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Collaborative project delivery models (CPDMs) have been introduced in the
construction sector in order to renew and improve the productivity, quality and
performance of the field. The procurement phase of utilising CPDM is well
researched, but less is known about their implementation. The importance of a shared
project space for collaboration and especially knowledge sharing is discussed often in
literature, but there is less focus on the relevance of space for forming a collaborative
network. A relevant question is the role of collaborative project space in large-scale
infrastructure projects, a context where CPDM recently has gained popularity. This
area is especially topical with the rise of distance work related to the COVID-19
pandemic, as the idea of a collaborative project space is based mainly on working in
the same physical space. The research applies a project network lens and focuses on
collaborative space consisting of physical, social and virtual space to study the
implications of shared project space for network and tie formation in large-scale
infrastructure projects. In order to investigate this matter, we studied a project
utilising a CPDM and a collaborative space ("big room"). We found that participation
and engagement in a shared space impacts network formation and collaboration
between actors. Collaborative space in the form of physical, social and virtual spaces,
facilitates a shared understanding and informal social ties and thus shapes the project
network. The paper gives insight into the relevance of shared space to CPDM and
project network literature. However, when one of these spaces becomes unavailable
as in the case of COVID-19, this has implications for the project network and the
development of social ties.
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INTRODUCTION

Collaborative project delivery models (CPDM) have recently been introduced in
infrastructure construction in order to manage major projects involving multiple
organisations and stakeholders (Lahdenperd 2012, Bygballe and Swird 2019, Eriksson
et al., 2019). These models build on early inclusion of key actors, joint decision-
making and sharing of resources (Lahdenperd 2012), which are based on relationships
enabling trust-building and the willingness to share risks, resources and
responsibilities. The nature of the project network determines the level of
collaboration within the project (af Héllstrom 2021). A key facilitator of the project
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network creation in a CPDM is the collaborative space which is seen as a key
facilitator of social relationships and thus enabling collaboration (Lahdenperd 2012,
Walker and Lloyd-Walker 2015).

Collaboration is based on shared rules, norms and structures between autonomous
stakeholders (Wood and Gray 1991). The understanding of shared rules, norms and
structures is, however, evolving with the project itself as individuals interact in the
project network and the collaborative space. Although forays have been made into
both the concept of project space in relation to collaboration in general (Bosch-
Sijtsema and Tjell 2017) and the management of the collaborative space in
construction projects (Kokkonen and Vaagaasar 2018) in particular, there is still a lack
of insight into the relevance of collaborative spaces in CPDMs specifically, especially
with the sudden shift from physical spaces to virtual ones caused by the COVID-19
pandemic.

Our aim is to give insight into the relevance of collaborative spaces in a project
network created around a project using a CPDM. We will furthermore discuss the
shift in the collaborative space from physical to virtual due to the effect of COVID-19.

Theory

CPDM in the project network

The use of CPDMs is an answer to increased project complexity, scale and risk
(Flyvbjerg 2014) necessitating new management models in the infrastructure
construction industry (Bygballe et al., 2010, Hietajarvi 2017). CPDMs focus on early
inclusion of all main actors, joint governance processes and sharing knowledge, risks
and responsibilities (Lahdenperd 2012).

Such projects also often involve multiple organisations (Flyvbjerg 2014, Sydow and
Braun 2018), increasing the amount of interorganisational and interpersonal
relationships within the project organisation. The actors in a project network can be
viewed as either the organisations contractually connected to the project or as the
individuals engaged in the project. As the project network is created around a single
project, the actors may be new to each other due to lack of previous interaction.

One view providing insight into the forces impacting these relationships is a social
network approach based on a project network. We define the network being created
by the actors involved in a single project (Hellgren and Stjernberg 1995) and will
discuss it as a project network. This enables us to focus on the ties (relationships)
connecting actors to each other and the factors influencing these ties. The
infrastructure construction project is the frame of a network that is created around the
project. This viewpoint can help us understand the patterns of interaction and
relationships formed in a specific context, thus making it possible for us to identify
and investigate causalities within the project process (Pryke et al., 2017).

A network is based on the interaction of ties and actors (Borgatti and Halgin 2011).
The ties can be either formal, observable and measurable, or informal (Papadonikolaki
etal., 2017, Wang et al., 2018). Formal ties relate to the collectively agreed upon
aspects of the project's management and organisation and are for example the types of
electronic communication and document platforms, meetings or the project
organisation, while informal ties encompass e.g., social relationships, awareness,
knowledge and ad hoc communication (Papadonikolaki et al., 2017). The
collaborative space can thus be classified as a tie: the physical and virtual space are
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formal (and measurable), but the social space is rather an informal tie, created in the
interactions within the space.

Collaboration and space

Collaboration is here defined as the process that “occurs when a group of autonomous
stakeholders of a problem domain engage in an interactive process, using shared rules,
norms, and structures, to act or decide on issues related to that domain” (Wood and
Gray 1991, p. 146). It is thus based on a shared understanding of the project context.
Since the actors might lack previous relationships, collaboration is mainly built on the
ties of the project network, making the formation of a shared understanding
paramount for the project network in order to function properly.

One of the main concepts promoting collaboration in CPDMs is the idea of the
collaborative space. Since different CPDMs use different terminology for this
concept, we have opted to follow the example of Kokkonen, and Vaagaasar (2018) and
use the term 'collaborative space'. According to Walker and Lloyd-Walker (2015, p.
118), "close proximity facilitates ad hoc and chance encounters to improve building
relationships and facilitating common understanding" and research shows that
collaborative spaces facilitate knowledge sharing (Bosch-Sijtsema and Tjell 2017,
Kokkonen and Vaagaasar 2018). In this article we will focus on the so-called 'big
room' concept of collaborative space which encompasses not only the physical space
but also both formal and informal practices within (Kokkonen, Vaagaasar 2018). The
way space is organized shapes how people shape their activities, interaction and gives
meaning to experience and a sense of identity (Panayiotou and Kafiris, 2010). This is
the main argument for recommending collaborative spaces as a key tool in the
implementation of CPDMs (Lahdenperd 2012); since collaborative spaces promote the
creation of social ties between individual project participants, they are essential to the
concept of CPDMs.

For complex projects distributed over different organizations and disciplines, the
physical workspace is not the only space of importance for network creation and
collaboration. In recent literature, four types of spaces are discussed as relevant for
collaboration (Bosch-Sijtsema et al., 2011; Hautala and Jauhiainen, 2014; Vartiainen
and Hyrkkénen 2010): (1) a physical space consisting of the material environment as
well as a physical space for geographical proximity. (2) A social or communicative
space focuses on formal and informal interaction. (3) A mental or cognitive space
comprises mental models of individuals or shared mental models of a team. Finally,
(4) a virtual or technology space for interaction and connection via technology means,
i.e., via email, video conferencing. The collaborative space of CPDMs can be viewed
from all four spaces but in particular the physical, virtual and social space. We look at
the collaborative space as a formal state tie (af Hallstrom, 2021) in the project network
in order to connect the concept of collaborative space with the project network.

In the recent developments of COVID-19, especially the virtual space, in addition to
the collaborative physical space, has become more important in terms of e.g., shared
IT-systems and different virtual solutions. Thus, it becomes interesting to look at the
interaction hereof, especially in a time when a majority of work moves to the virtual
plane due to requirements of working from home.

RESEARCH DESIGN

In order to fulfil the objectives of the study, we focused on a case study of a large-
scale infrastructure construction project utilising a CPDM, based on a multi-party
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contract where the public client, the contractor, and the design engineer (planner) all
are part of the same contract. The project is employing a two-step process of project
planning and general design (phase 1), followed by detailed design and construction
(phase 2). Before phase 2 commenced, the client made a go/no-go decision regarding
the continuation of the project. Project planning started with the selection of service
providers and preliminary planning in 2016, phase 1 started in 2018 and phase 2 in
2019. The project is estimated to be completed in 2024. The project includes a
reward system based on final price, as well as key performance indicators tied to both
agreed-upon parameters as well as project performance.

21 interviews were conducted with respondents identified by snowball sampling. All
interviews were taped and transcribed. A common interview guide was used for the
semi-structured interviews and interviews were conducted with respondents on
different levels of the project hierarchy. Interviews were conducted in the three actor
segments of client, design engineer and contractor. The collaborative space was
observed for 40 hours in total. We also observed meetings of the steering groups.
During observations, we focused on both formal and informal social ties. The data
was collected at scheduled times following a pre-determined framework of
interactions and actions.

The qualitative data was thematically coded and analysed in NVivo, with a focus on
the interaction between types of ties in the three concepts of physical, virtual and
social space as well as informal and formal ties. The case granted access to a bi-
annual survey conducted by the management team. The survey data related to shared
space is used descriptively and was analysed in a statistical programme.

FINDINGS

Physical and social space

The collaborative space was described as a big room by the respondents and in the
documentation related to the project The room included workstations for
approximately 100 employees, meeting rooms, kitchenettes and visualisations on the
wall of the project in the form of maps, schematics and schedules, as well as
presentations of the participating individuals. The seating layout was arranged
according to geographical planning and construction sites. Key actors involved in the
project were required to be at the big room for three days a week, but some were there
perpetually. There were also people coming to the collaborative space only for
meetings or periodic day work. The actors had differing levels of familiarity with the
collaborative space. The concept of a “big room” was new for both client and design
engineer. The contractor was used to what they called a “project office" due to the
project-based nature of the contractor’s work. This, however, is more akin to a “joint
office” and not the concept of a “big room”, since the collaborative practices are
usually not included in the concept of a project office.

From the survey data, the opinion of the usefulness of the collaborative space was in
general high, with the mean being over 7 for all surveys analysed (scale 1-10). The
client was the most positive (mean 8,18), followed by the design engineer (mean 7,83)
and the contractor (mean 7,27). "This [project] would be nothing if we were all in our
own offices" as a contractor said. The space was perceived to “make our everyday
easier and bring more value to our work™ (client). The collaborative space was
moreover seen as an asset and a way to shorten information paths within the project.
"It's easy to just go over and ask someone when you have a question," as a contractor
said.
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There was however a slight difference in attitude related to how much time people
spent at the project: people spending less than one day at the project per week viewed
the collaborative space the most favourably (mean 8,14). People who spent more time
at the project were almost identical in their opinions. People spending 1-3 days at the
project were slightly more positive (mean 7,64) than people spending 4-5 days a week
(mean 7,59).

The people least at the office were, however, also critical regarding the accessibility of
the space, citing the difficulty of finding a seating place and the social groups formed
in the project. "The big room people have formed "their own trenches". When you
visit the space less often, people don’t even greet you" according to a specialist form
the design engineer who worked at the project less than one day a week. " For
someone who often works in the big room, it’s definitely like a second home. For
those who visit there less often, it is a bit foreign, cramped and the people are often
new" (design engineer). Furthermore, the unfamiliarity with the workspace might also
impact people's attitudes towards being at the project: " I visit the Big Room less
often, mostly because I don’t know where there are vacancies and which ones are
someone’s own. It’s not easy to find a workstation in the Big Room that is free and
unused looking" as a design engineer said. Others preferred the resources available at
their home offices: "Better peace of mind and a workstation in your own open office /
multifunctional space" (design engineer). This had, however, improved over time as
one design engineer mentioned that "In my experience, the availability of
workstations has been easier this fall. It's a good thing!" and another mentioned how
"when you visit the big room 1-3 times a week, there is no permanent place and you
do not need it. Some corner is always found. There is a shortage of meeting rooms at
times, but recently it has also worked better, as have internet connections and [the
document sharing system]. I didn’t really come up with anything negative right now.
The best thing, of course, is nice colleagues and the fact that help is available
immediately upon request”. The view on the usefulness of the space increased in
general during phase 1 and lowered slightly in phase 2 for all actors.

There were, however, some dissenting voices raised over the collaborative space.
"Big room working suits me very well, but [ understand very well that not everyone
can withstand the general hustle and bustle", as a design engineer said. "My time in
the big room goes mainly to attending meetings, even if I'm there 3-4 days a week.
For this reason, there is little time to get acquainted with the project materials on the
walls. For the same reason, things [matters related to the project] should not be
handled spontaneously by talking to people (when always sitting in a meeting)" as a
design engineer mentioned, highlighting the need to formalise informal information
exchanges in the collaborative space in order to ensure proper communication of
pertinent facts to all project actors.

During observations, people interacted mainly with people seated near them in a
social capacity, such as having joint coffee breaks or lunch. There was also evidence
of people walking over to have unplanned discussions, or "mini meetings" as one
respondent called them, related to the project work.

Virtual space

The project had a shared document system where all project-related documents were
uploaded. They furthermore used applications for social interaction, with subgroups
according to their role and organisation. There was for example a group for
workplace safety alerts, where the project management team could send information
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regarding safety incidents, as well as groups of a more social character for specific
blocks or subgroups. The respondents discussed these platforms in terms related to
upholding existing structures, not creating new ones.

However, the virtual space was not seen as unproblematic; "There is a lot of
information in [the document sharing system], for example, it is difficult to find
information independently sometimes, there may not be information about many
decisions and then you come across it by accident, looking for something else. I can't
give development ideas for this, so the fear on the contrary is that there will be too
much information. Communicating essential information to relevant individuals
remains somewhat challenging" (client).

Design engineers remarked on problems with IT-access impacting their work, as they
needed access to their home organisation servers in order to fulfil their roles. This
was a view not shared by contractors; one even mentioned a suspicion of design
engineers not doing their work properly and using a bad network connection as an
excuse for delays in their work.

COVID-19

Due to COVID-19, both the client and the design engineer had moved to working
from home in 2020, using the shared document systems and social media platforms.
Contractors were working with COVID-restrictions on the construction sites. Project
participants seem to miss the collaborative space, however: "this [pandemic] has
shown how much we need the big room" as a survey respondent put it.

Respondents from both the steering group and design engineers remarked on the
benefits of an existing social connection to other project participants when the work
moved into a virtual environment, but also noted challenges created by working
remotely, without the informal daily meetings enabled by the physical space. They
felt that the project work was moving more slowly than in the main object of our study
due to the use of virtual collaborative tools and spaces. There was also a decrease in
the lack of possibilities for informal meetings, one of the main benefits of a
collaborative space as mentioned by respondents, as well as less opportunity for water
cooler meetings, common lunches and other social interactions.

The survey respondents from the client answered very positive on the survey
performed when COVID-19 started, in contrast to both contractor and design
engineer. This warrants further investigation as there was nothing to explain this
discrepancy in the survey answers.

DISCUSSION

Physical, social and virtual space

In CPDM literature, the collaborative space has been discussed to support
collaboration and knowledge sharing (Walker and Lloyd-Walker 2015, Kokkonen and
Vaagaasar 2018), but its relation to forming social relations and networks are not often
discussed. From the cases we found that participation and engagement in a
collaborative space impacts network formation and collaboration between the network
actors (client, design engineer and contractor). The collaborative space is perceived
here as a physical, social and virtual space (Bosch-Sijtsema et al., 2011, Vartiainen
and Hyrkkénen 2010).

For the physical and social space, the social interactions which strengthen informal
social ties were mainly occurring between people seated together (Table 1). This
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supports previous research on the importance of the seating arrangements and layout
of the collaborative space for shared understanding to emerge, they shape activates
and interaction, which is in line with literature (Bosch-Sijtsema and Tjell 2017,
Kokkonen and Vaagaasar 2018). The 'big room' upheld formal ties, such as meetings,
but the collaborative practices and the physical co-existence eased the creation of
informal ties.

The virtual space in the form of shared platforms was seen as essential for the project
to progress and people to have equal access to pertinent information and it served as a
support for existing formal and informal ties (Table 1). However, concerns raised by
the design engineers regarding the quality of IT-infrastructure are relevant to keep in
mind, especially with the changes brought by the pandemic. If the IT-infrastructure is
insufficient to fulfil project needs, it is almost impossible to create a virtual
collaborative space: if it is difficult to access the project resources, there can be no
project. This can also impact the social ties in the project as a lack of understanding
and communication, coupled with presumptions and prejudices can impact the ties
negatively.

There was, however, a difference in attitude towards the collaborative space between
different segments of project participants, especially related to the amount of time
spent at the collaborative space. The time spent at the project's physical space might
affect the view of the collaborative space: the slightly lower opinion regarding the role
of the collaborative space as a support for openness and collaboration of those most
present at the physical space in their responses, might be related to missing input from
the home organisation. This is corroborated by interviews and open answers in the
survey. In order to improve collaboration and project delivery further, the question of
the optimal amount of time to spend at the project should be explored further.

COVID-19

Due to the lack of physical interaction, the role of the virtual space increased. As
work for clients and design engineers moved to the home offices, relying on the
shared document systems and contractors resumed work on the construction sites,
there was little to keep them in the new mentality of collaboration and building
relationships. During COVID-19, the lack of a physical collaborative space was a
factor in enabling the actors to fall back into traditional patterns.

From literature, a stronger focus on a virtual space has had implications for
spontaneous interactions and informal meetings (cf. Bosch-Sijtsema and Tjell 2017,
Bosch-Sijtsema et al., 2011) which impacts the maintaining and development of ties
in the project network. This was also seen in the responses to the survey, where there
was an overall downward trend in the responses once the pandemic hit, and
respondents leaving open answers mentioned the importance of the collaborative
space for the project to progress. The downward trend could of course be attributed to
other causes, such as the starting of phase 2, which changes the project dynamic. As
phase 2 had started already in the summer of 2019 and there had been no major
changes in the project organisation or management since, the most probable cause is
the change brought on by the pandemic and the enforced distance work.

Collaborative space as a tie in the project network

The social interactions taking place in the space, coupled with the resources available,
strengthened the project network and social ties as people from different organisations
interacted. In our comparison case, the space rather strengthened the division between
home organisations. The collaborative space can thus be said to shape the project
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network by both the physical layout and use of the space, as well as the social
connections it enables. The layout and management of the space are therefore of
utmost importance, confirming previous findings (Bosch-Sijtsema and Tjell 2017,
Kokkonen and Vaagaasar 2018). However, when the physical space becomes
unavailable, the importance of the virtual space increases which impacts the
possibilities for informal meetings and the development of social ties negatively. The
project infrastructure must support a virtual collaborative space, especially in times
such as these where the physical facilitators of social space are restricted, reducing
impromptu meetings and interactions. For future situations it becomes important to
study the different spaces for CPDMs and how project networks could be strengthened
when the physical and social spaces are less available.

Table 1: Network formation in the project space(s)

Network formation Before COVID-19 During COVID-19
Physical space Big room, formal ties are upheld, Not available: development of
and informal ties arise easily new ties impeded
Social space Big room, informal ties arise  Lacking: development of informal
easily due to frequent interaction ties impeded
Virtual space Formal and informal ties are Depending almost fully on the
upheld supported by the virtual space for interaction:
IT- infrastructure and virtual ~ virtual space needed for creating
communication tools both formal and informal ties

CONCLUSIONS

Collaborative space in the form of physical, social and virtual spaces, facilitates a
shared understanding and informal social ties and thus shapes the project network.
The physical space is important in terms of seating arrangements, the social space in
terms of access and availability of social encounters and informal meetings, and the
virtual space in terms of infrastructure and providing a platform for online
collaboration. However, when one of these spaces becomes unavailable as in the case
of COVID-19, this has implications for the project network and the development of
social ties. The stronger focus on the virtual space and the lack of a joint social and
physical space implied that actors fell back into traditional roles and the collaboration
benefits of CPDMs become less visible.

The collaborative space in the form of physical, social and virtual space are very
important for network building and tie formation in the project network. The physical
space is restricted in terms of seating, the social space in terms of access to social
encounters and informal meetings, not present during COVID, and the virtual space in
terms of infrastructure and providing a platform for collaboration.

Future research could focus on the space in relation to social networks as well as the
effects of constricted social ties in the collaborative space. The research is limited by
its geographical context, as well as the case methodology.
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