that the project is completed according to the es-
tablished plan and take the project as the carrier to realize
their respective interests. However, due to the asymmetric
information, large investment in resources, long construc-
tion duration and lack of supervision of power in the con-
struction of the project, as well as the fact that project
participants are each an economic entity, in order to pur-
sue the maximization of their own interests, the project
corruption rent-seeking and collusion free-rider behavior
and other behaviors are repeatedly prohibited (Di & Ji,
2012). This would inevitably affect the quality, construc-
tion period, cost, safety and other objectives of the project,
resulting in the loss of the owner’s interests (Xiang et al.,
2009). Unfair competition, unreasonable resource alloca-
tion and unequal cooperation mechanism caused by the
above behaviors have become the restrictive factors for the
success of construction projects.

Current research has covered various project partici-
pants including governments, tender agents, owners, su-
pervisors, and contractors as well as various stages includ-
ing project initialization, design, tendering and construc-
tion. Most of the participants only focus on the exterior
impacts of a project such as government, public, supervi-
sion and bidding system. However, the inner impacts of a
project have not been paid much attention to. In addition,
based on the hypothesis of static gaming and perfect ratio-
nality, most researches cannot be applied to the long-term
dynamic analysis of the behaviors from bounded rational-
ity entities, which is the case of a construction engineer-
ing project. Last but not least, most researches try to get
and furthermore analyze the solutions from the behavior
entity game model, but their outcomes are not intuitively-
represented.

This research combines the evolutionary game theory
with system dynamics method to simulate various fac-
tors that may cause/reduce rent-seeking. In order to get
a more intuitive result of the dynamic process of the tri-
partite gaming, this research adopts a system dynamics
software — Vensim, together with a case-based simulation
to find the influence mechanism of rent-seeking in con-
struction projects and furthermore provide management
suggestions to prevent such rent-seeking.
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2. Methodology

There are many participants in construction project, and
each participant can also form a consortium by several
units. This paper mainly studies the influence mechanism
of game behavior changes among different types of par-
ticipants on the construction objectives and the interests
of various participants in the project. Therefore, multiple
participants of the same type in the construction project
are classified according to categories and regarded as the
same participants for research, regardless of the impacts of
the diversification of participants. However, as the coop-
erative relationship of participants is different under dif-
ferent cooperation modes of projects, the composition of
the crucial participants is related to the partnering models
of projects, such as DBB, EPC, BOT et al. In this study,
the content is based on the background of the traditional
project management mode (Design-Bid-Build, DBB). In
addition, this study focuses on the construction stage in
DBB mode and the designer is not directly involved in the
construction process unless the design alteration. So, the
realization of the objectives and interests is mainly affected
by the decision-making of the owners, contractors and
supervisors. Meanwhile, in order to highlight the main
influence mechanism of rent-seeking decisions, only the
owners, supervisors and contractors who play a key role in
the construction of the project are considered, while other
participants such as suppliers are ignored.

The realization of project objectives is based on the
changes of the behavior decisions of the owners, super-
visors, contractors and other participants. The behavior
of each subject is affected by its own behavior decisions
and the behavior decisions of other subjects. Its essence
is the dynamic process of continuous learning, analy-
sis, decision-making and game of all participants. In the
construction of engineering projects, the problems of the
incomplete information of stakeholders involved in the
project and the bounded rationality of participants are
obvious. Therefore, bounded rational evolutionary game
theory is an effective tool to analyze the rent-seeking deci-
sions of engineering participants (Xie, 2007).

This research combines system dynamics method
with evolutionary game theory to analyze and simulate
the impact of rent-seeking of the participants. In order to
get a more intuitive result of the dynamic process of the
tripartite gaming, this research adopts a system dynamics
software — Vensim, together with a case-based simulation
to find the influence mechanism of rent-seeking in con-
struction projects and furthermore provide management
suggestions to prevent such behaviors.

The steps are as follows: first, the relationships among
the three participants are described and hypothesis of
evolutionary game theory are set according to the behav-
ioral characteristics of the participants; second, a payoft
matrix of the trilateral game is established and the payoft
model of each participant is set up accordingly; third, the
replicated dynamic equation is established in terms of the
payoff model of the owner, supervisor and contractor, and
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Figure 1. The research framework of rent-seeking game

the stability of evolutionary game of owner A, supervisor
B and contractor C is analyzed respectively; fourth, the
system dynamic model is established via Vensim software,
and then the interactions among participants on each fac-
tor are revealed through a case-based simulation; finally,
management suggestions are provided to prevent rent-
seeking for project owner. The framework of this research
is presented in Figure 1.

3. Behavioral characteristics
and fundamental hypothesis

3.1. Behavioral characteristics and interactive
relationships of the participants

The profit seeking behavior of each subject and the change
of its decision-making in the construction project will
have an important impact on the project objectives, and
will have a significant impact on the realization of the in-
terests of other subjects in the construction project. The
owner is direct investor in engineering projects. They usu-
ally want to obtain buildings with the lowest cost, the best
use function and the shortest construction period. As an
independent economic entity, in order to maximize their
own interests, engineering construction contractors may
violate professional ethics and make behaviors inconsist-
ent with the contract. The supervisor supervises the qual-
ity, progress and cost of the project on behalf of the owner
in the form of contract, but the supervisor is likely to col-
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lude with the contractor in pursuit of additional income.
It will seriously affect the realization of project objectives
and overall benefits and cause the loss of interests of the
owner. In order to reduce the risk of engineering con-
struction and ensure the realization of engineering con-
struction objectives, the owner will inevitably strengthen
supervision to prevent the occurrence of rent-seeking
of contractor and supervisor. Therefore, the cooperation
among the owner, contractor and supervisor is accompa-
nied by a game and it runs through the whole process of
project construction management.

In a construction project under traditional DBB mode,
the interactive relationships of the owner, supervisor and
contractor (project main participants) are as follows. The
owner signs the construction contract with the contrac-
tor winning the bid so that the latter ones are responsible
for the construction of the project. Meanwhile, the owner
signs supervision contract with the supervisor to autho-
rize him to supervise the projects. The contractor is under
supervision of the supervisor although there is no direct
contract relationship between them. Among the interac-
tions, the supervisor and the contractor may conspire
against the owner to obtain more benefit (illegal revenue)
than those defined in the contract. In this situation, they
two forms a cooperation gaming relationship and a rent-
seeking happens.

Based on the current situation and the behavior char-
acteristics of the owner, supervisor and contractor in-
volved in the construction project, it is known that: (1)
neither the supervisor nor the contractor knows if the
owner supervises them; (2) the owner has the right to
choose to supervise them or not; (3) the owner does not
know the rent-seeking without supervising, but it may not
be detected even with supervising. In summary, the three
participants form an incomplete information game.

3.2. Fundamental hypothesis of evolutionary game

In this research, the letters A, B and C represent the own-
er, supervisor, and contractor, respectively. Additional cost
occurs when the owner decides to supervise the other par-
ticipants and this cost often increases with the scale of the
project. Therefore, the supervision cost can be calculated
as d*P, where P is a value representing the scale of the
project and d is the supervision cost ratio. The normal rev-
enue of the owner is V and that of the supervisor, which
is paid by the owner, is e*P, where e is the supervision
fee ratio. The d and e are based on the historical statistic
data. If a rent-seeking happens, the total revenue of the
contractor is R(V > R) and the supervisor gets a bribe of
k*R from the contractors, 0 < k < 1. Specific assumptions
are as follows:
(1) There are two kinds of strategies for the owner,
supervisor, and contractor each to choose from.
The owner can choose to supervise or not; the su-
pervisor can choose to invite the contractor to the
rent-seeking conspiracy or not, the contractor can
choose to accept the invitation or not.

(2) If the owner decides to supervise the supervisor
and contractor, an additional cost of d*p is re-
quired. If the rent-seeking decisions are detected, a
penalty is applied. The contractor shall pay m times
of his illegal revenue (m*R) and the supervisor
should pay n times of his illegal revenue (n*k*R).

(3) The likelihood of the owner’s decision of supervi-
sion/ no supervision is x/1 - x; the likelihood of
successfully/ failure of detecting the rent-seeking
is g/1 - g; the likelihood of the supervisor’s deci-
sion of rent seeking/ no rent-seeking is y/1 - y; the
likelihood of the contractor to accept/ refuse the
rent-seeking is z/1 - z.

(4) All the variables are real positive numbers. And
0<x<1;0<y<1;0<z<1;0<q<l;0<k<1;
e>0,d>0;P>0,m>1;n>1.

According to rent-seeking theory and evolutionary
game theory, the four factors on rent-seeking are obvious
to obtain based on practices of construction project, in-
cluding supervision cost, supervision likelihood, supervi-
sion success rate and penalty intensity factor. Similar stud-
ies can be seen in previous related researches (Feng et al.,
2019; Mei et al., 2017; Shurong & Miao, 2012). Addition-
ally, complexity and the unprecedented scales of projects
make them difficult to manage, the cost often increases
with the scale of the project (Yang et al.,, 2018). There-
fore, the project size can be seen as an equally important
factor. Specially, project scale (P) refers to the size of the
project to be supervised by the supervisor. If the scale of a
single project is big, the owners can divide it into several
smaller unit projects and hire the same number of super-
visors to supervise them separately. So, project scale can
be changed in the middle stage of project supervision. The
value of project size (P) is a relative value, which is simply
calculated according to the area of the supervised project.

4. Rent-seeking decisions game model
of project main participants

Based on the theory and methodology of evolutionary
game, the behavior decisions of the owner, supervisor and
contractor involved in the project depend on the payoft of
their own behaviors. Therefore, a payoff matrix of the tri-
lateral game is established based on the previous assump-
tions, as shown in Table 1.

4.1. The payoff model of each participant

As a bounded rational participant prefers the strategies
whose payoff is better than the others on replicator dy-
namics, based on the payoff matrix, the payoff models
of the owner, supervisor and contractor are constructed
separately.

4.1.1. The payoff model of the owner

Assuming that the owner’s payoff when the supervision
strategy is chosen is E,; and the payoff otherwise is E,,
E,, and E,, are calculated by Eqns (1) and (2).
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Table 1. The payoff matrix of the trilateral game
Owne?r (A) Owner (A)
supervises (x) does not supervise
success(q) fail (1 - q) (1-x
Contractor (C) accepts {V+(m+nk)R—dP—eP, {V—R—dP—eP, {V—R—eP,
Supervisor (B) rent-seeking (z) (1—n)kR+eP, (1—m—k)R} eP+kR, (l—k)R} eP +kR, (l—k)R}

seeks rent (y) Contractor (C)

(1-2)

refuses rent-seeking {V—dP—eP, eP, 0} {V—dP—eP, eP, O} {V—eP, eP, O}
(1-2)
Contractor (C) accepts | (v _qp_ep, P, 0} [V—dP—eP, eP, 0} {V—ep, P, 0}
Supervisor (B) rent-seeking (z)
does not seek Contractor (C)
rent (1 -y) refuses rent-seeking {V —dP—eP, eP, 0} {V —dP—eP, eP, 0} {V —eP, eP, 0}

Note: In this payoff matrix, three values of each group of data represent the total revenue of the owners, supervisors and contractors
respectively under the corresponding strategy selection. For example, the first set of data {V + (m + nk)R- dP - eP, (1 - n)kR + eP,
(1 - m - k)R} means that the owner chooses to supervise and supervises successfully. At the same time, in the case of rent-seeking by
both the supervisor and the contractor, the total revenue of the owner is V + (m + nk)R - dP - eP, the total revenue of the supervisor
is (1 - n)kR + eP, and the total revenue of the contractor is (1 - m - k)R. Among them, the total revenue of the owner includes the
owner’s normal revenue V, the penalty mR for the contractor after successful supervision and verification, the penalty nkR for the
supervisor, the supervision cost dP and the supervisor’s remuneration eP. Similarly, the total revenue of other participants under dif-

ferent strategy combinations can be obtained.

Ea; =v2q[V +(m+nk)R —dP —eP]+
yz(1-q)(V-R—-dP—eP) +
y(1-2)q(V —dP —ep) +
y(1-2z)(1-q)(V—-dP—eP) +
(1-y)zq(V—dP—eP) +
(1-y)z(1-q)(V—dP—eP) +
(I-y)(1-2z)q(V—-dP—eP) +

(1-y)1-2)(1-q)(v-dP-eP); 1

Ep, =y2(V-R—ep)+y(1-2z)(V—eP) +

(1=y)z(V —eP) +(1-y)(1-2z)(V —eP). )
The simplification of the two equations above are:
E,; =V-dP-eP+yzR[(m+nk+1)q—1]; (3)
E,, =V-eP-yzR. (4)

4.1.2. The payoff model of the supervisor

Assuming that the supervisor’s payoff when rent-seeking
is chosen is Eg; and the payoff otherwise is Eg,, Ep; and
Epg, can be calculated by Eqns (5) and (6).

Ep; =xqz[(1-n)kR +eP]+x(1—-q)z(ep + kR) +
(I1-x)z(ep+kR) +xq(1—2z)eP+x(1—q)(1—z)eP +
(1-x)(1—2)eP; (5)
Ep, =lzxq+zx(1- Q) +z(1-x)+ (1 - z)xq +
(I-2)x(1-q)+(1-2z)(1-x)]eP. (6)
The simplifications of the two equations above are:
Ep, =zkR(1-nxq) +eP; (7)
Ej, = eP. (8)

4.1.3. The payoff model of the contractor

Assuming that the contractor’s payoft of choosing to agree
the rent-seeking is E¢; and the payoft otherwise is E,,
E¢; and E(, can be calculated by Eqns (9) and (10).

Ec; =xqy[(1 - m-Kk)R]+x(1 - q)y(1 - k)R +

(1 -x)y(1-k)R; ©)
Eg, =0. (10)
The simplifications of the equations are:

E; = yR(1-k—xqm); (11)
Ec, =0. (12)

4.2. The replicated dynamic equation and
the stability of the evolutionary game

In order to analysis the evolutionary game process among
the owner, supervisor and contractor, the replicated dy-
namic equations based on the evolutionary game theory
are proposed, as shown in Eqns (13)-(15).

% =x(E;, ~Ep)=x{Ey; —[xE,, +(1-X)E, ]} =
x(1-x)(Ey; —Epp)s (13)
% =y(Eg, —Eg) =y{Eg, —[yEg, + (1-y)Ep, I} =
y(1=y)(Eg; —Eg, ) (14)
% =2(Ec; —Ec) =2{Eq; —[2E¢; +(1-2)E, ]} =
2(1-2)(E¢; —Ecy). (15)
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Equations (3), (4), (7), (8), (11) and (12) are substi-
tuted into Eqn (13) to Eqn (15) above, and the following
equations can be obtained.

%:x(l—x)[yzqR(m+nk+1)—dP]; (16)
% =y(1-y)zkR(1 - nxq); (17)
%:z(l—z)(l—k—xqm)yR. (18)

The evolutionary stability of the strategies of owner A,
supervisor B and contractor C is analyzed as follows.

4.2.1. Evolutionary stable analysis of owner A

Equation (16) is the replicated dynamic equation of
owner A: % =x(1-x)[yzqR(m + nk +1) —dP], let F(x) =
dx dt
T
of the strategic stability of the owner is as follows:

x(1-x)[yzqR(m + nk +1) — dP]. The specific analysis

(1) When yz :d—P, then F(x) = 0, and
qR(m+nk+1)
any x is a stable point.
(2) When yz;éd—P, let F(x) = 0, obtain
gqR(m +nk +1)

that x = 0 and x = 1 are two stable states of the
replicated dynamics. Then the neighborhood sta-
bility of the stable state is discussed, that is, the
equilibrium state with robustness for small devia-
tion disturbance is discussed. According to nature
of evolutionary game stable strategy and the stable
theorem of differential equation, when a stable
state must be robust to small disturbances, it is the
evolutionary stable strategy (ESS) of game. The de-

rivative F'(x") of F(x) must be less than zero at the
dF(x")

stable state x', that is, when <0, X" is the

X
evolutionary stable strategy (ESS).

In this game, when dF()
dx

dP]<0:
dp dp

1) If ————>1, then yz<l<————,
qR(m+nk+1) qR(m +nk +1)

and x = 0 is an evolutionary stable strategy (ESS).

dp
2) If ——————— <1, it is divided into two situa-
qR(m+nk +1)

tions:
dp

qR(m+nk +1)
lutionary stable strategy (ESS);
dp
qR(m+nk+1)
lutionary stable strategy (ESS).

=(1-2x)[yzqR(m +nk +1) —

when <yz<1, thenx = 1 is an evo-

when yz< <1, then x = 0 is an evo-

4.2.2. Evolutionary stable analysis of supervisor B

Equation (17) is the replicated dynamic equation of super-

visor B: d_y_ y(1-vy)zkR(1 - nxq), let F(y)=%=y(1—

dt t

y)zkR(1 - nxq). The specific analysis of the strategic sta-
bility of the supervisor is as follows:

(1) When x :L, then F(y) =0, and any y is a stable
point.

(2) When x ;ti, let F(y) = 0, obtain that y = 0
n

and y = 1 arc:1 two stable states of the replicated
dynamics. According to the nature of evolution-
ary game stable strategy and the stable theorem of
differential equation, when a stable state must be
robust to small disturbances, it is the evolutionary
stable strategy (ESS) of game. The derivative F'(y")

of F(y) must be less than zero at the stable state

dF(y")

y', that is, when <0, y is the evolution-

Y
ary stable strategy (ESS).

In this game, when @ =(1-2y)zkR(1 - nxq) <O0:

1 1
1) If —>1, then x<1<—, at this time 1 - nxq >
nq nq
0, and y = 1 is an evolutionary stable strategy (ESS).
1
2) If — <1, it is divided into two situations:
nq
1
when —<x<1,then1-nxq<0,andy=0isan

nq
evolutionary stable strategy (ESS);
1
when x<—<1,then1 - nxq >0, and y=11is an

nq
evolutionary stable strategy (ESS).

4.2.3. Evolutionary stable analysis of contractor C
Equation (18) is the replicated dynamic equation of

contractor C: % =z(1-z)(1-k—xqm)yR, let F(z)=
% =z(1-z)(1-k —xqm)yR. The specific analysis of the
strategic stability of the contractor is as follows:

(1) When x =ﬂ, then F(z) =0, and any z is a stable
point. -k

(2) When x#——, let F(z) = 0, obtain that z = 0
m

and z = 1 are two stable states of the replicated
dynamics.

According to the nature of evolutionary game stable
strategy and the stable theorem of differential equation,
when a stable state must be robust to small disturbances,
it is the evolutionary stable strategy (ESS) of game. The
derivative F'(z") of F(z) must be less than zero at the stable

state z', that is, when dF(z ) <0, 7" is the evolutionary
stable strategy (ESS). z
dF(z)

In this game, when =(1-2z)(1-k—xqm)yR <0:

1) If ﬂ>1, then x<1<1;, at this time 1 - k -

qm qm
xqm > 0, and z = 1 is an evolutionary stable strategy
(ESS).

1-k
2) If ——<1, it is divided into two situations:
gm
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when ﬁ<x<l, then 1 -k - xqm < 0, and z =
qm
0 is an evolutionary stable strategy (ESS);
when x<ﬂ<l, then1 -k - xqm >0, and z =
qm
1 is an evolutionary stable strategy (ESS).

5. Simulation and discussion based
on system dynamics

In order to simulate the game process of the three partici-
pates, based on the Eqns (16) to (18), the system dynamic
model is established via Vensim software. The system flow
diagram is shown in Figure 2. In this simulation, accord-
ing to the previous evolutionary game assumptions, the
owner supervision cost is expressed as d x P. The supervi-
sor gets a bribe of k x R from the contractors. The penalty
intensity on the contractor is expressed as m x R. The pen-
alty intensity on the supervisor is expressed as n x k x R.

Based on the established game utility matrix and repli-
cated dynamic equation of three participants in engineer-
ing construction, the system dynamics model is construct-
ed for simulation analysis. In order to predict and com-
pare dynamic simulation clearly and intuitively, this paper
takes GS project as an example for simulation calculation.
For the generality of simulation, based on evolutionary
stable analysis, the parameters meet the conditions:

dp 1 1-k

— <1, —<1, —<1.
qR(m+nk+1) nq qm

In this project case, the initial scale of the project is 5,
the owner’s avenue (V) is 100,000 CNY if the project is
delivered on schedule, the supervision fee of the supervi-

1;

Project Scale (P)
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sor paid by the owner is 15,000 CNY (e is 0.3) and the
addition supervision cost of the owner is 10,000 CNY (d
is 0.2). If the rent-seeking happens, the contractor can get
an illegal revenue (R) of 8,000 CNY and the bribe given to
the supervisor by the contractor is 3,200 CNY (k is 0.4).
The likelihood of the owner’s successful detection of the
rent-seeking is 0.7. When detected, the owner will claim 2
times the supervisor’s illegal revenue (n = 2) and 1.5 times
the contractor’s illegal revenue (m = 1.5). The specific pa-
rameters are shown in Table 2.

Table 2. The parameters of the three participants gaming
of the case project

Parameters Value Parameters Value
\' 100,000 R 8,000
P 5 k 0.4
q 0.7 n 2
d 0.2 m 1.5
e 0.3

5.1. The evolutionary stability of the game model

The first step of the evolutionary game analysis is to check
its evolutionary stability. By setting up four groups of dif-
ferent initial values of x, y, and z to simulate: (x = 0.3,y =
02,z=02),(x=05y=02,2z=0.2), (x=07y=0.2,
z=0.2), (x=0.5y=0.5z = 0.5), the simulation results
corresponding to four groups of initial values can be ob-
tained, as shown in Figure 3.

According to Figure 3, although the likelihoods of the
three participants’ behavior decisions are different, the
evolution results of the x, y and z are all equal to 1, namely

Owner’s Penalty
Intensity on Supervisor

(n)

4 /‘ ne_r’_s Success Rate of the S Supervisor’s
A i Supervision L ——— Oyners Supervision (q) . s = Rent-seeking
dx/dt ikelihood (x) dy/dt Likelihood (y)
\\_/
Total Revenue of <]
ontractors Bribe Rate of Supervisor
from Contractor (k)
Owner’s Supervision
Cost Ratio(d)
R Contractor’s
Owner’s Penalty - 4 Acception
Intensity on R — Likelihood (z)
Contractor(m)

dz/dt ‘</

Figure 2. The system flow diagram of the three participants gaming
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the evolution stable point is (x = 1, y = 1, z = 1), indicating
that the behavioral strategies of the owner, supervisor and
contractor are stable in the states of supervising, seeking
rent and accepting rent-seeking. The reasons can be ex-
plained as: (1) No matter how likely the owner choose to
supervise rent-seeking at first, the supervisor and the con-
tractor will definitely participate in a rent-seeking conspir-
acy for more benefit. That is because the project, which
has a large investment, numerous participants, long con-
struction period and intricate project objectives includ-
ing quality, schedule, cost, health, safety and environment
(HSE), is in a dynamic social-economic environment and
difficult to be thoroughly supervised by the owner so that
the supervisor and the contractor tend to participate in
rent-seeking. (2) No matter what the initial likelihood of
the supervisor and contractor choosing to rent-seeking is,
the owner will eventually choose to hire S to supervise the
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Figure 3. The simulation results of the four initial values

behaviors of the supervisor and contractor. As the owners
know that the supervisors and the contractors are likely
to choose the illegal but more beneficial strategy(rent-
seeking), supervising them is a preferable strategy.

5.2. The impact of project scale
on the participants’ behaviors

In this simulation, in order to analyze the impact of the
change of project scale(P) on the participants’ behaviors,
the project scale increases from P1(4.5) to P2(4.8), P3(5.1)
and finally to P4(5.4) sequentially while keeping the x, y
and z unchanged (x = 0.5, y = 0.2, z = 0.2). Here, project
scale (P) refers to the size of the project to be supervised
by the supervisor. If the scale of a single project is big, the
owners should divide it into several smaller unit projects
and hire a supervisor to supervise them each. The simula-
tion results are shown in Figure 4.
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Figure 4. The simulation results under project
scale P1, P2, P3 and P4
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According to Figure 4, the change of project scale P
has different effects on the behaviors and decisions of the
owner, the supervisor, and the contractor. There are vari-
ous impacts of project scale on the behavioral decisions of
the owner, supervisor and contractor: (1) For the owner,
with the increase of the project scale, the time to enter
the stable state of supervision is gradually delayed. This
phenomenon can be explained that the complexity, invest
and schedule increase with the project scale. Therefore,
the owner must spend more time on other project issues
before supervising the supervisor and contractor. In addi-
tion, the supervision cost also increases with the project
scale. (2) For the supervisor, as the project scale increases,
his behavior shifts from non rent-seeking to rent-seeking.
This is because the larger the project scale is, the more
difficult it is to detect the rent-seeking of the supervisor.
(3) For the contractor, he will always choose to accept the
rent-seeking regardless of the project scale. One possible
reason is that the irresistible temptation of huge illegal re-
turn can drive the contractor to trade the overall project
performance for his own interests.

5.3. The impact of the owner’s supervision
likelihood on the participants’ behaviors

In this simulation, in order to analyze the impact of the
change of owner’s supervision likelihood on the partici-
pants’ behaviors, the likelihood of the owner’s supervision
changes from x1(0.5) to x2(0.7), x3(0.8), and x4(0.9) se-
quentially while keeping the y and z unchanged (y = 0.5,
z = 0.5). The simulation results are shown in Figure 5.

0 20 40 60 80 100 120 140 160 180 200

Time (Week)
yixl —4—F—F— y:x3 —3—3—3—
y:x2 ——2—2—2— y: x4

100 120 140 160 180 200
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Figure 5. The simulation results of the owner’s supervision
likelihood x1, x2, x3 and x4

According to Figure 5, it is obvious that the increase
of the likelihood of the owner’s supervision can postpone
the rent-seeking decisions of the supervisor and contrac-
tor. This phenomenon indicates that if the owner has more
tendency of supervision, although it cannot totally prevent
the rent-seeking, it can delay its occurrence. So, more time
can be provided to make the project be implemented ac-
cording to plan. The restriction and warning of the im-
provement of owner’s supervision probability can restrain
the illegal and unreasonable profit-seeking behavior of
participants to a certain extent.

5.4. The impact of the success rate of the owner’s
supervision on the participants’ behaviors

In this simulation, in order to analyze the impact of the
success rate of the owner’s supervision on the participants’
behaviors, the success rate of the owner’s supervision
changes from q1(0.3) to q2(0.5), and q3(0.7) sequentially
while keeping the x, y and z fixed (x = 0.5, y = 0.2, 2= 0.2).
The simulation results are shown in Figure 6.

According to Figure 6, the impacts of the success rate
of the owner’s supervision on the behaviors of the owner,
supervisor and contractor are different from one another:
(1) The impact on owners is reflected in two aspects. First,
as the success rate increases, the owner’s stable strategy
changes from “not supervise” to “supervise”. Second, the
stable point of the owner’s supervision comes earlier with
the increase of the success rate. Therefore, when employ-
ing professional institutions to supervise the supervisor
and contractor, the owner should choose institutions with
strong professional knowledge and good reputation to
improve the success rate of supervision. (2) The impact
on the supervisor is as follows: With the increase of the
success rate, the supervisor is less likely to seek rent and,
once the rate reaches a certain value, he will give up rent-
seeking. (3) The impact on the contractor is insignificant,
indicating that he will choose to accept the rent-seeking
regardless of the success rate of the owner’s supervision.

5.5. The impact of the owner’s supervision cost on
the participants’ behaviors

From the previous assumptions, the owner supervision
cost is expressed as dP. When the project scale (P) is fixed,
the supervision cost is directly proportional to d, so this
study analyzes the impact of d on the participants’ behav-
iors. In this simulation, in order to analyze the impact of
the owner’s supervision cost, the supervision cost ratio
changes from d1(0.18) to d2(0.19), and d3(0.20) sequen-
tially while the x, y and z remain unchanged (x = 0.5,y =
0.2,z = 0.2). The simulation results are shown in Figure 7.

Based on Figure 7, the impacts of the owner’s supervi-
sion cost on the behaviors of the owner, supervisor and
contractor are different from one another: (1) For the
owner, as the supervision cost ratio(d) increases, the own-
er needs to invest more staff, funds, and time on his su-
pervision, which leads to postpone choosing supervision.
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Figure 6. The simulation results of the success rate of the
owner’s supervision of q1, g2 and q3

(2) For the supervisor, as the owner’s supervision cost in-
creases, the behavior of the supervisor will shift from non
rent-seeking to rent-seeking. That is to say, the increase
of owner’s supervision cost will encourage supervisor’s
rent-seeking decisions. The result shows that under the
condition that the supervision likelihood and success rate
remain unchanged, the owner increases the supervision
cost and invests more staff and funds simply, which can-
not effectively reduce the rent-seeking. On the contrary;, it
is easier for the supervisor to find that he is being super-
vised and take tricks to avoid being caught rent-seeking.
(3) For the contractor, there is no impact of the supervi-
sion cost on him because he is so lured by the huge illegal
revenue that he will take the risk of rent-seeking.

0.75

0.50

0.25

0 20 40 60 80 100 120 140 160 180 200

Time (Week)
xdl —4—F——+—
xd2 —2——2—2—

x:d3 —3——3—3—

1.00

0.50

0.25

0 20 40 60 80 100 120 140 160 180 200

Time (Week)
y:dl —4—t—t—
yd2 —2—>2 5

y:d3 —8—3—-3—

z
1.00 -9
0.75
0.50
0.25
0
0 20 40 60 80 100 120 140 160 180 200

Time (Week)
z2dl ——F——F—
z:d2 —2——2—2—

z:d3 —8—3—3—

Figure 7. The simulation results of the owner’s supervision
cost of d1, d2 and d3

5.6. The impact of the owner’s penalty intensity on
the participants’ behaviors

As the owner will penalize the supervisor and contractor
when rent-seeking is detected, the impact of the owner’s
penalty intensity on the supervisor and contractor is dis-
cussed separately. In both situations, the x, y, and z remain
unchanged, namely x = 0.5,y = 0.2, and z = 0.2.

5.6.1. The impact of the owner’s penalty intensity on
the supervisor’s behaviors

In the situation of the impact of the owner’s penalty in-
tensity on the supervisor’s behaviors, the penalty intensity
coefficient (n) of the supervisor changes from n1(1.8) to
n2(2.2), and n3(2.5) sequentially. The simulation results
are shown in Figure 8.
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Figure 8. The simulation results of the owner’s penalty intensity
on supervisor of nl, n2 and n3

5.6.2. The impact of the owner’s penalty
intensity on the contractor’s behaviors

In the situation of the impact of the owner’s penalty in-
tensity on the contractor’s behaviors, the penalty intensity
coefficient (m) of the contractor changes from m1(1.3) to
m2(1.5) and m3(1.7) sequentially. The simulation results
are shown in Figure 9.

According to Figure 8 and Figure 9, the change of
penalty intensity has a significant impact on the partici-
pants’ behaviors, especially on the supervisor’s behaviors.
That is: (1) For the owner, his supervision stability comes
earlier as the penalty intensity rises, that is because the
owner’s motivation of supervision rises with the penalty
intensity and thus, he tends to supervise earlier. In other
words, with the increase of penalty intensity, owners have
more incentive to choose supervision strategy and will
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Figure 9. The simulation results of the owner’s penalty intensity
on contractor of m1, m2 and m3

adopt supervision measures earlier. (2) For the supervi-
sor, with the increase of the penalty intensity, the supervi-
sor is forced to alter his strategy from rent-seeking to non
rent-seeking, and the higher the penalty intensity is, the
earlier the supervisor’s stability of non rent-seeking comes.
It indicates an obvious deterrent effect on the supervisor
of the penalty intensity. (3) For the contractor, the impact
of the owner’s penalty intensity on him is less significant
because the temptation for an additional profit can drive
him to take a risk to pursue it.

Conclusions and management implications

Based on the analysis in the previous chapters, some con-
clusions can be drawn as follows:

1. During the gaming process of the three project par-

ticipants, the participants’ behaviors of the owner,
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the supervisor and the contractor affect and restrict
each other with different extents. In addition, their
behavior strategies are also affected by other factors
including project scale, supervision cost and super-
vision success rate. The participants’ rent-seeking,
which is non-productive, can lead to unfair compe-
tition, resource unreasonably distribution and dis-
harmony of the mutual-value-realization among the
stakeholders. The final performance of project con-
struction management is determined by the gaming
of participants in engineering construction.

2. For the owner, the increase of supervision success
rate and penalty intensity can advance his earlier
supervision, while the increase of project scale and
supervision cost will delay it. It is noteworthy that
simply increasing the supervision input without
raising the success rate cannot reduce the rent-seek-
ing. On the contrary, such measures may alert the
supervisor and contractor and make them use tricks
to easier escape from being supervised.

3. For the supervisor, the increase of project scale and
the increase of owner’s supervision cost can also
increase his tendency of rent-seeking, while the
increase of supervision probability can delay rent-
seeking decisions. On the contrary, the increase of
supervision success rate and the increase of penalty
intensity can prevent rent-seeking, and the further
increase of the penalty intensity will promote them
to refuse the rent-seeking strategy.

4. For the contractor, the factors such as the temp-
tation of huge interest, belief of good fortune and
more consideration of the economical goals can
drive him to choose to accept the rent-seeking in
any situation. However, the increase of likelihood
of the owner’s supervision can delay contractor’s
rent-seeking decisions, while the changes of project
scale, supervision success rate, supervision cost and
penalty intensity have very limited impact on con-
tractor’s rent-seeking decisions.

Based on the evolutionary game and system dynamics
simulation analysis above, from the perspective of project
owners, some management suggestions to normalize the
behavior of participants are put forward as follows:

— First, for a single construction project with a large
project scale, it can be appropriately divided into sev-
eral smaller unit projects for supervision respectively,
and the same number supervisors can be hired to su-
pervise these unit projects respectively.

- Second, the owners can properly increase the fre-
quency of supervision to increase the supervision
likelihood, which can effectively delay the rent-seek-
ing decisions of the supervisors and contractors.

- Third, the owners should pay attention to the im-
provement of the success rate of supervision, so
professional supervisory entities should be hired as
the agents of the owners to supervise the supervisor
and the contractor instead of excessively increasing
the input of supervision personnel and materials for

the supervision. Blind investment cannot effectively
prevent rent-seeking decisions of the supervisors and
contractors.

- Finally, increasing the penalty intensity on the super-
visor and the contractor has a significant deterrent
effect on the supervisor and can effectively curb the
rent-seeking of the supervisor, but this strategy has
a very limited impact on contractors. Therefore, it is
advisable that the owners’ management and selection
of contractors at the tendering-bidding stage should
be straightened to award the bid to the contractor
with high skill and good reputation level. Only in
this way the contractors’ rent-seeking behavior can
be prevented at the very beginning. In this way, the
owner can avoid the occurrence of rent - seeking be-
havior of the contractor from the beginning of the
project.

A new approach, combining the system dynamics
method with evolutionary game theory, is used to analyse
and simulate the impact of rent-seeking decisions among
main participants in this study, and furthermore some
management suggestions are proposed to prevent rent-
seeking based on the analysis. This research can help the
project owners to prevent rent-seeking of the supervisors
and the contractors to improve the performances of the
projects. However, this study has the following limitations
or future directions for the subsequent research: First,
only the owners, supervisors and contractors who play a
key role are considered, while other participants such as
designers and suppliers are ignored. More participants will
be considered in the following research; Second, this study
is carried out under the traditional DBB model. The next
step is to study the impacts of other partnering models of
projects, such as EPC, BOT et al. and to further study the
differences of rent-seeking under different modes; Third,
only internal factors are considered, and external envi-
ronmental factors can be studied to extend the studies on
rent-seeking in construction.
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