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Abstract: There exists the problem of information asymmetry among the participants in construction project who form 

economic partnerships one another. Information asymmetries among the participants in construction project places a pre-

mium on adverse selection and moral hazard. The major objective of this article is to implement the mechanisms of incen-

tive and monitoring under the framework of principal-agent theory in analysis of moral hazard of construction project and 

to explore how to prevent it. The optimization model of incentive and monitoring under the circumstance of asymmetric 

information will be founded on the basis of the analysis of the effect of incentive and monitoring mechanisms in the prin-

cipal-agent relationship. It indicates that reliability of information can be increased when bringing incentive and monitor-

ing mechanisms into reward contract, which can prevent moral hazard of construction project. 
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1. INTRODUCTION 

From the perspective of information economics, oppor-
tunistic behavior induced by information asymmetry which 
means adverse selection & moral hazard problem is the root 
causes of project risks. Adverse selection problem occurs for 
the information asymmetry happened before contract; the 
problem of moral hazard exists for the information asym-
metry occurred after the contract. In the theory of adverse 
selection, the client signed the contract without knowing the 
type of agent, so the problem of the client is actually what 
kind of contract to choose to get the agent's private infor-
mation. In the moral hazard theory, when a client signed a 
contract, he had known the type of the agent. However, after 
contracts, he cannot observe the action of agents, so the cli-
ent's problem is to design an optimal incentive mechanism to 
induce the agent to choose the desired action of the client. In 
the construction market, there is asymmetric information 
among the owners (the client), the contractors and supervi-
sion units (the agent) from the beginning, which leads to the 
emergence of adverse selection and moral hazard. Moral 
hazard of project is due to the disagreement on maximization 
goals of clients and agents, after the client signed the princi-
pal-agent contract with the agent, the agent often use their 
information advantage to pursue their own interest maximi-
zation in project management activities, thus do something 
not conducive to commission and cause loss to the client.  

In recent years, the problem of the moral hazard of con-
struction project has attracted the attention of domestic and 
foreign scholars. Sha et al. (2004) analyzed the principal-
agent relationship and problems between participating  
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subjects from the information economics, and they thought 
that the main reason for the project risk is the information 
asymmetry which induces the opportunism behavior, namely 
the adverse selection and moral hazard cause the anomie of 
project participants' subject behavior [1]. Zhu et al. (2005) 
pointed out that there exists principal-agent relationship be-
tween the owner and the contractor in engineering construc-
tion and that the information asymmetry between them leads 
to the existence of moral hazard during the period of the 
construction .He built the moral risk model of contractor to 
analysis quantitatively how to establish the constraint mech-
anism to realize interest maximization of owners [2]. Wang 
et al. (2008) took use of incomplete information game theory 
to analyze the phenomenon that the low price wins the bid in 
the construction market. It shows that the construction enter-
prise in the drive of profit may bring moral risk of poor qual-
ity in the construction [3]. Schieg (2008) proposed that a 
project consists of many important project participants & a 
large number of contracts and that the asymmetric distribu-
tion of information will cause adverse selection and moral 
hazard before and after the execution of the contract. He 
putted forward specific strategies to prevent asymmetric in-
formation based on the principal-agent theory in project 
management [4]. Bergmann (2008) proposed an optimal in-
centive contract to solve the problem of moral risk & infor-
mation asymmetry existing in the project [5]. Bond et al. 
(2009) thought its limited energy and different abilities of 
bearing risk can lead to poor efficiency of the allocation of 
the project resource and put forward the optimal incentive 
contract through the analysis of agent under the relationship 
of many tasks entrusted agent after studying the problem of 
many tasks in principal-agent [6]. Winch (2010) analyzed the 
reason for the producing moral risk in the projects and putted 
forward the relevant measures based on the principal-agent 
theory, including designing incentive mechanism in the con-
tract, the price adjustment mechanism, the conflict resolution 
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mechanism and so on [7]. Zhang (2011) set up an analysis 
model for moral hazard of construction project visual organ-
ization under various situations, obtain contract conditions to 
prevent moral hazard by solving the model, and prevent 
moral hazard by controlling contract condition parameters 
[8]. Arce (2012) discussed the adverse selection and moral 
hazard in principal agent theory, shows that it is possible to 
successfully screen for non-opportunistic agents who will 
exert more effort and accept less incentivized compensation 
as compared to opportunistic agents [9]. Wang et al. (2012) 
introduced a method to reduce information asymmetries by 
design optimal incentive mechanism for complementary spe-
cial knowledge-sharing [10]. Xiang et al. (2012) explored 
risk prevention mechanisms and measures in construction 
projects on the basis of asymmetric information theory [11]. 
Fagart et al. (2013) applied for first order approach in char-
acterizing the optimal contract, when the others focused on a 
particular version of the problem [12]. 

From related literatures, the problem of the moral risk 
has already become the main reason for the project risks 
caused by information asymmetry. Related literatures re-
search focus on the causes of the moral risk and measures to 
solve to the moral risk problems from different angles come 
up. These researches pay much attention to qualitative analy-
sis in instead of quantitative analysis; the proposed measures 
are too wide and lacking of pertinence & corresponding the-
oretical support. This paper tries to break through the limita-
tion of research in moral hazard of construction project. In-
centive and monitoring mechanism is introduced into the 
prevention of moral hazard of construction project under the 
framework of the principal-agent theory and the optimal in-
centive and monitoring model is set up in the case of the 
information asymmetry. This paper discussed the prevention 
system of construction project moral hazard as to manage the 
moral hazard of construction project scientifically. 

2. RESEARCH METHODOLOGIES AND MODEL  

2.1. The Fundamental Analysis Framework of Principal-
agent Theory 

In the principal-agent relationship, the client would like 
the agent to choose operation in accordance with the interests 
of clients, but clients can not directly observe what actions 
the agent choose, and what they can observe is only some 
other variables, these variables are decided by the action of 
agents and other exogenous random factors together, there-
fore it is incomplete information for agents. Clients will re-
ward or punish agents in accordance with those observed 
incomplete information in order to motivate them choose the 
most favorable action for clients. 

Action combination of the agent can be indicated by A, 

 indicates a specific action of the agent. A can be de-

cision variables of any dimension, for the simple problem 

analysis, it is assumed that  is a one-dimensional variable 

about effort level of the agent. And is an exogenous ran-

dom variable out the control of the agent, and 

are the distribution function and density function of  in its 

value range respectively. After the agent to choose action , 

and the exogenous variables jointly decide an observa-

ble outcome of an output . It is assumed that 

R is a strictly increasing concave function, that is, if  is giv-

en, the harder the agent works, the higher the output will be, 

but the marginal productivity of efforts decreases; R is a 

strictly increasing function of , that is, the higher  repre-

sents more favorable natural conditions. At this point, the 

client can design an incentive contract to reward or 

punish the agent according to the observed results . 

It is assumed that the expected utility functions of clients 

and agents are  and respectively 

under the condition that 

. This means that both clients and agents are 

risk averters or risk-neutral persons, and negative marginal 

effect of effort is increasing. The interests conflict of clients 

and agents comes from the assumptions that 

 and  firstly,  

means that the client would like agents to make greater 

efforts, while predicates that the agents like less effort. 

Therefore, unless the client can provide the agent sufficient 

incentive, the agent will not work hard as the client hoped. 

Client's expected utility function can be expressed as: 

.  

The client should choose  and to maximize the 
expected utility function, but the client is faced with two 
constraints from agents. The first constraint is the participa-
tion constraint, that is, the utility that the agent get from ac-
ceptance of the contract cannot be less than the greatest ex-
pected utility without acceptance of the contract  (reserva-
tion utility), this can be expressed as: 

.  

The second constraint is the incentive compatibility con-
straint, that is, it is given that the client agent can not observe 
the action a and nature state , in any of the incentive con-
tract, the agents always choose action a that can maximize 
their expected utility, so any expected a of a client can only 
achieve through utility maximization act of agents, it can be 
expressed as: 

 

The client's problem is to choose  and to maxim-
ize the expected utility function (P), which can satisfy the 
constraints (IR) and (IC) [13]. 

2.2. The Optimal Incentive Model Under Asymmetric 
Information  

In the construction market, it is assumed that the princi-
pal (the owners) cannot observe the act choice a of the agent 
(contractor or supervision units) and exogenous variables ; 
they can only observe the output R. At this point, the agent's 
incentive compatibility constraint is working, because no 
matter how the client rewards or punishes the agent, agents 
will always choose the actions which can maximize their 
own utilities. Therefore, the client cannot use compulsory 
contract to force the agent to choose actions that the princi-
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pal hoped, but only through the incentive contract to maxim-
ize their expected utility function [14]. 

2.2.1. The Basic Model of Optimal Incentive 

When owners design the incentive contracts, it is as-
sumed that the agent (contractor or supervision units) has 
two kinds of actions in the course of project implementation, 
one is work hard (H), the other is not work hard (L), the pro-
ject outputs is . When agents work hard, the dis-
tribution function and the distribution density of are  
and  respectively; if the agent does not work hard, the 
distribution function and the distribution density of  are

and respectively. It is assumed that is an 
increasing function of a, that is, the harder agents work, the 
higher the output will be. It takes R as a random variable, for

, there is , which indicates that the 
probability of obtaining high profits if agents work hard is 
greater than that when they does not work hard. 

It is assumed that the principal (the owners) hopes the 
agents (contractors or supervision units) to choose working 
hard, the incentive contract is , the agent's incentive 
compatibility constraint is . In order to make the 
agent have sufficient positivity to work hard, the client must 
give up Pareto optimal risk-sharing contract. Therefore, the 
client access to the expected utility function as follows: 

.  

When the clients maximize their own utility, they will be 
faced with two constraints of the agent. The first one is the 
participation constraint, which can be expressed as 

;  

the second constraint is the incentive compatibility con-
straint, which is expressed as:  

 

To sum up, the problem of the principal (the owners) is 
to choose incentive contract S (R) and solve the following 
optimization problem: 

 

 

 

If and μ are Lagrange multipliers involved in partici-
pant constraint IR and incentive compatibility constraint IC 
respectively, then the first-order conditions of the above op-
timization problem are as follows: 

 

Arrange formula (1), so  

(  

is called likelihood ratio.) 

When  μ = 0, we can get Pareto-optimal risk-sharing con-

ditions 

 , 

this happens to be the Pareto optimal risk-sharing of agent 

and client under asymmetric information, and when μ = 0, the 

incentive compatibility constraint is broken. Therefore, the 

optimal contract under asymmetric information is different 

from the optimal contract under symmetric information. 

When μ  > 0,, if the principal is risk neutral person, the Pareto 

optimal risk-sharing means that the agent does not bear any 

risk under symmetric information condition; in the case of 

information asymmetry, the agent must assume certain risks. 

It is assumed that incentive contract under asymmetric in-

formation is , in case of information asymmetry the 

incentive contract is S(T). Then, if 

, so ;  

if , so . 

Likelihood ratio 

  

is ratio that the given occurrence probability of R when 

the agent do not choose to work hard and the given occur-

rence probability of R when the agent choose to work hard, 

which indicates how much of R that the client observed is 

from the distribution . If the likelihood ratio 

 

is higher, it means that R is more likely from the distribu-

tion ; When  

, 

 the possibility that R comes from distribution  is the 

same with that from distribution , so the client can not 

get new information. The client will infer from R that they 

observed that the agent has chosen to work hard or sleep, so 

as to reward or punish the agent. If they inferred the possibil-

ity that the client does not work hard is much bigger, they 

will punish the agent, so 

;  

if they think the agent is more likely to have choose 

working hard, they will reward the agent, so 

. 

2.2.2. The Instance Model of Optimal Incentives 

In the construction market, it is assumed that the 
achievement of the project management objectives depends 
on the level of efforts of the agent (contractor or supervision 
units)  and exogenous variables . It is assumed that the 
project outputs is a linear function form: , where a 
which means the efforts of agents is one-dimensional varia-
ble, , the exogenous variables, is a normally distributed 
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random variable that its average is zero, variance is . 
Therefore, that is, the 
efforts degree of an agent can decide the average of output, 
but it does not affect the variance of output. 

It is assumed that the principal is a risk neutral person, 
and the agent is a risk averter. The linear contract:

is considered, where  is the agent's fixed 
income, μ is the share of output of agents, that is, while out-
puts R increases a unit , the remuneration of agents increases 
μ units.  means that agents bear all the risks, 
means that agents do not bear any risk. As the principal is 
risk neutral, given , the client's expected utili-
ty equals to the expected income: 

 

It is assumed that utility function of the agent has the un-

changing characteristics of the absolute risk aversion, the 

measure for absolute risk aversion is , the agent's effort cost 

is  (b is the cost factor, the greater b is, the great-

er the negative effect brought by the same efforts degree  

is). The real income of the agent is as follows: 

 

The risk cost of the agent is ,  is the agent's 
expected revenue, there is: 

 

It is said that  is the reserved income level of an 
agent, then if the expected income of the agent is less than

, agents will not accept the contract, the agent's participa-
tion constraint can be expressed as:  

 

When the client can observe the agent’s effort degree a, 
the incentive constraint (IC) does not work, any level of a 
can be achieved through the mandatory contract meeting the 
participation constraint (IR). Therefore, the client's problem 
is to solve the following optimization problem: 

 

 

In optimal circumstances, the participation constraint is 
established, we can substitute participation constraint  into 
the objective function, there is: 

 

Calculate a derivation of a, 

,  

assume  

,  

so 

,  

substitute a and μ into the participation constraint, so 

.  

As the principal is risk neutral, the agent is a risk averter, 

the Pareto optimal risk-sharing require that the agent does 

not bear any risk, that is , at this time, the fixed income 

that the client pays to the agent coincides with the sum of the 

reservation utility of the agent and their effort cost. 

When the client cannot observe the agent’s level of effort 

a, given , agents will choose  to maximize their real 

incomes, that is 

.  

The first-order conditions of this optimization problem 

are as follows: 

. 

This indicates that if the agent's income has nothing to do 

with the output, the agent will choose  instead of

.  

When the agent's efforts a can not be observed, given  

and μ, the incentive constraint for agents is  

,  

the problem of clients at this time is to solve the follow-

ing optimization problem: 

 

 

 

Substitute the participation constraint (IR) and incentive 
constraint (IC) into the objective function, the above optimi-
zation problem becomes: 

  

Calculate a derivation of μ, so 
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given 

,  

then 

.  

shows that the agent must take risks. If agents are risk-

neutral, that is , then the optimal contract requires 

agents to assume full risk, that is .  is a decreasing 

function of , which shows that the greater agents 

avert risks, and afraid of hard work, the less risks they will 

assume. 

Calculate derivatives of  

in  

respectively, there are:  

.  

As a result of  

And 

,  

the optimal incentive contract should strike a balance be-

tween incentives and risk, if given , the bigger or is, 

the higher the risk cost will be, at this time the smaller the 

optimal risk-sharing will be. 

2.3. The Optimal Incentive & Monitoring Model under 
Asymmetric Information  

 In the principal-agent relationship, in order to prevent 
and avoid risks, in addition to the introduction of incentive 
mechanism design into optimal incentive contract, it is also 
very important to introduce monitoring mechanisms into the 
contract design [15-16]. 

In the construction market, the achievement of project 
management goals not only rely on the efforts degree of 
agent (contractor or supervision units) (a) and exogenous 
variables ( ), but also related to the monitoring measures of 
clients (owners) (S). Assumed that the project outputs is a 
linear function form: , where the efforts degree of 
agents(a) is one-dimensional variable, the exogenous varia-
bles( ) is a normally distributed random variable of zero 
mean, and variance , reflects the risk of exogenous 
variables; the monitoring measures of clients S is related to 
the effort degree of agents, control measures is the linear 
form: , where is a normally distributed random 
variable of zero mean, and variance , reflects the accu-
racy of surveillance and control measures.  and  are inde-
pendent of each other, so the covariance . 

From the analysis of 3, we can see that if it is assumed 
that the principal is risk neutral, the agent's remuneration 
shall be the fixed income, fixed compensation contract does 
not have stimulation, and clients bear the entire risk. If we 
consider stimulation and monitoring measures, remuneration 
function made by the principal also depends on the output R 
and control measures S, assuming that the remuneration 
function is linear, so the compensation function is as follows: 

 

Where F is the fixed remuneration of agents, μ is the 
share of agents to share the output ,  is the re-
ward paid to the agent based on the monitoring. 

Assumed that the cost of the agent's efforts is 

, 

 so the real income of the agent is as follows: 

 

As the output R and control measures S has uncertainty, 

so the real income of the agent W is also uncertain, exclud-

ing uncertainties, the certain quantity of the income that the 

agent can get is the difference between the expected income 

and the risk premium, risk premium is expressed as half of 

the product of risk aversion degree and the variance

. In that case, the agent's certainty equivalent in-

come they can receive is as follows: 

 

As  

 

, so: 

 

Calculate a derivation of a in U:  

,  

given , 

the first order optimal conditions of U are as follows:  

.  

According to the agent's participation constraint , 
we can see that the minimum fixed remuneration required by 
the agent for receiving the remuneration contract is as fol-
lows: 
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Assume that the principal is risks neutral, the income re-
ceived by the client is as follows: , consid-
er and formula (6), we can see: 

 

Substitute 

  

and formula (9) into formula (10), so 

  

calculate derivation of  and μ in (11) respectively, the 
optimal first-order conditions of (11) are as follows: 

 

that is 

  

 

that is   

Unite (12) and (13), we can see 

  

3. THE MODEL ANALYSIS AND RESULT 

According to the optimal incentive & monitoring model 
under asymmetric information, we can conclude as follow-
ing: 

1)  In the contract it is helpful to introduce incentive mecha-
nism in order to improve the reliability of information 
transferred by agent. In the case of information asym-
metry, the specific actions of agent cannot be observed 
by client so agent may completely first promise his action 
and deviate from the action in practice .For the asymmet-
ric information is full of value, agent would deliver their 
own private information to the client only when agents 
get the value, which makes the degree of trust between 
the principal and agent very limited, this relationship of 
limited mutual trust also makes credibility that the prin-
cipal pay remuneration to agent according to the distribu-
tor's efforts reduced . But the selection of agent campaign 
depends on the reward contract the principal provided, 
and if reward contract introduce incentive mechanism, 
the decision of agent will be induced by the reward con-
tract. The designed contract just gets its practical signifi-
cance only if principal induce the action of the agent by 
the contract. In the design of the contract, the principal 
usually compensate for the agent for not acquiring pri-

vate information through motivational pattern of sharing 
the risk & profit or induce the behavior of the agent 
through adding additional conditions to contracts, so that 
authenticity of the information passed by the agent in the 
performance of the contract increases in order to reduce 
the loss caused by information asymmetry. 

2)  The design which introduces incentive mechanism and 
monitoring mechanism into the remuneration contracts 
increases the degree of dependence on information. Cli-
ents can take a variety of ways to monitor, if they moni-
tor the work time of the agent, μ can be understood as the 
compensation based on the output,  is the compensation 
paid for the work time. With the improvement of the 
monitor signal’s accuracy, will become smaller, we 
can infer from formula (14) that   will increase; based on 
(12) and (13), we can see that when  increased, the 
agent’s share of output

 
μ will reduce, which indicates 

that with the improvement of the monitor signal’s accu-
racy, the percentage of payment based on the monitor 
signal will increase. When , that is, the workforce 
time can be almost precisely observed, then

, according to (6), the design of compensation con-
tract should be based on the information provided by the 
monitor signal. Similarly, when , that is, it is im-
possible to obtain monitor information through the meth-
od of monitoring, then , at this time, the 
design of compensation contract should be based on the 
information provided by the output. It can be seen that 
(12), (13) and (14) organically describes the relationship 
between incentives mechanisms and monitoring mecha-
nisms in the design of remuneration contract. By (12) and 
(13), we can see that with the increase of ,

 
μ will re-

duce, or vice versa, it indicates that the share of output 
and monitor signals are interrelated in the enacting of 
remuneration contracts. In the extreme cases that , 
the share of output

 
μ is only determined to the risk aver-

sion degree of the agent and the size of the environment 
risk, and when , the share of output μ is 0, that is the 
remuneration contract is only based on the monitoring in-
formation. 

3)  There is nothing to do with the degree of agent s ef-

forts and fixed compensation paid by the principal. 

We can see from 

 

 that in project management the efforts degree of agent 

(contractor or supervision units) has nothing to do with a 

fixed remuneration paid for them. From the client (own-

er) point of view, regardless of whether the fixed com-

pensation the client paid is high or low will not have an 

impact on the efforts of agents, which suggests that the 

system of fixed remuneration has no incentives function 

to agents. When
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function, but it does not mean that there is no need to fix 

the remuneration in contract design. We can see from (9) 

that only the agent’s fixed remuneration equals to (9) at 

least, the agents is willing to accept the payment program 

provided by the client, otherwise the client cannot reach 

an agreement with the agent. 

4)  The control measures clients take will have a negative 
impact on agents. When the client introduces control 
mechanisms, it may result in effectiveness loss to the 
agent, which may lead the agent to refuse to cooperate 
with the client. Faced with this situation, the client may 
be required to pay compensation to the agent for the ef-
fectiveness loss caused by monitor measures, for exam-
ple, the client can increase the minimum reserved utility 
U or additional subsidies, thus increasing the attractive-
ness to the agent, at the same time it could cause the 
agent motivated to reveal information about his efforts to 
prove that he should get a minimum reserved utility or 
the additional subsidies, thereby reduce the situation of 
information asymmetry in the principal-agent relations 
[17]. 

CONCLUSION AND FUTURE 

The relationship between the principal (owners) and 
agent (contractor and supervisor) is essentially a kind of 
principal-agent cooperative relationship based on the con-
tract. In order to complete the cooperation, all parties are 
asked to provide each other information, take risk, and get 
paid and so on. When they pursuit their own interest maxi-
mization, the contractor and supervisor tend to get their own 
interest maximization at the sacrifice of the owner 's interest, 
which can lead to the conflict of interest of both sides. In 
order to balance the conflict of interest, a series of contract is 
needed to develop to achieve the goal of all parties [18]. 
Whether these contracts are effective and make the interest 
of all parties maximum depends on whether the information 
the parties own is symmetric when the owner, the contractor 
and the supervisor conclude, perform and evaluate contract. 
The interests & cooperation of principal & agent depend on 
not only the effort of both sides but also some exogenous 
variables. Although in some extent the client could know the 
probability distribution of the exogenous variables, but he 
could not exactly know the kind of what actually happened, 
which provide the agent opportunity to hide efforts. In con-
struction market, when the goal of the project is not met, the 
owner is not sure the reason is whether the contractor or su-
pervisor units do not work hard or exogenous risk happened. 
In the face of such environment of uncertainty, the owner not 
only can not judge the degree of the attempts of contractor or 
supervisor but also not sure how much total utility is created 
by the effort of the contractor or supervisor. Therefore, the 
client need tie the pay to the degree of the attempts contrac-
tor and supervisor make, but the degree of efforts is their 
private information which can take him benefit. Therefore, in 
the face of the conflicts of interest produced by information 
asymmetry and the moral risk of agents, the owner must take 
incentive and restraint mechanisms to solve they. Incentive 
and monitoring mechanism make dynamic balance of the 
distribution of interests &accountability of both sides under 
the condition of the information asymmetry as to achieve 
consistency of the goal of both sides whose information is 
different. Bringing the incentive and monitoring mechanism 

into the design of appointment contract and paying remuner-
ation can improve the reliability of information agent passes, 
which is import to handle the conflicts of interest between 
principal and agent to reach the purpose of preventing moral 
hazard of construction project. 

In practice, it has important function to take the incentive 
and monitoring mechanism into the project contract for pre-
venting moral hazard of construction project, but the key to 
the problem lies in the oversight of the contract. The contract 
will transfer part of risk from owner to the contractor to let 
the contractor perceive risk response, and the result of the 
response is that the contractor work hard. The contract in-
cludes incentives terms &monitoring terms and sets the solu-
tion to the future uncertainty. Owing to the influence of the 
factors such as uncertainty, information asymmetry and in-
formation cost, the terms of the monitoring and motivate 
contract is not complete in itself, it is uncertain to actually 
execute the terms of the contract. Therefore, there is need to 
perfect and improve the corresponding laws &regulations 
and set effective mechanism to execute contract and manage 
risk [19, 20]. This is precisely the problem that needs further 
discussion and research. 
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