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ABSTRACT

Shifting from conventional construction to Industrialised Building Technology (IBS)
aims to increase productivity and quality, decrease labour shortages and improve working
conditions. Policy approaches have thus concentrated on providing tailored information
to encourage IBS technology adoption and to assist IBS decision-making. This research
addresses the gap in the understanding of decision-making as a phenomenon in the
context of IBS technology adoption, using a qualitative exploratory approach
underpinned by an interpretative phenomenological paradigm. It specifically focuses on
developing an understanding of how emerging contextual factors (e.g. government
policy), structural factors (e.g. project organisation and management factors) and

behavioural factors (e.g. human-related matters) influence IBS decision-making.

The role decision makers play in the adoption of IBS technology is increasingly gaining
attention, particularly in the context of the pace at which this technology is implemented
in the construction industry. In this context, a holistic conceptual framework is
constructed and it is analysed through a qualitative multiple- perspective approach
encompassing inter-project and intra-project perspectives in the Malaysian construction
industry. The inter-project perspective is explored through semi-structured face-to-face
interviews with a group of construction-profession stakeholders. The intra-project
perspective is explored through three case studies each composing of a group of supply-
chain members in IBS building projects with relevant archival data. It was found that
structural, contextual and behavioural factors impacted on IBS decision-making in a
hierarchical way according to the degree of influence of each factor, with structural
factors being the most relevant and dominant.

This research also highlighted the important implications of structural, contextual and
behavioural factors for IBS decision-making and discovered that although construction-
profession stakeholders and the supply-chain members of IBS projects identified similar
factors as influencing IBS decision-making, they perceived the importance of these
factors differently. From the findings, this research has generated a major IBS decision-
making model with facets or manifestations of the same basic model as it is essential to

recognise the complex range of factors associated with IBS decision-making.
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This research provides insight into the decision-making of IBS technology in building
projects as a means to shift from conventional building methods to a modern building
technology which can lead to sustainable construction practice. Hence, by identifying
influencing factors on IBS decision-making in construction, supports could be made in
terms of better understanding and facilitating, where relevant, the greater use of IBS
technology in the construction industry so as to ensure sustainability. Finally,
contributions to the literature and research methodology, besides research limitations and

areas for further research, were discussed.

Key words: decision-making, industrialised building systems (IBS), building projects,
construction industry.
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Chapter 1 Introduction

CHAPTER 1 - INTRODUCTION

1.1  Chapter Structure

Industrialised Building Systems (IBS) can be defined as the application of modern
systemised methods of design, production planning and control with intensive
utilisation of various precast elements as well as mechanised and automated
manufacturing processes, as an organised entity with defined relationships (Sarja,
2003). IBS is also known as the prefabrication, precast, off-site, modularisation and
modern-method construction, manufacturing or process of building methods. This
research is about exploring the decision-making of IBS technology adoption and its
influencing factors in building projects, with specific focus on the Malaysian

construction industry.

Chapter 1 presents an introduction to the research and intends to outline the key
concepts that guide the study. This chapter provides a background to the topic (section
1.2), research and knowledge gap (section 1.3) and specifies the research problem and
conceptualisation (section 1.4). The research aims and objectives are stated in section
1.5. Section 1.6 outlines the methodological approach of this research. The research
process and related tasks are outlined in section 1.7 which also presents a flow chart
linking the objectives to the thesis chapters. The justifications and scope of the research
are highlighted in sections 1.8 and 1.9 respectively, while section 1.10 provides further
detail on the organisation and content of each thesis chapter. Section 1.10 concludes
Chapter 1.

1.2 Background

Adoption of IBS technology has allowed the construction industry to achieve
remarkable productivity gains. IBS technology is now one of the prevalent and growing
building technologies in developed and developing countries (Blismas et al., 2010;
Dulaimi et al., 2002; Raji, 2013; Yu et al., 2012). Besides the successful outcomes of

the adoption of IBS technology, its slow take-up prevents any real efficiency to be
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Chapter 1 Introduction

leveraged across the construction industry. In the case of the Malaysian construction

industry, building projects tend to be laggards in adopting IBS technology.

Despite a good track record in IBS and the recent introduction of IBS benchmarks i.e.
minimum of 70% IBS in all construction projects, the industry as a whole remains quite
reluctant to exploit the use of IBS (CIDB, 2009). This reluctance is particularly evident
among many small contractors who prefer the use of conventional systems of
construction due to their familiarity with such methods (ldrus et al., 2008; Mohamad et
al., 2009).

Various other socio-economic and project-related factors have also been identified as
significant influencing factors in the Malaysian construction industry and subsequently
impacting on the adoption decisions of IBS technology (Abdullah and Egbu, 2010a;
Kamar et al., 2012; Taherkhani et al., 2012). Generally, in the construction industry,
the IBS technology decision is considered in a building project for the fulfilment of the
project's specifications or based on clients' requirements (Blismas, 2007; Boyd et al.,
2012; Goulding et al., 2012b; Mohamad et al., 2012; Pan and Gibb, 2009; Pan et al.,
2008b).

Factors influencing IBS adoption may not only relate to the technological issues. For
example, the ultimate decision outcome is subject to the dynamics and changes in the
projects per se and their environments (de Azevedo et al., 2012; Nieto-Morote and
Ruz-Vila, 2012), the perceived effectiveness of the implementation process in other
past/current projects (Marques et al., 2011; Robichaud and Anantatmula, 2010;
Tupenaite, et al., 2010; Williams and Samset, 2010), and the processes and information
utilised up to the point at which the decision is made (Azhar, 2011; Sacks et al., 2010a;
Scherer and Schapke, 2011).

Adoption of IBS technology is embedded in appropriate and effective IBS decision-
making processes which involve complex, consultative, integrative, regulative, long-
term and incremental processes in nature (Chiang et al., 2006; Goodier and Gibb, 2007,
Rashid, 2009; Yunus and Yang, 2012). Tools dominated by technical viewpoints have
long been used, primarily in the project-development phase, for making decisions on

IBS technology adoption, which emphasises their focus on the technical aspects of
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Chapter 1 Introduction

design and build-ability (Blismas et al., 2005; Imbeah and Guikema, 2009; Legrand et
al., 2004; Pavitt and Gibb, 2003; Soetanto et al., 2006a; Yang et al., 2003). However,
the dynamic and unpredictable nature of economic and political systems impacting on
the construction industry (Awuzie and McDermott, 2013; Harris and McCaffer, 2013;
Myers, 2013; Rose and Manley, 2010), continues to make optimised IBS technology

adoption decisions more challenging.

The complex decision-making process related with IBS technology adoption leads to
need to explore IBS decision-making approach to further understand the associated
issues. Decision-making in technology adoption can be considered as one of the
fundamental processes for implementing a building technology in project development
(London et al., 2010; Lutz et al.,1990; Pan et al., 2012a) as technology decisions affect
the long-term growth of the construction industry (Eastman and Sacks, 2008; Ortiz et
al., 2009; Taylor, 2010). This has long been acknowledged by early scholars in the
discipline of management decisions, such as Herbert Simon (1959; 1972; 2000),
George Huber (1980; 1981; 1984), Kathleen Eisenhardt (1989; 1999) and Charles
Lindbloom (1961; 1965; 1979) who all developed the groundwork of decision-making
practice with some insights into the decision-making styles of individual decision
makers as well as that of organisations. These decision-making theories emerged to
assist with problem solving, specifically in an increasingly dynamic, complex and
uncertain environment for managing construction projects (Collyer et al., 2010;
Fellows, 2010; Fewings, 2013; Kaplinski and Tamosaitiene, 2010).

In this context, this research investigates the deployment of IBS through studying the
decision-making approach embraced by the construction professionals (Thanoon et al.,
2003; Rahman and Omar, 2006); exploring their perception towards IBS decision-
making and how their decisions to adopt IBS technology are influenced by various
factors. Therefore, the research aims to discover the factors that impact on the decision-
making of IBS technology adoption in the construction industry. The study is focused
on the overall nature of IBS adoption decision-making but does not delve into the

decision-making-associated IBS issues in each stage of a construction project.

This study adopts an exploratory method based on the multiple-perspective of decision

makers from an inter-project perspective of a group of construction-profession
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stakeholders and an intra-project perspective with the group of supply chain members
in IBS projects, to study the influence of contextual, structural and behavioural factors
on IBS decision-making through multiple-case studies using an interpretative
phenomenological analysis (IPA). The exploratory approach is useful when trying to
explain little-understood phenomena or previously-not- researched areas and to identify

or discover important categories of meaning (Maxwell, 2012).

This research reflects on the application of interpretative phenomenological analysis as
one particular approach to qualitative research. The IPA in the qualitative research is
based on the approach used in psychology research but is increasingly being picked up
by those working in cognate disciplines in the human and social sciences (Smith et al.,
2009). It presents the theoretical underpinnings of the qualitative approach (Creswell,
2012).

Additionally, IPA is strongly idiographic, starting with the detailed examination of one
case until some degree of closure or ‘gestalt’ has been achieved, then moving to a
detailed analysis of the second case, and so on through the amount of cases (Smith,
2004). According to Starks and Trinidad (2007), phenomenological analysts seek to
capture the meaning of common features or essences of an event which are subjective
and knowable only through embodied perception. As a new and developing approach
of phenomenological inquiry, IPA provides a clear set of thorough and accessible
guidelines (Cope, 2011).

1.3  Research and Knowledge Gap

There has been much work carried out within the realms of decision-making in the
construction industry, examining how people actually do make decisions on building-
technology adoptions. Much of the interest, within the construction industry, has
centred on promoting the development and use of decision analysis (Abdelgawad and
Fayek, 2011; Cambraia et al., 2010; Ng and Bjornsson, 2004; Zavadskas et al., 2012)
or normative approach in building-technology decisions (Natee et al., 2013; Zavadskas
et al., 2009). These set down how decision makers ideally make IBS decisions in

building projects, that are consistent with project objectives (Hedgren and Stehn, 2013;
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Smith et al., 2010; Tatum, 2010) and perceive the influencing factors of IBS decision-
making (Chen et al., 2010b; Nadim and Goulding, 2010; Pan et al., 2012a).

Therefore, the understanding of human decision-making processes has been a
fundamental initiative for the construction industry (De Bruijin et al., 2010; Love et al.,
2013b; Ng et al., 2012c; Ng et al., 1999; Ning et al., 2011), as well as the focus of
applied research across disciplines such as economics, business, psychology and
management (Dainty, 2008; Kent and Becerik-Gerber, 2010; Kim et al., 2009a; Levitt,
2007; Senaratne and Sexton, 2008; Ulubeyli and Kazaz, 2009). Meanwhile, Aritua et
al. (2009), Hallowell and Gambatese (2009), Kaklauskas et al. (2007) and Pinto et al.
(2010) argue that one of the limitations of decision-making and judgement research is
its reliance on quantitative and technical data. As these studies have shown, in the
course of decision-making, individuals are likely to rely on a variety of data and
numerous different decision-making tools in complex construction environments. In
such a situation, it appears reasonable to expect individuals to rely on quantitative and
qualitative data because such data options are socially and structurally normalised

across all contexts.

Various researches have been committed to IBS decision-making and its processes in
the pursuit for an improvement and development of new models that can lead to better-
quality decisions and optimised results (Blismas et al., 2006; Chen et al., 2010a; Faludi
et al., 2012; Holton et al., 2010; Zavadskas et al., 2010b). This has encouraged other
researchers to explore new avenues to better understand the complexity of IBS
decision-making in order to discover appropriate solutions to some persistent 1BS
issues (Abdullah and Egbu, 2010a; Ern and Kasim, 2012; Gibb and Isack, 2001; Ko
and Wang, 2010; Lou and Kamar, 2012; Pan et al., 2012b). While some studies provide
a useful insight into common barriers to IBS adoption, they generally do not explore
the decision-making involved in adopting IBS (or not) and how this is influenced by
the contexts (e.g. economic, technological, legal) and structural (e.g. project,

procurement) in which it is undertaken.

Therefore from a theory perspective there is limited research into the decision-making
of IBS technology adoption from a holistic concept with multi stakeholder perspectives.

Moreover, building and construction has been criticised for lacking technological
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adoption (Aouad et al., 2010a; Arif and Egbu, 2010; Bell and Figueiredo, 2012; Blayse
and Manley, 2004; Manley and Kajewski, 2011), warranting further understanding of
the issues associated with the decision-making process. From an industry-practice
perspective, as governments including the Malaysian Government, begin to impose IBS
technology, a better understanding of the decision-making process for effective 1BS
adoption is needed. Hence, a key to unlocking the potential of IBS technology adoption
in building projects depends on exploring the approach and factors influencing IBS
decision-making through a holistic framework using qualitative data and encompassing

multiple stakeholder perspectives.

1.4 Research Problem and Conceptualisation

IBS building projects’ under-performance in the construction industry (Haller and

Stehn, 2010; Vernicos et al., 2011), the failure of many IBS technology adoptions to

return the expected results (Ceylan et al., 2010; Yee and Siti, 2012) and the slow uptake

of IBS technology adoption in building projects (Abdullah and Egbu, 2010b; Kent and

Becerik-Gerber, 2010; Ofori et al., 2011) have led to a growing interest in:

a) Understanding the decision-making of IBS technology adoption which emerged
in building projects: i.e. the decision-making associated with IBS technology
adoption as a dynamic, complex and multifaceted phenomenon. This is
established by examining various issues underpinning the two key variables
“decision-making” and “IBS technology adoption”.

b) How different factors impact on the decision-making of IBS technology
adoption; including contextual, structural and behavioural factors as key
concepts influencing IBS decision-making. Based on the literature review and
from investigations into the perceptions of decision-making, technology
adoption and IBS, it is identified that these three major factors, which accounted

for the decision-making of IBS technology adoption.

The last decade has seen the growth of the construction industry. This has impacted on
the construction management discipline, causing the rise of non-technical studies in
project management as an important discipline (Akadiri and Olomolaiye, 2012). The
growing need to cope with faster, on time, building-project completion while

maintaining the required quality levels, has reinforced the importance of IBS
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technology adoption in building projects (Arif and Egbu, 2010; Nadim and Goulding,
2010). Against the background of decision-making complexities in the construction
industry despite building-technology advancements, the research attempts to examine
decision-making that may contribute to the exploration and understanding of IBS

adoption behaviour. This thesis focuses specifically on IBS decision-making.

Naturally, decision-making is a human process (Bouyssou et al., 2013) and it is
therefore important to identify those who are involved in the decision-making process
of IBS technology adoption. IBS decision-making has resulted in a growing awareness
of the need to understand its approaches and processes in building projects overtime
(Chen et al., 2010a; Demiralp et al., 2012; Engstrom and Hedgren, 2012; Pan et al.,
2012a). For the purpose of this thesis, IBS decision-making can be defined as the
process of deciding on the adoption of IBS technology in a building project, based on
a set of important factors such as contextual, structural and behavioural factors after
considering possible alternatives in order to achieve project objectives that will enhance

the project outcomes in a dynamic and competitive construction environment.

Contextual factors can be defined as any characteristics, situations, forces or
circumstances that may exist outside a building project that have the probability of
influencing IBS decision-making. These factors include economy (Chen et al., 2010a),
socio-economy (Blismas, 2007), sustainability (Chen et al., 2010b; Yunus and Yang,
2011), environment (Jaillon et al., 2009), technology productivity (Eastman and Sacks,
2008), technology (Ergen et al., 2007), policy (Park et al., 2011) and innovation
(Blismas and Wakefield, 2009b; Pan et al., 2007; Pan et al., 2008a).

The structural factors are the ones that include issues or concerns vital to a building
project’s operating activities. These factors have implications for building-project
management mechanisms and have the potential to influence IBS decision-making.
These factors include risk (Kim et al., 2012), management (Ismail et al., 2012), design
(Faludi et al., 2012), project (Nadim and Goulding, 2009) and cost (Pan et al., 2007).
Meanwhile, behavioural factors that are influencing IBS decision-making involve
cognition (Xue, 2010), culture (Smith, 2011) and perception (Blismas and Wakefield,
2009a; Goodier et al., 2010).
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The behavioural factors are human-related aspects that define how people behave
within the context of a decision-making setup. These could include factors such as
attitude, learning, information processing, rationality, experience and awareness which
were also identified as influencing IBS decision-making in building projects. In the
Malaysian construction industry, although there is a limited number of human-related
studies in IBS technology adoption, the impacts of human-related factors are relevant
and significant such as research on knowledge management (Abdullah and Egbu,
2010a); skills and knowledge (Nawi et al., 2011), readiness (Ern and Kasim, 2012),
experience and mind-set (Thanoon et al., 2003), acceptance (Majid et al., 2011) and
awareness (Kassim and Walid, 2013). Meanwhile, behavioural factors or human-
related aspects which have been specifically studied under the topics of attitude,
awareness, rationality or bounded rationality and experience are also relevant in
construction management studies (e.g. Acar and Goc, 2011; Love et al., 2005; Turskis
and Zavadskas, 2011; Walker, 2011; Yousefi et al., 2010).

However, it is not clear in the literature what role and influence contextual, structural
and behavioural factors play in the decision-making of IBS technology adoption and
whether IBS decision-making always follows a particular pattern, i.e. whether it is
rational or irrational, systematic or matrix style, centred or dispersed. Moreover, it is
also important to determine the most influencing and the least influencing factors on
IBS decision-making in a hierarchical way. Literature review showed lack of studies
on what the group of construction-profession stakeholders and group of supply-chain
members in IBS projects, consider the ways of various factors influence IBS decision-
making. In order to investigate the association of contextual, structural and behavioural
factors with IBS decision-making, the following question have been formulated to

guide this research and to support the investigation:

How do contextual, structural and behavioural influences impact

on the decision-making of IBS technology adoption?
The above question will explore how IBS decision-making is influenced by the

integration of contextual, structural and behavioural factors as perceived by the group

of construction-profession stakeholders and group of supply-chain members in IBS
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projects, involving professions such as design architect, surveyor, developer,

consultant, contractor, project manager, civil engineer, manufacturer and client.

1.5  Research Aims and Objectives

This thesis examines the divergence in perceptions of influencing factors on IBS

decision-making by the group of construction-profession stakeholders and the group

of supply-chain members in IBS projects, based on a holistic concept and the multi-
perspective approach of decision-making applied in the practical sense of building
projects in the build environment.

The thesis then aims to:

Explore the impact of contextual, structural and behavioural factors on IBS
technology adoption through the premonition of decision-making using a
multiple-perspective approach.

The research objectives are:

a) First, to review literature from multiple disciplines, primarily from mainstream
management and construction management, on decision-making and the
factors influencing the decision-making of IBS technology for the purpose of
developing a theoretical framework.

b) Second, to develop a theoretical research framework to explore the decision-
making phenomenon focused in the context of IBS adoption in building
projects.

C) Third, to develop a research methodology in exploring the decision-making of
IBS technology adoption and its influencing factors, using a holistic concept
from the multiple-perspective of decision makers based on an interpretative
phenomenological analysis.

d) Fourth, to explore the influencing factors that impacted IBS decision-making,
using primary data collected from the group of construction- profession
stakeholders and the group of supply-chain members in IBS projects.

e) Fifth, to verify how various influences have impacted the decision-making of
IBS technology adoption based on an integrated data analysis and results.

f) Sixth, to generate a more integrated framework or models of IBS decision-
making in terms of key decision criteria with the integration of IBS technology

adoption, focusing on IBS requirements and current practice in project and non-
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project environments and other problems of consequence in IBS
implementation.

9) Lastly, to integrate the overall research and draw its components together in
order to present the conclusions, research significance, contributions and

recommendations.

1.6 Methodological Approach

Originally grounded in the management science during the 1990s (Dyer et al., 1992;
Staw and Ross, 1978), the multiple-perspective approach for problem solving and
decision-making was a fundamental outlook of the holistic view for complex decision-
making in dynamic industries (Alanne and Saari, 2004). A multiple perspective
approach in decision-making provides the outlooks through which one can find ways
to evaluate and balance diverse standpoints with differences in views and various
people involvement (Maxwell, 2012; Schneider and Shanteau, 2003). It reveals and
develops a synthesis of worldview, rather than adopting the limited view of a single

perspective (Courtney, 2001).

The holistic concept in decision-making research offers one such avenue. Most
research scholars would agree, a holistic concept is a new, distinct concept, worthy of
being a research model and relevant in practice (Abdalla and Ebeid, 2011; Fiss, 2011;
Hesse- Biber and Leavy, 2010; Hurt, 2008; Ostrom et al., 2010; Smith et al., 2009a;
Teddlie, 2009). As evidenced by a number of studies attempting to explore decision-
making, researchers generally adopt a holistic and systemic approach (Arquette et al.,
2002; Child, 2012; Dane and Pratt, 2007; Savory and Butterfield, 1998; Weber and
Borcherding, 1993), as opposed to particularistic and functional outlook (Colignon
and Covaleski, 1993), not just on what decision makers do, for example what major
considerations they make to decide and serve needs in market spaces, but also on how
they do it, for example how they associate product characteristics and their market

factors in serving customers' needs and market demands.

Accordingly, by considering both IBS decision processes and their influences based on
a holistic concept, it becomes possible to deal with the complexity of project decisions

(Arquette et al., 2002; Chapman and Ward, 2007; Kumaraswamy and Dissanayaka, 2001).
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Moreover, a holistic concept can lead to better understanding of an entire decision
process by examining it from a general but integrative nature (Courtney, 2001; Saaty,
2001; Sinclair and Ashkanasy, 2005) to explore the ambiguities of human decision-
making in IBS technology adoption, such as those discovered in the dynamic setting of
the construction industry (Al-Bazi and Dawood, 2010; Azimi et al., 2011; Engstrém
and Hedgren, 2012; Tuuli et al., 2010).

Complexity and uncertainty in the decision-making of building technology adoption
like IBS have been an important concern of construction management and many
contemporary researchers have followed various decision-making approaches using
quantitative and qualitative models (Antunes and Costa, 2011; Gibb, 2001; Hashemi,
2006; Pan et al., 2008a) in the attempt to simplify and understand an intrinsically
complex and unclear IBS decision-making process (Pan et al., 2012a).

Approaches to involving behavioural or human-related factors in IBS decision-making
tend to treat behavioural aspects uniformly in using the holistic concept of involving
socio-economic, technical, managerial, institutional and political contexts within which
IBS decisions are made. This investigation brings insights into the decision-making of
IBS technology adoption that enabled building projects to not only cope with
technological innovation, but also to improve their competitive positions in the

construction industry.

In recognition of the fact that various project decisions are made by a number of
individuals, based on their field of expertise, one group of construction- profession
stakeholders, representing an inter-project perspective and another group of supply-
chain members in IBS projects, representing an intra-project perspective, were targeted
to participate in the interviews. The group of supply-chain members in IBS projects
comprises of three selected building projects. Each of the project comprises of design
architect, surveyor, developer, consultant, contractor, project manager, civil engineer,
manufacturer and clients as they able to contribute their opinions based on multiple-
perspective background, expertise, experience, knowledge and skills which fits the
multiple-perspective approach of decision-making.
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The construction-profession stakeholders’ involvement, role and opinion in decision-
making are increasingly regarded as a useful contribution (Newcombe, 2003; van de
Kerkhof, 2006), and this contribution is increasingly being used by proliferating
environmental interest and pressure groups (Ding, 2008; Kiker et al., 2005). According
to Gibb and Isack (2003) and Vrijhoef and Koskela (2000), by involving stakeholders
in the decision-making process, it is argued that the quality and durability of decisions

are likely to be greater.

The data collection from the construction-profession stakeholders’ perspective and
project case studies on the supply-chain members of IBS projects, enables a multiple-
perspective approach to be established. The application of a multiple-perspective
approach shows that each perspective yields insights on a matter, based on different
perceived realities of people (Linstone, 1989). The approach of a traditional single-
criterion perspective has so far not been able to adequately accomplish rapid economic
development, besides being no longer supportive and robust enough in technology
decision-making (Ho et al., 2010; Leonardi and Barley, 2010; Venkatesh and Bala,
2008).

The inclusion of both construction-profession stakeholders’ and supply-chain
members’ of IBS project’ perspectives enables rich multi-perspective data to be
collected. In the context of this thesis, the research participants in the ‘construction-
profession stakeholder’ culture are identified by their professional roles that
encompass making building-technology-related decisions (Knoeri et al., 2011; Sahin
et al., 2013; Thabrew et al., 2009; Zavadskas et al., 2010a). The research participants
in the group of the supply-chain members of IBS projects are identified by their
involvement in making building-technology-related decisions in a project supply-chain
setup (Arbulu et al., 2003; Cheng et al., 2001; Demiralp et al., 2012; Tah and Carr,
2001).

1.7  Research Process
The research process of this study is developed to address the impacts of contextual,

structural and behavioural factors on IBS decision-making and the development of IBS
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decision-making models, using a holistic concept with a multiple-perspective approach

based on an interpretative phenomenological analysis, as illustrated by Figure 1.1.
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The research starts with a literature overview in order to provide the theoretical context
about IBS decision-making in general, with the focus on its influencing factors.
Further, a description of how the construction industry is operating in the field of
construction technology adoption is provided. The decision-making of IBS technology
adoption is defined, including the explanation of decision-making and its influencing
factors are then presented as a theoretical research framework in order to establish the

foundation of this thesis.

Subsequently, inputs from conducted, semi-structured face-to-face interviews are
gathered, compared and presented as a case study. The overall results from the semi-
structured face-to-face interviews are analysed, synthesised and presented to show how
both the groups of construction-profession stakeholders and the supply-chain members
of IBS projects perceive the influences of contextual, structural and behavioural factors
on IBS decision-making. The emphasis on data synthesis and analysis are met with a
combination of inter-project and intra-project perspectives for the purpose of models
development. The objective is to develop IBS decision-making models to explain the
phenomenological context of IBS decision-making, as reflected by the case studies, as
well as providing a benchmark for highlighting IBS decision-making deficiencies as

potential targets for continuous improvements.

In the discussion part, the results from the semi-structured face-to-face interviews are
compared to the theoretical research framework and used as inputs for the development
of IBS decision-making model, based on a holistic concept using an interpretative
phenomenological analysis. Finally, the final recommendations are drawn up and

limitations are identified in the conclusion section.
The research process framework as illustrated by Figure 1.1 has also provided the

organisation for the subsequent structure of the thesis according to the research

objectives, as illustrated in Table 1.1 below:
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Table 1.1 Research Objectives and Relevant Chapters

RESEARCH OBJECTIVES: CHAPTERS:
Objective | To review literature from multiple disciplines, Chapter 1
1 primarily from mainstream management and and 2

construction management, on decision-making and
the factors influencing decision-making of IBS
technology for the purpose of developing a
theoretical framework.

Objective | To develop a theoretical research framework to Chapter 3
2 explore the decision-making phenomenon focused
in the context of IBS adoption in building projects.

Objective | To develop a research methodology in exploring the Chapter 4
3 decision-making of IBS technology adoption and its
influencing factors using a holistic concept from the
multiple-perspective of decision makers based on an
interpretative phenomenological analysis.

Objective | To explore the influencing factors that impacted Chapter 5

4 IBS decision-making, using primary data collected
from the group of construction-profession
stakeholders and the group of supply-chain
members in IBS projects.

Objective | To verify how various influences have impacted the Chapter 6
5 decision-making of IBS technology adoption based
on an integrated data analysis and results.
Objective | To generate a more integrated framework or models Chapter 7
6 of IBS decision-making in terms of key decision

criteria with the integration of IBS technology
adoption, focusing on IBS requirements and current
practice in project and non-project environments
and other problems of consequence in IBS
implementation.

Objective | To integrate the overall research and draw its Chapter 8
7 components together in order to present the
conclusions, research significance, contributions

and recommendations.

Further refinement on the theoretical research framework is presented in Chapter 3.
The research methodologies to address the objectives are developed and described
within Chapter 4. In order to address the research aims and objectives, a case study
methodology was adopted, based on a multiple-perspective of decision makers using a
combination of semi-structured face-to-face interview survey data with secondary
document collection and analysis techniques applied. Semi-structured face-to-face
interviews were used to collect the data, with the aim of identifying how contextual,

structural and behavioural factors were perceived as influencing IBS decision-making.
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The group of construction-profession stakeholders is contemplated to use IBS
technology across the construction industry, while the group of project supply-chain
members in IBS projects is mandated to adopt IBS technology across the building
project and their perceptions are explored based on inter-project and intra-project
perspective respectively. The research approach was inductive (Amaratunga et al.,
2002; Fereday and Muir-Cochrane, 2008; Stenbacka, 2001; Thomas, 2006) enabling
the observed IBS decision-making to guide the development of decision-making
models. Qualitative data analysis techniques with a holistic concept and multiple
perspectives were then used to identify the classification and priority importance of
influencing factors on IBS decision-making, based on an interpretative

phenomenological analysis.

1.8  Justification of the Research

Technology adoption decision-making is a complex human process and much research
has been done on decision-making. Much of the research discovered models through
the perspectives of rationality (e.g. Byrnes, 2013; Johnson and Weber, 2009),
particularistic (e.g. Calhoun et al., 2002; Langfeldt, 2001; Matsumoto, 2010) and single
perspective (e.g. Pennington and Hastie, 1986).

However, there is a growing number of researchers who advocate the non-rational
decision-making (e.g. Lee, 2011; Spiegler, 2011; Williams and Samset, 2010), inter-
disciplinary perspectives (e.g. Kastenhofer et al., 2011; Piroozfar and Piller, 2013;
Urbanaviciene et al., 2009) and the use of behavioural theories (e.g. Aliev et al., 2013;
Proctor and Van Zandt, 2011; Sears et al., 2010) to explore technology adoption
decision-making (e.g. Arquette et al., 2002; Ferrer et al., 2012; Subramanian et al.,
2010). This thesis argues that IBS decision-making is multifaceted, complex,
progressing and non-technical in nature, reflecting an emerging method to the decision-

making literature.

Existing research on IBS technology development and adoption, which commonly puts
forward models and perspectives addressing problems in an isolated, limited and
narrow outlook, may be inadequate to explore and understand IBS decision-making.

Consequently, a number of current researchers are calling for more integrated and
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comprehensive models in construction-technology-decision research with different
perspectives (Holton et al., 2010; loannou and Liu, 1993; Kaklauskas et al., 2007;
Koklic and Vida, 2011; Lauf et al., 2012; Love et al., 2004b; Luo, 2008; Sarka et al.,
2008; Wu and Low, 2011). This research highlights this trend and proposes generic and
integrative models that highlight the nature of IBS decision-making and its influences
to discover an identifiable evolutionary configuration throughout the decision process.

Contextual and structural factors in construction decision-making have been commonly
researched (Holt, 2010; Jaskowski at al., 2010; Ortiz et al., 2009; Sepasgozar and
Bernold, 2013; Tam et al., 2010; Zavadskas et al., 2012), yet there appears to be a lack
of attention to the impact of such factors on IBS decision-making. Moreover, the
majority of research concentrates on the effects of project and technical factors
(Eftekhari et al., 2012; Elizondo et al., 2011; Kamar et al., 2010a; Yunus and Yang,
2012) but largely ignores the effects of behavioural factors (Apaydin, 2011; Elhag et
al., 2008; Stanton et al., 2012) on IBS decision-making.

In relation to the constriction industry's position to the Malaysian economy,
organisations in this industry operate in an increasingly competitive world, with many
challenges in the aspect of labour supply, particularly the availability of foreign labour,
project requirements, weather elements and government regulations. This research
attempts to synthesise the decision-making and its influencing factors into a theoretical
research framework, then proceed to decision-making models to better understand the
impacts of contextual, structural and behavioural factors on IBS decision-making in a
holistic concept, through the multiple-perspectives of decision makers.

1.9  Research Scope

The decision-making of IBS technology in this study is based on the perception of a
group of construction-profession stakeholders and a group of supply-chain members in
IBS projects. It is essential to determine their perception towards the influencing factors
on IBS decision-making as they might view IBS technology decision-making
differently, based on their background, project exposures, skills, knowledge and

construction experience.
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The group of construction-profession stakeholders consists of professional or
construction industry members across the industry who are aware of, but may or may
not have been involved in IBS technology adoption. Their perceptions on potential or
actual IBS adoption decision-making are important to IBS adoption decision outcomes.
Meanwhile, the group of supply-chain members in IBS projects is selected from three
case-study projects that have engaged with IBS technology: the three projects
represent a successful IBS project, a non-performing IBS project and an unsuccessful
building project, respectively. The determination of these projects’ performance in
terms of IBS adoption are based on the information obtained from the Malaysian
Construction Development Board (CIDB) and Public Works Department (PWD) and

other publically available information.

The highlight of this research is also demonstrated by empirical work which provides
a common model for comparing the influence of contextual, structural and behavioural
factors on the decision-making of IBS technology adoption in a hierarchical way. The
hierarchy of these influencing factors reflects a clearer outlook of IBS decision-making
and how the perceived impact of contextual, structural and behavioural factors affect
IBS decision-making in building projects. Decision-making in this research is based on
the explorative, normative and prescriptive manner of a decision-making approach
which reveals how the construction-profession stakeholders and the supply-chain
members of IBS projects actually perform in the decision-making of IBS technology

adoption.

1.10 Structure of the Thesis

The following section outlines the content of the following chapters:

Chapter 1 provides a basic introduction to the research project with subject matters and
industry background, knowledge gap, research problems, research aims and objectives,
research process, research justifications and scopes. These components function as a

foundation by laying the ground and outlining major themes that guide the research.

Chapter 2 explores a comprehensive review of past and current research in the areas of

decision-making, decision-making process, the Malaysian construction industry, 1BS
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technology adoption, IBS decision-making, decision makers, entities of the
construction-profession stakeholders and the supply-chain members of IBS projects,
contextual factors, structural factors and behavioural factors based on the setting of IBS
decision-making in the construction industry. These components provide conceptual

basis for the research.

Chapter 3 constructs theoretical themes and presents a holistic theoretical research
framework which defines what major factors influence IBS decision-making. This
holistic framework, proposes a number of research propositions to explore the
influence of contextual, structural and behavioural factors on IBS decision-making.
Conceptual descriptions of IBS decision-making and its influencing factors are also

presented in this chapter.

Chapter 4 outlines the methodology that underpins this research. This study adopts an
exploratory method based on the multiple-perspective of decision makers, to study the
influence of contextual, structural and behavioural factors on IBS decision-making
through multiple case studies using an interpretative phenomenological analysis. This
chapter documents the research design, methodology design, research strategy which
is qualitative, data collection with sampling design, data collection method using semi-

structured face-to-face interviews and data analysis design with coding tasks.

Chapter 5 presents the IBS decision-making approach from intra-project and inter-
project perspectives, based on the data collected from the group of construction-
profession stakeholders and the supply-chain members of IBS projects. Three case
studies are presented in this chapter representing the group of IBS supply chain which
consist of a successful, a non-performing and an unsuccessful IBS projects. The task is
addressed via semi-structured face-to-face interviews. The influences of contextual,
structural and behavioural factors are presented based on the hierarchy of the factors

for each group.

Chapter 6 brings together the analysis of data gathered in Chapter 5 and discusses the
findings in detail in relation to the theoretical research framework developed in Chapter
3. The priority aspects of each influencing factor on IBS decision-making are explained

in detail. The overall hierarchal influences of contextual, structural and behavioural
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factors on IBS decision-making are presented. Cross concept analysis of the impact of

influencing factors on IBS decision-making is also presented.

Chapter 7 identifies and highlights significant factors that emerged from the overall
analysis. This chapter presents the developments of IBS decision-making models
within the context of building projects based on the results of the current research.
Emergent issues and corresponding prospects for IBS decision-making are identified
in Chapter 7. Whilst, the previous chapter dealt with the hierarchical factors of IBS
decision-making as a whole, Chapter 7 then links contextual, structural and behavioural
factors and IBS decision-making. It unlocks the factors that predominantly influence

the IBS decision-making process.

Chapter 8 summarises the whole findings of the information gathered from the research
and provides the answers to the research question posed in Chapter 1. It sets the overall
conclusions and suggests future research avenues with theoretical contributions of the

research.

1.11  Summary

The potential of IBS technology adoption to deliver a sustainable construction industry
with the support of government policies will improve IBS adoption in some countries
e.g. Hong Kong, Singapore, Malaysia and China, given the characteristics of the
construction industry in each country and the advantages gained in adopting IBS
technology. This situation has warranted attention to the adoption of this technology.
However, it is ascertained that there is high potential in generating higher usage of IBS
technology in the Malaysian construction industry. Individuals and organisations have
faced significant barriers, from contextual, structural and behavioural influences, to
adopting IBS technology in building projects. It is clear that there is a wide variety of
factors related to IBS technology adoption but they are not directly or specifically
explored and linked to IBS decision-making. This chapter has laid further foundations

for much of the remainder of the research.
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CHAPTER 2 - LITERATURE REVIEW

2.1 Introduction

Chapter 1 provided an overview of the thesis, establishing the research question, aim
and the research approach was addressed. This chapter reviews existing literatures
focusing firstly on the issues and the nature of decision-making, while exploring the
nature of building technology adoption, and secondly on IBS technology adoption and
its associated decision-making within the construction industry. It also investigates the
factors influencing the decision-making process of IBS technology adoption from three
constructs, namely contextual, structural and behavioural factors, as a holistic concept.
IBS technology is a modern building method, which includes off-site, precast,

modularisation and prefabrication construction.

This chapter starts with the background to the literature (section 2.2). This is followed
by the major foundation of this research, namely decision-making (section 2.3),
decision-making in the construction industry (section 2.4) and the specific nature of
IBS technology adoption (section 2.5). Next, section 2.6 presents the nature of decisions
surrounding technology adoption. These sections therefore present the literature
sequentially, with each section provides a broad information base, whilst the following
sections provide the specific focus on certain characteristics or areas, specifically
influencing factors on IBS decision-making. This is to provide a broad overview on
decision-making and technology adoption, before focussing on their practices in the
construction industry and better clarity in terms of IBS decision-making. Section 2.7
specifically views about decision-making in the construction industry with particular
focus on building projects and IBS technology adoption. Then, in section 2.8, decision
makers in the construction industry are discussed. The influencing factors of IBS
decision-making are presented in section 2.9 with the details on contextual, structural
and behavioural factors. Section 2.9 focuses on related factors to IBS decision-making,
with detailed discussions to identify gaps in the literature and to assist the development
of an integrated conceptual framework in Chapter 3. Lastly, section 2.10 summarises

and brings together, the concepts of IBS decision-making.
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2.2  Background

As the construction industry grows in size and complexity (Bosch-Rekveldt et al., 2011;
Puddicombe, 2011; Xia and Chan, 2012), it is important to develop an understanding
of context-specific adoption of technology to improve innovation (Sexton & Barrett
2003; Barrett et al., 2008) and productivity in the sector. The increase in research into
various aspects of IBS technology adoption by academics and practitioners over the last
few years (Blismas et al., 2010; Jaillon et al., 2009; Kamar et al., 2010a; McGrath and
Horton, 2011; Meiling et al., 2012; Pan et al., 2012a) is testimony to the importance of
the industry (Apaydin, 2011; Blismas et al., 2006; Chen et al., 2010a; Pan et al., 2012b;
Polat, 2010).

The highly dynamic nature of the construction industry, influenced by various factors
(Doran and Giannakis, 2011; Engstrom and Hedgren, 2012; Fischer and Adams, 2010)
including economy, time and functionality (De Albuquerque et al., 2012), and people
skills and attitudes (Holton at al., 2010; Koklic and Vida, 2011), introduces substantial
complexity in making IBS technology adoption decisions. Therefore, the importance
and influence of socio-economic, project and human- related factors should not be

ignored in the decision-making.

The literature on the influencing factors of IBS decision-making aligns to three key
themes. These include firstly, contextual factors such as economics (Elhag et al., 2008;
Ismail et al., 2012), technology (Blismas et al., 2010; Chen et al., 2010a), government
(Panesar and Churchill, 2013; Park et al., 2011; sustainability (Aguado et al., 2011;
Holton et al., 2010) and stakeholders (Nadim and Goulding, 2011; Pan et al., 2007).
Secondly, structural factors such as project type or size (Winch, 2010), procurement
(Patty and Denton, 2010) and management (Holton et al., 2010) and thirdly, human-
related features (Lehmann and Fitzgerald, 2013) and the influence of these factors on
IBS decision-making. This research seeks to address the deficiency of literatures
pertaining IBS decision-making and its influencing factors by undertaking an

exploration of the priorities of each influencing factor.

As a consequence, the research by Chen et al. (2010a) reinforces a foundation for the
current research on IBS decision-making. While the research of Pan et al. (2012a)

concentrates on the decision-making criteria for IBS technology adoption, they also
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explored the relationship between the key players of IBS projects. However, as with
much of the research into IBS technology adoption, the exploration of its decision-
making and influencing factors is incidental to the main issue (Fischer and Adams,
2010), which is observed as the decision-making of IBS technology adoption. It is the
contention of the research, that these factors play an important role in the facilitation of
IBS decision-making. The literature presented here is a foundation to develop the

theoretical research framework.

2.3  Decision-making: A Conceptual Position

Decision-making is a broad term that applies to the process of making a choice between
options as to a course of action (Hastie and Dawes, 2010; Manktelow, 2012). This
concept has attracted a vast amount of attention among researchers and has been studied
in a variety of fields including management (Bazerman and Moore, 2008), social
science (Del Missier et al., 2010), organisational behaviour (Klein, 2008), strategic
management (Anderson, 2012; Schiavone, 2011), information technology (Patel et al.,
2013), industrial manufacturing (Kahraman et al., 2010) and construction management
(Antucheviciené et al., 2010).

Decision-making involves the consideration of economic factors, technical
practicalities, scientific necessities, human and social considerations beside all other
factors, to choose the best alternative that optimises the total value (Saaty and Vargas,
2012). Therefore, every effort to reduce the likelihood of making poor decisions is
important in predicting the consequences of decision-making performance (Carmeli
and Schaubroeck, 2006). In defining the concept of decision-making, Nutt and Wilson
(2010) also use the notion of choice based people’s judgements of their capabilities in
selecting among alternatives and the act of sense making which allows human to

construct a version of reality.

Byrnes (2013) defines decision-making as the process by which a course of action is
selected as the solution to a specific problem. Bardach (2011) distinguishes decision-
making from choice-making and problem solving. Gilovich et al. (2002) suggest that
choice-making refers to the narrow set of activities involved in choosing one option

from a set of alternatives. Meanwhile, D’Zurilla and Nezu (2010) explain that problem
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solving refers to the broad set of activities involved in finding and implementing a
course of action to correct an unsatisfactory situation. VVohs et al. (2008) also clarify
that decision-making is the process of choosing among alternatives, implementing a
decision and using the subsequent outcome data to shape any further decisions
associated with the earlier one. It is within this area that decision-making can be based
on long and short-term criteria. This will also translate into a long term measure of

ensuring sustainable growth as well as minimising socio-economic implications.

2.3.1 The Significance of Decision-making

The area of decision-making has proven valuable in a wide range of contexts. Although
most of the empirical research has involved choice determination, decision-making has
been the central interest to economists interested in the activities of markets, economies
and business management (Jones, 2004). Decision-making from a project perspective
involves complex matters that are crucial for the competitive positing and sustainability
of its goals (Wong et al., 2011). In this perspective, decision-making involves choices
that pertain to the problems and practices of a given project (Kunc and Morecroft,
2010).

Decision-making is influenced by how people conceptualise the decision to be made
and the outcome they seek to achieve (Hiller and Hambrick, 2005). An assumption in
decision-making research as mentioned by Arrow (2012) is that individuals make
decisions with the aim of making the best choice or to optimise decision outcomes. This
assumption may be a generalisation, with various decision-makers potentially framing
the desired outcomes of their decision-making in alternative ways (Keeney and Keeney,
2009).

In a decision-making progression, different factors are considered to be important,
depending on a decision-maker’s mental representation of the situation (Hastie and
Dawes, 2010; Trope and Liberman, 2010). Meanwhile, Kaner (2007) uses the notion of
problem-setting to describe the process in which, interactively, people name the things
to which we will attend and frame the context in which they will attend to them.
Bierman and Smidt (2012) also support that framing affects the size of what can be

seen, and affects the perspective and what is seen to be the problem in decision-making.
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2.3.2 The Frame of Decision-making

The setting of desired outcomes in different ways has important implications for
decision-making (Gold and Shadlen, 2007). While one individual might see the goal of
decision-making as achieving a desired outcome, and is prepared to take a risk to do so,
another might see the preferred goal as safety and be much less likely to take a risk
(Byrnes, 2013). Meanwhile, Pastotter et al. (2013) place emphasis on the aspect of
decision-making which refers to the decision-maker’s conception of the acts, outcomes
and contingencies associated with a particular choice. In this research, the frame of

decision-making consists of decision process, concern, input and output.

a) Decision Process

Ragsdale (2010) investigates decision analysis and discovers the process to be a cycle,
repeated until a clear course of action is obvious, before an implementation plan is
developed. In addition to concisely summarising the process, Curtis and Lee (2010) and
Phillips-Wren et al. (2009) add a feedback loop to the decision process so that learning
from both the implementation and the outcome is included. Romero et al. (2009) and
Stewart et al. (2012) also emphasise that feedback on a decision cannot change the

decision, instead assisting in shaping a future decision process.

D’Zurilla and Nezu (2010) and Saaty and Vargas (2012) also argue that information
may require the decision maker to step back to an earlier stage and revise the problem.
Therefore, it is also important to look at different portions of a decision process from a
top-down perspective, as well as from the bottom up (Rondinelli, 2013). Additionally,
Kahneman and Klein (2009); Tavris and Aronson (2008) argue that failures in decision-
making process occur because one solution is chosen quickly and the rest of the effort

is spent justifying the decision rather than seeking out other alternatives.

b) Decision Concern

As the construction industry is very dependent on the general economic state, for
instance, concern about this matter is important (Baumohl, 2012). Therefore, economic
condition is another essential consideration in decision-making. The concerns of
projects impact or construction-sector dynamic depends on the wellbeing of the

volatility of economic growth and structure (Giang and Pheng, 2011).
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In the construction industry, where each building project is unique, one of the main
decision concerns is monitoring industry’s uncertainties over time (Harris and
McCaffer, 2013). During the decision-making for planning and designing, most
architects and consultants are concerned with new materials and innovation to improve
project efficiency (Schumacher, 2012; Tunstall, 2012). Additionally, concerns on
clients’ needs and wants in technology decision-making is also vital by progressively

articulating user requirements (Albert and Nitsch, 2010).

C) Decision Input

Besides various concerns in decision-making, inputs from different sources are also
important to deal with project performance, based on various experiences (Edum-Fotwe
and McCaffer, 2000). In addition, the focus is on the extent to which individuals use
project information and trust the information from inside or outside the project as their
decision input (Alwaer and Clements-Croome, 2010; Khalfan, 2007; Phelps and Reddy,
2009).

Hence, inputs from project performance in terms of its success or failure and cost issues
for instance, are important in decision-making (Halliday, 2008; Love et al., 2010). In
the construction industry, the decision outcome is related to its profit (Liu and Wang,
2008; Senouci and El-Rayes, 2010) and growth (Shenhar and Dvir, 2007). Moreover,
the dynamic nature of forecasting means that chance events may subsequently change
the decision input from that envisaged during the decision process (Johnson and Weber,
2009; Saaty and Vargas, 2012). Additionally, stakeholders’ views are also the source
of inputs in project decisions (Olander and Landin, 2005; Turner and Zolin, 2012).

d) Decision Output

Having reviewed the various elements in decision-making, it is now important to shift
the focus to a study of the decision output itself. It has been discussed that having a
clearly defined decision-making process along with a feedback mechanism will yield
better decisions (Demirtas and Ustiin, 2008; Ho et al., 2010). However, Hogarth (2010)
argues that it would be inappropriate to assert that the success of a decision should rely
on the decision output.
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In the construction industry, the outcome is important because building project
development is a huge industry and must concern itself with the ‘bottom line” (Allen
and lano, 2011). Having proposed that a decision-making process is critical to a
building project’s success (Winch, 2010), it is also important to review the other
elements affecting the decision output (Brandon and Lombardi, 2010; Harris and
McCaffer, 2013). Meanwhile, Hastie and Dawes (2010) argue that implementing a
particular decision-making process will yield a better chance of a better decision output.
As uncertainty is always present, making the right decision based on the relevant

information available does not guarantee the desired output (Winch, 2010).

2.4  Decision-making in The Construction Industry

Decision-making in the construction industry has become more complex than merely
gathering and disseminating information (Podvezko et al., 2010). Research by Sears et
al. (2010) reveal that project decision features have levels of difficulty, for example,
certain versus uncertain or familiar versus unfamiliar, with further difficulty and

complexity arising from the interplay between attributes and other project features.

2.4.1 The Decision-making of Building Projects

Project decisions contain elements of time pressure, specification compliance and
highly significant outcomes for the clients (Chachere and Haymaker, 2011). In addition,
Rondinelli (2013) links the theory to project decision-making, using a continuum of
cognition from intuition to analysis, with modes of cognition occurring in between that
use a combination of both approaches. Decision tasks in building projects that induce
slower analytical approaches are well structured and present with complete information
(Ma and Liang, 2013). On the other hand, when decision tasks are poorly structured in
a high level of project uncertainty, there is little chance to conduct decision analysis
(Zeng et al., 2007).

Other research undertaken in building project settings involve decision-making features
such as lack of familiarity and uncertainty that slow down the decision-making (Kent
and Becerik-Gerber, 2010). Additionally, Taroun and Yang (2011) also discover that
when making decisions in a building project, decision-makers responded to simple

decisions by choosing a usual mode of practice that they found usually worked, and
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modifying their choice to fit the unique situation by adopting more creative and novel

approaches to intervention.

2.4.2 Decision-making Dynamics in Building Projects

According to Kerzner (2013), decision attributes in construction projects include
elements such as risk, long-term focus, consensus, instability and uncertainty. In each
project situation, decisions are characterised by a unique combination of these attributes
(Winch, 2001). Project decision-making by construction professionals is a more
complex process, requiring groups of individuals that make defined choices between
limited options and resources (Bierman and Smidt, 2012). Construction professionals
are required to make decisions with multiple foci (e.g. analysis, involvement,
interaction and evaluation), in dynamic project contexts, using a diverse knowledge
base (Tam, 2007), including increasing project requirements (Ann et al., 2010) and
legislative compliance (Wong et al., 2012).

Emmitt (2010) suggests that decisions in a project will be relatively simple if the
context decisions are made within the context of familiarity, certainty, limited variables,
stability, congruence, and low risk. Meanwhile, making decisions becomes more
difficult if there are uncertainty, conflict, unfamiliarity, changing conditions, multiple
relevant variables and high risk (Smith et al., 2009b). Moreover, difficult and complex
project decisions have competitive dimensions that the project members found

challenging (Baloi and Price, 2003).

2.5  The Specific Nature of IBS Technology Adoption

IBS is often referred to by the literature as off-site construction (Pan et al., 2008a) off-
site production (Blismas et al., 2006), pre-assembled building (Gibb and Isack, 2003),
industrialised and automated construction (Warszawski, 1999), off-site manufacturing
(Meiling et al., 2012), prefabricated building (Tam et al., 2007), precast building,
precast construction, non-traditional building and a Modern Method of Construction,
MMC (Pan et al., 2007).

In essence, the term ‘industrialisation’ generally has three characteristics, first; it has a

generic organisation, second,; it is based on quantity and third; it offers an individualised
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finished product (Richard, 2005). In the construction industry, it is important to decide
whether to use a conventional building method or to use some degree of modern
industrialised construction method, that is, complete or partial modern technology
(Kempton, 2010).

There are various definitions of IBS technology adoption. The definition as given by
Hamid et al. (2008) is a construction technique in which components are manufactured
in a controlled environment (on- or off-site), transported, positioned and assembled into
a structure with minimal additional site work. IBS technology is the mass off-site
factory production of building components, assembled and joined on-site to form the
final building product (Badir et al., 2002).

2.5.1 IBS Technology Adoption in Building Projects

According to Blismas and Wakefild (2007) IBS technology adoption brings benefits to
the construction-project implementation phase, through exploiting the advantages of
the manufacturing process (Ko, 2010), including an improved control on the building
project (Jaillon and Poon, 2009) and improved quality (Nahmens and Mullens, 2009).
IBS technology adoption offers an opportunity to improve a variety of project
performance indicators, particularly cost (Pasquire and Gibb, 2002) and time (Pan et
al., 2007).

According to Gibb (2001), IBS technology is not new, but its application, pragmatism
and perception need to be considered in the light of current technology and management
practice. In some developed countries like the United States of America, United
Kingdom, Japan, Australia and other European countries, IBS technology adoption is
already a common building-construction method that is widely accepted and adopted
(Thanoon et al., 2003). Although the situation differs from one country to another in
terms of types and degree of adoption in building projects, in most developed countries
such as the USA and UK, the adoption of IBS technology has increased since the 1990s
(Polat, 2010).

There is a growing demand for infrastructure building and IBS technology adoption
driven by the development of socio-economic conditions (Bari et al., 2012). This is also

supported by public perceptions of the performance and quality of IBS technology
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adopted (Goulding et al., 2012b) and also driven by the positive environmental impacts
of building construction practices (Lachimpadi et al., 2012). Moreover, this growth in

demand is expected to continue in the coming years (Goodier, 2013).

In certain building-project settings such as fast-track projects, unstable weather
conditions and congested locations, IBS technology adoption represents the feasible
choice of building method (Lu, 2009) as it is relatively more convenient, particularly in
the Malaysian context. However, in a normal construction environment, the
consideration of IBS technology adoption is not obvious as an alternative to
conventional building methods (Azimi et al., 2011).

2.5.2 Research on IBS Technology Adoption in Malaysia

IBS is the focus of many government and private initiatives to increase the productivity
of the building and construction industry. Although the benefits of IBS are widely
recognised, there are a number of barriers to IBS adoption that impede the realisation
of these benefits. Readiness, awareness, costs, knowledge, technological needs, poor
planning and negative perception of IBS are just some of the barriers to IBS adoption

identified in the literature (Kamar et al., 2010a).

There has also been a change in housing-construction technology from the conventional
system to a wider application of an industrialised building system, as the concept of
industrialisation has been strongly supported by the federal and state governments
(Badir et al, 2002; Majid et al., 2011). Moreover, to promote faster completion of
building projects, IBS is applied (Alaghbari et al., 2007).

The current thinking on IBS is that the contractors prefer to choose the conventional
system since shifting from conventional to IBS is not motivated by cost factors and
there is an abundance of cheap foreign workers in Malaysia (Kadir et al., 2006).
However, the risks identified in building projects could assist in making a better and
wiser decision in the projects intend to adopt the industrialised building system (Hassim
et al., 2009).

Earlier work by Kadir et al. (2006), in fact, investigate the relationship between IBS
technology adoption and project performance, but does not do so in dealing with other
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than project factors. The research by Badir et al. (2002) investigate the IBS components
used in building projects and while this research provides insights into IBS technology
adoption, it does not examine the impact of project- and economic- related factors on

the decision-making process.

2.6 The Nature of Technology Decision

In decision science, a technology-adoption decision involves inter-firm coordination,
collaboration between individuals in different stakeholder groups and interventions
(Friedrichsen etal., 2013). This is becoming important from a supply-chain perspective,
where firms compete in the market as supply chains, not individual firms (Gajendran
and Brewer 2012; Doran and Giannakis, 2011). Venkatesh (2006) clarifies that
decision-making in technology adoption is based on multidisciplinary work with the
consideration of technology outcomes, environmental factors, feelings, reactions and

personality characteristics.

Morris and Venkatesh (2000) discover that technology-usage decisions are strongly
influenced by attitude toward using the technology, with continuous learning.
Manktelow (2012) explores whether organisational philosophy and culture, with
respect to training, can overcome some of the barriers to technology adoption.
Therefore, technology adoption starts with a state of uncertainty of new technologies
(Leonard, 2011). Meanwhile, Chesbrough (2010) and Cunha et al. (2010) suggest that
technology adoption is dependent upon the extent to which the adopters find it
meaningful and relevant, based on the interaction between cognitive (thoughts) and

affective (feelings) attitudes to the meaning of new technology.

Venkatesh and Bala (2008) acknowledge that technology adoption is based on
technology usefulness, users’ needs and requirements. Bagozzi (2007) discovers that
attitudes toward the behaviour of technology implementation, diffusion of innovation
and relative advantages derive from the way innovation is perceived. According to Sun
and Zhang (2006), technology decisions are shaped by a set of organisational factors
based on one’s self-confidence in evaluating technological innovations. Hence, the
success or failure of technology adoption is based on the need for innovativeness and

users’ experience as a result of systems control by government, and industry policies

31|Page



Chapter 2 Literature Review

with system factors such as regulatory, technology culture and industry trend (Lin,
2003).

2.7  The Decision-making of IBS Technology Adoption

Generally, decision-making research in IBS technology adoption has been dominated
by quantitative approaches (Bari et al., 2012; Demiralp et al., 2012; Faludi et al., 2012;
Yunus and Yang 2011). The focus on project, economic and technical perspectives may
have led decision-making research in IBS technology adoption to underutilise the
insights of other economic and human-related factors. Aided by the holistic concept to
complement IBS decision-making research, the field has started to realise, however,
that people make decisions according to various factors and based on numerous
influences. In this review, this research makes a strong case for the utility of this

realisation.

Apart from being less efficient due to information-processing processes, IBS
technology decisions presented here focus more on the human decision-making process
(Gonzalez et al., 2013), since this research uses a case study approach. From the
decision-making perspective it is important to understand, why building projects
uphold a certain level of conventional building method (Haron et al., 2012; Vicente et
al., 2010; Wong et al., 2010), when they can change the building method, what their
motives are and how the adoption of IBS technology can be enhanced. This really
makes decision-makers perceptions an interesting subject to study, focusing not only
on higher-level management involved in IBS decision-making, but also construction

professionals at various levels.

2.7.1 The Nature of IBS Decision-making

The construction industry enthusiastically adopts IBS technology in building projects
based on the principles unearthed in normative decision-making (Girmscheid and
Rinas, 2012; Izetbegovi¢ and Bezak, 2010; Sanguinetti et al., 2010; Zhang et al., 2012)
because theoretically, these normative approaches, if appropriately applied, should
produce improved decisions (Love et al., 2013b; Roos et al., 2010; Zerjav et al., 2013).
However, a normative approach alone is not sufficient, as most IBS project portfolios

in the construction industry fail to yield their anticipated results (Dawood and Alshawi,
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2009; Inyang, et al., 2012; Terouhid et al., 2012). Theoretically, the use of decision
analysis and technique should yield optimal decisions (Antucheviciené et al., 2010;
Bildsten, 2013; Gutjahr et al., 2010; Zhong et al., 2011) but this does not always occur

in all building projects.

In IBS decision-making, it is vital to have a rank order of all alternatives, thus
identifying an optimal IBS strategy as action guidelines for designers who are at the
forefront of decision-making (Yunus and Yang, 2012). With adequate training of
skilled labour to install IBS components, this factor is expected to improve the
perceptions of IBS among the relevant industry players and consequently facilitate the
decision to use IBS (Park et al., 2011). There is also a growing trend that IBS decisions
should take into account the interplay between people as decision makers of building
technology who carry out judgment roles (Goodrum et al., 2009; Lu et al., 2011a),
building technology which is the technical sophistication of building construction (Lou
and Kamar, 2012; Yin et al., 2013) and the nature of decision-making in a building

project.

Berawi et al. (2012) describe that the majority of IBS decisions related to logistics are
made by the purchasing department and their decision-making is to forecast the
materials demand. Meanwhile, decision-making on IBS technology adoption should
enhance environmental awareness through education and training (Abdullah and Egbu,
2010a). Wrong decisions regarding IBS attributes will ultimately alter the performance,

outcomes, and quality of the project (Yunus and Yang, 2012).

2.7.2 The Issues of IBS Decision-making

Generally, the initial building cost is also a commonly employed decision criterion
for decisions about new innovations in IBS technology (Engstrom and Hedgren, 2012).
In addition, Pan et al. (2012a) discover that in project decisions, multiple players act
together based on different roles, with organisational goals and norms to aid
the decision process for the application of IBS. Hence the descriptive approach of IBS
technology decisions in the construction industry, places it at the forefront in the use of
technical decision analysis (Ellingham and Fawecett, 2006; Engstrom and Hedgren,
2012; Nussbaum et al., 2009).
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Research by Goulding et al. (2007) is instructive in that it provides a clearer
understanding of the variables of IBS technology adoption, as the authors also suggest
that there are other factors, such as people, process and technology, that influence the
success of IBS technology adoption. However, the factors discussed in the studies of
Chen et al. (2010a) and Goulding et al. (2007) are not evident in the context of IBS
decision-making. Similarly, the way these factors impact IBS decision-making needs
to be included in the study of IBS technology adoption. This demands the understanding
of decision-making that is relevant to changing circumstances, and embraces a diversity

of knowledge and values in IBS technology adoption.

The decision-making associated with using IBS for construction projects is based on
the economic aspect as an important factor as well as other influencing factors such as
plant location, labour-related issues, environmental and organisational considerations,
plant characteristics and project risks (Kudsk et al., 2013). Therefore, it is important to
examine all factors that can be involved in the decision-making associated with IBS
construction (Azhar et al., 2013). Environmental problems, for example, were partly
responsible for delays in deciding to use the IBS (Bari et al., 2012). Decision-making
in a project environment is uncertain and may change while IBS decisions are being
made (Gosling et al., 2012).

2.8 Decision-Makers in the Context of IBS Adoption in Building Projects

In an attempt to integrate the multiple-perspective approach in this research, Cheung
(2009) proposes the focus of various participants in decision research and their roles in
the subject. Decision-makers operating in the competitive and dynamic construction
environment consider alternative strategies and select the one that will give the best
outcomes (Ortiz et al., 2009; Tam et al., 2006). Thus, the role of decision-makers in
IBS technology adoption is increasingly seen as an important element in the
improvement agenda of the Malaysian construction industry (Kamar et al., 2011; Lou
and Kamar, 2012). Decision-makers of building projects typically are interested in
maximising profit but with the concern of objectives such as corporate goodwill, market
share and future growth based on their risk attitude in deciding one choice from several
alternatives (Ng et al., 2012a). In a building project, a decision- maker makes informed

decisions based on clear and concise information (Zavadskas et al., 2012).
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Building projects are governed by people who are directly or indirectly involved in
decision-making that results in project implementations. The literature recognises
construction professionals as decision-makers in the construction industry particularly
on building projects (Langford and Male, 2008). According to Kelly et al. (2002), a
decision-taker is a person who has the authority to make and take decisions, whereas a
decision-maker can only provisionally endorse solutions, and needs to refer to a higher
authority in order for the solutions to be ratified and then implemented, including
stakeholders and various users in construction projects. The sections below seek to
build an understanding of the construction-industry entities in the decision-making
associated with IBS technology adoption.

2.8.1 Construction-Profession Stakeholders

A number of studies have investigated the role of the professional (or profession- based)
stakeholders in relation to project decision-making (Pryke and Smyth, 2012). As part
of their study, Thabrew et al. (2009) provide a foundation for stakeholders’ decision-
making and include factors such as sustainability goals, together with the issues of
construction scenarios. In terms of their role in IBS decision-making, the stakeholders
are particularly important, based on their early involvement and cooperation to improve
sustainable IBS construction (Azhar et al., 2013; Yunus and Yang, 2012) and they can
also influence decision-making in such a way that a project is implemented (Chen et
al., 2010a).

Project decisions are typically complex, uncertain, multi-scale and affect multiple-
stakeholders and agencies (Lambert et al., 2011). Therefore, stakeholders’ participation
is increasingly being sought and embedded into project decision-making processes, in
projects of all sizes (ten Heuvelhof, 2010). Widespread participation of stakeholders
has been driven by increasing knowledge and interest in technology decisions, ongoing
policy and sustainable evolution (Garmendia and Stagl, 2010; Reed, 2008;
Spangenberg, 2011).

By involving stakeholders in IBS technology adoption, it is argued that the quality and
robustness of decisions are likely to be greater (Goulding et al., 2012b; Hes et al., 2012;
Ng et al., 2012b). Moreover, according to Chinyio and Olomolaiye (2010), construction
stakeholders are defined as both internal stakeholders, that is, those who are the
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members of the project coalition or who provide finance and other external

stakeholders.

Pryke and Smyth (2012) highlight the problem of a project centralising in a single entity
since this would limit the variety of input into decision-making, and hence the scope of
the project to grow. The fact that construction stakeholders are involved in multiple
aspects of IBS technology adoption (Gambatese and Hallowell, 2011) illustrates the
complexity of IBS decision-making. Hamid et al. (2012) suggest that various inputs
from the construction stakeholders could improve the generation of innovative

alternatives in the decision-making process.

Professional stakeholders’ roles in decision-making have progressed from the transfer
of technology paradigm (du Plessis and Cole, 2011) into the sustainable development
agenda of the construction industry (Abidin, 2010; Elmualim et al., 2010). While
various construction stakeholders’ consultation over IBS decision-making was
expanding the construction industry, a more action-oriented and project- specific
approach was emerging in the construction context (Goulding et al., 2012b). However,
different types of involvement are likely to be suitable in different building projects,
depending on the objective and nature of the project and the capacity for stakeholders

to be involved in decision-making (Reed et al., 2009).

2.8.2 Supply-Chain Members of IBS Projects

The supply chain is an emerging concept in the construction industry as individuals and
groups work together within a multidisciplinary environment in designing, developing
and producing products with common goals aligned with project organisation, even if
the most important decisions are made during the design process (Love et al., 2004a).
IBS supply-chain members of building projects are important entities, particularly in
large building project