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Abstract

This paper aims to develop a quantitative game Iinfmlepreventing construction project managers fromoral hazard
problem from the standpoint of construction entesgs in China. The authors analyze the source®wdteuction managers’
moral hazard behaviors under China’s specific ditas on the basis of the principal-agent theostablish a game theoretic
model to analyze the moral hazard problem betweamstcuction enterprises and construction projectnangers, and
calculate the equilibrium solution through buildingy the payoff matrix. The quantitative charactatian of risk deposit
system and performance appraisal system, whichtbedfieviate the moral hazard problem of constimeiproject managers,
are crucial contribution of this paper. The solutforesults show that the probability of moral hakzaroblem of construction
project managers can be reduced after implemenisigdeposit system and performance appraisal systehich prove that
the two systems could be taken as the effectivasuresaby construction enterprises to address mbeadard problem of

construction project managers.

Keywords: Building operations, Construction project manadégral hazard, Game model.

1. Introduction

Construction project managers play the key role in
construction project, they work with project sporssdead
the project team members and other involved petple
work for realizing the goals and objectives of damgtion
enterprises [1]. As a manager, he/she is respensibl
initiating, planning, executing, monitoring and tratliing
of a project until it is finished properly [2]. Trefore, the
actions of construction project managers are smitapt
for project success that construction enterprisage hto
spend much time and energy supervising. A constmct
enterprise usually signs a contract with a constnc
project manager in order to ensure him/her get the
expected results by constraining his/her behavi@fere
the implementation of project. Once after the caettris
signed, a principal-agent relationship is set upe t
construction enterprise is a principal while thastouction
project manager is an agent. Even though principals
heavily rely on such managements strategies tait elic
desired performance from their agents, there avatsins
where work contracts cannot fully control constinct
project managers’ behavior, and thereby can gaetd
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undesirable behavioral responses (from construction
enterprises’ standpoint). This unwanted behavior by
construction project managers is well-known asrttogal
hazard problem hijdden actioh in the economics and
management literatures [3, 4, 5, 6].

In recent decades, Chinese scholars have done
extensive researches on moral hazard problem in
construction industry. Zhu [7] and Li [8] discusket
reasons of moral hazard problem of constructiorjepto
managers (agents) and provide several precautioos
the qualitative perspective. Yan [9], Gao et al][Tthen et
al [11], Zhu et al [12], Liu et al [13] and Qian4lmake a
further study to explain the reasons of moral hézar
problem of construction project managers by esthilg a
guantifiable model, and simultaneously proposed esom
suggestions to prevent agents from moral hazardigmo
However, the studies mentioned above only presataio
measures to resolve moral hazard problem withontipg
further the feasibility of the approaches by quatitie
method. The basic summary of previous studies oraimo
hazard problem of managers is illustrated in Table

To analyze moral hazard problem of construction
project managers, a game theoretic model between
construction enterprises and construction projemagers
is established by applying game and principal-agent
theory. In this model, the classical assumptiont tha
construction enterprises are risk-neutral and coason
project managers are risk-adverse is used as doeettical
basis [26]. Moreover, all the behaviors of condiorc
enterprises and construction project managers are
guantified so that the game equilibrium solutiom dze
calculated in the payoff matrix. Finally, the opgim
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probability a*, 3* can be obtained and their value range
with the change of supervision success probaljilityan

be also determined.

Table 1 The basic summary of previous studies on morattbgroblem of managers

Typical Scholars Year Main contribution
. Discussed the reasons of moral hazard problem nhges
Da(rg\?nngzzhh;ry][lS] 3882 (agents), including asymmetric information, envimantal
Baiii Ei ot aI[98] 2008 uncertainty and the incompleteness of the contrapctsided
) several precautions from the qualitative perspectiv
Wei Yan [9] 1999
T\gingcigﬂ etef‘gﬁg]l] ;88; Analyzed the reasons of moral hazard problem ofapers
Bing Zhu gt al[12] 2005 by establishing a quantifiable model, and propasede
Ziwgi Liu et al[13] 2007 suggestions to prevent agents from moral hazarol¢mo
Liangqun Qian[14] 2009
Heping Tang[16] 2000 Proposed to use the optimal capital allocation,aganal
Sunil Dutta[17] 2003 compensation and bonus contract to give the masager
Antonio E. Bernardo et al[18] 2004 incentives to control their moral hazard.
Xia%]%onhu;héhnengt[;?[]ZO] 2882 Proposed to take stock options in the incentivareghto
Baomir? Dongget al[21] 2013 alleviate moral hazard problem of managers.
Provided the methods to determine the optimal
Lejiang Hu et al[22] 2009 compensation, potential level and optimal effoveleof
Timothy M. Rose et al[23] 2009 managers in order to promote the effectivenesmanhtial
incentives.
. Analyzed the incentive mechanism for project mamaged
ng%’:ﬂghfg[%gf alf24] 2822 its shortcomings and gave some suggestions to s&lthre

moral hazard problem from the point of project goeace.

The purpose of this study is to examine some sisti
to the moral hazard problem of construction project
managers. In particular, two solutions includingkri
deposit system and performance appraisal systetrcdma
decrease moral hazard behaviors probability of
construction project managers. With introducingséhévo
solutions, there is a change of the game equilibriu
solution and the results show that the construgbicoject
managers’ moral hazard behaviors probabilitypecomes
smaller, which indicates that it is effective toeypent
construction project managers from moral hazardlpro
by introducing risk deposit system and performance
appraisal system.

The rest of the paper is organized as follows. iSe&@
presents related knowledge about the respongisilgind
sources of moral hazard behaviors of constructimjept
managers. Section 3 considers the basic model wk ga
theory and presents our main assumptions. Section 4
introduces two solutions to resolve the moral hadzar
problem of construction project managers and aealyz
their feasibilities. Section 5 concludes.

2. Related Knowledge
2.1. The responsibilities of construction proje@magers

The construction project management team works
under construction project managers’ leadership,
construction project managers play a very importaife
on the operation of the project. The engineeriractice
has proved that a competent project manager wtus laa
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weak project management team is more likely to eadc
in the project than a weak project manager whodead
strong project management team [27]. The main slufe
the project managers are providing specializedices\as
agents of the construction enterprises by virtuethefir
own qualities, knowledge and abilities. Their mdities
can be specifically summarized as follows [28, 29]:

(1) Establishing and maintaining an effective
organizational structure and communication channels

(2) Analyzing the project performance according to
requirements of the project’ time, cost and quality
detecting variances from the schedule/requiremeants,
dealing with their effects considering time andorgse
constraints.

(3) Optimizing resource allocation and utilization,
organizing regular construction production meetid
solving the construction problems.

(4) ldentifying or gathering information on defects
deficiencies, ambiguities, and conflicts in dravéingnd
specifications and having them resolved.

(5) Monitoring the budget on all activities and itak
corrective action and controlling project finances.

(6) Coordinating the relationship among all thetipar
and creating a good environment and construction
conditions.

(7) Accumulating practical experiences and exarngisi
the project management team to improve the level of
enterprises’ project management.

2.2. Manifestation of construction project managers
moral hazard behaviors
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In various literatures, it is clear that moral haizés
defined as a negative concept that the agent mrsue
maximize his/her own benefits and at the same timag
infringe upon the interests of the principal orestlagents
in economic activities. The moral hazard behaviofs
construction project managers generally include the
following situations:

(1) Deliberately concealing the actual situation or
providing less or false evidence and informationtite
construction enterprise, making a severe informatio
asymmetry to defraud construction enterprise t@ ghemn
higher returns.

(2) Cutting corners to control costs or acceptigigates
from material suppliers, buying inferior qualityghi price
raw materials, and making conspiracy with supergigo
prevent project from strict inspection or even evadbe
inspection.

(3) Shirking and providing less than the agreedrupo
level of effort in construction process, not styict
implementing the quality and safety programs so fewd
to poor quality and frequent accidents.

(4) Trusting to luck and not take corresponding
measures to prevent accidents and force majeunatseve
and finally resulted in significant losses on pobje

2.3. The causes of moral hazard of constructioneuto
managers

Moral hazard is a hotly debated issue in related
management and economics literatures. The causes of
moral hazard of construction project manager can be
mainly analyzed from two aspects:

2.3.1. Internal causes

The inherent root of moral hazard of construction
project managers is profit-driven nature of humamgs.
According to the "rational economic man" hypothesis
modern economics, it is assumed that both the ipahc
and the agent are rational decision makers who seek
maximize their own individual utility [30]. If thautility
functions of these two self-serving parties coimgicho
agency problem occurs. The agent (the construction
project manager) is expected to reach decisionchwhi
maximize the principal’s (the construction entesgyi
utility because such decisions will also maximizes t
agent’s utility. When the agent’s interests diveffigem
those of the principal, however, the incentive edlamof
an agency problem exists. That is, the agent isvatet!
to pursue his/her own interests at the expensehef t
principal. When this motivational problem existse agent
is said to have an incentive to shirk [31].

Fluke mind is another important internal cause that
induce moral hazard problem of construction project
managers. All people hope that they can succeedyahd
interests through accidental factors, or hope #taident
not happen to avoid evil, punishment and loss. I8 t
construction project managers are likely to takancles
and muddle through to implement illegal behaviarse
unsafe scheme or carry out non-standard operatibmch

result in all kinds of project risk accidents, tloss of
construction enterprises and even project failure.

2.3.2. External causes

Firstly, information is one important element ofeth
agency problem. Under the principal-agent modelerwh
the agent has private information not availablethe
principal (the asymmetric information case), therdghas
greater potential to gain their own benefits, amthde a
larger incentive to engage in self-interested astiat the
principal’'s expense [32, 33]. That is, asymmetric
information arises when the relevant informationoidy
available to the agent and not shared with thecjrah. If
this happens, it becomes difficult for the printiga
monitor the agent's actions because of the lack of
information. Asymmetric information, therefore, pites
an opportunity for the agent to advance his/hdristdrest
without being detected by the principal. In a comngion
project, the construction project manager can graspe
information as an agent, he/she always knows mooaita
the actual situation of the project than the camtsion
enterprise. On the contrary, the construction @nitss
acquires so less information that it is difficutir fit to
observe directly the level of effort of the constian
project manager, only the results of the constouacti
project manager’'s work can be observed. Therefire,
construction project manager may pursue his/heoniec
as much as possible and simultaneously damage the
interests of the principal when his/her behavi@snot or
be difficult to be observed by the principal. Indéubn,
some external random factors being uncontrolled by
people (such as weather, natural environment) d¢sm a
affect the results of the construction project ngenas
work so that he/she may just send advantageous
information to construction enterprise in orderdap high
rewards and maximize his/her own utility. A newdasay
be occurred if the construction enterprise canadg¢ or
verify the real level of effort of the constructiqgumoject
manager. Thus asymmetric information is the main
external cause of moral hazard.

Secondly, the incomplete ownership is another aater
cause which can induce moral hazard problem of
construction project managers because of institatio
defects. It is the foundation of public moralitynstruction
to solve complicated social interests conflictseetifvely
by thorough institutional arrangement. However, duse
the absence of the owner of construction projetrasts
caused by institutional defects during the socioremic
transition period in China, the real risk carriew(iers)
does not have enough rights to know the factssit i
difficult for them to impose a substantial impadh
addition, the construction project manager is thanpom
project risk carrier. It is not possible to avoidna hazard
if the construction project manager found that e/san
obtain over-interests by implementing non-ethical
behavior without being punished. Finally, it isvitable to
stimulate construction project managers to takethiced
behavior if there are no clear division in rigtabligations
and risk sharing in the contract between construocti
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project managers and construction enterprises dsawe
the sub-contract between the general contractodstlaa
subcontractors.

Thirdly, insufficient supervision and poor punishthe
are also external causes which can raise moralrdhaza
problem of construction project managers. In modern
society, inevitably mandatory power is relied on to
guarantee people self moral discipline. Chairmamdge
Xiaoping said, "There is a good system, bad guyd c®
bad things, while there is no good system, googleedo
bad things." Here system refers to the rules awdalhich
are upgraded from the certain social ethical ppiesi and
requirements. The objective conditions which casuae
moral hazard behaviors come into being if the lsgatem
on supervision and punishment is not perfect, amal t
insufficient supervision and poor punishment in émgire
project process, which stimulate construction prbje
managers to use information asymmetry and inapfaipr
rights to seek excess interests, encourage cotistruc
project managers to take chances, reduce constnucti
project managers’ psychological anticipated costd a
increase the probability of construction projectnangers’
moral hazard behaviors.

3. The M od€l

As mentioned above, because of people’s profitedriv
nature and information asymmetry, it is possible fo
occurrence of construction project managers’ mbaaiard
problem in the principal-agent relation between
construction enterprises and construction project
managers, avoiding moral hazard problem solving the
incentive problem, i.e., how to motivate the agentvork
hard. In the principal-agent relationship, people'sk
attitude plays an important role in the contractual
arrangement. People who hold different risk atBtuate
apt to take a different behavior, so the optimakirtives
are also different. According to different attitgd® risk,
the principal and the agent can be divided intaeghr
categories: risk-averse, risk-neutral and risk-#pp§34].

In this paper, the common assumptions that "thecjpal

is risk-neutral, and the agent is risk-averse"depded to
make quantitative analysis of moral hazard probleim
construction project managers by establishing a egam
theoretic model in order to come up with effective
countermeasures.

In view of the main manifestation of moral hazard
problem of construction project managers is notkingy
hard, we use the degree of effort of constructionjget
managers to show whether their moral hazard problem
occurs or not. Suppose construction project masaugre
two kinds of action selections H and L, a=H meams t
project managers take a high level of effort andraho
hazard problem does not occur, a=L means the pgrojec
managers take a lower level of effort and moralahéz
problem occurs. Meanwhile, construction enterpriass
the principal also have two kinds of choices, i@,
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supervise or not. Construction enterprises’ sug@miis
not likely to get the desired results due to reguia
defects or other objective factors, so assume phés
probability of construction enterprises’ supervisio
success. and W is the salary which constructioerprises
pay for construction project managers, when a =itL,
means construction project managers raise moradrtiaz
problem, if construction enterprises have unsudoig®r

not supervised construction project managers, oact&in
enterprises will have a loss D and constructionjguto
managers get additional income R. According to fwak
experience, assume>B. The cost of supervision (C) need
to be expended when construction enterprises sisgerv
the behaviors of construction project managers, |If
construction enterprises supervise successfully,
construction project managers will be punished by
construction enterprises because of their moralatthz
behavior, the fine is F. In this case, constructiwoject
managers not only cannot get additional revenuealso
pay a fine.

Based on the above analysis, a game theoretic n®del
established between construction enterprises and
construction project managers.

(1) Construction project managers’ moral hazard
problem occurs and construction enterprises sugervi
successfully, construction project managers noty onl
cannot get an extra income R, but also need toapfaye
F, so construction project managers’ income is &
construction enterprises’ income is F-C; if constian
enterprises supervise unsuccessfully, construgiiaject
managers’ income is W+R and construction entergrise
income is -C-D.

(2) Construction project managers’ moral hazard
problem occurs and construction enterprises do not
supervise, construction project managers’ incomé/+R
and construction enterprises’ income is -D.

(3) Construction project managers’ moral hazard
problem does not occur, they work with high levél o
effort and construction enterprises choose sugeryis
construction project managers’ income is W and
construction enterprises’ income is -C.

(4) Construction project managers’ moral hazard
problem does not occur, they work with high levédl o
effort and construction enterprises do not choose
supervision, construction project managers’ incam&V
and construction enterprises’ income is 0.

Assume the probability of construction project
managers’ moral hazard problem to occurajsso the
probability of construction project managers’ mdrakard
problem not to occur is (&), and assume the probability
of construction enterprises to supervisg,ithe probability
of no supervision is (B). Then the payoff matrix of the
game theoretic model between construction entapris
and construction project managers can be obtaises a
shown in Table 2 [35].
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Table 2 The payoff matrix of the game theoretic model ket construction enterprises and construction grraj@nagers

Enterprises' income

Project

Managers Succes®)

Supervisioip)

Unsuccesd — p) No supervision(1 — 8)

income
Moral hazardo) (W-FF-0)
No moral hazar@l — o) (W,-0)

(W+R, —C—-D)
(W,—C)

(W +R,—D)
W, 0)

Calculate the game equilibrium solution between
construction enterprises and construction project
managers, we can get:

A. The income of construction enterprises

The income of construction enterprises with
supervision:

e = a[PF-CO+ (1 -p)(-C-D)] + (1 - )(-0)
=a(PF—=D+PD)—C

The income of construction enterprises with no
supervision:

ey = a(—D) + (1 — )0 = —aD
B. The income of construction project managers

The income of construction project managers with
moral hazard behaviors:

vy = BpP(W —F) + (1 = p)(W + R)]
+(1 - PB)(W+R) =B(—pF—pR) + W+R

The income of construction project managers withhhi
level of effort:

vz = BlpW+ (1 —p)W[+ (1 - BW =W

And then, calculate the expected income of
construction enterprises and construction project
managers.

A. The expected income of construction enterprises:

E(ne) = By + (1 — BT
= aB(pF —D + pD) — BC + (1 — B)(—aD)
= afpF + affjpD — BC — aD
9E(mc)

ap

=

=apF+apD—-C=0
. C

ATCEY)

B. The expected income of construction project
managers:

E(my) = af(—pF — pR) + aW + aR + (1 — )W

From the above results we can see thiat —
p(F+D)

the optimal probability for construction project magers
to choose moral hazard behaviors. That is, whena”,
construction project managers’ moral hazard probhahn
occur, the optimal strategy for construction entsgs is
to supervise; when < «*, construction project managers’
moral hazard problem will not occur, the optimabstgy
for construction enterprises is not to superviseaMvhile,

«_ R . o .
B = SFR is the optimal probability for construction

enterprises to choose to supervise the moral hazard
behaviors of construction project managers. When ",
construction enterprises will choose to supervitdes
optimal strategy for construction project managisrdo
work hard without moral hazard behaviors; wigera B*,
construction enterprises will not supervise, thdinoal
strategy for construction project managers is iseranoral
hazard problem.

So under the equilibrium condition, the expected
revenue of construction enterprises and constructio
project managers is respectively:

is

—CD
E * — * Q* F * 3k D_ *C_ *D —
() = BpF +a'BpD — O —a'D = s

E(my) = —a*f*pF —a*B'pR+ 'R+ W =W

From the equilibrium solution we can get whether
construction enterprises supervise the moral hazard
problem of construction project managers or nates to
the probability of supervision success. When p apgines
to 1, the lowest probability of construction prdjec

managers’ moral hazard problem to occuﬁg, and the
lowest probability of construction enterprises tpearvise
is ;RR. Taking into account the status of insufficient

supervision and less corresponding supervision @ost
many Chinese construction enterprises, we assume th
extra revenue R which construction project managars
obtain is greater than the supervision costs C of
construction enterprises, along with > R mentioned

above, we can geti>i. And a €0, 1],
F+R F+D

B € [0, 1], the value ranges of p can be obtained by
analyzing the game equilibrium.

= —ofpF — affjpR + aR + W
aEB(E[) P W=, p=— (Z-<p<1)
M/ _ —BpF—BpR+R =0 p(F+D) p(F+R) F+R
da =1 g'=1 (L5p<L)
F+D F+R
e . . C
B p(F+R) ar=1, B*=0 (0Sp<m)
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From the above formulas we can obtain the reshalt, t

is, whenp < R it is inevitable for construction project

. C
managers to raise moral hazard problem; wpenm,
construction enterprises will give up supervisiare do the
small probability of supervision success.

4. Solutions

Pim [36] suggested that standardization improves
productivity. It is true that the opportunist belwavof
moral hazard can be prevented due to an incenysters
of payment, or an implementation of a system oftr@n
and penalties [37]. Based on this understandingk ri
deposit system and performance appraisal systefd beu
the feasible solutions. China government has starte
introduce the corresponding measures including tie
systems, but up to now, few construction enterprisave
adopted them. The construction enterprises pay less
attention to the two systems is because of therfailn
awareness of the long-term economic benefits briobgh
the two systems from the theoretical high levelnttein
this paper, risk deposit system and performanceasgg
system are quantitatively analyzed to enable cocistn

enterprises to intuitively understand why and hber two
systems can help to alleviate the moral hazard|pnolof
construction project managers, and go deeper toowep
the managerial system of construction enterprises.

4.1. Risk deposit system

Based on the above analysis, construction project
managers are very possible to raise moral hazarolgm
because of the profit-driven nature of people, iméation
asymmetry and incomplete contract between congdruct
enterprises and construction project managers.,Tihis
necessary to implement risk deposit system to piteve
moral hazard. Once the contract is signed, cornstruc
project managers should pay the risk deposit. Tible r
deposit would be deducted partly or confiscatedhi
quality, safety, duration and cost of the projaet anable
to meet the requirements of construction enterprie
this case, construction project managers will whetd
with the high level of effort in order to avoid Bof
income. In this paper, we set G to indicate thle disposit
and make the detailed analysis by the game theoreti
model. The payoff matrix is presented in Table 3.

Table 3 The payoff matrix of the game theoretic model ks construction enterprises and construction grajanagers

) Enterprise Supervisiolip) No supervision
Proje Inconr
manager, = Succes®) Unsuccesdl — p) 1-p)
Moral hazardo) (W—F-GF+G-0C) (W+R,—-C-D) (W+R,-D)
No moral hazar@l — o) (W,—-0) W,-0) W, 0)

After calculated, the equilibrium solution between
construction enterprises and construction projesmagers
turned into the following formulas:

p(F+G+D) p(F+G+R) F+G+R

a** — 1’ B**= 1
a** — 1’ B**=0

(04

EF+G+D = p < F+G+R)
0<p<

F+G+D)

From the above formulas, we can see that the
equilibrium solution between construction entemgsignd
construction project managers changed after intredu
the risk deposit system (details are shown in Eig.

Fig. 1 shows that the construction project managers
moral hazard behaviors probability became smakldich
means that the risk deposit system can well prevent
construction project managers from raising moradane
problem, so the feasibility of risk deposit systemproved.
However, we also see that the supervision prolialoli
construction enterprises reduced, which can bepreged
this way:

(1) The necessity of supervision for construction
enterprises will become smaller when the probabiit
moral hazard problem reduces, thus the supervision
probability of construction enterprises reduces.
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(2) According to the principal-agent theory, the
behavior of the agent is difficult to observe,stdasy for
construction enterprises to get the results of ttoason
project managers’ behaviors. Construction entezprinay
not obtain the desired effect in spite of spending
supervise construction project managers’ work from
contract signing to the completion of the projest
construction enterprises still judge constructiomjgct
managers’ work according to the results of the wike
investigated China Construction Seventh Engineering
Division Corporation Ltd. to examine our points. €Th
research results show that: construction projectagers’
work is overall judged by the standards, such asthdr
cost overspent, time limit for a project lagged ihdhand
security accident occurred, when monitoring of ataece
check of the project by this company. If constrogti
project managers’ work does not meet the expected
requirement, their risk deposit will be deductedtlgaor
confiscated. Therefore, even if the supervisiorbplulity
of construction enterprises has become smaller,
construction enterprises can also achieve the potise
target as long as they grasp major process node.

(3) As the other team members of the project
management department also pay the risk deposy; th
will supervise the construction project manage€ebdvior
in order to avoid their own loss of risk deposiheTrisk
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deposit system will not only play a cptementary role it
the supervision of construction enterprises, bst aéduce
the supervision fee. In short, the overall goabipreven

construction project managers from the moral ha
problem.

F+G+R

F+D

F+G+D L

0 C C R

F+G+D F+D F+G+R F+R

Fig. 1 The influence o the equilibrium solutiomy the risk deposit syste

4.2. Performance appraisal system

As mentioned earlier, construction project mana
have two kinds of action selections H and L. Cartdton
project managers should get higalary if they work har
from the point of justice, whiléghe managerwho do not
work hard with moral hazard problem can only get
reservation wage, and possibly to be dismissede Hee
use W, represent the reservation wage. According to
principalagent theory, the higher wage is beneficia
reduce the moral hazard problem of constructiorjept:
managers when construction enterprises cannot
supervise the behaviors of construction projectagars.
So, in the modern enterprise system, truction project
managers’ remuneration can loévided into two part
which contain regular salary and floating wage. Ufac
salary is relativelychangeless and we usually call

reservation wages. At the same time, floating wabih
fluctuates in aadardance with the results of construct
project managers’ worls changable, so we can call it 1
merit pay.If construction project managers’ work pas
the performance appraisal, they get the merit
otherwise, they can only get the reservatione. In this
paper, we assume that the reservation vdemonstrates
the local lowest market price, construction pro
managers would not chooto enter the enterprise whose
salary standard is below this Ilimit. Because
construction  enterprises spend human resources
management cost whatever the size, there is nossigt
to consider any additional cost generated by perdioice
appraisal system. From the above analysis, we etthg
payoff matrix between construction enterprises
construction projet managers as is shown in Ta4.

Table 4 The payoff matrix of the game theoretic model befveonstruction enterprises and construction profnaget

. Supervisio No
Enterprises’. P )
Project Income supervision
managers' Succesgp) Unsucces$l — p)
income 1-p)
Moral hazarda) Wy —F—-GF+G—-C+W-W,) (W+R,—C—-D) (W+R,-D)
No hazardl — o) W,-0) W,-0) (W,0)
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After calculated, the equilibrium solution betwe
construction enterprises and constructimoject manager
turned into the following formulas:

B*** — R

/- a*** — c = —
p(F+G+R+W-Wjq)

T p(F+G+D+W-W;)’

(; <p< 1)
F+G+R+W-W,

a*** — 1, B*** — 1 ( C S p <
F+G+D+W-W,

)
F+G+R+W-W,

_ o« =1, B =0 (0<p<

C
F+G+D+W—W0)

From the above formulasve can also sethat the
equilibrium solution between construction entemsisinc
construction project managers changed after intred
the performance appraisal system (details are shiov
Fig. 2).

apd

From Fig. 2 we can see that the construction ptt
managers’ moraldzard behaviors probability will furth
reduce along with the improvement of the probabitif
supervision success of construction enterprisesr adtke
the performance evaluation on construction prc
managers’ work, whickhows that it is feasiblco prevent
construction project managers from moral hazardlero
by introducing the performance appraisal sys

In addition, a wider investigation in Chin¢
construction enterprises regarding to solutiongprtoject
managers’ moral hazard problem ising undertaken by
our research team so as to get actual data
representative projects, and ttwe can make an empirical
research to compare with the results obtained bye
theory aiming at verifying and improving the prawk
method.

1

B

F+R

R
F+G2R
8
FHG+REW—W,

C
F+D
C
F+G+D
C
F+G+D+W-Wp

F+G+D+W-Wn F+G+D F+

=]

F+G+R+W-Wp F+G+R F+R

Fig. 2 The influenceon the equilibrium solution by theefformance appraisal syst

5. Conclusions

This paper defined the responsibilities and rolé:
construction project managers in construction mtp
analyzed the manifestation and sources of the r
hazard problem of construction project manag
established the game theoretic model betwenstruction
enterprises and construction project managers plyiag
theory of game and information economics, and ffr
calculated the game equilibrium solutiona® =

C «_ R . . o
SED) B* = ST that is, the optimal probability f

436

construction project managers to choose moral H:
behaviors is and the optimal probability ¢

C
p(F+D)

. . . R
construction enterprises to superwsem. From the

result of calculation* = we can get that the higher

p(F+D)’
it costs for the construction erprises to supervise, the
bigger probability of the construction project mgees’
moral hazard behavior®d occu. Meanwhile, from the

result of calculationp” = we can get that the

R
p(F+R)’
greater additional income the construction pra
managers get btaking moral hazard behaviors, the m
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probability the construction enterprises will supse.
However, it is not easy to operate because of dngel
uncertainty of the corporate supervision cost C and
additional revenue R; in addition, although thegéarthe
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