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Abstract

Many industries today work with and around projec®e example is the construction
industry where projects are typically constitutefd naultidisciplinary cross-organizational
project members. Collaboration and knowledge shaaire crucial for the overall success of
such a project, but are however also known to tiewlt. This licentiate thesis focus on how
a collocated multidisciplinary cross-organizatior@oject team collaborates and shares
knowledge. In connection with the concept of calban, the influence of the physical space
is often discussed, there however also exists @bpect such as power relations as well as
how individual project team members experience aap- which influences how project
team members collaborate and share knowledge. Thkeseents all comprise a social
construction of a project space and therefore, ltbéntiate more specifically addresses the
concept of ‘space’ The notion on space is howewaell discussed in connection with
projects, but is discussed in connection with oizgtions.

This licentiate is based on three appended papeargirth on three qualitative case studies.
The cases were studied through observations aedvietvs. Based on the findings it was
seen that a project space is socially constructesgd on how the project members use the
space, behave within the space, and interact Wwélother project members. The way how the
project space is constructed also influences tbgegirteam in terms of how they collaborate
and share knowledge.

Key words: Construction design, Project, Collaboration, @igational space, Project space
and Knowledge sharing.
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1.Introduction

Project based organizations exist within a largegeaof industries (Hobday, 2000), and
projects are deployed for many different reasorch sas to solve tasks, test things in pilot
projects, or investigate an incident. Some of thestmimportant aspects characterizing
projects are: (1) uniqueness, (2) with a predeteechidate of delivery, (3) subject to one or
several performance goals, e.g. resource usageuaiity, and (4) they consist of a number
of complex and/or interdependent activities (e ackendorff, 1995). Furthermore, especially
in the Architecture, Engineering and Constructioduistry, projects often consist of project
team members from different organizations and pis@s.

One challenge regarding multidisciplinary cross aoigational projects is to enable
collaboration and knowledge sharing. Collaboraton knowledge sharing is known to be
crucial for the success of a project, but becomesentomplex when knowledge sharing
crosses multiple boundaries like organizationalngauies, disciplinary boundaries (Carlile,
2002). Furthermore, knowledge within such projéstserceived as complex and difficult due
to its contextualized and embedded nature (Newekl,e2009; Bosch-Sijtsema and
Henriksson, 2014). Knowledge sharing and learniagoften within project literature

discussed in terms of how organizations learn fpojects (Engwall, 2003; Scarbrough et
al., 2004), how learning occurs between projectedipe and Tell, 2001), and how project
team members learn from each other (Bosch and k&sam, 2014).

Within multidisciplinary and cross organizationabjects, the restricted timeframe makes it
more difficult to develop trust and mutual undemstiag, elements which are important for
establishing collaboration and knowledge sharings@édn and Mattes, 2015). Therefore, the
main concern in this licentiate is to explore howltdisciplinary cross organizational project
teams collaborate and share knowledge. Knowledgerghis defined here as “the provision
of task information and know-how to help others dadcollaborate with others to solve
problems, develop new ideas, or implement polieled procedures” (Wang and Noe, 2010,
p. 117).

In this context a number of studies indicate th@nhmunication, in particular face-to-face
communication, can be an important factor in regard developing trust and mutual

understanding among projects team members (Ro&@498; IFiol et al., 2005; Nilsson and

Mattes, 2015). There are, however, many studiesugssng other forms of online or virtual

collaboration methods, in which communication igf@ened through different forms of

technology, e.g., internet, phone, email, videofemncing (e.g., Hatem et al., 2012).
However, these types of virtual collaboration aegdnd the scope of this licentiate, and this
research only focuses on project teams that hagepdssibility to work collocated and

communicate face-to-face.



In order to facilitate face-to-face communicatiah,is important that the project team
members have the possibility to spend time togethdrthis can be done for example through
collocation. Several working methods focus on clogiéboration in which people are able to
collaborate on their tasks simultaneously instebdeguentially, often supported through
collocation. Some of these approaches are the BdGnRconcept (Liker; 2004), extreme
collaboration (Garcia et al.,, 2004), and integraahcurrent design and engineering
(Evbuomwan & Anumba, 1998; Love & Gunasekaran, 1988these methods, the project
team works on tasks in parallel in a particularcgpa either face-to-face or virtually - with the
help of specific technology and methods, such asalimeans. The use of visual means can
support sharing of knowledge, as well as enableways of collaborating (e.g. Boland et al.,
2007; Ewenstein and Whyte, 2007; Henderson 199dglibi 2007). Within the construction
industry, examples of such visual representaticas loe sketches, drawings, 2D and 3D
models (Henderson, 1991) In this licentiate theusocs on collocated spaces in which a
project team can meet face-to-face and collaborate, where the project team applies
multiple visual means for their work. Collocatioashshown to have a positive impact on the
performance of a project team (Smith et al., 20Y@}, there are challenges such as noise and
lack of privacy Pawar, et al., 199%hong, et al., 2012).

Many of the studies on collocation have focusedhenpsychical space in particular, and how
this space should be formed and developed (RERyeMer, it is not only the physical space
that influences how project team members collalbor@ther aspects are relevant such as
social relations between the involved project mambend how individual project team
members experience the space in terms of their paesonal gains and work within the
project and project space. These elements all dsenprsocial construction of a project space
and therefore this licentiate is specifically irgted in the concept of ‘space’. It explores how
a collocated multidisciplinary project team sogiatbnstructs such a project space, and how
the project space influences the collaboration betwthe project members.

The concept of space is drawn on studies of orgéinizal space (e.g. Dale & Burrell, 2008;
Kornberger and Clegg, 2004; Taylor & Spicer, 200).this literature, studies discuss
different aspects of space in terms of how it nmagact the performance of an organization in
terms of the physical work space (Allen a@krstenberget973; Kraut et al. 2001;
Heerwagen, et al., 2004; Hau et al., 2010), howaitehitecture of a building may impact
behaviors and interpretations of status and impogaVan Marrewijk, 2010), and how a
space as social object may impact social relatans constellations such as power relations
(Markus,1993) positions and importance (Panayi@od Kafiris, 2011). Taylor and Spicer
(2007) review these spatial studies and define rozgdonal space as consisting of three
interrelated and inseparable conceptionBhée’ first conception treats space as distance
between two points. The second conception treatsesps materialized power relations. The
final conception treats space as the manifestatiblour imagination” (Taylor and Spicer,
2007: page 327). This conception of organizatiasgce is primarily built on single and
long-term studies of organizations aimed at gairamgunderstanding of the impact and
influence of space. Few studies have, however,rifbestthe relation between social space



and temporary organizations i.e., projects in ganand construction design projects in
particular.

This licentiate thesis focuses primarily on condinn design projects and is directed towards
providing new insights into how project membersinonstruction design project collaborate
and share knowledge. A construction design progeeisists of multidisciplinary cross-
organizational members who are constituted forlatively short period of time to solve a
complex task (Chiu, 2002; Dainst al, 2007; Gray and Hughes, 2001; Moum, 2010). The
particular focus of the thesis is a particular emviment, i.e.the project spacevhich is a
combination of a physical space where the desigmtenembers meet one day per week,
where they use a number of methods and tools suefsaal means to carry out their various
project tasks, as well as how the team behavesusesl the space. The focus is on gaining
insights into: 1) how a project space is sociabipstructed by the design team members, and
how such a project space influences how a desan tmllaborates and shares knowledge, 2)
how visual means support their collaboration andwkedge sharing within the collocated
space.

1.1 Aim and research questions

The aim of this research is to explore how profeatn members within a multidisciplinary,
collocated, time limited project work together, dralv their work is influenced by the project
space, this leads to the formulation of the follegviwo research questions (RQ):

RQ 1: How is a project space constructed, and how dbe¥luence a project
team? (Paper IIl)

Paperlll addresses how a project space is produced ancahmwject space influences the
design team using an organizational spatial petsgemn the physicality of space,
materialization in terms of social and power relas between the involved disciplines and
their experiences of the space.

The second research question looks at how a prtgach uses a collocated space and the
available artifacts including visual means to dodleate and share knowledge.

RQ 2 How are collaboration and knowledge sharing supeo in a collocated
project space through visual artifacts and mear&per |, Paper II)

To address this research question, papeldresses how visual means support coordination of
tasks and enable knowledge and information shavittgn a multi-disciplinary design team.
Paperll addresses how in particular the physical presehtiee client and the use of visual
means influence knowledge and collaboration prestim a collocated environment may
facilitate the realization of the client’'s needsl avishes.






1.2 Structure of the thesis

In this chapter an overall introduction to the peob regarding how multidisciplinary and
multi organisational project teams collaborate amk together has been provided, with a
brief theoretical introduction. The introductiorcgen has introduced the aim of the licentiate
and the research questions. In the following chraphe theoretical framing regarding social
and organizational space is further developed dsasehow the application of visual means
influence project team collaboration. Chapter thileeuments the research method used for
data collection and analysis. In the fourth chagitersummary and contribution of the three
articles on which this licentiate is built are downted, and finally in chapter five and six the
contribution of this research is discussed as a®lbf how it can support and lead to future
research.
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2 Theory

This section introduces the theoretical takeofftfos licentiate to investigate how a project
space of a collocated multi-disciplinary projectrte is constructed as well as how it
influences how the team collaborated and share lauge. The primary focus is on social
space from an organizational perspective (Dale Badell, 2008; Kornberger and Clegg
2004; Taylor and Spicer, 2007).

Secondly, this section introduces how collaboratod knowledge sharing can be supported
by the use of visual means (Ewenstein and Whyt@72Blenderson, 1991, 2007; Nicolini,
2007).

2.1 Organizational space

The connection between organizations and spacédes studied from various perspectives
such as the relation between distances and spac&arnrelation between power and space
(Dale and Burrell, 2008; Kornberger and Clegg 20Daylor and Spicer, 2007). Based on a
review article by Taylor and Spicer (2007) a moadigtic view on organizational space is
defined, which includes the following conceptiorisghysicality of space, materialization of
power relations and experience of space, which aligm with Lefebvre’s (1991) work on
social space. Lefebvre’'s socially produced conadpspace defines space as ‘not’ being
determined by any physical boundaries; rather ra jourpose or goal provides demarcations
of a space, i.e., an abstract space (Lefebvre,)198&re are a number of elements that affect
the formation of an abstract space, but the mgsiifesant element is according to Lefebvre
the individual's interpretation of a space in terwfsthe value that they allocate to the
purpose, the surroundings, the influence of powmee, context, as well as whether other
people are present in the space. Therefore, therstathding of space and how space affects
us is subjective and socially produced (Lefebv891). Understanding of space according to
Lefebvre depends on the following three aspectsctwaire dependent on each other and can
therefore not be treated separately: i) interpi@tadf the physical space, ii) our prehistory,
pre-knowledge, engagement, our value of the purpodecontext, and mental status, and iii)
our ability to connect in social interaction.

Taylor a Spicer (2007) spatial view on organizatidras come forth based on a review of
other studies that have lifted up the connectidwéen organizations and space; these are the
physical and social space as well as how a spaogerienced.

Particularly the physical shape of office layous tend still is widely discussed in terms of
how the physical shape impacts its occupant’s pois&s for collaboration and knowledge
sharing. Research on distance and physical spacasdies the impact of physical space on
communication and performance (Allan et al., 1RKiaut et al., 2001QIson, et al 2002). If

the physical distance between two coworkers witmroffice setting increases to more than



30 meters, their way of communication becomes ammib if they would have been
geographically dispersed (Allen et al., 1977). @tresearchers discuss the impact of the
office layout, in terms of how the office layoutnc&ncourage informal interaction and
communication between coworkers as well as prosfhce for independently concentrated
work, in order to have a productive work space (Wegen, et al. 2004; Becker, 2004; Hau,
et al., 2010).

When discussing the physical space and impactstamites, the concepts of proximity and
physical collocation are often discussed, in paliichow proximity to co-workers influence
face-to-face communication, collaboration, trusiidbng and mutual understanding between
team members (Fiol et al., 2005; Kraut et al., 200lsson et. al., 2013awar, et al., 1999
Ricco, 1998). Proximity is particularly known to pact people’s feeling of emotional and
cognitive connection to a space and thereby inttegmeople’s behaviors positively (Kiesler
and Cummings, 2002). Physical collocation and pnityi also influence people to develop
common expectations and experiences (Kiesler amin@ings, 2002; Olsson et al., 2002).
However, not everything about collocation and pmaky is positive. Aspects such as noise,
lack of privacy, feelings of exposure, pressuranfrooworkers, stress, feelings of being
overburdened by social interaction, lack of privapace for doing concentrated work, and
being forced to establish time-consuming social neation have been documented as
negative effects of collocated work spaces (Chehgl., 2012; Kiesler and Cummings, 2002;
Pawar and Sharifi, 1997).

Next to proximity, distance and physicality of spacstudies on space related to
materialization of power relations have also causd to Tayler and Spicer’s (2007) view on
organizational space. Materialization of sociahtieins and positions can be formed in terms
of power and importance in the organization throsphtial elements such as corner offices,
larger offices and more expensive furniture (Marki93; Panayiotou and Kafiris, 2011). In
a collocated environment, concurrent engineerindiss have mentioned that people can feel
exposed in an environment, can feel overburdenéd avhigh degree of interactions and that
for concurrent engineering there might be confuswar who is boss (Pawar et al., 1999).
The physical space is also studied in combinatiaih whe social workplace, and how it
influences the behavior of the workers. Cairns @068iscusses how the impact of the
physical space on the one hand can be controlintyam the other hand be empowering,
therefore space can support a social landscapeevdosial relations are mediated through
spatial configurations (Halford, 2006).

When it comes to how space is experienced and ichw$pace can be a manifest of our
imagination, this is closely connected to individuteelings, beliefs and earlier experiences
(Cairns, 2002; Ford and Hardinger 2004; Taylor &micer, 2007). According to Halford

(2006) spatial practices and meaning are constiuitten a wide range of resources like
experiences, memories and identities incorporaithgr spatial scales. Studies have lifted up
symbolic and aesthetic aspects of organizatiomsg, (Eairns, 2002), as well as narratives on
organizational identity and culture (Taylor & Spic2007; Ford and Harding, 2004; Yanow,



1995; 1998) which among more lift up how individaiiahn feel connected to an organization,
according to personal values, beliefs and expeggnc

2.2 Knowledge sharing through visual means

Collaboration and sharing of knowledge are as exadescribed important for the overall

success of a project (Bosch-Sijtsema and Henriks@0i4). Projects in this case are
temporary organizations, purposefully designed tovipde benefits for a permanent

organization or certain shareholders, through cemploblem-solving processes (Sdderlund,
2011). Literature acknowledges that project teafftsnoconsist of members from different

organizations (e.g., Nesheim and Hunskaar, 201),can include permanent employees of
the focal firm as well as workers that are employ®d a third party or independent

consultants. This is also common within the com$tom industry in which projects cross

multiple organizational boundaries. Collaboratard sharing of knowledge is known to be
complex, particularly in multidisciplinary crossgamizational projects (Bosch-Sijtsema and
Henriksson, 2014).

Knowledge sharing may be related to the work wittie project (Nesheim and Hunskaar,
2015), or the ability to learn from projects on amanizational level (Prencipe and Tell,
2001; Soderlund, 2011). Studies have looked inéopttoject member’s propensity to share
knowledge, while others focus on knowledge sharbejween different employment
arrangements (Nesheim and Hunskaar, 2015). Prdjecwledge is however often
contextualized and sticky (von Hippel, 1994) andas always easily expressed in words, but
can be presented through metaphors, drawings,tssetnd actions (Koskinen et al., 2003).
According to these authors project knowledge isamty about objective information but also
implies subjective views, institutions and feelingfsindividual project members which are
transferred to tacit project knowledge through faxéace interactions. For sharing tacit and
situational knowledge, Koskinen et al. (2003) swgjdgjeat corporeal proximity — a physically
shared situationally place has a positive effecttacit knowledge sharing in a project.
Physical, corporeal proximity or collocation is ogoized by several authors as an approach
to address problems of knowledge sharing within traligciplinary cross-organizational
projects. A shared physical space, i.e., collocatean according to Nilsson (2015) support
understanding and trust building, which are fundataefor collaboration and knowledge
sharing.

Besides the development of trust, collocation &ésilitates the ability for the project team
members to work with a variety of visual methods antefacts, which have also shown to
have an effect on knowledge sharing. Studies h@aissed the importance of visualization
and visual means in the Architectural Engineeringd &Construction industry (AEC)
(Ewenstein and Whyte, 2007; Nicolini, 2007; Whyteak, 2008) to support and utilize the
full potential of all the involved actors’ know-hovembedded knowledge and expertise.
Visualization has mainly focused on increasing usid@ding and sharing of knowledge
through the visual representations that have thlsipitity to convey meaning (Whyte et al.,

8



2008). Visual artifacts that can be applied in @cdited project spaces can be visual
representations, such as 2D sketches and drawsgeekh as 3D models (Ewenstein and
Whyte, 2007; Henderson, 2007; Luck, 2007; NicoliaQ07). These can be applied to
visualize and make challenges available more gpaltif and simultaneously to everybody
involved in the project and initiate and stimuldisecussion (Whyte et al. 2008).
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3 Research designh and methods

This licentiate thesis builds on a comparative wtodl three qualitative case studies of
construction design projects documented during dbleematic and detailed construction
design phase. All three case studies were cartedtdhe same construction company, which
is one of the largest construction companies im&icavia.

3.1 Research design

Initially, the focus of this research was on howudl means support and facilitate knowledge
and information sharing within a collocated consfien design team. The study was
explorative and focused on observations of how tdan collaborated and used visual
artifacts and means. However, from the first ensplrobservation, it became clear that much
of the collaboration that occurred in the collodatiesign space happened without any direct
interaction with the visual means, but was moreneated to people having the possibility to
meet in person and work together within the sanaeepThis therefore led to studying the
concept of collocation more in-depth, in particuliiawing on concepts such as “Big room”
(Liker, 2004), “extreme collaboration” (Garciet al, 2004), and “integrated concurrent
design” (Evbuomwan and Anumba 1998).

Based on further interviews and observations andtigying the effects of being collocated,
it was furthermore discovered that not all desigants and/or even design team members
used and experienced the collocated space in the say. Not only the physical space was
of relevance, but also how people experienced treces and how they interacted and
collaborated in the space. Therefore, additionatdiure (Dale and Burrell, 2008; Kornberger
and Clegg 2004; Taylor and Spicer, 2007) was stijdiecusing on how a project space
socially develops within a design team and howgitgect space influences the design team
members and their collaboration. My research hdkwed an inductive explorative
approach. Based on empirical findings and develaoprokan understanding of the empirical
material, the approach has adjusted along the way.

As mentioned above, a qualitative case study mewasl chosen, as the research is about
understanding and depicting a contemporary sitoaithwolving ongoing connections and
relations between human beings (Easterby-Setithl, 2014; Yin, 2009). One characteristic
of the case-study approach is the number of difteveays in which data can be collected,
such as observation, interviews, informal commuiooca and collection of written
documentation (e.g. Yin, 2009). A mix of these daahangulation (Easterby-Smitgt al,
2014) of the collected data. For this researchdai was collected from three different
sources, i.e., interviews, observations and secgmniia, in order to gain an insight in the
social phenomena studied. The triangulation of ipleltdata collection approaches supports a
validation of the data. This has especially beerel&@vance, because | have been, and still am
employed by the company where the research wasucted! | was already employed by the
case company for two years before | started thearek project as part of an industrial PhD

11



project. During those first two years | was empbby the development department and was
primarily involved in the development of a standaed collocation method that was targeted
to facilitate the design process, particularly witbthe business area of domestic housing.
During this period of employment, | became inte¥dsin studying these issues through an
academic lens.

Throughout the entire research period, | have edy employed by the company and
connected to the same development department. Amaitoyee of the company, | have had a
well-established network within the company, whids given me the opportunity to follow
decisions and reasoning’s “backstage”. Furthermbreave had easy access to new and
ongoing information and data throughout the em@search period. | have also reflected on
my “insidership” and its possible consequencesherr¢ésearch in terms of me being biased or
unconsciously being manipulated, in the followirgtsons | will go into further detail about
how and what | have done to mitigate these aspects.

3.2 Case descriptions

The study is based on a comparative case studypagpmhich consists of three cases which
have been selected due to case similarities whietible comparison. The main case study
selection criteria that were considered, were tize ®f the project team, the type of

construction, the budget of the design project, uke of similar work methods, physical

settings and geographical collocation of the desggim members (see also Tjell and Bosch-
Sijtsema, 2015). The three selected cases wereddiecrheusing projects developed internally
within the company. This means that the client #mel contractor belonged to the same
company, but represented different departmentsimwitihe company. The clients and the

contractors therefore had well-established stangandesses for developing these types of
construction projects, and the contract betweerotanizations was based on the so-called
“design—build” contract form.

All three selected projects were carried out in d@nea of Gothenburg (Sweden), and were
studied throughout the schematic and detailed dgsgiod. All three projects were working
collocated for one full day a week during both sischematic and detailed design phase, using
the same physical facility for their collocatiorss®mns. The same structured methods as well
as a number of visual means to support the desaym member’s way of working were used
in all cases. The three project teams includedfalhewing disciplines represented at every
collocated session: client, architecture, stru¢teagineering, heat, ventilation and air
conditioning (HVAC), electricity and project managent (PM). The PM was the same
person in all three projects, except for the dethdesign phase of project C where the PM
was on maternity leave. Besides the mentionedplises, there were often additional people
attending on and off such as managers, calculgboosiuction specialists and specialists in
fields like fire, moisture or landscaping. Sometins®me expert disciplines were represented
by more than one person. The number of people firerearied, not only from session to

12



session, but also during sessions. It is theraddfieult to exactly specify how many people
were present during the collocation sessions, ypitally the number was between six and
thirteen (table 1). Generally, there were less f[Ee@mgaged during the schematic design
phase than during the detailed design phase. Thbeuof people present during collocated
sessions, indicated in table 1 is therefore a ratbagh estimation of how many team
members were actively engaged to provide an indicalf the size of the design team.

Project A Project B Project C
Type of project Domestic housing  Domestic housing  Domestic housing
Ways of meeting Collocation one day Collocation one day Collocation one day

pr. week. pr. week. pr. week

Area Gothenburg Gothenburg Gothenburg
Size 110 apartments 61 apartments 113 apartments
Time for schematic Dec. 2012 — Feb. 2013 - Sep. 2014 —
design March 2013 May 2013 Dec 2014
Time for detailed Sep. 2013 - Nov. 2013 — May 2015 —
design Dec 2013 May 2014 Sep. 2015
Number of people 6 -13 members 8-12 members 8-10 members
involved during
collocated sessions
Total budget 200 MSEK 150 MSEK 160 MSEK

Table 1: Case description.
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3.3 Data collection methods

During the study, a combination of several datalectibn methods was applied, i.e.,
observations, interviews, group discussion, infdrrm@ammunication and secondary data
collection such as documents as depicted in table 2

Case study A Case study B Case study C

Number of full/half day 4 (16 hours) 3 (16 hours) 6 (28 hours)
observations

Follow up 0 0 1
meeting/group

discussions

Number of interviews 20 12 17

in total 26 — but several
interviewees were
engaged in two or all
three projects

Informal conversations >20 hours >20 hours >20 hours
Secondary data Access to projec Access to Access to project
database project database database

Table 2: Overview of the collected qualitativeadat

Observations An important part of the data collection wasrieal out through observations
(O'Toole, and Were, 2008). In the beginning of tasearch, unstructured observations were
done through my employment in the investigated camgp These observations were
performed to gain insight into the project space design team. Once the focus of the study
began to take shape, the observations became rrotused and followed a structured
guideline with a focus on time stamps, activiti@sformation technology (IT), spatial
constellations, and artifacts used during the oleskdesign meetings. The observations can
give unique insights into the day-to-day workinggirces (McDonald, 2005). During the
observations extensive field notes were taken \lidn help of a structured observation
guideline, sketches were drawn of the lay-out, phdtographs of activities and situations
were taken. We applied a structured guideline asctil in figure 1 (see also Fruchter et al.,
2010).

Time | Activity IT Artifacts(lik | Interaction: Furniture/IT, People
e paper, Solo or configuration
whiteboard) | collective (with

whom)

Figure 1: Structured observation guideline

In total, 60 hours of observations with help of seictured guidelines were carried out.

Since | was actively engaged in the developmetii@toncept of working collocated prior to

the initiation of the research, the involved destgam members knew me well. For this
reason, my role in the research can be classied participant observer (Bryman and Bell,
2015) However, looking more closely at the roleagbarticipant observer, scholars such as
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Merriam (2009) suggest that there exist four levaldeing a participant observer ranging
from being a “complete participant” to being a “qaete observer”, and in-between there
exist “participant as observer” where the role aftgipation is primary to the role of being
an observer. There is also “observer as participahere the role of being an observer is
primary to the role of being a participant (Merria2®09). | classify my role in this research
project as being an ‘observer as participant’ dil Inot actively take part in any of the cases,
and tried to be as passive as possible duringdhecated meetings, even though | was well-
known to the teams and had been involved in thesldpment and implementation of
collocated work in the company. At one occasioroie of the initial workshops, | was
actively involved and supported the project managé#r an introduction to one of the visual
tools available in the collocated space. Howevetidinot take an active role in any of the
activities in any of the observed cases. Duringdhservations, my role as a researcher and
observer as well as the purpose of my observati@mne clearly articulated and well accepted
and understood by everyone involved (Merriam, 2009)

Observations inherently include the risks of pdgsiteing manipulated by the observed
project team members or the researcher may becamsedbtowards the investigated case.
Aspects such as “over-seen incidences” can eitliead the observer or cause the observer
to hide aspects which can corrupt the data andldagsto erroneous conclusions (Merriam,
2009; Yin, 2009). In order to decrease bias andrfhgence of the data by the main observer,
approximately half of the observations were dondviny observers, where | was one of the
observers and the other observer was not previdustyn to the project teams, however
someone with great knowledge within the researel.arhis was done to mitigate the risks
described above.

Follow-up meeting and group discussionAbout a month after the last collocated session on
the detailed design period of project C, the prioggoup had a follow-up meeting focusing on
“lessons learned”. This session was also obsereding this “lessons learned” session
which took about 3 hours, all involved project mearsbwere invited and had the opportunity
to talk about what worked well and what could beraved for the next project. The team
members suggested how improvement could be doneth&t meeting the following
disciplines were represented: the project managkent, moisture consultant, HVAC
consultant x 3, ground consultant, architect, emimental impact consultant, construction
consultant x 2 and a Virtual Design and Construc{igDC) coordinator who handled the
building information models, adding up to 12 peoflbe feedback followed the concept of
“going around the table” so that everybody had @nck to say something. At the end of the
session, several suggestions proposed by the pnojanager regarding opportunities for
future changes were discussed, and thoughts wetterwdown on post-its and posted on a
whiteboard.

Interviews: Besides the structured observations, the primanycgoof information was

collected through interviews. A total of 26 in-dejiterviews were carried out with key
members of the three projects. Many of the dessgmtmembers were engaged in a
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minimum of two of the three projects. They représdrhe different disciplines as depicted in
table 3.

Disciplines Number of
interviews

Project Manager (PM) 3

Senior Managers 5

Architects 4

Consultants (HVAC, 6

Electricity)

Structural engineering 4

Client

Production 1

Total 26

Table 3: Overview of types of miewees.

All interviews were conducted individually and iectuded spaces, which means that the
interviewee was able to talk freely. The majorifyirterviews were even conducted at the
interviewee’s office. For the interviews, | devedoban interview guideline that has been
applied to all interviews. It was considered impattto develop semi-structured and to some
extent open-ended questions, in order to encoutegmterviewee to open up and talk freely
about their view from their perspective (Kvale &t2009). All the interviews lasted from
between a quarter of an hour and up to one andfehbars. All interviews were audio-
recorded with the interviewee’s acceptance, on dbedition that all interviewees were
anonymized, and that no one besides the involveshreher and supervisors would be able to
access to the recorded material. The interviewg wanscribed.

Informal conversations: Due to my employment in the company and naturademee at the
site and within the corridors, | had several spoatais and ad hoc conversations during
coffee breaks, travels, and during general soaélities. In particular, four individuals
within the company, i.e., three in management ra@ed one project manager provided
valuable insight and understanding of the largetupé and the overall processes at hand.

Secondary data:l had access to all internal documents regardamgpany policies, company
strategies and goals as well as internal documentaithin the design teams. The secondary
data on organizational level described both thepaomg’'s motivation and purpose of working
with a particular design approach in which collamatand particular structured working
methods were applied. Furthermore, | had accestotamented experiences from similar
projects within the company in the form of feedbabtleets from previous projects in which
members had to give feedback on the collocationnagithods applied in short surveys. | also
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had access to a common server, where documentsddtathe three cases were uploaded.
All design projects had their own project locatamthe server which was accessible to all the
design team members including me. On the servanbees had access to all documentation,
meeting minutes, decisions and requirements franspiecific projects.

3.4 Data analysis

The data analysis started with a coding proceghefinterview material. Different coding
schemes were used depending on the purpose, bwesadl based on a thematic coding
approach related to a grounded theory analysisoapfpr (Lincoln and Guba, 1985). The
coding allowed me to get a new perspective on ntg daterms of identifying important
aspects not at first discovered.

The coding started off with a rather rough codiogking through the transcribed interviews.
The initial coding was done with color coding irder to highlight major themes. After this,
the coding became more detailed, and the labetiftpemes was refined. The collected data
for article 1ll were coded in relation to Taylordspicer's (2007) review of organizational
space in terms of physicality of space, materiibmaof power relations and experienced
space. Articles | and Il focused on the use of alismeans and influences on working
collocated.

After the coding, the data from the interviews weognbined with my field notes, pictures
and sketches from the observations, in support antradicting interview statements.
Furthermore, the observations provided examplesh@iv the project team members
collaborated and used the collocated space for pbeam terms of how they moved around
and behaved in the physical space, which was aoriaut part for understanding the social
production of space.

3.5 Reliability and reflections

In order to ensure trustworthiness and credibdityhe study, several methods for collecting
data were applied, such as observations, interyigviamal communication and secondary
data. According to Easterby-Smi#t al, (2014) data from a minimum of three different
sources suffices for triangulation, and strengthéms reliability of the findings and
conclusion.

In addition to triangulation, my analyses of thdlextied data were discussed and tested in

regular meetings with a reference group consistingnembers who themselves are actively
engaged in the construction design phase, howeten the observed cases.
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As mentioned above, even though | was employedbycontracting company in which the
collocated sessions were held, | have tried as magtossible to be a ‘fly on the wall’ during
the observations of the collocated sessions andflizence the team as little as possible.
However, my role as representative of the contngdiirm was transparent to all design team
members. What, however, may be questioned is neya®la participant observer as | prior to
this research project had been working for the @mgpand had been involved in the
development of collocated space that | studied.eitbeless, it has been important to reflect
on my role as a participant observer and how tilesmay have influenced the data collection
and ability to handle the collected data objectiveDbjectivity is almost impossible in
gualitative research of this kind, which is alsoportant to address and reflect upon.
Objectivity becomes difficult because we all havébackpack” of skills and knowledge
which influence our ability to reflect, analyze aimtderpret. To mitigate risks of subjective
bias, an external researcher has, as describegttios 3.3, followed approximately half of
the observations and participated in a numbertefwiews as well. Furthermore, this external
researcher has read all the transcribed intervi@lservational notes and sketches, and
continuous in-depth discussions on all collectetd geere carried.

18



4 Summary of appended papers

Paper I:

Visual Management in Mid-Sized Construction Desigmojects
Tjell, Janni; Bosch-Sijtsema, Petra M. In the pextiags of the 8th Nordic Conference on
Construction Economics and Organization, 27-29 N2&@L5, Tampera, Finland.

Purpose: The aim of this article is to explore how visualans support a construction design
team in terms of coordination and how visual mezarsfacilitate sharing of information and
knowledge of a semi-collocated design team.

Data collection: We followed two projects throughout the entire dasprocess, and carried
out a total of 15 semi-structured interviews wigykmembers of the two projects.

Findings: The findings are two-fold: (1) by using multipleésval means, i.e., visual
management, the design teams become more self-d@igowever, this self-going with the
help of visual management was primarily relatedthe collocated setting and active
engagement of all actors involved.

Reflections: This article was my first article, and is therefaaso based on my first
observations and interviews, where the focus of negearch was on how visual means
support knowledge and information sharing withincallocated environment. | was
particularly studying how the design teams were yapp the visual planning and
coordination tools which were available on the watl the collocated facility. Through my
observations, | saw that the visual planning ar@tdioation tools mainly facilitated a level of
transparency, which in turn enabled the projecinteaembers to drive the design process
forward and make joint decisions. This applied edemning days when the project design
manager was not able to attend. What | also noted that much of the team’s
communication in relation to the use of these \igdanning and coordination tools was
enabled by the project members being collocatedstMb the communication between the
project members happened informally and becauserthject members spent time together.
Therefore, how they were collaborating and shakimgwledge was actually more connected
to them being collocated than the actual use ofvieeal means. This finding turned my
attention towards studying the influence of beinfjocated even though the connection with
the application of visual means remained.
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Paper Il:

Client’'s presence during design. A study on rolpsactice and visual management
Tjell, Janni; Bosch-Sijtsema, Petra M. In the pemtiags of the 31th ARCOM Annual
Conference, 7-9 September, UK,2015

Purpose: The aim of this study was to explore how the ptaispresence of the client in an
Integrated Design Team (IDT) setting could influerkce relationship between the client and
the design team in terms of knowledge and inforomagharing regarding the client’'s needs
and wishes, how this may be supported by visualnsieand how the use of visual means
may influence knowledge sharing and collaboratioactfices in a collocated environment
towards the realization of the client’'s needs amghes.

Data collection: | followed three projects throughout the entireigieprocess and more than
22 semi-structured interviews were carried out viily members of the three projects and
interviews were recorded.

Findings: the following findings are discussed in the pag&):the physical presence of the
client in an IDT environment influences (i) theatbnship between the client and the IDT,
and (ii) the client’s role as an active member wmigirihe design development. (2) The client
applies a traditional way of sharing informationatiigh a design brief to the IDT, which does
not take account of opportunities of the visualisgtof the IDT. (3) There exists potential for
increasing the use of the available visual meankpassibilities for visual management to
enable sharing needs and wishes between clienband

Reflection:

This is my second paper, where | had slightly sHifiny focus towards the effect of being
collocated and in particular the client’'s role incallocated environment. Before the
implementation? of collocating a design team, thent was hardly engaged during the
detailed design period, and was therefore morenddlestract figure in the project team. By
collocating the design team and client enabled tteemork in parallel and simultaneously as
a team. The physical presence of the client haeffact on the relationship between the client
and project team: the project team members gaimaddch clearer picture of what it was that
the client requested, as well as the client receaeetter understanding of how a design
work, for example it became much clear to the thehat “late change” initiated by him/her
entailed in terms of challenges for the projecirtea

What | however also saw was that even though agdetgiam including the client were

collocated and through this have many new andreifittoptions of collaborating and sharing
knowledge, the client in the studied cases stildhan to the more conventional ways of
communication in terms of e.g. written documentbergfore, | believe that there exist
possibilities in thinking differently in terms ofolw to utilize the potential of working

collocated in combination with the application aidwal means. Based on the first two papers,
| began to wonder why the observed cases werereiiffan how they used the collocated
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facilities and applied the visual means. All theethobserved project teams were collocated in
the same physical room although not at the same, tand they all had the same project
manager and worked in similar types of projectseréfore, it became interesting to study
what influences the construction of a project spawe again how such a project is influenced
by the project space in terms of how the projecintvers collaborate and share knowledge.
Based on these thoughts, | started looking mopegpétial literature, which is the basis of my
third article.
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Paper lll:

The concept of project space and its impact on pojteams
Tjell, Janni; Bosch-Sijtserma, Petra M.
Submitted to an International Journal.

Purpose: We study how a design space is socially constructéthin a collocated
environment

Data collection: We followed three projects throughout the entiesign process and did a
total of 26 semi-structured interviews with key nimrs of the three projects. These
interviews were recorded, transcribed and coded.

Findings: The lens of organizational space can be appliedjive insight into how a
collocated project space is constructed. Furtheemibris important to keep a holistic view
when examining a project space in terms of not ilipkseparately at any of the three
conceptions of space of physicality of people, ¢gesnin power relations and roles and how
the space is experienced by the team members, egs dte interrelated. Those three
conceptions complement each other but can alsaglisiach other. Furthermore, the socially
constructed design space influences how projectlmeesncollaborate and share knowledge.

Reflection: This is my third article and the final contributida this licentiate. Within the
process of collecting data and writing this artidlbave had many eye-opening moments, in
terms of gaining a vocabulary for expressing manyase thoughts that | have had for a long
time but have not been able articulate and comnatmid-or a long time, | have been aware
that not only the physical space nor the socialcspdetermines how a project space
developed but the social construction of space deggending on something more. It was
about how to get involved people engaged and wiltm collaborate and share knowledge.
When introduced to the term experienced spacegths me the possibility to articulate this
particular observation. For me this was almosewtg to hear and find out that others have
attempted to describe this aspect as well anditthes real. Many new questions obviously
arose during this process in terms of how to meaghis concept of how a space is
experienced, how to document it etc. and | havg st begun this journey and consider it to
be a vast unexplored area particular with in thestroiction industry. This opens up for a lot
of new challenges which at present do not seemet@addressed at all, according to my
current knowledge. | am happy to have looked a thpic and look forward to further
exploration within this topic of getting a deepasight into the experienced space and it's
relation to the physical as well as social spaca pfoject more specifically in a construction
design project.
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5 Discussion and conclusion

Collaboration and knowledge sharing are crucialiier success of a construction project and
in particular for a construction design project $Blo-Sijtsema and Henriksson, 2014). The
process of collaborating and sharing of knowledgéowever, complicated by the fact that a
design team often consists of multidisciplinaryssr@rganizational team members and often
has a limited time frame to deliver a joint desi@osch-Sijtsema and Henriksson, 2014;
Dainty et al., 2006). Furthermore, a large pathefknowledge which has to be shared within
a design project is embedded, contextualized, and {Bosch-Sijtsema and Henriksson,
2014; Koskinen et al., 2003), which makes it diffido share with other disciplines that work
in different contexts. Within the studied qualit&ticase studies, the projects actively tried to
diminish the difficulties regarding collaborationcasharing of knowledge through the use of
a collaboration approach that contains collocatsbuctured work methods and visual means.
This approach can be related to the BIG room amgprdaiker, 2004) concurrent design
(Evbuomwan & Anumba, 1998; Love & Gunasekaran,1968)extreme collaboration
approach (Garcia et al. 2004). Based on the thases; | have explored how the whole
approach impacts collaboration and knowledge sbaifimom my study | have found the
following aspects of applying such a design apgmodg the design team members felt
physically closer during the design sessions whéertabled the design members to
communicate face to face and work simultaneous ariows tasks to support solving tasks
faster, and integrate more view points during tiseuksion, 2) the design approach enabled
team members to spend more time together and oodlbtogether in the collocated space
which resulted in an increased understanding ofdifferent disciplines and their way of
working within the team. 3) The design approachpsuied that project members had the
possibility to ask questions and go into detailedigh discussions which they would not have
done in more traditional projects due to differpnbritizations (see paper 1l). 4) Through the
use of visual means and artifacts, the work tagkshlems and design issues became more
transparent for the whole team with help of viszeation (see paper | and 1l). On the one hand
the design approach with support of collocation aisdal means was perceived as positive.
On the other hand, others considered the concepbiding collocated as being more chaotic
and less structured as the full length of a cotiedasession did not follow a strict agenda
determined by the project managers. Members hdd tautonomous in administrating their
own tasks and goals within the project, and outcafnthe sessions was dependent on the
preparation and engagement of the members. Furthernit was observed that not all
members perceived the collaborative design appr@acbeneficial for their work, which
affects how inclined individual design team membeexe in collaborating and sharing
knowledge. These findings correlated with existiitgrature which raises the point that
proximity and working collocated in general incremxollaboration and knowledge sharing
(Kiesler and Cummings, 2002; Nilsson and Matted,52@Isson et al, 2002) but also that
working collocated can provoke certain side effesigh as that some project members
experience the project space as more chaotic asdsteuctured as found in this research. In
the literature on collocation and proximity thismre discussed in terms of an increase in
noise level, lack of privacy and quiet space foowledge work which impact collaboration
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and knowledge sharing negatively (Chong, et alL22&iesler and Cummings, 2002; Pawar
and Sharifi, 1997; 1999).

Much of this difference in regard to how the cotiter] space is perceived by the individual
design team members was one of the reasons whtyallijnwanted to explore project space
from a spatial perspective. More specifically, Inted to gain a deeper insight in how a
project space is constructed as well as how susiieae may influence the project team, by
looking at the impact of the physical and sociacgas well as how a space is experienced.
There is a large amount of literature focusing onjgets and knowledge sharing and
collaboration in projects (Bosch-Sijtsema and Hesson, 2014; Scarborough et al., 2004) as
well as in construction projects (Koskinen et 2003; Nesheim and Hunskaar, 2015), many
of these studies primarily look at the particulagthods applied (Evbuomwan and Anumba,
1998), or how team members collaborate and whichnseéhey use for collaboration (cf.
Hatem et al., 2012). However, there are hardly singlies that apply a spatial perspective on
projects that connect the interrelationship of jpdals social and experienced space with
knowledge sharing. This is why | have addressed ftirioblem from a social spatial
organizational view, where several authors haveess@d how an organization from a spatial
perspective is constructed and influenced by thesiphl and social space as well has how a
space is experienced by the members in an orgamz@ale and Burrell, 2008; Kornberger
and Clegg 2004; Taylor and Spicer, 2007). Basedhoee comparative qualitative case
studies and three appended papers, | here disousthi: (i) The lens of organizational space
can be applied and provides an understanding oféhpweject space is constructed and how it
may influence a project team in terms of collaboratind knowledge sharing. (ii) How visual
means support collaboration and knowledge sharitigima construction project design team
primarily in relation to a collocated setting anttige engagement of all involved disciplines.
These aspects are discussed in more detail in dhewing paragraphs to answer the
individual research questions.

5.1 The construction of project space

The social construction of a project space and Isowh a social construction of space
influences the project team becomes particularigresting in the studied collocated design
setting. The design approach, collocation and dseismal means can be studied from a
spatial perspective in which the location, the b&raof team members and how they
experience the space are relevant to study. In lauge sharing literature the environment is
often mentioned as important for sharing knowle(ldewel et al., 2009). The environment
can consist of organizational support, communicairmrastructure, but also the physical
location and possibilities for collaboration in pase. Especially for sharing knowledge
between organizations, between different disciglirend knowledge that is complex,
embedded and often contextualized it becomes irapbthat the project space is supported
by interaction and face-to-face communication (Neeteal. 2009; Nilsson and Mattes, 2015)
or visualization (Whyte et al., 2008 ).
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The main focus in paper Il is therefore to showatth spatial lens can be applied on projects
and through such a holistic spatial view, which esmbs the conceptions of the physical,
social relation and experience of space, contriluitie a more comprehensive view on how a
project space is constructed and how it might erle collaboration and sharing of
knowledge within the project team. Looking at potgefrom a spatial perspective as in paper
lll, | base the conceptions on space on the thiements as described by Lefebvre (1991),
Dale and Burrell (2008), Kornberger and Clegg (90&dd Taylor and Spicer (2007). From
the earlier studies and reviews mentioned abovarandwn findings, it is important to study
these three conceptions of space concurrentlyesdte interrelated and dependent on each
other.

Paper Il discusses how the physical size and lgyeba project space influences how project
members can use the space in terms of moving aranddise different parts of the physical
space. Furthermore, the physical space is connéatadcessibility in terms of accessing the
working area, the team as well as physical locatioutside the design project space. The
physical space influences the project member'sraste and willingness in engaging
themselves in the collocated project space. Thaipalyspace therefore creates the physical
setting for how the project members can use theespar their team work. The findings
correlate with current literature on workspaces olwhalso highlights how the physical
workspace influences how people collaborate ancestraowledge (Allen anGerstenberger
1973; Heerwagen, 2004; Hou et al. 2015). Howevev hspace can facilitate collaboration
and knowledge sharing is not solely determinedhieypthysicality of space, here aspects such
as social relations, power relations and individe&periences also influence the social
construction of the project space.

Social relations and changes in power relationsiclinence collaboration and knowledge
sharing e.g., in terms of different positions amaing project team members. Construction
project literature discusses that there are oftlarcpositions and power relations in
construction design and often architects, projeahagers and clients play important roles
during design (Foley and Macmillan, 2005). For eglemthe project manager and the client
both have a high impact on what decisions can b#emas a consequence, specific meetings
between the project manager and client are impbftansharing information between the
client and the design team through the project manéBoyd and Chinyio, 2008; Cherns and
Bryant, 1984). Within the collocated project spattes more traditional social relations and
power relations that are mentioned in literaturé ¢eoley and Macmillan, 2005) are
challenged in multiple ways. Firstly, the influenoé the team members becomes more
balanced and all disciplines have the possibilityirtteract and collaborate. Secondly, the
power relations between the project manager, tiemtchnd the project team changed. In a
collocated environment, the role of the project agars has become more of a facilitator and
a guide supporting the interaction and collaborabietween the different team members. The
role of the client was previously an abstract, nespnt figure to the design team, where now
the client is physically present and takes actigg g the discussion and decision making
regarding the design development. The active iremknt of the client during collocated
sessions has improved the understanding, collaborand knowledge sharing between the
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client and the project team (paper Il). The changesocial and power relations were
observed and mentioned during the interviews and bath positive and negative
implications. On the one hand members perceivednéwve roles of the client and project
managers as positive for their way of working amel $elf-going of the team. However, on the
other hand, the changes in social relations anceposlations also created confusion for other
members, who felt unsure how to behave and col&boi his confusion in terms of who is
boss, is also lifted up by earlier studied in canent engineering (Pawar et al., 1999).

The physicality of the space as well as the chaimgeecial and power relations impacted on
how team members experienced the space. The way thewdesign team members
experience the design space is showed to influeasecollaboration and knowledge sharing
takes place between the involved project membesssofne consider the project space as an
advantage in terms of enabling collaboration anoMkedge sharing and others perceive the
project space as hindering their work and time.sEhproject members who considered the
design space to be an opportunity for personal tjrowere more inclined to engage
themselves in the project space in terms of cotitimn and sharing knowledge. Those
project members who perceived the project spadeeta disadvantage to their own way of
working felt less inclined to engage within the jpad space. Some members of the project
hardly entered the collocated space, which had gative impact on the mutual
understanding, collaboration and sharing of knoggedetween team members. This contrast
in perception and experiencing of space can beectl® existing literature on experiencing
space which argues that how people experience space solely determined by the physical
and social space but also depends on personaliexpes, such as what meaning they add to
the space in terms of e.g. personal experiencecandiction (Cains, 2002; Yonow, 1995,
1998; Ford and Harding, 2004).

Based on these findings | define a project spasaislly constructed based on the involved
project members use and experience of the promatesand the interaction between the
project members. While the project space is sgciainstructed on an individual level by
every project member, in which individual experiesicthe use of the space and how a project
member experiences the space is relevant. On pilejesl, the project space is also socially
constructed based on the way the team uses the, dpaltaves within the space, and interacts
with the other team members. The way how the prgpace is constructed also influences
the project team in terms of how they continue twrkwvithin the space. The contrasting
experiences and engagement of team members infldesudgrouping constellations during
the project. Over time, members who were less nedito work in the project space
participated less or were replaced by other reptaees of their firm later-on in the project
or in future projects. This all together emphasittes relevance of studying a project space
from a spatial perspective in order to gain a deapsight on how a project space is
constructed and how it influences a project teartetims of its abilities for collaborating and
knowledge sharing.

It is important to emphasize that the three conoaptof a project space can complement as
well as disrupt each other. This means that fomgta the physicality of the space might
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create the best physical conditions for the projeatn to collaborate and share knowledge,
but when the project members are less inclinedotalmorate and share knowledge due to
personal reasons, different perspectives, expesgnar conflicting wishes for the project

outcome, then the physicality of the space doesmaoessarily support the project team. On
the other hand, the physicality of space can alsate barriers for collaboration and

knowledge sharing if the physical space is not jpliag the project members with the

opportunity for creating a setting where it is pbkesto collaborate and share knowledge.
Therefore, the three aspects of a project spaterims of the physicality of space, the social
and power relations and the experience of spaceotdme studied separately as they are
interrelated. Therefore, applying an organizatiespalce perspective (Dale and Burrell, 2008;
Kornberger and Clegg, 2004 Taylor and Spicer, 2087)a construction design project

provides insight about how a project space is coottd and how the project space
influences the project team.

The theoretical spatial lens lifts up how the phgksand social space as well as the experience
of space influences how project members collaboaaid share knowledge. Looking at a
project from a spatial perspective is, howeverglyadiscussed in current project literature
and therefore needs to be explored in much moualdet temporary (construction) projects
in future research. Particularly, the aspect of lppaject members experience the space adds
an important element for future research. Relevamild be to study how a project space is
constructed as well as experienced by not onlyethm®ject members who are full time
engaged in the collocated setting, but also the Ineesnof a more extended project team who
are contributing more sporadically, such as spistsain a construction setting like fire
consultants, moisture consults and none activegdésam members, such as senior managers
and experts. This aspect is less explored in thewuproject literature and according to my
findings has shown to have a high impact on howrested and willing individual project
members are in collaboration and sharing knowleayerucial aspects for the success of a
project.

5.2 Visual means and collocation enable knowledge
sharing

Working with design methods and collocation enahpesject team members to share
knowledge and collaborate on their tasks paralel simultaneously instead of sequentially
as is often lifted up in literature on concurreesign (Evbuomwan and Anumba, 1998). In
my cases the collocation of project team membeablen face-to-face communication with

the help of specific technology and methods, schigual means. Visual means and artifacts
are known to support sharing of knowledge, as wsllenable new ways of collaborating
(Boland et al., 2007; Ewenstein and Whyte, 2007ddeson 1991; Nicolini 2007). Within

the construction industry, visual means are apphetie form of visual representations, such
as sketches, 2D and 3D models (Boland et al., 2®®hderson, 1991), and visual

representations of particular processes, like thee tplanning process that applies visual
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means to jointly plan the design. Particularly, tfhassibility to visualize a collaborative
developed time schedule through visual represemstinas shown to influence the
coordination of tasks as well as support mutuakustanding for the ways of working among
the design team members (Paper I). With the apgmitaf visual means and artifacts, the
involved design team members have experienced @ease in transparency in terms of
gaining a better understanding of each other's wamtd the overall design process. This
enabled them to take more responsibility for tlmim work tasks but also for the overall
process and forth bringing of the project. The aimation through multiple means applied
within the case studies makes knowledge of thegddsiam members more visible (Whyte et
al. 2008) and supported more transparent decisimking and problem solving. Through
visual means team members were able to visualideshare a part of their contextual and
embedded knowledge within their own discipline. éacling to Whyte et al. (2008) the
visualization supports the tacit-codified dichotormy the knowledge sharing literature.
Objects as visual means have been discussed irarchsas relevant for knowledge
development and learning and they can bridge baiesla(Carlile, 2002). Visual
representations are objects that are made witinteation of conveying meaning (Whyte et
al., 2008).

While literature lifts up the use of the multiplgpées of visual means that can be used both
virtually or in collocated settings (Boland et &Q07; Henderson, 1991; Whyte et al., 2008),
my study has primarily studied visual means in Hocated project space. The physical
collocation is shown to be tightly connected withiacreased understanding for the overall
process and the increased transparency betweemteanbers. Within the literature, various
forms of collocation such as the BIG Room conceker 2004), extreme collaboration
(Garcia et al. 2004) and integrated concurrentrezeging (Evbuomwan and Anumba 1998)
are known to support and build mutual trust andeustanding through aspects such as face-
to-face communication and informal communicationhick support knowledge and
information sharing. In knowledge and learningrétere, the physical proximity has been
discussed as supporting knowledge sharing (Koskehah, 2003; Newell et al, 2009, Nilsson
and Mattes, 2015; Scarborough et al., 2004). Thealimeans in combination with physical
collocation has also been shown in my study tolifate tacit, contextual and embedded
knowledge representation and sharing within thégdegam.

The collocation in combination with the facilitaticand application of visual means surely
support collaboration and knowledge sharing, bueadier stated not all project members
have the same experience of a project space amefdhe have varying contributions and
engagement rates in the project space which afsctaftheir use of the visual means. The
increase in transparency caused by the applicatforisual means can only reach its full
potential if information is shared and made avddaby the involved project members.
Therefore, the impact from applying visual meanselation to collaboration and knowledge
sharing is very dependent on the project membeaggement in the project space.

From the findings it is seen that the core desaam members collaborated in the project
space, but the more extended design team membessitiog of specialists and more senior
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managers who have a strong impact on a designgpriojgerms of expertise or decision-
making power are not present in the project spélse.collocated project space had an impact
on the core design team in terms of improving pansncy, trust and mutual understanding.
While a larger part of the collocated project tebatame more and more a collaborating
team, the collocation and development of the ptogpace also created more distance to
people outside of the core design team (see pdipehe collocated project space might
strengthen the tendency to establish local teregonKiesler & Cummings, 2002) and
therefore increase boundaries between the design &md external specialists and decision-
makers of the mother organization. Particularlyi@emanagers and specialists who have a
strong impact on a design project, in terms of ghog conditions and making decisions,
monetary or related to particular design elemeants,not part of the collocated sessions due
to different reasons. This makes it difficult fétrese senior managers and specialist to have
access to the same level of knowledge and infoonatis those who are actively engaged. It
would therefore be interesting for future reseawtaddress the role and influence of these
senior managers in relation to the design team reesnlsho are actively engaged during the
collocated sessions. As those senior managers kehrmoa actively taking part do have a large
impact on the decision making as well as settinghef stage for the construction design
teams.
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