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ABSTRACT

The Australian housing industry is failing to meet demand. The current housing construction model is
characterized by craft-based on site construction techniques resulting in fragmentation. This has created
inefficiencies in the construction process, with average construction time increasing 40 per cent over the last
fifteen years. Construction supply chain integration has been proposed as an overarching industry solution, but
there is little evidence that practices have changed. An example of a supply chain integration solution is off-site
manufacturing. Past research indicates that manufacture in a factory using production engineering techniques will
ensure a level of efficiency, innovation, quality and accuracy that onsite construction cannot match. However, it is
suspected that the adoption of innovative offsite manufacturing is constrained by the lack of collaboration at all
levels in the industry and across many of the organisations involved. Understanding how to achieve this is a
complex and difficult problem, in part because of the range of organisations involved; resistance to adoption of
new techniques; the adversarial culture of the industry; and dispersed power across various organisations. This
paper presents a new theoretical framework for collaboration developed from a critique of offsite manufacturing
literature and collaboration theory. We frame our multilevel analysis using actor network theory, which will enable
an analysis of interactions between, and influence of, housing developers, designers, unions, industry
organisations and government agencies. We use qualitative case study techniques based on elected exemplars
which utilise novel construction methodology requiring a significant collaborative effort involving a mix of offsite
and onsite manufacturing. This is a three study and we are currently in phase one of the first year focussed on
theory development.
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1. BACKGROUND

Industry fragmentation and craft-based manufacturing are oft-cited causes of construction inefficiency in the
housing sector (Blismas et al. 2005; BEIIC 2012). A solution is offsite manufacturing (Hampson & Brandon,
2004), which generally offers many advantages over the current construction approach (Goodier & Gibb 2004)
that can be broadly summarised into two categories; 1) product quality control and 2) process efficiency
(Blismas & Wakefield 2009). Australia lags behind other countries in adoption of OSM, which is seen to be
complex and difficult because of the range of organisations involved and the inertia against change in a
traditionally oriented industry, the adversarial culture and dispersed power across various organisations (Fernie
& Tennant, 2013). Barriers to integration occur at sectoral and organisational levels (London 2008).
Collaboration for innovation is challenging because of the difficulties in creating positive, trusting and influential
relationships (London & Siva 2012). We aim to analyse the conditions that seemingly create successful supply
chain integration to support innovative offsite manufacturing and develop a novel collaborative practice based
implementation model.

1.1 Offsite manufacturing

Offsite manufacturing (OSM) is a production technique in which prefabricated components of a building are
manufactured in a factory and transported to the site for erection and assembly. OSM requires re-engineering of the
entire project development process, since traditional construction is achieved mostly through on-site activities.
The shift to OSM within the construction industry has been linked to several factors, including the emergence of
knowledge-based environment and rapid change in information technology; changing marketplace and
competition; the need to address traditional construction skill shortages; and the push to ensure time and cost
certainty and achieve high quality (Khalfan et al. 2014). Pan and Goodier (2012) confirmed that OSM adoption
brings benefits to the construction projects including reductions in time, defects, health and safety risks,
environmental effects, and whole-life cost and increase in sustainability, productivity, whole-life performance, and
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profitability. Chandler (2014) foresees an increase in OSM utilization up to 15-20% within the Australian
Construction Industry by 2023. However, there are numerous barriers to uptake. A key overarching constraint to
uptake is that OSM is perceived to require extraordinary levels of collaboration (London & Siva 2012).

2.0 TOWARDS A COLLABORATION MODEL FOR SUPPLY CHAINS

Our purpose for this paper is to explore offsite manufacturing as an exemplar of supply chain integration practice
through a multi-level (sectoral and organizational) analysis, with a specific focus on collaboration. There are
numerous and interchangeable definitions for supply chain integration, management or procurement in both
construction literature and various other disciplines (London 2008). For purposes of this study, supply chain
procurement is the strategic identification, creation and management of critical project supply chains and the key
resources, within the contextual fabric of the construction supply and demand system, to achieve value for clients
(London 2008). Supply chains have emerged in various configurations: in orientation and degree of integration
(Frohlich & Westbrook, 2001); in “length” (Mentzer et al. 2001); in scope of process clusters covered (Lamming
1993); and in terms of level of management and implementation (Childerhouse & Towill 2011). We explore OSM
contexts to investigate the degree with which one organization can feasibly ‘manage’ and ‘integrate’, and we
analyze which ‘actors’ are influential in a ‘chain’ that appears to be well integrated. As London (2008) observed
using an industrial organization lens to develop construction supply chain economics theory, the significance of the
item being transacted and the nature of countervailing power between the supplier and customer are embedded
within both a project market and an industrial market that are constantly in tension. The nature of this tension is
influenced by structural and behavioral characteristics including various ‘actors’ or agents; firm-firm behavior; the
project market; the industrial market; ‘commodity’ type and complexity, interdependency and multiplicity of
relationships. This tension can inhibit or enhance capacity for supply chain integration and innovative
transformative change (London 2008). We argue here that a mechanism that propels chains towards integration
while addressing many aspects of this tension is collaboration.

Collaboration is unavoidable in discussions involving supply chains, which are characterized by significant levels
of interdependence between units. Authors have argued that under such conditions of interdependence,
collaboration is “the only viable response” (Gray 1985, p. 916). Collaboration has been discussed as the preferred
paradigm for supply chains, as opposed to competitive paradigms (Simatupang & Sridharan 2002); as a degree of
enmeshment, with a “collaborative” culture being understood as the most integrated as a strategy for
repositioning on a supply chain (Nordin et al. 2009); and as a set of attitudes and practices (Xue et al. 2010).

Neture of markets
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Figure 1. Trends in collaboration based on reviews.

There is no single definition for collaboration. Some writers have mobilized it as a general term, for example as
any relationship between “two or more stakeholders pooling resources... or ‘appreciations’ in order to address
problems extending beyond the domain of a single entity/ organization” (Gray 1985, p. 912). Others have defined
it more narrowly, as distinct from cooperation and coordination (Mandel & Keast 2007), or as a type of cooperative
relationship that does not depend on the market or on hierarchical control (Hardy et al. 2003, p. 323). We contend
that a robust definition of collaboration must be cognizant of the nature of competition and its underlying structural
and behavioural conditions, otherwise the motivation for collaboration cannot be fully comprehended. Given the
salient link between collaboration and supply chains, we propose that an enriched understanding of collaboration
will lead to, and is in fact a prerequisite for, further development in the field of construction supply chains, both
theoretically and in practice. We have explored construction management and collaboration literature, and
identified five possible directions for enriching current conceptions of collaboration within construction, in order
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to build a model for supply chains. Four dimensions are shown in Figure 1; they are all underpinned by a fifth
dimension, the fundamental proposition that collaboration has a competitive dimension.

2. TRENDS AND POSSIBLE DIRECTIONS IN THE CONSTRUCTION SUPPLY CHAIN
LITERATURE

2.1 Nature of work: manufacturing production vs project based sector

One recurring debate in construction literature is whether supply chain principles and practices, originally
grounded in production-centered manufacturing contexts, can be applied to construction settings, which are
predominantly project-based. Bankvall et al. (2010, p. 396) suggest that supply chains are typically modeled
around sequential interdependencies, whereas the construction industry is characterized by different types: pooled,
reciprocal, as well as sequential (Thompson 1967), therefore making SCM application “problematic to use in the
construction industry”. As London (2005) highlighted, hybridization of the supply chain metaphor requires
careful critique of the structural and behavioural characteristics of the ‘real’ supply chain. Therefore, we agree with
Bankvall et al.’s (2010) characterization of the construction industry; however, we believe that this does not
necessarily lead to the conclusions that supply chains have limited relevance in this sector. We propose that what is
needed is a reconceptualising of supply chains so that the term “chain”, which obscures certain dimensions of
interdependence, can be rendered more flexible. We take up the argument of Harland (1996) and Christopher
(1998), who proposed that supply chains could be better understood as networks. We propose further that these
“supply chain networks” be analysed primarily as collaborative-competitive networks. Lehtiranta (2011, p. 141)
has argued that “[i]n large and complex construction projects, relational risk is a major determinant of project
success; collaborative work in project implementation has a potential for either significantly adding value or
significantly withholding it”. Characterizing these supply chains/ networks as collaborative will foreground the
importance of the social (and not just technical) performance in settings of interdependence.

2.2 Nature of markets: supply chain structural and behavioral characteristics

It is also important to explore what researchers mean when they discuss who or what the “actors” in a supply chain
are. Our review suggests that supply chains are often understood as interdependencies within or between
organizations (Frohlich & Westbrook 2001; Nordin et al. 2010), although authors have also cited interdependence
between organizational units as a prerequisite to achieving inter-organizational integration (Hale 1999). Inter- and
intra-organizational perspectives on supply chains are important, but are understood to be underpinned by the
“social network” approach, which focuses on structural features of internal and external networks, examining an
organization’s position within a network, and exploring the nature of influence from this position (Oliver & Ebers
1998). This approach tends to overlook other important dimensions of networks, a notable area being network
“governance”. In contrast to the social network perspective, the governance perspective “concentrates on attributes
of both the networked actors and the form and content of their relationships within a particular institutional
context” (Oliver & Ebers 1998, p. 569). London (2005; 2008) identified this through a conceptualization of the
structural and behavioural market characteristics. These underlying characteristics give rise to the phenomenon of
countervailing power between the actors in a supply chain, which ultimately is a characteristic of market
competiveness which influences collaboration capacity (London 2008). These market characteristics are part of
the so-called institutional dimensions of supply chains. Institutional dimensions of analysis include the “working
rules” that govern patterns of human activity in a given domain: laws, court decisions, social norms and cultural
conventions, religious doctrines, etc. (Kaufman 2007, p. 15). The role of institutions in discussions on supply
chains has received scant attention since London’s (2005; 2008) early work and this study shall build upon that
earlier work but widen and deepen the institutional analysis. The previous work focused on the economic
‘institutions’ and did not consider government actors, professional associations, trade unions or any other wider
external factors.

2.3 Nature of systems: interactions within the supply chain “ecology”

Having argued that supply chains involve institutional dimensions, we turn to the activity of supply chain
management. Halldorsson et al. (2007, p. 286) argue that diversities in supply chain practices do not negate that
«“...all attempts refer to one specific ‘setting’, which is the management of relations of independent organizations
in a particular structure.” They go on to argue that “such management [is] the coordination and interaction of
decision makers (i.e. human beings) from economic institutions within a system based on division of labor” (italics
ours). Coordination and interaction, or what we refer to here as collaboration, is thus understood as a
predominantly human activity. Empirical work on collaboration in construction seems to reflect this orientation.
(see for example Shelbourn et al. 2007). This has led authors such as Ribes et al. (2013, p. 10) to conclude that
collaborative work is still approached as a “fundamentally human endeavour”. Noting this argument, we propose
that the importance of non-human actors is a possible area for exploration in the field of supply chain collaboration,
given that our interest is in the domain of construction where non-human actors (artefacts) are prevalent.
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2.4 Nature of individuals: collaboration as a tool serving outcomes of performance

A final point to note has to do with the purpose of collaboration, in supply chains specifically as well as in
management literature generally. In organizational studies literature, collaboration has been explored from a
dominantly functional perspective, with much of the research emphasizing its purposes and its potential benefits
(Hardy &Phillips 1998). Apart from being described as a mechanism for dealing with the complex problematiques
that characterize present-day societies (Trist 1983), it has also been presented as a viable alternative to traditional
conflict-resolution measures, as well as a strategy that addresses the environmental turbulence that arises when
competitive organizations fail to cooperate in their actions (Gray 1985). Literature on strategy in particular has
highlighted how collaborative efforts in various forms have enabled organizations to achieve firm goals and
competitive advantage (Porter 1996) and to deal with uncertainty in the external environment (Gulati & Garguilo
1999). Many writers in construction management have echoed this tone, linking collaboration to widely-accepted
measures of business success, for example efficiency, effectiveness, or profitability of a project (see Larson 1997),
but others have argued that such traditional success criteria may be limiting, given that multiple external variables
apart from partnering and collaborative activity may impact on project success (Dainty et al. 2003). We therefore
agree trends that seek to move away from the use of traditional success indicators alone to assess the effects of
various collaborative arrangements, and seek to explore its multifaceted outcomes (Hardy et al. 2005; Lehtiranta
2011; Shelbourn et al. 2007), one being its link to the creation of different types of “capital.” It may also be useful
to explore the “costs” of collaboration, including the (extreme) possibility that it can lead to business failure.

3. ACTOR NETWORK THEORY AS AN APPROACH TOWARDS DEVELOPING A
COLLABORATIVE MODEL FOR SUPPLY CHAINS

We suggest that the directions defined in Figure 1 are the dimensions for a collaboration model for supply chains.
We summarize (a) the research directions and (b) their corresponding dimensions in the proposed model in Table 1.
We then suggest actor-network theory as an approach to developing this model through empirical studies. ANT is
an umbrella term overarching theoretical, conceptual and methodological approaches built on the premise that
much of reality is the effect of patterns of interaction between actors linked in heterogeneous networks (Law 1992).
Methodologically, it upholds a number of assumptions, among them that human and non-human actors both have
agency, and have equal ontological status (Law 1992); that “micro” level and “macro” level phenomena (a person
or a nation) can be examined in the same way, by dismantling these into its actor components and examining
interactions and that understanding what really makes up a network can only be achieved by following the actors
We summarize how we plan to mobilize ANT in building the collaborative model in Column 3 of Table 1 below.

Table 1. Elements of a collaborative model and how an actor-network approach can support its development.

Current understa_mdlngs of Proposed dimension in collaborative How ANT can support the development of the model
collaboration model

Collaboration is understood as Collaboration is understood as interactions ANT assumes that much of reality is made of actors

interactions between entities in sequential  that reflect complex interdependencies: interacting in networks. Links between actors are not

relationships sequential, pooled, reciprocal assumed a priori to be sequential. Links, and their collective
configuration in a given setting like a construction project,
are discerned by following the actors

Collaboration is understood as Collaboration is understood from ANT takes the same approach to analysing phenomena at

intra-organizational or perspectives that can accommodate different levels. It is capable of “dismantling” networks

inter-organizational. intra-organizational, inter-organizational, whether they are intra-organizational or

and institutional levels of analysis. inter-organizational. It can also be mobilized at the

organizational level.

Collaboration is understood as a Collaboration is understood as an activity ANT upholds the assumption of “general symmetry”,

dominantly human activity. that includes human and non-human actors. ~ which means human and non-human actors both have
agency and have equal ontological status.

Collaboration is understood from a Collaboration is understood to be linked, ANT is flexible yet agnostic. It foregrounds interactions

functional perspective, mainly as a tool perhaps in a mutually constitutive (which may or may not be discerned to be collaborative)

that leads to outcomes of performativity relationship, with dimensions beyond and the effects of interactions .

(efficiency, effectiveness, profitability). performativity.

4. CONCLUSION

This paper lays the foundations of a theoretical framework to explore the nature of large scale offsite
manufacturing efforts that require inordinate efforts of collaboration between actors. Collaboration in our study is
viewed as a construct that is cognizant of the competitive nature of the housing sector and the various economic
contractual procurement relationships that arise on projects. We are fundamentally interested in what interactions
take place between actors (defined as both human and non-human) that give rise to seemingly successful large
scale collaborative efforts. As we develop this collaborative model we are mindful that economic tensions arise
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between project based chains and industrial market based ‘chains’ (or networks). The study seeks to conduct an in
depth analysis of the nature of the key influencing actors towards establishing an ecological model that describes
and assists prediction of the interactions between actors.
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