Chapter 4
Catastrophic Transitions of Construction
Contracting Behaviour

Sai On Cheung and Tak Wing Yiu

Abstract This chapter reports a study on the examination of construction
contracting behaviour (CCB) under the influence of the competing forces of
co-operation and aggression. The CCB dynamics under these forces are modeled
on the Catastrophe Theory (CT) developed by Thom (1975). Mathematical
treatment allows analytical examination of the dynamics among the interacting
variables. A bifurcation zone within which the behaviour becomes bimodal
characterises CT model. Under a CT framework, a small change in the aggression
drive can produce a significant sudden change in contracting behaviour; this
phenomenon is called divergence. The CCB framework is developed by the
identification and establishment of indicators for the three variables; contracting
behaviour, co-operation and aggression drivers. These variables are used to test the
catastrophic phase transitions of CCB. It is found that if a co-operating party feels
aggrieved, she remains co-operative up to a point beyond which she will suddenly
attack. This jump is described as catastrophe attack. Once this happens, problems
can be easily be escalated to become disputes.

4.1 Characteristics of Construction Contracting

The construction industry is infamous for its adversarial culture. The proliferation
of disputes within the industry has caused acute concern over the adverse effect of
protracted disputes. Furthermore, the antagonistic contracting attitude needs to be
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overhauled (Bayliss et al. 2004; Cheung et al. (2003a, b); Cheung and Suen 2002).
This view is expressed in a number of industry-wide reviews (Construction
Industry Review Committee (CIRC) 2001; Egan 1998; Latham 1994). Fostering
co-operation in construction contracting has been suggested to alleviate this sit-
uation. However, this is considered to be a revolutionary attitude change that can
only be made possible with a transformation in culture. Co-operation fostering
efforts can be broadly classified into three categories: case studies, identification of
critical success factors and legal analyses. Case studies are instrumental in sharing
innovations and achievements (Bayliss 2002; Bayliss et al. 2004; Black et al. 2000;
Cheung et al. 2002) and are valuable learning models for the practice of
co-operative contracting. Nonetheless, skeptics often comment that every con-
struction project is unique; hence it is risky to generalise the success attained in a
particular venture. Identification of success factors often goes hand in hand with
case studies (Liu and Fellows 2001). The identified success factors are mostly
behavioural or attitudinal, thus augmenting the common belief that contracting
behaviour is in fact manifestation of the attitude of those involved. Liu and Fel-
lows (2001) suggest that the Chinese culture appears to be more receptive to the
concept of co-operative contracting. This notion is echoed by the study of Cheung
(2001) which points out that the contract law regime of the People’s Republic of
China features many characteristics of relational contracting forwarded by Macneil
(1980, 1981). Flexibility in contractual relations was succinctly advocated. His
suggestion was later supported by the empirical work of Macaulay (1985) who
observed that re-negotiation of contract terms is commonly practised and that
adjustments should occur without resorting to court. To this end, the legal footing
of co-operative contracting has to be identified. In sum, examining the compati-
bility of the legal system in supporting the practice of co-operation in construction
contracting form the backbone of legal analyses in this area. Yet not surprisingly,
the legal profession under the common law system has been swift to point out the
lack of a legal basis for any contractual duty to cooperate (Newman 2000) and that
such a duty is difficult to enforce due to the absence of a recognised legal concept
(Colledge 2000). Furthermore, the sole reliance on contractual force in executing
construction contracts already marks a clear departure from the spirit of co-
operation. More importantly, commanding co-operative contracting behaviour is a
management issue, and improving the performance of construction projects is one
of the driving forces to promote co-operation between contracting parties. Its
failure would germinate seeds for disputes, and eventually lead to programme
disruption, relation deterioration, time and financial loss (Cheung 2001).
Notwithstanding the call for reforms as aforementioned, contracting behaviour
remains largely adversarial in the construction industry (Construction Industry
Review Committee (CIRC) 2001; Egan 1998; Latham 1994). The conventional
design-bid-build approach is not conducive in enhancing co-operation (Cheung
et al. (2003a, b). Contractual terms, however comprehensive, would not be able to
cover all eventualities. Unanticipated happenings are testing and a co-operative
contracting behaviour could curb disputes nourishing (Cheung 2002; Luo 2002).
Co-operative contracting behaviour operates as a self-enforcing safeguard that
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enables a more effective and less costly alternative to exhaustive contractual
remedies (Luo 2002). That means with a co-operative contracting attitude, a
flexible approach can be adopted to deal with unanticipated eventualities (Luo
2002). In terms of implementing co-operation, Bayliss et al. (2004) suggested that
“co-operative attitude can be instilled, fostered and maintained through cogent
project management, thus, commanding a co-operative contracting behaviour is a
management issue, acquiring skill of managing it basically depends on the
understanding of the fundamentals involved”. Notwithstanding, the fact remains
that parties to a construction contract represent the interests of their respective
organisations that may not always be compatible. Cheung (2007) further demon-
strated that trust is the prerequisite for co-operation in a partnering project in Hong
Kong.

4.2 Construction Contracting Behaviour: Co-operation
Versus Aggression Forces

According to Hill (2001), contracting behaviour is regarded as “a means for
parties to reconcile their expectations, future actions and consequent valuations to
increase the size of aggregate pie”. The view is also shared by Buckley and
Casson (1988) who suggest that co-operative behaviour is a mutual forbearance in
the allocation of resources such that one party is made better off and no one is
worse off than it would otherwise be. In the course of an ongoing contractual
relationship, disputing parties may adopt co-operative behaviour in order to retain
a harmonious relationship with the other. This co-operative working environment
would have allowed effective enforcement of their rights and obligations (Harmon
2003; Yiu and Cheung 2006). However, in construction, acting co-operatively is
easier to be said than done, especially when conflicts are inherent in all con-
struction projects (Fenn et al. 1997; Yiu and Cheung 2006). Opportunism is
therefore common. Contracting parties would exercise opportunistic and aggres-
sive behaviour by only taking care of one’s self-interest, regardless of the detri-
mental consequences of their collaborators. For example, they may seek to enforce
their contractual rights as much as possible on one hand, while look for means to
evade their obligations on the other; they may even estimate the other party’s
likelihood to default. It is therefore evident that there are two co-existing con-
flicting forces that affect CCB: co-operation force and aggression force.
Aggression force refers to the strengths and stimuli that motivate one to make
aggressive moves, whereas co-operation force is the strengths and stimuli that
motivate one to make co-operative moves. These two dichotomous forces co-exist
in all construction projects. As illustrated in Fig. 4.1, these forces can be framed
into the classic framework of Prisoner’s Dilemma (PD) (Axelrod 1984). PD refers
to a two-party non-constant-sum game in which some outcomes are preferred by
both parties, and the occurrence of certain outcomes depends on the behaviour of
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Fig. 4.1 Payoff matrix of construction contracting behaviour (CCB)

the other party. In this game, it is assumed that each individual player (“prisoner”)
is trying to maximise his own interest, without any concern for the well-being of
the other player. The PD framework suggests that a similar payoff matrix can be
applied in the area of human interaction and it has become fundamental to certain
theories of human co-operation (Axelrod 1984). Hence, a similar approach as the
PD framework can be applied to model CCB. A payoff matrix of CCB is con-
structed and displayed in Fig. 4.1.

The payoff matrix in Fig. 4.1 suggests that co-operative behaviour is not innate.
Instead, practice of co-operative behaviour is characterised by reciprocal moves,
i.e. if one side behaves co-operatively, he would expect a reciprocating co-oper-
ative response from the other (Cheung et al. 2003a, b; Wong et al. 2005). This
implies that the contracting behaviour of one party is dynamically associated with
the others. It is therefore hypothesised that a threshold exists for the transition from
co-operative to aggressive contracting behaviour. When this threshold is reached, a
sudden change in behaviour will occur. The theoretical explanation of such a
behavioural transition can be found in Catastrophe Theory (Thom 1975).

4.3 Catastrophe Theory

Catastrophe Theory was developed by Thom (1975) and subsequently popularised
by Zeeman (1976, 1977). It is a mathematical model of nonlinear systems in which
discontinuous behaviour is determined by smooth changes in a small number of
parameters (Wagenmakers et al. 2004). It has been applied to a wide range of areas
such as physics (Tamaki et al. 2003), geology and rock mechanics (Qin et al.
2001), psychology (Ploeger et al. 2002; van der Maas et al. 2003) as well as social
sciences (Holyst et al. 2000). One of the popular applications of CT is attitude-
based analysis. In management, it has also been applied to study technology
management (Bacck and Cullen 1992; Herbig 1991), organisational change
(Gresov et al. 1993), competitive strategies (Oliva et al. 1988), customer behaviour
(Oliva et al. 1992), motivation in organisations (Guastello 1987), forecasting and
decision making (Wright 1983) and conflict resolution (Yiu and Cheung 2006).
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4.3.1 Catastrophe Model of Construction Contracting
Behaviour

Catastrophe Theory describes how small and continuous changes of independent
variables can have sudden, discontinuous effect on a dependent variable. Its basic
form is called ‘cusp catastrophe’ (Thom 1975). The cusp model involves one
dependent variable and two independent variables. The independent variables take
two extreme forms with different qualitative meanings: one is called the normal
factor and the other is called the splitting factor (Bacck and Cullen 1992). The
normal factor changes directly with the dependent variable (Gresov et al. 1993),
while the splitting factor is ‘a moderating variable which specifies conditions under
which the normal factor will affect the dependent variable in a continuous fashion,
and other circumstances under which the normal factor will produce discontinuous
changes in the dependent variable...it is the splitting factor that determines the
“breaking point” or threshold of change in the dependent variable...’(Bacck and
Cullen 1992). According to CT, when the intensities of the normal factor and the
splitting factor reach a threshold level, the dependent variable will undergo a
sudden and radical change. This unique nature is represented by the split of the
contracting behaviour surface (B) of the CT model (Fig. 4.2 refers).

In this study, it is hypothesised that a party’s contracting behaviour is influ-
enced by two stimulators: co-operation force and aggression force. The CT model
describes the changes in CCB, as a result of the interaction between these two
forces, depicted as the contracting behaviour surface (B) in Fig. 4.2. For any
combination of the co-operation and aggression forces, that means for any point on
the control space (C), there is at least one likely form of corresponding behaviour
indicated as a point above the corresponding point in the control space and at an
appropriate height on the behaviour axis (vertical axis). The full set of such points
together forms the contracting behaviour surface (B). In general, there is only one
probable mode of behaviour. However, where co-operation and aggression forces
are roughly equal, as shown the middle of the graph there are two sheets repre-
senting two possible forces of behaviour. They are connected by a third sheet to
form a continuous pleated surface. This sheet represents the least likely behaviour,
in this case, neutrality (Zeeman 1977). Towards the origin, the pleat on the con-
tracting behaviour surface becomes increasingly narrow and eventually vanishes.
The line defining the edges of the pleat is called the fold curve and its projection
onto the control surface is a cusp-shaped curve.

4.3.2 Construction Contracting Behaviour as Dependent
Variable

As discussed, improved performance of construction projects provides a driving
force to adopt a co-operative approach, and it is necessary to better understand
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Fig. 4.2 A hypothetical catastrophe model of construction contracting behaviour

such construction contracting behaviour. As shown in Fig. 4.2, construction con-
tracting behaviour is manifested by a combination of co-operation and aggression
forces. Based on literature review, its influential variables are identified and
summarised in Table 4.1.

4.3.3 Co-operation Force and Aggression Force
as Independent Variables

As per the model presented in Fig. 4.2, co-operation and aggression forces are two
co-existing conflicting forces that affect construction contracting behaviour.
Co-operation force prompts contracting parties to focus on mutual interests and
concerns. This force would generally invoke co-operative and accommodating
response, which would restrain the inherent human instinct of concerning only
self-interests. Aggression force, in contrast, prompts contracting parties to focus
only on self-interests. These behaviours are often adversarial and invoke aggres-
sion, retaliation and defensive responses. The dichotomous nature of these two
forces can be demonstrated by the framework of Prisoner’s Dilemma (PD) as
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afore-described. It is therefore imperative that contracting parties shall prevent
such moves so as to maintain good relationships. In summary, in modeling CCB,
both co-operation and aggression forces should be considered. Their variables are
presented in Tables 4.2 and 4.3 respectively.

The fitness of the model presented in Fig. 4.2 and the appropriateness of the
independent variables are to be tested empirically. The steps in conducting the fit
measurements are discussed here-follow.

4.4 Model Fitting

Early CT model fitting employed regression and stochastic differential equations to
estimate model parameters (Gresov et al. 1993; van der Maas et al. 2003; Yiu and
Cheung 2006). Cobb (1980) proved that there is a family of probability density
functions, of which a stable equilibrium corresponds to a node and an unstable
equilibrium corresponds to an anti-node. A stable equilibrium state is a point of
high probability. The cusp surface (i.e. the contracting behaviour surface) is then
viewed as a maximum probability response surface (Cobb 1981; Cobb et al. 1983).
With these probability density functions, parameters can be estimated using the
method of maximum likelihood estimation (Yiu and Cheung 2006; van der Maas
et al. 2003; Cobb 1981; Cobb et al. 1983). In other words, the control variables can
be estimated from the data with stochastic differential equations (Cobb 1978,
1980; Cobb et al. 1983; Gresov et al. 1993). Mathematically, the contracting
behaviour surface can be expressed by Eq. 4.1 (Cobb 1980, 1983):

el ) exp(m-+ 387 - 1°) (@)

where y = (Z;M, A and ¢ scale the observed behavioural variable z to y;

o and f§ are linear functions of the independent variables x; to x,, with

o= ap+ aix; + axxy + ... + a.x, (4.2)
and;
p = bo+ bixi + baxy + ...+ byx, (4.3)

Cobb (1980) also developed a computer program based on this model fitting
technique. Although this maximum likelihood method is considered as a satisfac-
tory method for fitting cusp catastrophe model, it is not often used (Wagenmakers
et al. 2004) and unfortunately, this program often breaks down for non-apparent
reasons (Ploeger et al. 2002). Hartelman (1997) later solved this problem by
introducing an improved program called Cuspfit (Hartelman 1997; Ploeger et al.
2002). Hartelman (1997) and Wagenmakers et al. (2004) suggested that this pro-
gram is a more robust and flexible version than Cobb’s original program. It employs
a more reliable optimisation routine which allows users to constrain parameter



61

4 Catastrophic Transitions of Construction Contracting Behaviour

(2002) onT “(a€002)
Te 30 Sundy) “(0007) T 3 Yorlg
(2007) onT
(1002) *odid “(2007) ong
“(9661) zod (9£002) T 32 Sundy)
(2007) onT
“(9661) zod “(+007) ‘Te 1° Sundy)

(T661) WO
(LL6T) uBWAZ

(LL6T) uewadZ ‘(z0OT) on]

sonaed Sunoenuod Juowre sdIysuONL[AI SSAUISNQ AININJ UTBIUTBW O} IS Kyooidroar Ayred-1ojuy

SUONIPUOd 30eNU0d Jo Aypiqeidepe AouaSunuod pue Ayogroads wrd) ‘ssammordxyg ssauajo[dwros joenuo))
sonaed Sunoenuod (s)wrorqoxd jo Surreys

Suowre suone)NSUOd [enjnw Ioj suoisiaoid joenuod sunerodioour jo ssoudjeridorddy  /SUIA[OS UL SSQUATIOALH
SOToUaSUNUOD PUE SJUIAD uonn[osar

J[qea9salojun ‘sandsIp aA[0sa1 03 suoisiaoid joenuod Junerodioour jo ssoudjendorddy AINdSIp U SSQUAATIORPH
sonred SunoBNUOD JO SSQUASIAAR YSLI JO ISP A} pue ‘(S) premal Surreys s3uiaes pue

o1qrSuey jo uorsiaoxd oy ‘sonred Sunoenuod Suowre SUONELOO[TE YSII [ENJOBIIUOD JO 901S9(]  SYSII 0] AJISUNUI 9AUIOU]

uonedroned josfoxd ur ssourreunjoa jo 22139 K)ISUIU] JUSWIDA[OAU]

(s)109loxd reqrurts Surpuey
ur oouonadxd 1oy pue sonted Surnoenuod Juowe IFUBYIXS UONBULIOJUT JO AJUSIOLYH UONBULIOJU] JO AN[IqR[IRAY

(2002) onT “(0002) ‘T 19 Yoerg soned Sunoenuod ueaM)dq [B0S UOWIWIOD JO JUSWIYSI[qeISH Areninw [eon
sonssI
(2007) onT 199lo1d ur paajoaur Ay3y a1e A3y uaym SuLnpua 1k sented FUNOBNUOD JO STUUNTWWOD)  IDUBUUIBW JUSW) WO
sonred Sunoenuod Juowe UONEBOIUNWWOD [9A9]
(1002) 1d1d “(9661) zod uado Ino FurkLred Jo Jud)xa Y, "SSuI[ed) pue SIYINoy) SuLIeys JO SSAUIUI[[IA\ ssouuadQ
sjuedronred 300loxd
ssa13o1d jo9fo1d 9ye3I[IoR) pUR S9210] UonEeIado-00 uoIMIaq
(2002) onT “(6661) 'Te 12 eny) J1ay) AJIsuajul pinom sonted Sunoenuod Suowe diysuone[ar Sunpiom pue [euosiad poos vy sdiysuone[ar ur sSaupoon
(r661) UONBOIUNWWOD UOT)EOTUNTITIOD
Ieyuoys pue uewe], ‘(9661) ZOQ  JO SSQUIAIOQJQ djeyi[ioe) pinod sonied Sunoenuod Suowe sSureap snoraaxd paysnes JO SSoueAndPH
(661)
Ieyuays pue uewel, ‘(z00g) on1 sonaed 3unoenuod ur SuIp[ing jsni} pue DUIPYUOD Jo 3139 Kyisuojur jsni,
(€661) ueunreH ‘(6661)
‘Te 39 duer) “($007) ‘T8 32 Sunayd wed) Jo9foid e Jo yorordde yromwes) Aq uonnjosar sIndsip Jo SSUIATIOH Ayisuour yIomuweaJ,
SQOUAIRJY suonuyaq SO[qeLIB A

20103 uone1ado-0d Jo sA[qELIRA  T'h J[qEL



62 S. O. Cheung and T. W. Yiu

Table 4.3 Variables of aggression force

Variables Definitions References

Quality of the past/ Satisfaction of previous dealings among Luo (2002), Tallman
previous dealings contracting parties and Shenkar

(1994)

Level of competitive Amount of pressure perceived by contracting ~ Gresov et al. (1993)

pressure parties would directly affect their
aggressiveness

Intensity of competitive Competitive force or competitive inertia is Gresov et al. (1993),
force/competitive determined by the aggressiveness of McKim (1992)
inertia contracting parties on comparison to the

actions being taken by their competitors

Likelihood of disputes  The higher the likelihood of disputes, the higher Doz (1996), Luo
the aggression forces of contracting parties (2002)
are induced

Contract incompleteness Aggression forces are likely to invoked if many Goldberg (1992),
ambiguous terms exist in contract conditions Luo (2002)

values and to employ different sets of starting values. Cobb’s algorithm calculates
whether the cusp model or the linear model gives the best description of the rela-
tionship between the independent and the dependent variables (Cobb 1980; Ploeger
et al. 2002; Wagenmakers et al. 2004). Cuspfit, however, is equipped with addi-
tional functions and is thus capable of fitting similar models such as logistic and
linear models and detect rapid changes in the dependent variable (Wagenmakers
et al. 2004). It can also be used to test the three models; linear, logistic and cusp.
Such comparison is useful in distinguishing an arbitrarily fast acceleration from a
catastrophic change. Furthermore, Cuspfit could be used to test the presence of
bifurcations by comparing the fit of the cusp model to the fit of both logistic and
linear models (Hartelman 1997; Hill 2001; Ploeger et al. 2002).

In addition to the maximum likelihood method, Hartelman (1997) introduced
two fit measures in Cuspfit—Akaike Information Criterion (AIC) and Bayes
Information Criterion (BIC). AIC is the goodness-of-fit index that takes account of
the number of parameters. Mathematically, it is defined as minus twice the log-
likelihood plus twice the number of parameters, i.e. “AIC = -2 log L 4+ 2 k”; the
model with the smallest AIC will be the best fit (Hartelman 1997; Hill 2001;
Ploeger et al. 2002). As for BIC, it is a goodness-of-fit indicator which takes into
account the number of data points and implements Occam’s razor (Thorburn 1915)
by quantifying the trade-off and parsimony (Hill 2001; Ploeger et al. 2002; Raftery
1995; Schwarz 1978). Mathematically, BIC is calculated by the equation
“BIC = -21logL + klogn”, where L is the maximum likelihood, k is the number
of free parameters and n is the number of observations (Raftery 1995). Models
with lower BIC values are preferred for model fitness purpose. If the AIC and BIC
values of the cusp model are lower than those of the logistic and the linear models,
then the cusp model shall be the best fit among the three (Hartelman 1997; Hill
2001; Ploeger et al. 2002).
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Another notable feature of Cuspfit is the possibility of introducing restrictions
on parameters to test specific hypotheses (Hartelman 1997). In catastrophe anal-
ysis, if one expects that one or more of the independent variables do not contribute
to the normal or the splitting variable, it is possible to fix parameters at zero, so
that only the non-fixed parameters are estimated. Since there are two independent
variables in the cusp catastrophe model, with reference to Eqgs. 4.2 and 4.3, it is
possible to construct a total of 16 different cusp models by substituting the four
parameters al, a2, bl and b2 to zero. Then, comparing the AIC and BIC values
with the unrestricted catastrophe model, the appropriate independent variables—
the normal and the splitting variables of the proposed model can be identified
(Hartelman 1997; Ploeger et al. 2002; Van der Maas et al. 2003). The fit measures
indicate which of the 16 cusp models is the most appropriate. As such the set of
independent variables; i.e. the normal and the splitting variables is also identified
(Schwarz 1978). A number of successful applications with this approach have been
reported (Hartelman 1997; Hill 2001; Ploeger et al. 2002; Stewart and Peregoy
1983; Van der Maas et al. 2003).

4.5 Data Collection

To facilitate data collection, a questionnaire was designed to measure the percep-
tions of construction professionals on the dependent and independent variables. The
items of this questionnaire are listed in Tables 4.1, 4.2 and 4.3. The targeted
respondents were construction professionals including as project managers, archi-
tects, engineers, surveyors and mediators who had at least 5 years project man-
agement experience. With reference to their recent projects, they were asked to
indicate the relative significance of the variables representing CCB, co-operation
force and aggression force on a seven-point Likert scale. A total of 250 question-
naires were sent out and 91 sets were completed and returned. The overall return
rate is therefore 36.40 %. The returned questionnaires were completed by con-
struction professionals including project managers (15 %), architects (15 %),
engineers (25 %), quantity surveyors (42 %), mediators (1 %) and others (2 %).
Most of the respondents were holding senior positions in the industry, with 57 %
having more than 10 years of experience. The profiles of the respondents assure the
authenticity of this study in reflecting the industry’s opinion. The profiles of the
respondents according to their work experience and professional background are
summarised in Fig. 4.3.

4.6 Results and Discussions

The collected data were analysed by the Cuspfit program (Cobb 1980; Hartelman
1997). The following three steps were involved:
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(D. Step 1: Modeling and testing of the appropriateness of the control variables.
(II). Step 2: Investigating statistical fit of the models, and
(IIT). Step 3: Identifying the bimodal nature of CCB.

The above procedure has been successfully adopted in other studies employing
the Cuspfit program (Hill 2001; Ploeger et al. 2002; Stewart and Peregoy 1983;
Van der Maas et al. 2003).

(i) Step 1: Modelling and Testing of the Appropriateness of the Control
Variables

Tables 4.2 and 4.3 list the influential variables of co-operation and aggression
forces identified in the literature review. To examine which pair(s) of variables
from these two forces is(are) appropriate to serve as the normal and the splitting
factors, a total of 70 trials (devised from the combination of CCB variables,
fourteen variables of co-operation force and five variables of aggression force)
were analysed by the Cuspfit programme. The Cuspfit programme fits the catas-
trophe model with the control variables a, f3, and the behaviour variable z to cross-
sectional data by using the maximum likelihood method. With reference to
Eqgs. 4.2 and 4.3, the linear function, o (the normal factor), and f (the splitting
factor), for the two control variables, (x;: co-operation force) and (x,: aggression
force) can be written as:

o= agp+ a1x; + X, (4.4)
B = bo+ bixi + baxa (4.5)

According to algorithm by Cobb (1980), the setting of the control variables al
and b2 of Eq. 4.4 and a2 and bl of Eq. 4.5 can be fixed as zero. Hence, the linear
function of o (the normal factor), and f (the splitting factor) can be devised under
two conditions:

Condition 1: when a; = 0, and b, = 0, then

o = ap+ axy (4.6)

B = byp+ bix; (4.7)
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where x; = splitting factor and x, = normal factor
or
Condition 2: when a, = 0, and b; = 0, then

o = ap+ a;xg (48)
B = bo+ byx, (4.9)

where x; = normal factor and x, = splitting factor

To test the appropriateness of the control variables, each trial included 16
catastrophe models which were constructed by substituting the four parameters al,
a2, bl and b2 randomly with zero. The AIC and BIC of these models were
compared with those of the unrestricted model (Ploeger et al. 2002; Van der Maas
et al. 2003). Significant trial(s) was (were) selected when the lowest AIC and BIC
can also fulfil either Condition 1 or Condition 2. Accordingly, two significant
catastrophe models (i.e. Model 10) were identified from two trials (Trials A and B)
(Table 4.4 refers). Their statistical results are presented in Tables 4.5 and 4.6.
These two models generally show that the degree of trust intensity (as the normal
factor), contract incompleteness and competitive inertia (as the splitting factors)
critically affect the sudden change of CCB.

ii) Step Two: Investigating Statistical Fit of the Models

Having confirmed the appropriateness of the normal and the splitting factors in
the two identified models, the output of the Cuspfit programme also provide
information on the statistical fit of the two significant models. This programme is
able to test three types of models: linear, logistic and catastrophe model. The
algorithm of Cobb (1980) is able to calculate whether the catastrophe or the linear
model gives a better description of the relationship between the independent and
dependent variables. While the work of Hartelman (1997) enables a comparison of
the catastrophe model with the logistic model. The comparison is to distinguish an
arbitrarily fast acceleration from a catastrophic change (Ploeger et al. 2002). When
the AIC and the BIC of the catastrophe model are lower than those of the logistic
and linear models, the catastrophe model then gives a better fit (Van der Maas
et al. 2003). With reference to Tables 4.5 and 4.6, model 10 of both Trials A and B
gave the lowest AIC and BIC values when compared with the linear and logistic
models, hence, both models were statistically fit.

iii) Step 3: Identifying the Bimodal Nature of Construction Contracting
Behaviour

The third step of analysis is to identify the bimodal nature of CCB. The Cuspfit
programme gives a bifurcation diagram which shows how the data fit into the
bifurcated region. If reasonable portion of the data points are located within the
bifurcation set, the area between the bifurcation lines, the CCB is bimodal (Ploeger
et al. 2002; Van der Maas et al. 2003). Figs. 4.4 and 4.5 show the plotting results
and the visual displays of the bifurcation curves respectively.

Within the bimodal zone, i.e. within the area of the bifurcation line, there exists
a choice of 2 points, one in the aggressive state and the other in the co-operative
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Table 4.4 Findings of Catastrophe Analyses

Model 10 from Trial A Model 10 from Trial B
Dependent Variables Construction Contracting Behaviour Construction Contracting Behaviour
Normal Factor (¢)  Trust Intensity® Trust Intensity®

b

Splitting Factor ()  Contract Incompleteness Competitive Inertia®

Surveyed variables (rated on a Likert scale from (1) strongly disagree to (7) strongly agree):-

Trust Intensity:-

1. Your project team paid due regard to the respective rights, benefits and responsibilities and the
plan, polices and strategies stipulated in the Contract.

2. The previous dealing(s) between the project participants reinforced confidence of your project
team in working with each other.

3. Overly detailed contractual procedures to deal with contingencies were unlikely deterred your
project team’s motivation to maintain commitment.

Contract Incompleteness:-

1. Guidelines and possible solutions for handling various unanticipated contingencies/future
problems had been incorporated in the Contract.

2. The substantial amount (monetary) of investment in this project had led to more likely to
incorporate more detailed contract conditions and contractual procedures to deal with
contingencies.

3. The long project duration had led to the incorporation of more detailed contract conditions and
contractual procedures to deal with contingencies.

Competitive Inertia:-

1. The actions being taken by other contracting parties were strongly aggressive.

2. The capital necessary for the project operation had been in general insufficient.

3. Low interdependency between project participants had led to your party more likely taking
advantage over the others.

# Trust Intensity is defined as the degree of confidence and trust building in the contracting
parties.

° Contract Incompleteness is defined as the degree of term specificity and contingency adapt-
ability in a contract.

¢ Competitive Inertia is the degree of aggressiveness of a contracting party on comparison to the
actions being taken by counterpart.

state. As a point in the bimodal zone can be in either state (co-operative or
aggressive), without additional information one cannot predict the outcome of
further movement from such a point. However, if prior movements (i.e. past
histories) are known, one could then predict the eventual state for the next
movement from that point (Herbig 1991). With reference to Fig. 4.5, in a case
where the point originated from the co-operative state (point C), a change from
co-operative behaviour to aggressive behaviour is looming (path CAB) if the trust
intensity continues to decrease (i.e. CCB becomes aggressive, the path goes further
from point A up to B because of their bimodal nature within the bimodal zone).
Within a CT framework, CCB will not revert to co-operation even when trust
intensity increase again. Likewise, if the CCB is in the aggressive state (point D), a
significant increase in trust intensity will be required to effect a behavioural change
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Fig. 4.4 Bifurcation diagram in the control space of the catastrophe models with a trust intensity
as normal factor and contract incompleteness as splitting factor; b trust intensity as normal factor
and competitive inertia as splitting factor

(called hysteresis effect) to co-operative behaviour (DEF). Hence, when the
behavioural state falls within the bimodal region, it is difficult to predict the action
of the contracting party. To predict which state of behaviour will occur, infor-
mation of the present behavioural state on the curves and recent histories of both
the control variables are needed (Herbig 1991; Hill 2001; Zeeman 1977). This
highlights the importance of avoiding the building up of aggression forces. In
parallel trust building is an effective way to release the tensions between the
contracting parties.

4.7 Chapter Summary

Most of the industry-wide reviews recommend that construction contracting
should embrace a culture of co-operation. This is considered to be one of the
effective ways to reduce dispute and conflict. However, due to the fact that con-
flicts are inevitable in construction projects, acting co-operatively is easier to be
said than done. Contracting parties often behave aggressively in order to protect
and enforce their contractual rights on one hand while look for means to shun their
obligations on the other. In this connection, the dichotomous pair of co-operation
and aggression forces co-exists in all construction contracting environment. This
chapter examines the dynamics of CCB in the light of these two co-existing forces.
Modeled under a catastrophe theory (CT) based framework, three-variable Cat
models were developed. In these models, CCB is the behavioural variable and co-
operation and aggression forces were arranged as normal and splitting factors. A
total of 70 models was analysed by the Cuspfit programme. Two catastrophe
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Fig. 4.5 Contracting behavioural surface of the two significant catastrophe models of
construction contracting behaviour (from Trials A and B)

models were found significant. With CCB being the behavioural variable, the
normal and splitting factors are trust and contract incompleteness respectively.
This model affirms the positive roles that trust can play in balancing aggression. In
addition, the empirical evidence fits well with the risk-based view of trust by Das
and Teng (2004) who advocate that the presence of risk and uncertainty are
conducive to trust development. This model suggests that if the contract is
incomplete, thus unable to deal with all eventualities, the uncertainties and risks
involved will be high. This type of situation is ideal platform to demonstrate the
functionalities of co-operative efforts (Bhattacharya et al. 1998). It is a pragmatic
approach to deal with crisis resulted from the manifestation of uncertainties and
risks. In those circumstances, relying on contractual provisions or legal remedies
gets the contracting parties nowhere. Instead, a flexible and co-operative problem-
solving attitude is needed in order to navigate through the crisis. In this respect,
trust and co-operation are indeed tightly knitted. The second significant CT CCB
model is similar to the one obtained from Trial A except the splitting factor is
competitive inertia (CI). CI refers to the reluctance to cooperate. This may due to
the hard-line and opportunistic attitude of a self-interest seeking contracting party
(Lyons and Mehta 1997). This situation is common with desperate subcontractors
who have little to lose in a ruptured contractual relationship. They are not bur-
dened by the priori capital investment or relationship building. Problems can easily
be escalated to become disputes when parties are in aggressive mode.

In sum, within the CT framework (Fig. 4.5), if a contracting party is in the
aggressive state, a significant increase in trust intensity is needed to install a co-
operative behaviour change as suggested by the bimodal nature of CCB. In this
connection, trust-building would be an important ingredient to balance aggression
which dovetails the conventional wisdom of ‘prevention is better than cure’.
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