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A general mistrust within the contactor and sub@ior companies has identified one of the
significant barriers to derive benefits from trusnshstream supply chain integration. Using
the general theory of trust in inter-organizatioralations and conducting interviews, this

research discusses factors that influence developaidrust and cooperation in contractor—
subcontractor relationships in construction prgedystem dynamics is the simulation

method is selected in this theory-building efftudsed on qualitative data collected from two
projects of a construction company in Thailand.féterance, permeability and system-

based trust are found to make significant contrilmst toward parties’ trust level. Three

strategic policies such as best value contractimgnagement of subcontractors as internal
team and semi project partnering approach are ne@ded to stimulate the trust factors as
well as cooperative long term relationship.

KEYWORDS: Trust, contractor’'s and subcontractor’s relationship, system dynamics
model, construction supply chain management.

INTRODUCTION

The lack of trust between contractor and subcotdrasn the adversarial nature of their
working relationships has been characterized asinalamental barrier to the increased
understanding of each others’ needs and furtheplgughain integration.This kind of
relationship is reflected in projects delays, adagal attitudes, cost overruns, litigation and a
win-lose climate. This appears to be preventingaittese involvement of supplier companies
to the construction process.

The key barriers to develop trust as well as greateegration seem to stem from the
industry’s traditional approach of vertically diféatiating the construction process, which
results adversarial relationships, a lack of transpcy and mistrust between the contracting
parties (Hinze and Tracey, 1994). Traditional cactinal arrangements often generate a
climate of mistrust that tends to induce opporttmiand hinder co-operative interaction



CIB W065/055 Commissions: Transformation through Construction 2

(Dainty et al. 2001). Moreover, risk is passed daesupply chain, rather than being shared
amongst the parties in the spirit of a true padigr Thus, specialist contractors also
identified a lack of risk sharing on the part of fead contractor as a factor of eroding trust.

From the above statement it can be easily depithed the fragmented approach of
construction project procurement and product dgfivprocess, traditional contractual

arrangements regarding payments and retention afmtmation sharing are the main

foundation of generating mistrust among the cotitvyggarties. Thus, trust can be regarded
as glue that fosters cooperation among organizateord different team members and an
essential lubricant that helps to complete thegatoggmoothly (Wong and Cheung, 2005).The
primary objective of this study is to address thioal issues in developing trust model for

effective supply chain integration between contracnd subcontractor in construction

industry using System Dynamics Approach.

The paper is organized is as follows: first, impade of modelling trust as dynamic systems
is briefly explained. Then the system dynamics rhddéding steps are described. Due to
space constraint, more focus has given on developofedynamic hypotheses. The final

section discusses concluding remark and futurearesescope.

IMPORTANCE OF MODELING TRUST AS DYNAMIC SYSTEMS

In the review of literature, it has been found thedearcher in this area have identified
several mechanisms associated to trust developsumht as Institutional trust, calculative
trust, knowledge-based trust, and identificatioduatrust. Institutional trust refers to the
existence of an institutional framework that re¢gsathe relationship between the trustor and
the trustee (Luna-Reyes et al., 2004). This insbimal framework can consist of laws,
regulations or certification bodies that provideglées for a party cheating in the interaction
or provide certification of the trustworthiness thie trustee by a recognized third party.
Calculative trust refers to the trustee’s estimmatid the risks and payoffs intertwined in the
interaction. Changes in the perception of the ttstinal framework can result in changed
perception of risk, promoting increases in the walive trust. Knowledge-based trust is
related to the ability of the trustor to assesstthstworthiness of the trustee. This assessment
of trustworthiness can be based on the recogniéiidhe expertise, the benevolence, ability,
and integrity (Mayer et al., 1995), and it is asstmxl with the history or the process of the
relationship. Finally, identification-based trustassociated sometimes to emotional bonds, or
with the existence of shared values or objectivetsveen the actors. Rousseau et al. (1998),
who considers that the calculative trust plays aemmportant role in early stages of the
relationship. This change towards a knowledge-based as the relationships matures, and
the parties involved develop a history of interaas and get to know each other (Figure 1).
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Figure 1: Change over time of the character of trust in an interpersonal relationship. Adapted from
Rousseau et al., (1998).

The assumption about the shift from calculativesttrto knowledge-based trust is also
supported by the observations of reference mod# fram the interview of contractor and
subcontractors.

As trust is dynamic e.g. if either one deterioratess will have a negative impact on the
other, thus a system dynamics model related to imugeating project team can help to make
decisions effectively and encounter the problenteted to parties’ relationship as it involves
two major characteristics: 1) changes over time 2ndllows feedback. System dynamics
model are well suited to representing multiple ridépendencies, to deal with dynamics
nature and involved in significant feedback proess@gunlana et al.,, 1998). This study
focuses to develop a system dynamics model of trast both contractor and subcontractor
point of view in order to experience the impacfaaftors on trust.

METHODOLOGY

System Dynamics is a way of analyzing the behavidwwomplex socioeconomic system to
show how organization and policy influence behaxi®@everal types of model building steps
have been described by different authors at diftetenes. For this study, five stages of
model building process have been adopted (Ster@@0f). First step is to identify the

problems and goals for the study and to organistohical information into a reference

mode. The reference mode leads to formulation ofadyc hypothesis in terms of causal
feedback loop existing among the decision elementie system. In second step, a formal
model is constructed which incorporating the dyrahyipothesis along with other structural
details of the system related to the problem beaiddressed. After a model is formulated,
simulation aided by computer then can be done. ,Tihesfourth step is to test the model until
it satisfies the purpose. Final step is to desighevaluate policy for improvement. Powersim ®
software has been used for constructing loop dmagyaimulation and policy analysis in this
research.

Dynamic modeling of contractor’'s and subcontrastdrust requires mental data (qualitative
data) to gather at different stages of model bogdiHowever, expert opinions are also
required for several times such as to identify eladify the problem, to develop the formal
model and to validate the model.

The study has been conducted in Thailand in a actar company, which generally performs
the work by subcontracting their work. Informatibias been obtained through personal
interviews of contractor’s site manager and sonbectsd subcontractors from two ongoing
projects, Project A and Project B. Both of the potg were related with same type of
construction work (villa or resort) on the top af beside the sea but the client was different.
Most of the subcontractors were from the local abraing data collection, 90% of the work
of project B and 60% of the work of project A hageb completed. Unstructured interview
have been conducted that addressed topics relatddtnwst issues such as background
information of both subcontracting and contractiingn, practices related to bidding on
subcontracted work, practice related to problencumrent project progress and practice
related to the general contractors’ administratibaubcontracts.
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Trust reference mode has been plotted from thergal and present time data from the
view point of contractor and subcontractors. Thsttbehaviour over time has been plotted
in a scale of 0% to 100 % with a range of very pwaost relationship to very good trust

relationship by the interviewees.
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Figure 2: Reference mode (A-1: Project A; B-1: Project B)
Dynamic Hypotheses

The knowledge gain from the literature review, mfation gathered from the real system
and interviewed data has helped to formulate kegliack loops regarding development and
diminish of trust between main contractor and sabe@tor way of collaboration.

As the main concern of this study is related withservation of trust pattern either
developing or diminishing with respect to projecbgress, thus knowledge based trust and
system based trust put greater contribution in ldgweg hypothesises. According to
literature, knowledge based trust can be attaindd tive maturation of relationship which is
influenced by performance and permeability and fiecéed by institutional framework.
Therefore to get a better understanding about @lisat relationships the feedback loops has
been classified in the following three major catégm

» Feedback loops concerning permeability  PLZ, PL2 and PL3) (Figure 2)

» Feedback loops concerning performance F1( PF2, PF3 and PF4) (Figure 3)

= [Feedback loops concerning system based trust (S and SB3) (Figure 4)

These causal-effect relationships according to their majooups are described in the

following sections.
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Figure 3: Feedback loops concerning permeability

Permeability involves being open in sharing and receiving imfation and dealing with
others in a straightforvard manner (Wong and Che@@§5). It represents the level of
transparency of the relationship among the contedgtartiesLoop PL1: Knowledge sharing
and trust can interact in a collaborative procéssording to Gherardi and Nicolini (2000),
knowledge “resides on a team of individuals sharcggnmon experiences”. Working
together builds knowledge of one’s own work as vasllknowledge of the other’'s work; as
one knows the other better, it is possible to tthstother more; and as trust is built, parties
share more information, making their collaboratwerk more effective. Effective and
sufficient information flow represents opennessvadl increase permeability. Openness is
affected by honesty and provides an access toadegneumber of information sources, forces
the development of mechanisms that facilitate tiiermation.Loop PL2: According to Lau
(1999), it is not easy to tell whether trust lemsommunication or communication leads to
trust. In most of the case, the accuracy ratemfofmation provided by the subcontractors
are quite low. This inaccurate information requinegre communication as to continue the
work. Consequently, open and frequent communicatimhopen-door policies to each other,
results from willingness of partners to create $pmrency in relationshig.oop PL3: The
inaccurate and unorganized information misleadagadte confusions to the decision makers
to make an effective decision. However, delayedsitat or situation ineffective decisions
stimulate work uncertainty as well as risk. Thehieigthe uncertainty or risk, the more a
cohesive working relationship is required (Lau, 999This allows solving problems in an
efficient way, which enhances the adaptability vbcntractor. Moreover, adaptability of
subcontractor may help the contractor to manageridie together. Frequent changes of
project scope further increase the uncertainty akvas well as additional work, are likely to
generate more claims from subcontractor. Consetyleisk and claim can generate conflicts
between the parties. The impact of conflict resofutan be either productive or destructive
(Mohr and Spekman, 1994). Such conflict resolutechniques as coercion, confrontation,
and outside arbitration are counterproductive aaitltb reach a win-win situation often
generate distrust between the parties. Howevehlgmo solving and compromising attitude
bring trust among the parties. Thus, working thfotige conflict may increase trust. When it
gets out of hand it will destroy trust.
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Figure 4: Feedback loops concerning performance

The team members of project will trust each othéoth their “behaviours” and “outcomes”
are competent. Productivity, work competency, aalasipty and rework produce greater
influence on performance as indicated in Figured®dp PF1: The more uncertain the work,
the higher will be the possibility of rework. Rewadnas a negative effect on productivity.
However, more commitment and resource availabilitgrease the productivity level.
Alternatively, higher productivity means high perfance which has a greater impact on
developing trust levelLoop PF2: Reworks very often generate poor quality of workl a
cause cost overrun. Poor quality of work and costrmn has negative impact on
subcontractor’'s credibility as well as deteriordte competency. Moreover, lack of
competency causes more rework. Conversely, work petency positively stimulates
productivity level. The higher competency level drties represents high management
competency, technical skills and stable financ@idition of the partiesLoop PF3, PF4:
Higher performance of subcontractor attains mutusdpect between contractor and
subcontractor. Furthermore, this mutual respectecds them to solve any problem jointly
rather than doing it individually. Joint approacli problem solving facilitates the
subcontractor to be adaptable to the contractookcips and working in unfavourable
environment. Moreover, during joint problem solvipgrties gather together and share with
each other their own views on the conflict issuss their resolving tactics. Such a high level
of participation among parties encourages themeépla commitment to the mutually agreed
solution. In addition, adaptability increases theiompetency as well as productivity.
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Figure 5: Feedback loops concerning system based trust

Satisfactory contract terms, negotiation processnmitment towards work and dispute
solution process normally affect the system basest is found in literature reviewoop
SB3: Trust can stimulate a better cooperation. Duringegotiation process, a cooperative
attitude result efficient solution of problems. iE#ént negotiations further motivate the
subcontractor to be more committed to their worll aonsequently increase productivity as
well as performance. Develop positive attitudeamdg other and commitment to the work
responsibility; establish a climate of trust anchfadence and a sense of responsibility for
achieving goal (Lau, 1999).oop SB1 and Loop SB2: Efficient negotiation helps to reduce
the conflict between the parties; otherwise it \nglach a level capable of generating dispute
by eroding trust. On the other hand, companies higher reputation are more trustworthy
as they (contractor company) do not want to los®r thhaluable asset (Gambetta, 1998).
Equitable agreements or contract terms enhanceaoting parties establish trust and sustain
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cooperation since their perceived benefits are reec(wong and Cheung, 2005). If the
contract parties are able to maintain their trustiamess at high level during the project and
up to the end of project, this establishes longiteelationships between them. This long-
term relationships among parties will also leatttst.

Formulation of System Dynamics Model

The complex system described in the reference nawde dynamic hypothesis has been
developed in the form of a system dynamics moddPamwersim® software, based on the
model boundary as shown in Table 1. Due to thelleYeletails covered in the system
boundary, the model used us somewhat large. Fuditerls and a machine readable listing
of the model written in Powersim® are availablarirthe writers on request.

Table 1: Model Boundary

Exogenous Endogenous Ignored

Equitable contract Knowledge sharing, Communication, Dispute Resolution
agreements, Management Openness , Information flow, technique,
competency, Financial status, = Permeability , Respect, Commitment, Organizational
Technical skills, Honesty, Problem solving, Work uncertainty, structures,
Reputation, Resource Rework, Work competency, Compatibility
availability, Negotiation Adaptability, Productivity,

process, Changes in project Performance, Risk, Claim, Conflict,

scope, Past experiences Dispute, Relationship, Cooperation

Model boundary shows the primary features inclufEtlogenous), assumed (exogenous)
and excluded from the model. The exogenous fastach as past experiences, management
competency, technical skills and the reputationtre organization act as the bases of
calculative trust at the early stages of projeciuitable or satisfactory contract terms affect
system based trust. On the other hand, honestygelain project scopes, these external
factors are experienced during project life whiels lyreater impact on knowledge based trust
development. Mostly, all of the endogenous factdfsect on knowledge based trust as this
type of trust has developed during working togetfére origin of this type of trust can be
measured under two headings such as permeabildy paiformance. Permeability is
measured by the degree of willingness of knowlexdtgeing, openness, information flow and
frequent communication. Conversely, respect, comanitt, problem solving attitude, work
competency, and adaptability, these endogenousrfabis positive impact on productivity
as well as performances improvement. During negiotiathe way of the parties to negotiate
(problem solving, forcing) has greater impact oolgbem or conflict resolution as the forcing
attitude during negotiation may arise dispute betw#he parties and the problem solving
approach may increase the satisfaction of bothgsags well as improving trust level. On the
other hand, the organizational structure is ignoasdvertical trust is not significant in
developing trust between contractor and subcomtraéts contractor and subcontractor are
assumed to work in the same region thus differemce®mpatibility is not included in the
model boundary. Moreover, adoption of detail disputsolution techniques is also
overlooked here.

The model is preliminarily divided into three sestas permeability, performance and
system; depend on the model boundary, literatunewe information gathered from the real
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system, and interviews conducted with decision msakethe organization. Each sector can
be further divided into sub sectors or sectionesehsubsystems and sectors are interrelated
in the form of shared parameters. Information fl@penness and communication can be
grouped into permeability subsystem because ther l@aspecial interrelation. When a
project work is performed, rework which in turn$eet credibility of performer by reducing
their work competency. Resources consist of manpoveguipment, and material.
Productivity is affected by resource availabiliyork competency, commitment, rework and
adaptability and all of these are grouped into lassgstem—performance. Equitable contract
terms, negotiation process, conflict and dispuseltgion process are grouped into the other
sub system- system.

Model Behaviour and Validation

As it is widely stated among modellers, “there ® c¢orrect model but there are useful
models!” The closer the model represents a realdagystem, the more accurate decisions
can be made by the users. Hence, Forrester ance $2880) define validation for system
dynamics models as a “process of establishing denée in the soundness and usefulness of
a model.” In this paper, both structural and betvanal validation tests have been performed
for building confidence in the model. The usefuhéi period of the model simulation has
been vary from subcontractor to subcontractor fithtof the projects. The results from the
baseline of the model are shown in Figure 6. Iseen from the figure that the model
replicates the reference mode (Figure 2) very well.

o Subcontrator A-1 Subcontractor B-1
85
80
75 1
70 +
65 1
60
55+
50 +
454

40 40
6/1 7/31  9/29 11/28 127 3128 5127 726 924 11/23 6/1/2005 7/31/2005 9/29/2005 11/28/2005
Time (month) Time (month)

Trust (%)

Figure 6: Base run of model (A-1: Project A; B-1: Project B)

In modelling trust, the initial value of each partar has been established based on the
interview from the selected project members. Farhemnportant relationship and major
assumption, sensitivity analysis has been madthdrsensitivity analysis, the variables that
are described with a single numerical value attang and more complex variables such as
task dependencies are investigated. Each simulatidim the changed parameters and
changed slope of the non linear relationships hesnbcompared with the base run
simulation. This extensive process of simulatioomparison showed that the model is
structurally and behaviourally valid.

Formulation of Sustainable Policies

The prime objective of this research is to formeillaf an effective set of policies for
increasing trust level as well as improved orgaiopnal performance between contractor and
subcontractor. Extensive model simulations are miaderder to identify a practically
effective and implementable policy. Three setsaicges are selected here for an improved
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and sustained behaviour as shown in Table 2. Theig®are generic. From the simulation
result (Figure 7), it is concluded that integratswgocontractors into semi-project partnering
approach, is a very effective way for stimulatingst level. Partnering aims to reduce the
adversarialism which is said to be typical in théustry and which has confounded previous
attempts to encourage better integration and catipar between contractual partners
(Kumaraswamy and Mathews, 2000).

Table 2: Policies Considered and their Results

Policy goal Policy Remark

Increasing performance as Bestvalue contracting (Policy  Shifting from *“Price Only”

well as productivity, reducing 1) (Thomas, Skitmore and single criterion to multiple

claim and risks Chung, 2003) performance criteria.

Improving collaboration and Management of Prevents the sense of

quality of human resources. Subcontractors as Internal alienation of the contracting
Team (Policy 2) parties

Maximizing resource sharing Semi-project partnering A limited form of “competitive”

and increasing commitment (Policy 3) (Kumaraswamy and tendering is applied

Mathews, 2000)

Subcontrator A-1 Subcontractor B-1
85
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40
61 731 929 1128 V27 328 527 726 924 1123 6/1/2005 7/31/2005 9/29/2005 11/28/2005
Time (month) Time (month)

Trust (%)

Figure 7. Comparative behaviour of model after implementation of three policies [A-Project A; B-
Project B]; Reference — 0; Policy 1-1; Policy 2- 2; Policy 3- 3;

CONCLUSION

As trust is path dependence phenomenon, thus éxiseemely difficult to capture the
behaviour of trust in a construction project relaship at a holistic view. Therefore, by
adopting system dynamics approach, a generic tnostel has been formulated in order to
facilitate the contractors and subcontractors idemstanding trust related issues. This model
may help them to attain high level of performanoe aompetitiveness of the construction
industry and can bring long term benefits duringrticontact period. According to the model,
three trust factors have significant enhancementcaontractor and subcontractors’ trust
building: participants’ performance, participarmgrmeability and system based trust.
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Best value contracting, management of subcontrscsr internal team and semi-project

partnering-these three policies are suggestedni@raving trust level bases on the case

studies. As the interview companies resolve th&pute by mutual understanding thus

impact of several dispute arising in large scalggmts and their detail resolution techniques

such as litigation, arbitration has not been inetlidhere. Thus, the research area could be
extended in future for the investigations of detadidelling of contractual agreement.
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