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Metaphors of collaboration in construction!

Danilo Gomes and Patricia Tzortzopoulos

Abstract: Collaboration is essential for the success of construction projects. However, the concept of collaboration is unclear,
and the term is often related to different meanings. Construction research defines collaboration in different ways, having been
influenced by other research fields (e.g., social sciences and philosophy). This paper discusses existing definitions of collabora-
tion and how they relate to three perspectives on the nature of collaborative interactions, linked to organisational metaphors.
The research was developed through a literature review, including the conceptual analysis of existing definitions of collabora-
tion. The discussion proposes that metaphors not only describe collaboration ontologically, but also establish different appre-
ciative systems by which individuals conceive and evaluate their collaborative performance. The aim of this discussion is to
address the lack of consistency in defining collaboration in construction, embracing the coexistence of interpretations. This can
help researchers and practitioners understand how to overcome misunderstandings and explore initiatives to improve collab-
oration.

Key words: collaboration, appreciative systems, metaphors, misunderstandings, socio-construction.

Résumé : La collaboration est essentielle au succés des projets de construction. Cependant, le concept de collaboration n’est pas
clair, et le terme est souvent lié a plusieurs sens. La recherche en construction définit la collaboration de différentes facons, ayant
été influencée par d’autres domaines de recherche (p. ex., sciences sociales et philosophie). Cette étude examine les définitions
actuelles de la collaboration et leur lien avec trois perspectives sur la nature des interactions collaboratives, liées aux métaphores
organisationnelles. La recherche a été élaborée au moyen d’une revue de la littérature, y compris 1’analyse conceptuelle des
définitions existantes de la collaboration. La discussion propose que les métaphores non seulement décrivent la collaboration
ontologiquement, mais aussi établissent différents systémes d’appréciation par lesquels les individus conc¢oivent et évaluent leur
performance collaborative. Le but de cette discussion est d’aborder le manque de cohérence dans la définition de la collaboration
dans la construction, y compris la coexistence d’interprétations. Cela peut aider les chercheurs et les praticiens a comprendre
comment surmonter les malentendus et explorer les initiatives visant a améliorer la collaboration. [Traduit par la Rédaction]|

Mots-clés : collaboration, systémes d’appréciation, métaphores, malentendus, socio-construction.

People may be locked into “patterns” of understanding that
obscure other ways of conceiving and perceiving collaboration
(Coyne and Snodgrass 1993; Schrage 1995; Leon and Laing 2014).
Thus, collaborative initiatives fail when participants cannot find
satisfactory approaches to understand each other, or when they
cannot find suitable ways to reinterpret and reshape the situation
(Gray 2004) and align expectations to overcome any conflict of
understanding.

In this context, the aim of this paper is to discuss the lack of
consistency in defining collaboration in construction, by answer-
ing the following questions:

1. Introduction

Human activity, whether we are aware of it or not, is collabor-
ative and public (Coyne and Snodgrass 1993). Throughout history,
the term collaboration has been used widely, carrying a variety of
meanings (D’Amour et al. 2005; Thomson et al. 2007; Poirier et al.
2016). In construction, the broad use of the term means that the
concept of collaboration remains amorphous (Poirier et al. 2016).
The most influential theoretical definitions of collaboration were
originally proposed in the fields of organisational theory and so-
ciology (D’Amour et al. 2005), and these have been adapted and
transferred to construction (Schottle et al. 2014; Poirier et al. 2016).

In practice, this lack of consistency in defining collaboration in
construction can have negative implications when participants
from diverse disciplinary fields try to make sense of the project
activity based on different experiences, values, and history of pro-

(i) Why is there no consensus over definitions of collaboration
in construction?

(ii) How collaboration tends to be interpreted in construction?

(iij) What are the consequences and implications of such diverse

fessional relationships (Gray 2004). Divergent understandings of
what constitute collaboration become evident when stakeholders
use the same term to refer to tasks that may vary in intent and
degree of participation (Kvan 2000; Forgues et al. 2016).

interpretations of collaboration in construction?

As such, the paper explores why individuals construct different
understandings about collaboration and how these understand-
ings lead to different ontological standpoints in the project activ-
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Table 1. Key publications on collaboration in construction.

119

Journal title Reference

Citations*

Title of paper

Automation in Construction

Construction Management &
Economics

Design Studies

Kvan (2000) 533
Bresnen and Marshall (2000) 358

Valkenburg and Dorst (1998) 480

Collaborative design: what is it?

Building partnerships: case studies of client—contractor
collaboration in the UK construction industry

The reflective practice of design teams

*Number of citations according to Google Scholar visited at 2 May 2019.

ity. The paper presents a way to interpret the diverse and situated
nature of collaborative interactions, suggesting that research
should embrace the coexistence of diverse interpretations of col-
laboration that allow reflective interactions between project par-
ticipants to build mutual intelligibility across the project team.

2. Method

The review of prior literature is a fundamental feature of aca-
demic research (Webster and Watson 2002), and it helps to justify
and demonstrate the relevance of the research, based on existing
knowledge (Hart 1998; Gill and Johnson 2002). It also outlines
the main limitations of existing research in a field (Seuring and
Miiller 2008).

A literature review is an explicit way of selecting, evaluating,
and interpreting the existing body of knowledge on a topic, to
fulfil a specific aim, or express a certain view (Hart 1998; Fink
1998). It usually aims at identifying patterns and themes that sum-
marise existing research, contributing to theory development by
identifying conceptual contents (Seuring and Miiller 2008). Thus,
it can support the description and critical analysis of the his-
torical development of knowledge in a specific subject of study
(Jankowicz 2000).

A literature review can reveal the interchangeable use of cer-
tain terms, or constructs, as well as the lack of consistency in
operationalising these (Garcia and Calantone 2002). Thus, consid-
ering the lack of consistency around the concept of collaboration
in construction (Schottle et al. 2014; Poirier et al. 2016), the devel-
opment of a literature review to map different “patterns” of un-
derstanding about the topic is needed.

A snowball method was adopted for this literature review. A
backward snowballing is a literature review method that starts by
focusing on important sources of references and expands the
search via references found in these key publications (van Aken
and Berends 2018). The set of relevant publications expands, just
as a snowball grows larger and larger (van Aken and Berends
2018). Thus, it is wise to add some selection criteria, as the snow-
ball method can yield a large amount of potentially relevant pub-
lications.

In this study, the search for relevant publications on the topic of
collaboration in construction started with a structured keyword
search for the term collaboration, in three key journals, namely
Design Studies (Elsevier), Construction Management and Economics
(Taylor & Francis), and Automation in Construction (Elsevier). These
journals were selected because they are all Q1 journals with H
index above 70, according to Scimago Journal & Country Rank,
SJR. Moreover, as each of these journals focus on different aspects
of construction (design, automation, and management), they
would potentially provide a wide range of perspectives about
collaboration. The snowball literature review took into consid-
eration publications that attempted to define collaboration.
Considering their date and number of citations, three of those
journals were considered key publications, as presented in
Table 1.

Next, the literature review expanded to include some of the
references identified in these papers. This process took into con-
sideration the fact that construction management research tends
to be informed by fields like organisational theory, social sci-
ences, and philosophy. Overall, around 120 publications were
reviewed to verify if they presented a clear definition of collabo-

ration, 26 of which were included. Subsequently, the content of
the 26 selected publications was assessed through a qualitative
analysis of the concept of collaboration presented. These concepts
of collaboration were clustered in three main categories of collab-
oration in construction projects.

The first part of this review follows a sequential approach
(van Aken and Berends 2018), in which the ideas and concepts of
collaboration are presented in a chronological order, according to
each metaphor of collaboration. This approach was adopted be-
cause it fits the goal of familiarising the reader with a certain
perspective on the topic (van Aken and Berends 2018). The second
part presents a qualitative integration of these ideas and concepts
(van Aken and Berends 2018). Through the use of matrices, the
authors make distinctions and compare different aspects of the
three perspectives of collaboration here identified.

The main limitation of this literature review is the subjectivity
involved in the procedures adopted. It is recognised that the re-
view can be biased, which may lead to lack of rigour (Tranfield
et al. 2003). As opposed to a systematic review, which suggests a
positivist and quantitative intake to research, the approach ad-
opted in this study focuses on a qualitative assessment, exploring
the different meanings given for collaboration.

3. Appreciative systems and metaphors of
collaboration

Previous research suggested that conflicts of understanding
amongst project participants, whether perceived or not, emerge
as dilemmas or contradictions related to conflicting appreciative
systems (Schon and Rein 1994; Gray, 2004). Appreciative systems
(Vickers 1965), interpretive schemes (Dougherty 1992), frames of
reference (Schon and Rein 1994), or object worlds (Bucciarelli
2002) are different terms indicating the existence of distinct
systems of meaning, acting as underlying structures of belief,
perception and evaluation. These systems of meaning render
selective filters in individuals’ interpretation of similar infor-
mation. Consequently, different appreciative systems produce
a qualitatively different understanding of a situation (Schon 1983;
Dougherty 1992).

An appreciative system provides shared assumptions about re-
ality, influencing how people organise their thinking and action,
identifying relevant issues and supporting sense-making (Vickers
1965; Dougherty 1992; Schon and Rein 1994).

In the case of collaboration, the existence of different apprecia-
tive systems has been related to the use of metaphors (Morgan
1980; Tomelleri et al. 2015). In essence, a metaphor means that one
thing is seen as another; consequently, the existing description of
one thing is taken as a commonly believed redescription of the
other thing (Schoén 1963; Schon and Rein 1994). Such reinterpre-
tation carries over to a new situation a set of familiar notions as,
for example, the evaluation implicit in the previous one (Schén
and Rein 1994). As a result, both the familiar and unfamiliar come
to be seen in new ways (Schén and Rein 1994). Moreover, a meta-
phor implies a socially shared way of perceiving a situation, and it
conveys the way in which it is possible to produce changes in the
situation, unconsciously establishing a sense of performance (i.e.,
success or failure) in practice (Tomelleri et al. 2015). For this rea-
son, people tend to use metaphors to describe shared artefacts
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of their interactions, e.g., institutions, organisations, norms, and
rules (Tomelleri et al. 2015).

Metaphors have been used to interpret the nature of human
organisations in different ways, providing an insight as regards
reality and conveying a shared understanding of the motive and
purpose of people’s interactions (Morgan 1980). One of the first
attempts to suggest the existence of such a kind of shared under-
standing was presented by the French sociologist Emile Durkheim
in his work Division of Labour in Society (Durkheim 1893), in which
he describes two metaphors of functional interactions in society:
Mechanic Solidarity and Organic Solidarity. As such, organisa-
tional theory has been dominated by the two metaphors, the
machine and the organism metaphors (Morgan 1980), which in-
fluence the way people acquire information, knowledge, and un-
derstanding about collaborative interactions (Gharajedaghi and
Ackoff 1984).

The machine metaphor conceptualises collaboration as some-
thing existing within a mechanism, as a machine made up of
purposeless and passive parts that operate predictably (Morgan
1980; Gharajedaghi and Ackoff 1984). Such structure is rationally
devised focusing on an expected performance to achieve prespeci-
fied ends (Morgan 1980). The machine metaphor implies that in-
dividuals should focus on the design and analysis of the formal
structure of an organisation and its technology (i.e., standard op-
erations) as a means—ends relationship by which collaboration, as
purposive rationality, is established (Morgan 1980).

The organismic metaphor conceptualises collaboration as an
organism with a purpose of its own, which is to grow and survive
(Morgan 1980; Gharajedaghi and Ackoff 1984). In this case, the
functioning of the organism is dependent on its ability to learn
and adapt to a changing environment from which it gets essential
inputs as resources (Morgan 1980; Gharajedaghi and Ackoff 1984).
Consequently, an organismic system seeks a dynamic equilibrium
instead of a static one, adjusting the behaviour of’its parts as a way
to maintain the properties of the whole within acceptable limits
(Morgan 1980; Gharajedaghi and Ackoff 1984). In this organismic
metaphor, survival is the ultimate objective, where profit is the
means, growth is the end, and planning represents predictions
of environmental changes and the preparations set for them
(Morgan 1980; Gharajedaghi and Ackoff 1984). Moreover, the pur-
pose of an organismic system is to make the best of a future that
it believes to be largely out of its control but is predictable. Con-
sequently, to cope, the system depends on its ability to bring its
future under its own control.

The literature highlights that the machine and organismic
metaphors only provide a limited understanding of collaborative
interactions (Morgan 1980; Gharajedaghi and Ackoff 1984). Addi-
tionally, collaboration can be interpreted through the social sys-
tem metaphor, in which collaboration is seen as a social construct
(Gharajedaghi and Ackoff 1984; Tomelleri et al. 2015). As collabo-
ration involves a high level of interdependence between its parts
(i.e., individuals, professional groups, and organisational units)
(Gharajedaghi and Ackoff 1984; Tomelleri et al. 2015), effective
management of a social system requires individuals’ collective
construction and management of the interactions between them
and their environment (Gharajedaghi and Ackoff 1984). As such,
the performance of the system does not result from the sum of
independent performances of its parts but, rather, from the prod-
uct of the parts’ interactions in both coded and informal ways.
Thus, to collectively coordinate their interactions, participants
will avoid the idea of adopting existing “controlling structures” (a
fundamental condition in the previously discussed metaphors)
and will arrange themselves on the basis of situated actions,
which means that participants need to socially construct the
means to build mutual intelligibility and align their behaviour
according to the specific situation in hand (Suchman 1987). Mu-
tual intelligibility refers to individuals’ ability to conduct inter-
pretive actions to effectively understand each other’s intentions

Can. J. Civ. Eng. Vol. 47, 2020

and interact in a meaningful way (Schutz 1962; Suchman 1987;
Eckert et al. 2010).

Table 2 presents the key ontological aspects of collaboration
embedded in the three metaphors presented. The next section
explores how definitions of collaboration found in the construc-
tion management research literature can be linked to these three
metaphors.

4. Defining collaboration in construction

4.1. Collaboration as a mechanism

Research on collaboration in construction has been partially
based on the idea that project activities, including design, can be
described as problem-solving activities (Simon 1969). Advance-
ments in computer-aided design (CAD) focused on identifying
how these “tools” (i.e., information systems) could support collec-
tive problem-solving. Such investigations assumed that collabora-
tion can be enabled by artefacts acting as media, combining the
cognitive capacities of human beings with computer systems.

One of the first and more extensive works on such collaborative
systems to support project activities in construction was devel-
oped by Peng (1994, 2001) (Table 3). In Peng’s (1994) definition of
collaboration, the use of the words communicate and coordinate
seem to imply that collaboration can be reduced to interactions
directly related to the capability of information systems (i.e., what
computers can do to support collective project activities). This
assumption about the role of information systems, as the basis for
most CAD systems, is also present in Edmonds et al.’s (1994) defi-
nition (Table 3). Edmonds et al.’s (1994) argument, that collabora-
tion is a “complex activity”, seems to align to the idea that
information systems should be employed to support a higher in-
formation processing capacity, which could not be achieved
through sole human cognition.

This perspective was advanced by research led by Mary Lou
Maher. The definition proposed by Saad and Maher (1996) (Table 3)
also assumes that design is a problem-solving activity. These au-
thors refer to an environment as the nature of these information
systems, which are expected to behave as a continuum of space
and time, defining where and when collaborative interactions
between project participants should happen. This implies a deter-
ministic idea of how such environments come into existence in
the first place as an object of prior design. According to Saad and
Maher (1996), information systems support collaborative design
because they would allow shared understanding to emerge and be
maintained through standard computer representations. Follow-
ing such developments, the use of the term collaborative system
became common in CAD research to refer to computer systems as
predetermined structures to exchange information, supporting
distributed communication between designers (Kvan 2000).

Kvan’s (2000) concept of collaboration (Table 3) seems to have
informed subsequent research, most of which did not question
the assumptions embedded in this mechanistic perspective of
collaboration. Kvan’s (2000) breakdown of the design activity is
influenced by Simon’s original concept of design reasoning and
becomes relevant to understand and explain diverse types of
reasoning involved in design by reducing it to “smaller tasks”.
Consequently, such reduction would allow the development of
artificial mechanisms to support and reproduce these tasks
within a collaborative system, as suggested by Simoff and Maher’s
(2000) definition (Table 3).

A key task in such a reductionist perspective is communication,
seen as a means of collaboration and sometimes as the whole
object of the collaborative interaction, as suggested by Haymaker
et al. (2000) (Table 3). In this case, possibilities and constraints
of collaborative interactions are assumed to be communicated
through verbalisations and representations of the project
(Haymaker et al. 2000), putting most of the responsibility in the
design of the structure of communicative artefacts. A similar

< Published by NRC Research Press
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Table 2. Three metaphors as different ontological instances of collaboration. [Colour online.|

Aspect of collaboration

Metaphor

Machine

Organism

Social construct

Situation (system)
Participants (nature of
interactions)

Result

Means (embodied)

Static equilibrium

Parts that operate predictably

Future is a prespecified end

Standard operations (rationally devised structure);
normalising actions

Dynamic equilibrium (growth)

Parts adjust their behaviour (learn
and adapt to a changing
environment)

Future is out of control but
predictable

Organisational structures;
management strategies
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Table 3. Defining collaboration as a mechanism.
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Peng (1994, p. 21)

“...when participants of different technical specializations communicate and co-ordinate with each

other to achieve, or, to cope with, design unity in final products. ...Cooperative architectural
modelling, a clearer picture of communication in collaborative design can be gained.”

Edmonds et al. (1994, p. 41) “.
viable for design tasks.”

Saad and Maher (1996, p. 183) “.

.is a complex activity involving participants with heterogeneous skills... and support agents are

.an activity in which teams of designers work together toward a final solution. The activity of

designing through the interaction of designers and the environment is what we refer to as

collaborative design.”
Kvan (2000, p. 413)

“Collaborative design consists of parallel expert actions, each of short duration, bracketed by joint

activity of negotiation and evaluation. Thus, the design activity itself is discrete, individual and
parallel, not intimately linked. The participants act as individual experts addressing design issues

from their perspectives.”
Simoff and Maher (2000, p. 139)

“Collaborative design denotes activity itself when more than one person works on a single design

problem, having a common goal or intent. Collaboration is possible when the collaborators share
activities and information to achieve common goals. Effective collaboration occurs when the
collaborators share design tasks, communication, representation a documentation.”

Haymaker et al. (2000, p. 206)

“Traditional collaborative design relies on verbal communication and artefacts representing aspects

of the design to share and negotiate this knowledge. However, the forces of expansion,
specialization and distribution of knowledge often make traditional modes of collaboration

difficult.”
Anumba et al. (2002, p. 91)

“There are essentially four modes of collaboration depending on the nature separation and pattern

of communication, between project participants.”

Li et al. (2005, p. 931)

“In a collaborative design system, designers and engineers can share their work with globally

distributed colleagues via internet/intranet.”

Kleinsmann (2006) apud
Kleinsmann and Valkenburg
(2008, p. 370)

“...the process in which actors from different disciplines share their knowledge about the design
process and the design content. They do that in order to create shared understanding on both
aspects, to be able to integrate and explore their knowledge and to achieve the larger common

objective: the new product to be designed.”

BSI (2016) Collaborative production
of architectural, engineering and
construction information —
code of practice (p. 1)

“A major constituent of these collaborative environments is the ability to communicate, re-use and
share data efficiently without loss, contradiction and misinterpretation... the use of this standard
is particularly applicable where technology enable processes are used to support projects.”

interpretation can be seen in Anumba et al. (2002) (Table 3), which
conceptualises four modes of collaboration according to the na-
ture of separation and patterns of communication between proj-
ect participants.

The understanding of collaboration discussed above influ-
enced research initiatives that were focused to further develop
information systems in construction. For example, much effort
was devoted to conceiving the computational capabilities and
ontological structures of what would become the core of Build-
ing Information Modelling (BIM) systems (e.g., Kiviniemi 2005;
Eastman et al. 2011; Singh et al. 2011).

Research also expanded the capabilities of such collaborative
systems for distributed arrangements of project activities. For ex-
ample, according to Li et al. (2004) (Table 3), a collaborative
CAD system needs distribution and collaboration. Li et al. (2005)
emphasise that these two aspects can be described as two require-
ments of a system: the first takes into consideration the geograph-
ical distribution supporting remote project activities, and the
second is with regards to coordination between individual sys-
tems focusing on the way in which information is structured.

The focus on information processing capabilities led to further
development of strategies and approaches to improve project ac-
tivities, in which collaboration has been defined as knowledge
transfers (Kleinsmann 2006; Kleinsmann and Valkenburg 2008)
(Table 3). From this perspective, knowledge is conceptualised as
a thing capable of being exchanged, as a piece of data or informa-
tion, and the whole purpose of collaboration is to promote knowl-
edge exchanges and coordination.

This conceptualisation of collaboration also suggests the idea
that the process and content of design can be dissociated and
perceived as two distinct dimensions of the same phenomenon.
Consequently, within this perspective, collaboration has been
assumed to be the activity of sharing knowledge through a struc-

tured environment supporting communication (BSI 2016) (Table 3)
(Cardoso et al. 2016; D’souza 2016).

4.2. Collaboration as an organism

Collaboration has also been conceptualised as the organisa-
tional structure designed to engage a collection of individuals in
problem-solving activities. Most research following such perspec-
tive was originally conducted in the fields of organisational the-
ory, management, and operations research, with some influence
from social and behavioural sciences, as well as from studies on
psychology.

For example, Deutsch (1949) apud Tjosvold and Tsao (1989) pro-
posed a theoretical model of cooperation (Table 4), suggesting
that collaboration should be conceived as a model of interdepen-
dence. From this point of view, an organisational model should
exist prior to individuals’ participation in it. The concept of such
an organisational model implies a sense of “control” and pre-
defined responsibilities regarding the way actors operate and
with whom they should interact. Such an idea is present in Shea
and Guzzo’s (1987) definition of collaboration (Table 4), which
suggests that, within such structure, important outcomes become
equally distributed among the participants, while participants
aim for high task interdependence. Such definition seems to im-
ply that the role of an organisation is to establish its members’
interactions. Moreover, there is an underlying assumption that
these structures are something designed and controlled by high-
level managers in the organisation and not actually by the indi-
viduals that operate in the activity.

One of the main consequences of seeing collaboration as an
organism manifested on the organisation system is that it can be
defined as the locus of collaboration. Consequently, such systems
of relationships can be seen as an object of design (i.e., institu-
tional artefact), which is instantiated through other represen-
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Table 4. Defining collaboration as an organism.

123

Shea and Guzzo (1987, p. 26)

Collaboration exist when someone “structures the jobs of group members so that they have to interact

frequently with each other in order to get their jobs done.” Consequently, “important outcomes are
distributed equally among group members and the members will aim for high task interdependence.”

Deutsch (1949) apud Tjosvold “.
and Tsao (1989, p. 189)

.a model of interdependence that stipulates how values, tasks, and rewards affect interaction in
organizations. Specifically, shared vision, supportive culture, group tasks, and common rewards are

hypothesized to induce cooperative interdependence and interaction. In cooperation, people believe
their goals are positively linked; one’s goal attainment helps other reach their goals.”

Wood and Gray (1991, p. 146) “...when a group of stakeholders of a problem domain engage in an interactive process, using shared
rules, norms, and structure, to act or decide on issues related to that domain.”

«

Vreede and Briggs (2005) apud
Briggs et al. (2006, p. 122)
Schottle et al. (2014, p. 1275)

...collaboration is in fact joint effort towards a group goal”. The authors propose that a collaborative
engineering process can be designed and deployed for those which are effectively engaged in the task.
“Collaboration is an interorganizational relationship with a common vision to create a common project

organization with a commonly defined structure and a new and jointly developed project culture,
based on trust and transparency; with the goal to jointly maximize the value for the customer by
solving problems mutually through interactive processes, which are planned together, and by sharing
responsibilities, risk, and rewards among the key participants.”

Poirier et al. (2016, p. 785)

“Collaboration is conceptualised as a system comprised of four interacting core entities; structure,

process, agents and artefacts that are conditioned by a fifth: context.” “The core entities and their
interactions possess powers that prompt and conditions events and their empirical manifestations.”

tational artefacts that help instruct and support people in
complying with the organisation’s purposes. In this case, the no-
tion of process seems to have a fundamental role as a designed
system of relationships, becoming a tangible representation of
the organisation. For instance, in Wood and Gray’s (1991) defini-
tion, collaboration is seeing as an interactive process (Table 4), in
which functions of control and responsibilities are instantiated in
terms of shared rules, norms, and structures. Moreover, this con-
cept of collaboration as a process seems to imply that it can be
predetermined, as a set of relationships and actions, in advance of
the situation.

In construction, such interpretation was incorporated in discus-
sions around contractual approaches. For example, according to
Bresnen and Marshall (2000), “partnering” has been described as a
form of contract emphasising the use of management techniques
to “engineer” collaboration (e.g., formal contracts, dispute resolu-
tion mechanisms, teambuilding workshops, continuous improve-
ment programmes). In addition, researchers have also tried to
define sets of management practices or general strategies to gen-
erate collaboration through a determined process. For example,
focusing on promoting early project collaboration, Whelton et al.
(2004) suggested a set of management practices that can engage
multiple stakeholders in resolving the purposes of the project.
These authors discuss that this would happen through the imple-
mentation of a process that seeks early and frequent feedback to
establish up-to-date information about needs and values between
the stakeholders. In this case, the workplace planner is the indi-
vidual responsible to design the process and produce information
from the focused dialogues with stakeholder groups (Whelton
et al. 2004). It can be said that this argument assumes the exis-
tence of a process as sufficient to produce collaborative outcomes.

In another example, Briggs et al. (2006) conceive collaborative
engineering as an approach to design collaborative work practices
for high-value recurring tasks (Table 4). According to Briggs et al.
(2006), collaborative engineering involves deploying the design of
collaborative systems in which practitioners should operate. Sim-
ilarly, the concept of integrated design is proposed as a processual
approach that assembles, integrates, and harnesses all the collec-
tive skills and capabilities of clients and stakeholders engaged in
a supply chain (Forgues and Koskela 2009). Likewise, the terms
co-design and participatory design have been used to refer to a
processual approach that puts together the expertise from design-
ers and the people that will be affected by the changes produced
by the design (Sanders and Stappers 2008).

More importantly, the understanding of collaboration as a spe-
cific form of organisational arrangement leads project partici-

pants to believe that the success of collaboration depends solely
on the “quality” of these pre-existing structures. For example,
Howell (2013, p. 28) suggested that: “common sense tells us that
the best solutions to complicated complex problems arise when
teams are structured for the situation at hand”. It could be said
that Howell’s (2013) argument implies that teams are structured
by someone outside the team, emphasising the role of managers
in designing these processes.

Therefore, from this point of view, collaboration lies in the
nature of relationships between organisations and their mem-
bers. Such perspective focuses on how key members of the organi-
sation can establish collaborative interactions, by redesigning
organisational structures, mostly instantiated in terms of pro-
cesses (Arup 1970; Ballard 2000; Parrish et al. 2008; Mossman et al.
2011; Poirier et al. 2016). Consequently, individuals who see collab-
oration working as an organism expect that the relationship
established between its parts will determine how those parts
interact in a project (Schottle et al. 2014) (Table 4).

4.3. Collaboration as a social construct

Collaboration has also been conceptualised as a social con-
struct. This perspective assumes that participants interpret col-
laboration individually, thus collaborative interactions should
avoid predefined conceptions and focus on the collective con-
struction of the activity. This notion can be related to works in
sociology (Weber 1949), which argued that collective actions in
society should be understood as a historical event, where individ-
ual actors seek social construction of shared meanings in a situa-
tion of functional interdependence.

This suggests that shared understanding is a fundamental basis
for social interaction. Wirth (1948) argued that the “mark of any
society is the capacity of its members to understand one another
and to act in concert toward common objectives and under com-
mon norms” (Wirth 1948, p. 2). Moreover, Wirth (1940) suggested
that a shared understanding among members of a society and
their ability to act collectively towards common goals is what
distinguishes humans from other animals’ organisations. In this
case, human society can be defined as “a set of common under-
standings, a system of reciprocally acknowledged claims and ex-
pectations expressed in action...” (Wirth 1940, p. 473). The main
aspect of this interpretation of collaborative interactions is that
agreement cannot be imposed by coercion or fixed by custom
(Wirth 1948). Agreement is always under development and has
continuously to be won, resulting from the interpretation of
views based upon feelings, thinking together and mutual consent
(Wirth 1948). Wirth (1948) described this as the “art of compro-
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Table 5. Defining collaboration as a social construct.
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Ackoff and Emery (1972, p. 197)

“...if someone’s presence increases the expected value of another’s state, then there is cooperation

(collaboration). However, if someone’s presence reduces this expected value, then this one
conflicts with the other. If, one has no effect on the other’s expected relative value, then one is

independent of the other.”
“Human activity is always embedded within a socio-cultural context of other humans and work
activities thus always take place within some community of practice. Collaborative activity as

Engestrom (1987) apud Bardram
(1998, p. 7)

one that has a unique objective distributed onto several actors, each performing one or more
actions in order to achieve the shared objective, thus a division of work is established and
regulated by different set of rules and norms.”

Coyne and Snodgrass (1993, p. 163)

“Human activity, including design, is “collaborative” and “public”, whether we are aware of it or

not, involving a “collective” that is much more extensive than the individual or even a
particular group. Designing involves bringing collective or shared experience to bear in making

judgements.”
Schrage (1995, p. 32)

“Collaboration is the process of shared creation: two or more individuals with complementary

skills interacting to create shared understanding that none had previously possessed or could
have come to on their own. Collaboration creates a shared meaning about a process, a product,
or an event.” “Collaboration is a state of grace we switch into and out as the moment and the

task demand.”
Valkenburg (1998, p. 119 and 120)

“Creating a design in a team requires constructing a shared understanding within the team. This

shared understanding is the desired result of the team members turning into each other,
connecting the essential topics within the design task and making the necessary decisions.
Shared understanding is a mutual knowledge of all team members on what they are doing,
why, and how they are doing it.”

Macmillan et al. (2001, p. 170)

“Shared understanding is the key to successful collaboration... and can be achieved if all of the

team members can agree on a shared design strategy, i.e. clarify and agree on the methods and
processes of design to follow.”

Stempfle and Badke-Schaub (2002,
p. 477)

“Design teams are expected to learn through experience and self-reflection how to assess the
conditions of the given situation considering an overall range of requirements, in order to

flexibly adjust their collective path of actions.”

Fischer (2004, p. 159)

“Collaborative design demands a balance between collective capability to establish connections

and interdependence, as well as individual capacity to develop autonomous actions and to trust
in their potential performance.”

Thomson et al. (2007, p. 3)

“Collaboration exist when autonomous or semi-autonomous actors interact through formal and

informal negotiation, jointly creating rules and structures governing their relationships and
ways to act or decide on the issues that brought them together; it is a process involving shared
norms and mutually beneficial interactions.”

Hill et al. (2014, p. 5)

“...when diverse people collaborate to generate a wide-ranging portfolio of ideas...collaboration

should involve passionate disagreement. Yet the friction of clashing ideas may be hard to
bear...that only stifles the free flow of ideas and rich discussion that innovation needs.”

mise”, suggesting that this is one of the foundations of democ-
racy. According to Wirth (1948), shared understanding in mass
democracies is not a matter of agreement of all issues, but rather,
as Dewey (1938) also had suggested, the established habit of dis-
cussion, debate, negotiation, and compromise over issues.

These works on philosophy and sociology suggest a dialectic
and socio-constructive nature of collaboration. Later, similar
ideas emerged in the context of operations research with Russell
L. Ackoff and Fred E. Emery, in their book On Purposeful Systems: An
interdisciplinary Analysis of Individual and Social Behaviour as a System
of Purposeful Events (1972), proposing a comprehensive interpreta-
tion of collective interactions in social groups, seen as purposeful
social systems. In this case, a social group is a type of purposeful
system where its members are intentionally co-producers of a
common objective. As the common objective is an outcome in-
tended by each member of the social group, the intention — or, in
other words, the purpose — to co-produce common objectives is
what generates interactions (Ackoff and Emery 1972). This suggests
that individuals and, consequently, organisations can change their
goals (Ackoff and Emery 1972).

These social systems assume that relevant choices to system
functions are distributed and interdependent, making individual
parts responsible for different parameters of choice. This is par-
ticularly relevant because individuals will make choices related to
not only their own purposes, but also the purposes of others
(Ackoff and Emery 1972). In this case, if someone’s presence in-

creases the expected value of another’s state in the situation, then
this person perceives this situation as collaboration (Ackoff and
Emery 1972) (Table 5). If someone’s presence reduces this expected
value, then this person perceives the situation as in conflict with
the other. Furthermore, if a person believes they have no effect
on the other’s expected relative value, then this person perceives
themselves as independent of the other. Consequently, what
Ackoff and Emery (1972) seem to suggest is that collaboration is
relative, depending on the individuals’ perceptions about each
other and the purpose of their interactions on the situation.

According to Appley and Winder (1977), collaboration is achieved
when a group holding common objectives can balance between
awareness of interdependences and reciprocity of actions. This
assumes that the result of a project collaboration derives from the
compromise on individualistic choices of project participants,
which are influenced by diverse value systems — or, in other
words, different appreciative systems (Rittel and Webber 1973). In
this case, design, as plan-making, has the objective to distribute
advantages and disadvantages in the commitment of resources
among social individuals (Rittel 1987). The result of these interac-
tions will never be beneficial to the whole group, and the designed
course of actions will represent compromises resulting from ne-
gotiation and the application of power (Rittel 1987).

From this perspective, a core aspect of collaboration is the fact
that different points of view are brought together in a project
activity, and individuals may experience breakdowns, in terms of
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misunderstandings about the consequences of their assumptions
(Rittel 1984). Reflection and awareness of those conflicts of appre-
ciation may lead project participants to understand the intracta-
bility of their dilemmas and to suggest an alternative design
decision (Schon 1983; Rittel 1984). This means that, under such
perspective, project collaboration is not reduced to the design and
adoption of mechanism and organisational system supporting the
resolution of supposedly defined problems, but rather, it is so-
cially constructed by the argumentative and dialectical nature of
these interactions (Rittel and Webber 1973; Rittel 1984).

Collaboration involves commitment to the definition of these
mutual relationships and its goals, requiring mutual authority
and accountability in a joint effort to develop a structure in which
responsibility, resources and rewards are shared (Mattessich and
Monsey 1992). Such activity seems to depend on questioning be-
haviours within dialogues among project participants, in a way
that a dialectical interaction is conducted, increasing their shared
understanding on how to best construct the activity and proceed
in the task (Engestrom 1987 apud Bardram 1998; Coyne and
Snodgrass 1993; Schrage 1995; Valkenburg 1998; Macmillan et al.
2001; Stempfle and Badke-Schaub 2002; Thomson et al. 2007; Hill
et al. 2014) (Table 5).

In this context, it is contended that effective collaboration de-
pends on the construction of situational awareness among team
members (Adamu et al. 2015). Situational awareness can be de-
fined as the capacity to perceive and comprehend the character-
istics of an environment in a specific set of time and space
supporting the realisation of predicted futures aligned with a task
on project activity (Endsley 1995). The consequence of situation
awareness is that each participant knows about the understand-
ing and workload of the other participants, and this is supported
by their intercommunication (Endsley and Jones 2001). Thus, from
this point of view, the participants’ ability to collectively con-
struct the activity and establish a balance between individual and
collective perceptions of the situation seems to be fundamental
for collaboration.

According to Fischer (2004), collaborative design demands a
balance between the collective capability to establish connections
and interdependences, as well as the individuals’ capacity to de-
velop autonomous actions and to trust their collective potential
performance (Table 5). Badke-Schaub et al. (2010) also suggested
that collaborative design relates to the existence of two dimen-
sions of collective interactions. Accordingly, when individuals
attempt to satisfy their own concern, actions belong to the asser-
tiveness dimension, and when individuals aim to satisfy another’s
concerns, actions belong to the cooperativeness dimension. Sim-
ilarly, Stompff et al. (2016) suggested a collaborative design ability
existing as two iterative dimensions in the reframing action in
social context: one the sensemaking, involving reconstruction of
prior operating frames of understanding; and the other, the fu-
ture framing, which is the designing of frames for future activi-
ties. Such idea of prior operating frames seems to be related to the
concept of appreciative system, which is constructed from the
team’s perception of the situation, and the second type of fram-
ing, which guides the future activities of individuals in collabora-
tion (Stompff et al. 2016). Moreover, these two dimensions of
framing seem to be particularly related to an idea that collabora-
tion is socially constructed as a collective perception of the situa-
tion and the collective conception of a course of actions to change
that specific situation.

5. Misunderstandings as consequences of diverse
interpretations of collaboration

One consequence of having diverse interpretations of collabo-
ration is that it can promote misunderstandings in collaborative
interactions (Gray 2004). Misunderstandings happen when indi-
viduals experience a state of contradictory cognition, belief, and
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attitude (Badke-Schaub et al. 2010). In this case, project partici-
pants committed to a particular metaphor of collaboration may
perceive alternative views as misguided, as presenting threats to
the nature of their activities (Morgan 1980). This happens as ap-
proaches and techniques conceived within a certain metaphor are
usually interpreted and evaluated in inappropriate ways by indi-
viduals holding another metaphor, causing a great loss of signif-
icant meaning in these interactions (Morgan 1980). Consequently,
individuals in collaborative interactions tend to experience mis-
understandings, hostility, or calculated indifference, hampering
or making impossible an open and constructive debate (Morgan
1980).

Previous research evidenced the emergence of misunderstandings
related to individuals’ different metaphors, which consequently
hampered project interactions in construction. For example,
Green (1996) explored how implicitly different metaphors of cli-
ent organisation held by practitioners in construction projects
often affect how client briefing activity is approached. Accord-
ingly, construction professionals exhibit difficulties in what
Green calls a “pigeonholing” approach to diagnosing a client’s
problems, in which the “default” paradigm sees the client as
“unity” and not as a “pluralistic” entity. In this case, the underly-
ing metaphor, which sees organisations as machines, led con-
struction professionals to take for granted that the client’s
objectives are clear, predetermined and remaining static over
time (Green 1996). However, such approach became contradictory
when the client organisation was interpreted as multifaceted,
with no broad agreement on the objectives (Green 1996). Following
this second perspective, the brief needs to be socially constructed
through debate amongst client members and construction profes-
sionals over a period of time (Green 1996).

Tzortzopoulos and Cooper (2007) also identified that divergent
and sometimes conflicting perspectives on what constitutes “de-
sign management” within construction organisations created dif-
ficulties in establishing company-wide strategies. According to
these authors, the lack of a clear theoretical foundation for design
management, as well as the lack of agreement on the potential
benefits of managing design, led to a poor definition of the com-
pany’s and its members’ role in the design management activity.

In another example investigating participants’ interactions
when developing a BIM strategy in a construction project, Forgues
et al. (2016) identified that misunderstandings can emerge when
stakeholders, which usually have been organising their activity in
a highly linear and fragmented way, have difficulties in under-
standing and representing how their collaborative interactions
operate in the project. This was aggravated by the fact that partic-
ipants have difficulties in knowing the activities of the other
members and how to represent their interdependencies (Forgues
et al. 2016). Misunderstandings were identified when compared
participants’ process maps of design activities in a BIM context
(Forgues et al. 2016). In this case, misunderstandings emerged
when different maps showed how semantic ambiguities related to
design activities (e.g., actions, mechanisms, or data). This was ev-
idenced when each participant defined the distribution of the
work in a different set of phases and using different terminology
(Forgues et al. 2016).

Overall, misunderstandings become problematic when not ad-
dressed, and the differences in understanding and approach re-
sult in uncoordinated actions (Valkenburg and Dorst 1998).
Project participants will find resistance to resolve misunderstand-
ings in collaborative interactions, because different metaphors of
collaboration can emerge as contradictory appreciative systems,
determining what counts as a fact and what arguments are taken
to be relevant (Schon and Rein 1994). This means that the nature
of misunderstandings and how they should be resolved differ
fundamentally according to each metaphor of collaboration in
construction.
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5.1. Resolving misunderstandings according to the
mechanistic metaphor

A mechanistic perspective of collaboration sees misunderstand-
ings as a problem of communication. Thus, research aligned with
this metaphor have concentrated on redesigning media frame-
works (i.e., software tools and communication standards), work-
ing on the interactions between human and computer systems to
support project collaboration (Maher et al. 1996; Kvan 2000; Wang
et al. 2002; Anumba et al. 2002; Eastman et al. 2011; Singh et al.
2011).

Advances in computer-integrated design systems have been
made based on the need to share data between several design
software (Saad and Maher 1996). The challenge for these computer
systems is to integrate the various perspectives emerging from
different reasoning processes articulated by team members in
this interaction (Arias et al. 2000). In principle, these systems
would allow project participants to work on the combination of
shared visual and semantic representations of design artefacts, in
a way that could communicate their understanding using differ-
ent media (Saad and Maher 1996).

To solve the problem posed by the use of heterogeneous soft-
ware tools, researchers have suggested the development of intel-
ligent agent systems, which consist of self-contained knowledge-
based systems with the capability of handling the specialist
problems and which provide a collaborative framework for inter-
actions (Anumba et al. 2002). The use of intelligent agent systems
and shared ontology would address the diverse nature of data in
terms of information and knowledge in construction projects
(Anumba et al. 2002; Eastman et al. 2011).

However, previous research identified that the adoption of new
models of representation, as proposed by the mechanistic per-
spective, is not enough to resolve misunderstandings, and the
complexity of design artefacts requires different methods of in-
teraction (Maher et al. 1996). In addition, because of the highly
distributed nature of collaborative project teams and the diversity
of tools they usually employ, these approaches can be considered
insufficient to support early project collaboration (Wang et al.
2002), mostly because the majority of these tools do not support a
rapid and reliable evaluation of several design options with the
necessary input from people with a diverse disciplinary back-
ground (Wang et al. 2002). Consequently, activities related to res-
olution of misunderstandings and generation of new solutions
are still left to human expertise (Wang et al. 2002), and collabora-
tion still requires participants’ social abilities to coordinate their
interactions with other agents (Anumba et al. 2002), which can be
related to actions of negotiation and evaluation (Kvan 2000), oc-
curring outside these systems.

Recent research also identified key limitations of current com-
puter systems to support these “social abilities” in construction
projects collaboration (Adamu et al. 2015; Forgues et al. 2016;
Paavola and Miettinen 2019). According to Forgues et al. (2016),
BIM systems work as common platforms to share data, which
require changes in the way team members produce and exchange
project data to support information processing in these plat-
forms. In this case, the traditional linear and fragmented nature
of conceptualising construction projects hampers the initiative
to understand and represent how information should be created
and processed among project members (Forgues et al. 2016). As a
consequence, the dependencies of tasks and information ex-
changes in a process are not sufficiently comprehended by the
project members, which hinders successful collaboration process
(Kiviniemi 2011).

The pattern of interactions in collaborative situations shows
that designers tend to document less information in a collabora-
tive session because they can describe their intentions verbally
instead (Maher et al. 1996). In these situations, semantic descrip-
tions used to define the purpose and performance of design artefacts
may be represented differently considering the various disciplines
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involved (Saad and Maher 1996). This generates a paradox because,
although a computer system can provide a collaborative structure to
support the coordination of design information to be exchanged, it
does not necessarily support the situated and indeterminate na-
ture of collaborative interactions, requiring a change in the col-
lective mindset (Forgues et al. 2016).

5.2. Resolving misunderstanding according to the
organismic metaphor

An organismic perspective of collaboration sees misunder-
standings as a problem of integration, in which the fragmented
nature of construction projects, embodied into transactional pro-
curement routes, should be abandoned (Egan 1998; Koskela et al.
2003; Bertelsen 2003; Zimina et al. 2012) and new forms of rela-
tional contracts should be developed (Forgues and Koskela 2009).
Thus, a great number of initiatives to improve collaboration from
this point of view have been focused on resolving or avoiding
misunderstandings by changing organisational structures through the
adoption of new procurement routes along with new project manage-
ment strategies (Mossman et al. 2011; Zimina et al. 2012).

From this point of view, new forms of procurement, like the
Integrated Project Delivery (IPD), are expected to enable the early
involvement of the different stakeholders and support the align-
ment of commercial terms for project-level teams, in which prof-
its and risks are shared among stakeholders to create a unified
project culture (Parrish et al. 2008; Mossman et al. 2011). However,
results from studies on the influence of new procurement forms
in the collaborative performance of project teams showed that
the adoption of a relational contract was not sufficient to mitigate
socio-cognitive barriers (i.e., misunderstandings) between the
project participants from different disciplinary backgrounds
(Forgues and Koskela 2009; Zimina et al. 2012). According to
Forgues and Koskela (2009), although new procurement routes
can provide a better context for project collaboration, it was pos-
sible to recognise fundamental limitations regarding project
managers and designers’ ability to perform in the new situation.
One of the problems seems to be that such organisational changes
will involve changing traditional systems of work (i.e., practices
and understandings) and changing roles and responsibilities be-
tween participants. In this case, although new relational systems
can play an important role as structural collaborative artefacts in
the organisation, they seem to be not enough to provoke the
necessary changes in attitude and behaviour (Zimina et al. 2012).

Under the organismic perspective of collaboration, individuals’
purposes in the activity have already been predetermined by a
central “brain” of the organisation (i.e., the high-level managers).
The consequence of conceiving and predetermining the means of
collaboration within the design of an organisation system is that
conversations about trust, in a context of a command and control
management model, tend to generate resignation and cynicism
from the participants (Howell et al. 2004).

5.3. Resolving misunderstandings according to
the socio-constructive metaphor

A socio-constructive perspective of collaboration does not see
misunderstandings as a problem to be resolved, but rather, it sees
it as a natural aspect of human interactions (Vaaland 2004). In
fact, it questions the grounds upon which the mechanism and
organism metaphors are built (Morgan 1980). Overall, the mecha-
nism and organism metaphors suggest a functionalist approach,
in which notions of what constitute collaboration are based upon
the assumption that the reality of collaborative interactions rests
in a network of ontologically real relationships (Morgan 1980).
They assume that these relationships are relatively ordered and
cohesive, thus focus is drawn on how human beings may attempt
to shape collaborative activities (Morgan 1980). However, a socio-
constructive perspective denies the concrete ontological status of
collaborative systems and suggests that the resolution of misun-
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derstandings in the context of collaborative interactions emerges
as rule-governed symbolic structure, as individuals engage their
worlds through the use of specific codes and practices to vest their
situations with meaningful form (Morgan 1980).

This means that, from this point of view, people tend to create
rule-governed symbolic structures, expecting them to operate as
social institutions (e.g., a standard procedure or a software tool
from a mechanistic perspective; a relational contract, or manage-
ment system from an organismic perspective), objectivating their
conception of collaboration, making whatever they believe to be
collaboration possible (Boaz 2015). This conception can be related
to what Max Weber (1930 apud Weber 2007 called rationalisation
of existence, suggesting that people tend to see key elements of
modern life, like science, capitalism, and bureaucratic organisa-
tions, as triumphs of rationality and, therefore, take them as an
objective reality. These individuals tend to believe that rational
order is embedded “...into legal codes and administrative organi-
zations that promise order, predictable decisions, regularity of
procedures, and responsible, objective, and qualified officials;
into economies that operate according to principles of calculated
advantage, efficiency, and means-ends strategies; and into tech-
nologies that promote standardization, mechanical behaviour,
and uniform tastes.” (Weber 2007, originally presented at The
Protestant Ethic and the Spirit of Capitalism, from 1930, online
source).

Weber’s argument for the rationalisation of existence can help
to explain why collaboration has been so vastly conceptualised in
different ways (e.g., as a mechanism or as an organism). Arguably,
this implies that these specific forms of interpreting collaboration
are ways to imply rationality into human interactions and assure
the maintenance of existing power structures, allowing control
and avoiding changes by means of institutionalising those inter-
actions (Berger and Luckmann 1966). This also explains why cer-
tain individuals tend to interpret collaboration deterministically
and why they expect collaboration to be “well-defined” (e.g., as
institutions).

However, the idea that any human activity (e.g., collaboration)
can reach a definitive “well-defined” relationship can be ques-
tioned (Berger and Luckmann 1966). For example, Ostrom (1998)
questioned the inefficiency of collaborative approaches influ-
enced by the over-reliance on rationalistic models of behaviour.
According to Ostrom (1998), approaches based on a rational per-
spective of collaboration, in support of allowing the determina-
tion of mechanisms and systems of control over the tasks, tend to
fail to account for the autonomy and free will of project partici-
pants. In this case, considerations about “social” abilities to con-
duct collaborative dialogues and how shared meanings emerge in
relation to these activities simply do not exist (Ostrom 1998).

Contrary to the other two metaphors of collaboration, the
socio-constructive perspective sees misunderstandings as part of
the inherently indeterminate and situated nature of collabora-
tion. Consequently, the resolution of misunderstandings is sub-
ject to dialectical interactions in which different concepts of
collaboration held by different participants “coexist” in the situ-
ation.

From this perspective, collaboration is not one thing, but it
will have different configurations in different situations for
different players (Bardram 1998). Collaboration emerges when
the collection of individuals in the situation interact to resolve
misunderstandings around multiple interpretations of what
makes collaboration in the situation (Van Amstel et al. 2016)
(Table 6).

Thus, to address misunderstandings emerging from different
ways of interpreting collaboration, the situated nature of collab-
orative interactions needs to be considered. A key aspect is that
the three metaphors of collaboration should not be seen as com-
peting views but, rather, as complementary perspectives, which
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fit different purposes at different “levels” of interaction in a con-
struction project.

According to Engestrom et al. (1997) and Bardram (1998), collab-
oration involves dynamic transitions between three different
“levels” of interactions, namely co-ordination, cooperation, and
co-construction (Fig. 1).

The first refers to co-ordination, where actors are considered as
passive participants in the activity (Bardram 1998). This will in-
volve routine interactions, in which the diverse actors will inter-
act upon a common (well-known) object, but their individual
actions are only externally related to each other. The participants
know that, to accomplish these tasks, they have to follow scripted
roles, achieving success in their individual actions (Engestréom
et al. 1997). These scripts usually become tacitly assumed tradi-
tions and norms, coded in written rules, standards, plans, and
schedules (Bardram 1998).

The second refers to cooperation, which suggests that partici-
pants share an object of activity that enables them to relate to
each other in a distributed way and make corrective adjustments
to their own and others’ actions to achieve the overall objective
(Bardram 1998). In this case, the object is stable and generally
agreed upon, but the means — or, in other words, the artefacts
and interactions — by which the activity will be developed may
not be present or known. Consequently, cooperation requires that
these means are established in a way that each actor has to bal-
ance his own actions with the actions of the other players, which
might involve persuasion (Engestrém et al. 1997).

The third refers to co-construction, in which interactions will
emerge when the object of work is not stable — or, more fre-
quently, when it is not existent (Bardram 1998). These require the
collective construction of the activity, in which the actors will
focus on the re-conceptualisation of their own organisation, rede-
fining the purpose of their interaction and their relations with
their shared objects (Engestrém et al. 1997).

Overall, the model (Fig. 1) suggests that collaboration in any
human activity (e.g., construction projects) will not exist in only
one “level” (Bardram 1998). In fact, these three “structural levels”
represent different analytical perspectives that may coexist in the
same collaborative activity (Engestrom et al. 1997). These perspec-
tives seem to be influenced by the way participants see their
object of work (e.g., the project activity; Table 7). Thus, these
different “levels” do not exist objectively, but they are embedded
within different ways in which individuals interpret and concep-
tualise collaboration.

The description above about the nature of interactions embed-
ded in each of these “structural levels” allows us to suggest that
these “analytical perspectives” can be correlated to the three dif-
ferent metaphors of collaboration presented earlier, namely
co-ordination and mechanistic metaphor, cooperation and organ-
ismic metaphor, and co-construction and social construct meta-
phor (Table 7).

Bardram’s model reinforces the suggestion that three meta-
phors of collaboration constitute different appreciative systems,
framing the way in which individuals interact in collaboration.
The main aspect that can be abstracted from this model is that it
suggests that the natural evolution of a collaborative activity (e.g.,
the construction project) depends on individuals’ interactions to-
wards the dynamic transition between these “levels” (Bardram
1998), which is articulated by individuals’ capacity to resolve mis-
understandings and build mutual intelligibility among the proj-
ect team.

Therefore, by adopting this model, collaboration in construc-
tion can be seen as a spectrum of collaborative interactions to-
wards the socio-construction of the overall project activity.
Although individuals and organisations coming from diverse cul-
tures of practice join the activity with different purposes and
tasks, they are expected to contribute across different aspects of
the project activity. These aspects can be seen as different “levels”

< Published by NRC Research Press



er_pub.com by MANCHESTER METROPOLITAN UNIV on 10/31/22
or persond use only.

Can. J. Civ. Eng. Downloaded from cdnscienc

SSAIJ YDIBISY DYUN Aq paysIqng ¢

Table 6. Three different conceptions of collaboration in construction.

8TL

Mechanism

Organism

Social construct

In construction,
collaboration
addresses:

Collaboration is
addressed as:

Communication problem among project participants

Problem-solving activity

The “fragmented” nature of construction
projects

Problem-solving activity

The challenge of create something
together, in a context where individuals
interpret (see) “things” differently

Interactions to promote change (course of
actions)

Aim

Objectives

Work on interactions between human and “machine”, combining
human cognitive capacities with computer systems (e.g.
software, platforms)

Develop communicative and coordinative capabilities of
information systems (as tools to support collective
problem-solving) based on standardisation strategies

Provide a better context for integrated
teams

Promote organisational changes (changing
traditional systems of work based on roles
and responsibilities) by developing
organisational structures

Reflect upon individuals’ objectivation (of
collaboration)

Achieve social construction of shared
meanings in a situation of functional
interdependence

Collaboration is
seen as:
Manifested in:

Core function

Media framework
Information processing system (an environment), previously

designed with a specific purpose

Information processing = a set of operations (e.g. breakdown of
the activity)

Organisational framework

Relational system (an institutional artefact),
previously designed and controlled by
“managers” (relies on leadership)

Relationship = a model of interdependence
(e.g. process)

Concerted actions

A set of common understandings (which is
always underdevelopment), in which the
continuous co-production of common
objectives generates the interactions

Co-production = ability to act collectively
towards common goals

Key collaborative Produce Communicate Coordinate Interdependence Control and Sense-making Choice/negotiation/

features adaptation compromise

Implications Information as Relies on Integrated set of High task Group goal or Ability to Individuals display will

(implies) “carrier” of predetermined tools interdependence, individual collectively to choose their goals
knowledge structures to (interoperability) in which purposes are construct the and means; choice to
exchange outcomes predetermined by activity system functions are
information become equally a central brain distributed and
distributed (i.e., (managers); interdependent
collection of implies a sense of (social dilemmas —
skills) control and individual vs. group
predefined rationality)
responsibilities

Embodied into Standard computer Data exchange Intelligent agent (New) project (New) procurement Mutual Situation awareness

representations standards systems management routes (contractual intelligibility
(strategies, arrangement)
methods,
approaches)

Description Manipulation of predefined objects based on shared ontology Institute early and Support commercial Collaboration is Collaboration emerges
frequent alignment (shared not one thing from autonomy and
feedback (to profit and risk), (different free will of project
adapt), and the promoting shared configurations participants, thus

development of responsibilities,
unified culture resources and
(i.e. shared rules rewards

and norms)

in different the “relationship” is

situations for always
different underdevelopment
players)
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Fig. 1. Dynamic levels of collaboration adapted from Bardram (1998, p. 11).
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Table 7. Three different instances of collaborative interactions in project activities.

Co-ordination Cooperation

Co-construction

Object of activity Common object (well-known)

Nature of interactions Routine interactions

Object is stable and generally agreed upon The object of work is not stable or
but the means are not
Make corrective adjustments to their own Interactions will emerge

is not existent

and other actions

Passive participants

Share an object of activity; relate to each Collective construction of the activity

other in a distributed way

Actions externally related

Balance his own actions with the actions Redefine the purpose of their interaction

of the other players and

Follow scripted roles (success
depends on individual
actions)

Mutual intelligibility Tacitly assumed traditions and
norms, rules, standards, plans,
and schedules

Correspondent Mechanism

metaphor

Organism

Might involve persuasion

their relations with the shared
object

Require that these means are established Reconceptualise their own practice

(organisation)

Co-creation (collective sense-making)

Social construct

within the construction project, in which interactions seems to
require different mind sets — or, in other words, different meta-
phors.

The challenge for collaborative interactions in construction
projects seems to be the transition across the different “levels” in
the spectrum of collaborative interactions. Upward or downward
interactions within this spectrum require individuals’ capacity to
reflect upon their practice and their notion of collaboration, as
well as their capacity to interpret how collaboration can be objec-
tivated on other levels of interaction. Therefore, effective collab-
oration depends on project participants’ capacity to socially
construct the means to overcome misunderstandings across the
spectrum of collaborative interactions and reach a dynamic state
of mutual intelligibility across the project team.

6. Conclusions

In this paper, we discussed that one of the reasons for the lack
of consensus around definitions of collaboration in construction
is the fact that individuals holding different appreciative systems
and backgrounds of experience tend to interpret collaboration
differently.

In this context, we have explored how some initiatives to theo-
retically define collaboration in construction and other subject

areas can be aligned with three different metaphors of collabora-
tion. We argued that the notion of collaboration metaphors, as
ideal types shared by social groups, can be referred to as an indi-
cation of how academics and practitioners have historically con-
tributed to the continuous construction of diverse ideas of
collaboration. We propose that metaphors of collaboration can be
seen to have evolved as socially constructed appreciative systems,
framing the way project participants perceive, as well as conceive,
their interactions and artefacts on collaborative interactions.

As these conceptualisations of collaboration differ fundamen-
tally in ontological terms, the challenge that participants face in
construction project interactions involve overcoming misunder-
standings, in which actions and artefacts from one stakeholder
can be interpreted by others as incoherent and even contradic-
tory.

Thus, with this literature review paper, we have tried to dem-
onstrate the dialectical nature of collaborative interactions,
which suggests that successful collaboration requires project par-
ticipants to have the capacity to reflect upon their idea of collab-
oration and build mutual intelligibility around their interactions.
This suggest that collaboration depends on individuals’ capacity
to set situated measures of success in each interaction. Conse-
quently, participants’ perception of performance in collaboration
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should be based on their ability to question and reflect on their
concepts of collaboration and how they have been objectivated in
the situation, potentially revealing misunderstandings.

We suggest that further research should address the question of
how to stimulate and enable such collective reflection on the
situation without disrupting project activities. Such exploration
could provide a better understanding of what project participants
usually do to overcome misunderstandings throughout different
stages of a construction project. Further exploration of these as-
pects of collaborative interactions could also reveal ways to im-
prove project performance by identifying collective reflective
initiatives that might work as triggers for interactions supporting
the social construction of collaboration in the situation.

References

Ackoff, R.L., and Emery, F.E. 1972. On purposeful systems: An interdisciplinary
analysis of individual and social behaviour as a system of purposeful events.
Tavistock, London, p. 288.

Adamu, Z.A., Emmitt, S., and Soetanto, R. 2015. Social BIM: Co-creation with
shared situational awareness. Journal of Information Technology in Con-
struction, 20: 230-252.

Anumba, C., Ugwu, 0.0., Newnham, L., and Thorpe, A. 2002. Collaborative de-
sign of structures using intelligent agents. Automation in Construction, 11(1):
89-103. d0i:10.1016/S0926-5805(01)00055-3.

Appley, D.G., and Winder, A.E. 1977. An evolving definition of collaboration and
some implications for the world of work. The Journal of Applied Behavioral
Science, 13(3): 279-291. do0i:10.1177/002188637701300304.

Arias, E., Eden, H., Fischer, G., Gorman, A., and Scharff, E. 2000. Transcending
the individual human mind—creating shared understanding through collab-
orative design. ACM Transactions on Computer-Human Interaction (TOCHI),
7(1): 84-113. doi:10.1145/344949.345015.

Arup, O.1970. Architects, engineers and builders. Journal of the Royal Society of
Arts, 118(5167): 390-401.

Badke-Schaub, P., Goldschmidt, G., and Meijer, M. 2010. How does cognitive
conflict in design teams support the development of creative ideas? Creativ-
ity and Innovation Management, 19(2): 119-133. d0i:10.1111/j.1467-8691.2010.
00553.x.

Ballard, G. 2000. Positive vs. negative iteration in design. In Proceedings of the
8th Annual Conference of the International Group for Lean Construction,
Brighton, U.K.

Bardram, J. 1998. Designing for the dynamics of cooperative work activities. In
Proceedings of the 1998 ACM Conference on Computer supported coopera-
tive work. ACM, pp. 89-98.

Berger, P.L., and Luckmann, T. 1966. The social construction of reality: A treatise
in the sociology of knowledge. Penguin, U.K.

Bertelsen, S. 2003. Construction as a complex system. In Proceedings of the 11th
Annual Conference of the International Group for Lean Construction, Blacks-
burg, Va., pp. 11-23.

Boaz, D. 2015. The libertarian mind: a manifesto for freedom. Simon and Schuster.

Bresnen, M., and Marshall, N. 2000. Building partnerships: case studies of client—
contractor collaboration in the UK construction industry. Construction Man-
agement and Economics, 18(7): 819-832. d0i:10.1080/014461900433104.

Briggs, R., Kolfschoten, G., Gert-Jan, V., and Douglas, D. 2006. Defining key
concepts for collaboration engineering. In Americas Conference on Informa-
tion Systems (AMCIS) 2006 Proceedings, Paper 17.

BSI. 2016. BS 1192:2007+A2:2016 — Collaborative production of architectural,
engineering and construction information. Code of practice. British Stan-
dards Institute, United Kingdom.

Bucciarelli, L.L. 2002. Between thought and object in engineering design. Design
Studies, 23(3): 219-231. d0i:10.1016/S0142-694X(01)00035-7.

Cardoso, C., Badke-Schaub, P., and Eris, O. 2016. Inflection moments in design
discourse: How questions drive problem framing during idea generation.
Design Studies, 46: 59-78. d0i:10.1016/j.destud.2016.07.002.

Coyne, R., and Snodgrass, A. 1993. Cooperation and individualism in design.
Environment and Planning B: Urban Analytics and City Science, 20(2): 163-
174. doi:10.1068/b200163.

D’Amour, D., Ferrada-Videla, M., San Martin Rodriguez, L., and Beaulieu, M.D.
2005. The conceptual basis for interprofessional collaboration: core concepts
and theoretical frameworks. Journal of Interprofessional Care, 19(Suppl. 1):
116-131. doi:10.1080/13561820500082529. PMID:16096150.

Dewey, J. 1938. Logic: The theory of inquiry. Holt, Rinehart & Winston, New
York.

Dougherty, D. 1992. Interpretive barriers to successful product innovation in
large firms. Organization Science, 3(2): 179-202. doi:10.1287/orsc.3.2.179.
D’souza, N. 2016. Investigating design thinking of a complex multidisciplinary
design team in a new media context: Introduction. Design Studies, 46: 1-5.

d0i:10.1016/j.destud.2016.07.001.

Durkheim, E. 1893. The division of labour in society. W.D. Halls, Free Press, New
York (1997).

Can. J. Civ. Eng. Vol. 47, 2020

Eastman, C., Eastman, C.M., Teicholz, P., Sacks, R., and Liston, K. 2011. BIM
handbook: A guide to building information modeling for owners, managers,
designers, engineers and contractors. John Wiley & Sons.

Eckert, C.M., Blackwell, A.F., Bucciarelli, L.L., and Earl, C.F. 2010. Shared conver-
sations across design. Design Issues, 26(3): 27-39. doi:10.1162/DESI_a_00027.

Edmonds, E.A., Candy, L., Jones, R., and Soufi, B. 1994. Support for collaborative
design: Agents and emergence. Communications of the ACM, 37(7): 41-47.
do0i:10.1145/176789.176793.

Egan, J. 1998. Rethinking construction. Construction Task Force Report for
Department of the Environment, Transport and the Regions.

Endsley, M.R. 1995. Toward a theory of situation awareness in dynamic systems.
Human Factors: The Journal of the Human Factors and Ergonomics Society,
37(1): 32-64. doi:10.1518/001872095779049543.

Endsley, M.R., and Jones, W.M. 2001. A model of inter-and intrateam situation
awareness: Implications for design, training and measurement. In New
trends in cooperative activities: understanding system dynamics in complex
environments. Vol. 7, pp. 46-67.

Engestrom, Y., Brown, K., Christopher, L., and Gregory, ]J. 1997. Coordination,
cooperation, and communication in the courts: Expansive transitions in le-
gal work. In Mind, culture, and activity: Seminal papers from the Laboratory
of Comparative Human Cognition, 369.

Fink, A. 1998. Conducting research literature review: from paper to the internet.
Sage, Thousand Oaks, Calif.

Fischer, G. 2004. Social creativity: turning barriers into opportunities for collab-
orative design. In Proceedings of the Eighth Conference on Participatory
Design: Artful integration: Interweaving Media, Materials and Practices,
Vol. 1, pp. 152-161. ACM.

Forgues, D., and Koskela, L. 2009. The influence of a collaborative procurement
approach using integrated design in construction on project team perfor-
mance. International Journal of Managing Projects in Business, 2(3): 370-385.
d0i:10.1108/17538370910971036.

Forgues, E.C., Carignan, V., Forgues, D., and Rajeb, S.B. 2016. A Framework for
Improving Collaboration Patterns in BIM Projects. In International Confer-
ence on Cooperative Design, Visualization and Engineering. Springer Inter-
national Publishing, pp. 34-42.

Garcia, R., and Calantone, R. 2002. A critical look at technological innovation
typology and innovativeness terminology: a literature review. Journal of
Product Innovation Management, 19(2): 110-132. doi:10.1111/1540-5885.
1920110.

Gharajedaghi, J., and Ackoff, R.L. 1984. Mechanisms, organisms and social
systems. Strategic Management Journal, 5(3): 289-300. do0i:10.1002/smj.
4250050308.

Gill, J., and Johnson, P. 2002. Research methods for managers. 3rd ed. Sage
Publications, p. 234.

Gray, B. 2004. Strong opposition: Frame-based resistance to collaboration. Jour-
nal of Community & Applied Social Psychology, 14(3): 166-176. d0i:10.1002/
casp.773.

Green, S.D. 1996. A metaphorical analysis of client organizations and the brief-
ing process. Construction Management & Economics, 14(2): 155-164. doi:10.
1080/014461996373593.

Hart, C. 1998. Doing a literature review: realising the social science research
imagination. Sage, 230p.

Haymaker, J., Keel, P., Ackermann, E., and Porter, W. 2000. Filter mediated
design: generating coherence in collaborative design. Design Studies, 21(2):
205-220. doi:10.1016/S0142-694X(99)00042-3.

Hill, L.A., Brandeau, G., Truelove, E., and Lineback, K. 2014. Collective genius.
Harvard Business Review, 92(6): 94-102. PMID:25051858.

Howell, G.A. 2013. Uncertainty, organizational structure & collaboration: ques-
tions for research. In The 21st Annual Conference of the International Group
for Lean Construction, Fortaleza, Brazil, 29 July - 2 Aug 2013, Edited by
C.T. Formoso and P. Tzortzopoulos, pp. 23-31.

Howell, G., Macomber, H., Koskela, L., and Draper, ]J. 2004. Leadership and
project management: time for a shift from Fayol to Flores. In Proceedings of
the 12th Annual Conference of the International Group for Lean Construc-
tion (IGLC-12), pp. 22-29.

Jankowicz, A.D. 2000. Business research projects. Thomson Learning.

Kiviniemi, A. 2005. Product model based requirements management. Doctoral
dissertation, Ph.D. thesis, Stanford University.

Kiviniemi, A. 2011. Distributed intelligence in design. In Distributed intelligence
in design. Edited by L. John Wiley & Sons. Blackwell Publishing Ltd., Oxford,
pp. 125-135.

Kleinsmann, M. 2006. Understanding collaborative design, Ph.D. thesis, Delft
University of Technology, Delft.

Kleinsmann, M., and Valkenburg, R. 2008. Barriers and enablers for creating
shared understanding in co-design projects. Design Studies, 29(4): 369-386.
d0i:10.1016/j.destud.2008.03.003.

Koskela, L., Ballard, G., and Howell, G. 2003. Achieving change in construction.
In Proceedings of the International Group of Lean Construction 11th Annual
Conference (IGLC-11), Vol. 22, p. 24.

Kvan, T. 2000. Collaborative design: what is it? In Automation in Construction.
Vol. 9, pp. 409-415. doi:10.1016/S0926-5805(99)00025-4.

Leon, M., and Laing, R. 2014. Application of a conceptual stages design protocol
for early collaborative design through computer-based mediation. Available
from OpenAIR@RGU. [Online.| Available from http://openair.rgu.ac.uk.

< Published by NRC Research Press


http://dx.doi.org/10.1016/S0926-5805(01)00055-3
http://dx.doi.org/10.1177/002188637701300304
http://dx.doi.org/10.1145/344949.345015
http://dx.doi.org/10.1111/j.1467-8691.2010.00553.x
http://dx.doi.org/10.1111/j.1467-8691.2010.00553.x
http://dx.doi.org/10.1080/014461900433104
http://dx.doi.org/10.1016/S0142-694X(01)00035-7
http://dx.doi.org/10.1016/j.destud.2016.07.002
http://dx.doi.org/10.1068/b200163
http://dx.doi.org/10.1080/13561820500082529
http://www.ncbi.nlm.nih.gov/pubmed/16096150
http://dx.doi.org/10.1287/orsc.3.2.179
http://dx.doi.org/10.1016/j.destud.2016.07.001
http://dx.doi.org/10.1162/DESI_a_00027
http://dx.doi.org/10.1145/176789.176793
http://dx.doi.org/10.1518/001872095779049543
http://dx.doi.org/10.1108/17538370910971036
http://dx.doi.org/10.1111/1540-5885.1920110
http://dx.doi.org/10.1111/1540-5885.1920110
http://dx.doi.org/10.1002/smj.4250050308
http://dx.doi.org/10.1002/smj.4250050308
http://dx.doi.org/10.1002/casp.773
http://dx.doi.org/10.1002/casp.773
http://dx.doi.org/10.1080/014461996373593
http://dx.doi.org/10.1080/014461996373593
http://dx.doi.org/10.1016/S0142-694X(99)00042-3
http://www.ncbi.nlm.nih.gov/pubmed/25051858
http://dx.doi.org/10.1016/j.destud.2008.03.003
http://dx.doi.org/10.1016/S0926-5805(99)00025-4
http://openair.rgu.ac.uk

er_pub.com by MANCHESTER METROPOLITAN UNIV on 10/31/22
or persond use only.

Can. J. Civ. Eng. Downloaded from cdnscienc

Gomes and Tzortzopoulos

Li, W.D,, Lu, W.F,, Fuh, ].Y., and Wong, Y.S. 2005. Collaborative computer-aided
design—research and development status. Computer-Aided Design, 37(9):
931-940. doi:10.1016[j.cad.2004.09.020.

Macmillan, S., Steele, J., Austin, S., Kirby, P., and Spence, R. 2001. Development
and verification of a generic framework for conceptual design. Design Stud-
ies, 22(2): 169-191. doi:10.1016/S0142-694X(00)00025-9.

Maher, M.L., Cicognani, A., and Simoff, S. 1996. An experimental study of com-
puter mediated collaborative design. In Proceedings of the 5th Workshop on
Enabling Technologies: Infrastructure for Collaborative Enterprises,
Pp. 268-273.

Mattessich, P.W., and Monsey, B.R. 1992. Collaboration: what makes it work. A
review of research literature on factors influencing successful collaboration.
Ambherst H. Wilder Foundation, 919 Lafond, St. Paul, MN 55104, USA.

Morgan, G. 1980. Paradigms, metaphors, and puzzle solving in organization
theory. Administrative Science Quarterly, 25(4): 605-622. doi:10.2307/2392283.

Mossman, A., Ballard, G., and Pasquire, C. 2011. The growing case for lean con-
struction. Construction Research and Innovation, 2(4): 30-34. doi:10.1080/
20450249.2011.11873820.

Ostrom, E. 1998. A behavioral approach to the rational choice theory of collec-
tive action: Presidential address, American Political Science Association,
1997. American Political Science Review, 92(1): 1-22. d0i:10.2307/2585925.

Paavola, S., and Miettinen, R. 2019. Dynamics of design collaboration: BIM mod-
els as intermediary digital objects. Computer Supported Cooperative Work
(CSCW), 28(1-2): 1-23. d0i:10.1007/s10606-018-9306-4.

Parrish, K., Wong, ].M., Tommelein, I.D., and Stojadinovic, B. 2008. Set-based
design: case study on innovative hospital design. In Proceedings of the 16th
Annual Conference of the International Group for Lean Construction, Man-
chester, UK., pp. 413-424.

Peng, C. 1994. Exploring communication in collaborative design: co-operative
architectural modelling. Design Studies, 15(1): 19-44. do0i:10.1016/0142-694X
(94)90037-X.

Peng, C. 2001. Design through digital interaction: Computing communications
and collaboration on design. Intellect Books.

Poirier, E., Forgues, D., and Staub-French, S. 2016. Collaboration through inno-
vation: implications for expertise in the AEC sector. Construction Manage-
ment and Economics, 34(11): 769-789. doi:10.1080/01446193.2016.1206660.

Rittel, H. 1984. Second-generation design methods. In Developments in design
methodology, pp. 317-327.

Rittel, H.W. 1987. The reasoning of designers. IGP, Montreal.

Rittel, HW., and Webber, M.M. 1973. Dilemmas in a general theory of planning.
Policy Sciences, 4(2): 155-169. d0i:10.1007/BF01405730.

Saad, M., and Maher, M.L. 1996. Shared understanding in computer-supported
collaborative design. Computer-Aided Design, 28(3): 183-192. doi:10.1016/
0010-4485(95)00025-9.

Sanders, E.B.N., and Stappers, P.J. 2008. Co-creation and the new landscapes of
design. Co-Design, 4(1): 5-18. doi:10.1080/15710880701875068.

Schon, D.A. 1963. Displacement of concepts. Routledge.

Schon, D.A. 1983. The reflective practitioner: How professionals think in action.
Vol. 5126. Basic Books.

Schon, D.A., and Rein, M. 1994. Frame reflection: Toward the resolution of
intractable policy controversies. Basic Books.

Schéttle, A., Haghsheno, S. and Gehbauer, F. 2014. Defining cooperation and
collaboration in the context of Lean Construction. In Proceedings of the 22nd
Annual Conference of the International Group for Lean Construction, Oslo,
Norway, pp. 1269-1280.

Schrage, M. 1995. No more teams! Mastering the dynamics of creative collabo-
ration. DoubleDay, New York, p. 241.

Schutz, A. 1962. The problem of social reality. Collected Papers, Vol. 1. Edited by
M. Natanson. Marinus Nijhoff, The Hague.

Seuring, S., and Miiller, M. 2008. From a literature review to a conceptual frame-
work for sustainable supply chain management. Journal of Cleaner Produc-
tion, 16(15): 1699-1710. doi:10.1016/j.jclepro.2008.04.020.

Shea, G.P., and Guzzo, R.A. 1987. Group effectiveness: what really matters? Sloan
Management Review (1986-1998), 28(3): 25.

Simoff, S.J., and Maher, M.L. 2000. Analysing participation in collaborative de-

131

sign environments. Design Studies, 21(2): 119-144. doi:10.1016/S0142-694X
(99)00043-5.

Simon, H.A. 1969. The sciences of the artificial. Cambridge, Mass.

Singh, V., Gu, N,, and Wang, X. 2011. A theoretical framework of a BIM-based
multi-disciplinary collaboration platform. Automation in Construction,
20(2): 134-144. doi:10.1016/j.autcon.2010.09.011.

Stempfle, J., and Badke-Schaub, P. 2002. Thinking in design teams — an analysis
of team communication. Design Studies, 23(5): 473-496. d0i:10.1016/S0142-
694X(02)00004-2.

Stompff, G., Smulders, F., and Henze, L. 2016. Surprises are the benefits: refram-
ing in multidisciplinary design teams. Design Studies, 47: 187-214. doi:10.
1016/j.destud.2016.09.004.

Suchman, L. 1987. Plans and situated actions. Cambridge University, New York.

Thomson, A.M., Perry, ].L., and Miller, T.K. 2007. Conceptualizing and measuring
collaboration. Journal of Public Administration Research and Theory, 19(1):
23-56. d0i:10.1093/jopart/mumo036.

Tjosvold, D., and Tsao, Y. 1989. Productive organizational collaboration: The role
of values and cooperation. Journal of Organizational Behavior, 10(2): 189-195.
d0i:10.1002/j0b.4030100209.

Tomelleri, S., Lusardi, R., and Artioli, G. 2015. The metaphors of collaboration, or
the social construction of collaborative interactions between health profes-
sionals. Acta Bio Medica Atenei Parmensis, 86(Suppl. 1): 7-18. PMID:25835761.

Tranfield, D., Denyer, D., and Smart, P. 2003. Towards a methodology for devel-
oping evidence-informed management knowledge by means of systematic
review. British Journal of Management, 14(3): 207-222. do0i:10.1111/1467-8551.
00375.

Tzortzopoulos, P., and Cooper, R. 2007. Design management from a contractor’s
perspective: The need for clarity. Architectural Engineering and Design Man-
agement, 3(1): 17-28. d0i:10.1080/17452007.2007.9684626.

Vaaland, T.I. 2004. Improving project collaboration: start with the conflicts.
International Journal of Project Management, 22(6): 447-454. doi:10.1016j.
ijproman.2003.11.003.

Valkenburg, R.C. 1998. Shared understanding as a condition for team design.
Automation in Construction, 7(2): 111-121. doi:10.1016/S0926-5805(97)00058-7.

Valkenburg, R., and Dorst, K. 1998. The reflective practice of design teams.
Design Studies, 19(3): 249-271. doi:10.1016/S0142-694X(98)00011-8.

Van Aken, J.E., and Berends, H. 2018. Problem solving in organizations. Cam-
bridge University Press.

van Amstel, F.M., Hartmann, T., van der Voort, M.C., and Dewulf, G.P. 2016. The
social production of design space. Design Studies, 46: 199-225. doi:10.1016/j.
destud.2016.06.002.

Vickers, G. 1965. The art of judgment: A study of policy making. Basic Books.

Wang, L., Shen, W., Xie, H., Neelamkavil, J., and Pardasani, A. 2002. Collabora-
tive conceptual design—state of the art and future trends. Computer-Aided
Design, 34(13): 981-996. doi:10.1016/S0010-4485(01)00157-9.

Weber, M. 1949. “Objectivity” in social science and social policy. In The method-
ology of the social sciences, pp. 49-112.

Weber, M. 2007. Stanford encyclopedia of philosophy. Available at URL http://
plato.stanford.edu/entries/weber/. [ciododitié.]

Webster, ., and Watson, R.T. 2002. Analyzing the past to prepare for the future:
Writing a literature review. MIS Quarterly, 26(2): xiii-xxiii.

Whelton, M., Pennanen, A., and Ballard, G. 2004. Fostering collaboration and
learning in project definition: a case study in workplace planning. In The 12th
Annual Conference of the International Group for Lean Construction. Edited by
S. Bertelsen and C.T. Formoso, Helsinggr, Denmark, pp. 3-5.

Wirth, L. 1940. Ideological aspects of social disorganization. American Sociolog-
ical Review, 5(4): 472-482. doi:10.2307/2084421.

Wirth, L. 1948. Consensus and mass communication. American Sociological
Review, 13(1): 1-15. doi:10.2307/2086750.

Wood, DJ., and Gray, B. 1991. Toward a comprehensive theory of collaboration.
The Journal of Applied Behavioral Science, 27(2): 139-162. doi:10.1177/
0021886391272001.

Zimina, D., Ballard, G., and Pasquire, C. 2012. Target value design: using collab-
oration and a lean approach to reduce construction cost. Construction Man-
agement and Economics, 30(5): 383-398. doi:10.1080/01446193.2012.676658.

< Published by NRC Research Press


http://dx.doi.org/10.1016/j.cad.2004.09.020
http://dx.doi.org/10.1016/S0142-694X(00)00025-9
http://dx.doi.org/10.2307/2392283
http://dx.doi.org/10.1080/20450249.2011.11873820
http://dx.doi.org/10.1080/20450249.2011.11873820
http://dx.doi.org/10.2307/2585925
http://dx.doi.org/10.1007/s10606-018-9306-4
http://dx.doi.org/10.1016/0142-694X(94)90037-X
http://dx.doi.org/10.1016/0142-694X(94)90037-X
http://dx.doi.org/10.1080/01446193.2016.1206660
http://dx.doi.org/10.1007/BF01405730
http://dx.doi.org/10.1016/0010-4485(95)00025-9
http://dx.doi.org/10.1016/0010-4485(95)00025-9
http://dx.doi.org/10.1080/15710880701875068
http://dx.doi.org/10.1016/j.jclepro.2008.04.020
http://dx.doi.org/10.1016/S0142-694X(99)00043-5
http://dx.doi.org/10.1016/S0142-694X(99)00043-5
http://dx.doi.org/10.1016/j.autcon.2010.09.011
http://dx.doi.org/10.1016/S0142-694X(02)00004-2
http://dx.doi.org/10.1016/S0142-694X(02)00004-2
http://dx.doi.org/10.1016/j.destud.2016.09.004
http://dx.doi.org/10.1016/j.destud.2016.09.004
http://dx.doi.org/10.1093/jopart/mum036
http://dx.doi.org/10.1002/job.4030100209
http://www.ncbi.nlm.nih.gov/pubmed/25835761
http://dx.doi.org/10.1111/1467-8551.00375
http://dx.doi.org/10.1111/1467-8551.00375
http://dx.doi.org/10.1080/17452007.2007.9684626
http://dx.doi.org/10.1016/j.ijproman.2003.11.003
http://dx.doi.org/10.1016/j.ijproman.2003.11.003
http://dx.doi.org/10.1016/S0926-5805(97)00058-7
http://dx.doi.org/10.1016/S0142-694X(98)00011-8
http://dx.doi.org/10.1016/j.destud.2016.06.002
http://dx.doi.org/10.1016/j.destud.2016.06.002
http://dx.doi.org/10.1016/S0010-4485(01)00157-9
http://plato.stanford.edu/entries/weber/
http://plato.stanford.edu/entries/weber/
http://dx.doi.org/10.2307/2084421
http://dx.doi.org/10.2307/2086750
http://dx.doi.org/10.1177/0021886391272001
http://dx.doi.org/10.1177/0021886391272001
http://dx.doi.org/10.1080/01446193.2012.676658

	Article
	1. Introduction
	2. Method
	3. Appreciative systems and metaphors of collaboration
	4. Defining collaboration in construction
	4.1. Collaboration as a mechanism
	4.2. Collaboration as an organism
	4.3. Collaboration as a social construct

	5. Misunderstandings as consequences of diverse interpretations of collaboration
	5.1. Resolving misunderstandings according to the mechanistic metaphor
	5.2. Resolving misunderstanding according to the organismic metaphor
	5.3. Resolving misunderstandings according to the socio-constructive metaphor

	6. Conclusions

	References

