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Abstract

Projects in the construction industry are increasingly complex, involving collaboration between
a wide range of stakeholders and specialized sections. Ambiguous communication between
participants and misunderstandings about planned design are among the main causes for errors
and budget overruns. The introduction of Virtual Reality (VR) presents opportunities to
produce more realistic visualization by improving spatial perception for users, and has been
shown to increase users’ ability to uncover errors and deficiencies prior to construction. For
companies, adoption of VR may potentially open new business opportunities and enhance
current services. However, research shows that innovation in the construction industry is slow

and that the adoption of new technology is perceived as difficult.

This thesis aims to identify how COWI may use VR to create value and how they may improve
their VR capabilities. In order to answer this objective thoroughly, it has been broken down

into three research questions:

* RQO: What are valuable use cases for VR in COWI?
* RQI: What is the current state of VR adoption in COWI?
* RQ2: What should be emphasized in order to increase COWI’s VR capabilities?

These research questions are answered through a qualitative case study by conducting 12
interviews with COWI personnel, which are analyzed together with internal COWI documents

and a thorough literature review.

The findings from the thesis present several use cases that can provide significant value for
COWTI if applied appropriately. The current state of VR adoption in COWI is characterized by
varying degrees of competence within and between departments and sections. Vital
information for implementation is present in the VR Community site on COWI's internal home
page, but there is low awareness about the opportunities that are present. Several suggestions
are provided for how COWI may improve their VR capabilities. The five main
recommendations involve establishing a guideline bank for the use of VR, expanding the
internal communication channels, developing VR facilities, establishing a centralized unit for
governance of VR, and establishing informational feedback loops for experience gained

through projects.
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1. Introduction

The construction industry has long faced criticism for lack of innovation, and many argue that
lack of investment in R&D is one of the reasons the construction industry has seen a record
low increase in productivity the last 20 years (Bughin, Manyika, & Woetzel, 2017; Proverbs,
Holt, & Cheok, 2000). In order to increase efficiency, the industry has fragmented into smaller,
more specialized sections (Bughin et al., 2017). This, however, sets high demands for
communication and coordination both between the sections themselves and between the
sections and the client. In the Proverbs et al. (2000) study of the UK construction industry,
changes during the construction were identified as one of the main problems faced by the
industry, which may indicate problematic issues regarding planning and communication

between stakeholders.

In the last couple of years, there has been a drastic shift in the industry through digitalization
in the form of Building Information Modeling (BIM). The use of BIM has had an overall
positive effect across the industry and is considered to have improved collaboration and
communication in a fragmented industry, and to have increased design quality by decreasing
conflicts and rework (Campbell, 2007; L. Chen & Luo, 2014). Due to the data richness of BIM
it does not only function as a tool for modeling, but as a high-value data pool which can
facilitate interconnection of project data with other emerging technologies (Eadie, Browne,
Odeyinka, McKeown, & McNiff, 2013; Sampaio, 2018). This creates a promising foundation
for increased efficiency and productivity through further innovation and digitalization. One of
those emerging technologies is Virtual Reality (VR), which firms in the industry have started

to adopt.

However, the construction industry has a challenging environment for technology adoption, as
projects become larger and more complex (Forbes & Ahmed, 2010). There is also a significant
focus on short-term profit-maximization without considering the opportunity cost of slow

technology adoption (K. Chen et al., 2017).

This thesis is a case study of COWI, a leading international consulting group within
engineering, economics, and environmental science. The purpose of the thesis is to contribute
to COWT’s digital transformation by identifying where VR may create value, what the current

state of VR adoption across the company is, and how to improve their VR capabilities further.

1



1.1 Background

The purpose of the following subchapters is to present the topic of interest in the perspective

of the company involved and to give the reader an understanding of:

e Who COWI is and what they do
e How COWI is digitalizing their business
e The emerging use of VR technology in COWI

1.1.1 About COWI

COWI is a leading company within the AEC industry. It was founded in 1930 by the Dane
Christen Ostenfeld. Today COWI has 7300 employees distributed over 90 offices in 25
countries, where 21 of these offices are situated in Norway. COWI is continuously involved in
more than 12 000 projects across the world. They have a well-established competence within
engineering, economics, and environmental science, and offer services across many different
fields. The Norwegian branch of COWI specializes within Buildings, Water & Environment,
and Transportation & Urban Development (Internal documents from COWI AS, 2019).

1.1.2 BIM in COWI

In the last couple of years, the construction industry has experienced an increased demand for
the utilization of BIM through both new governmental regulations and customers/suppliers
who expect the usage of BIM. In COWI, the need for digitalization and use of BIM has been
widely acknowledged, and there has been a focus on increasing digital interaction and
innovation. Today, most projects in COWI are carried out utilizing BIM (Internal documents

from COWI AS, 2019).

1.1.3 VR in COWI

The high adoption rate of BIM in COWI has presented opportunities within other
communication tools like Virtual Reality, Augmented Reality (AR), and Mixed reality (MR).
In late 2016 COWI established a research study to evaluate the potential value of VR use in
BIM projects for the construction industry and its clients. This study is still ongoing, but
temporary results show that VR has the potential to substantially increase the quality of projects
and improve the clients’ overall experience. COWI has also started to implement VR in some
of their projects, among others in the SUS 2023 project, where end-users have been able to see

the model in virtual reality and give feedback on the design (Emborg & Sekse, 2018).



1.2 Scope and objective

The main objective of this thesis is to identify how COWI can use VR to create value and how

they can improve their VR capabilities.
In order to answer this objective exhaustively it is broken down into three research questions:

e RQO: What are valuable use cases for VR in COWI?
e RQI: What is the current state of VR adoption in COWI?
¢ RQ2: What should be emphasized in order to increase COWI’s VR capabilities?

The predominant part of this thesis is the analysis of research questions 1 and 2, which
collectively aim at identifying how COWI can improve their VR capabilities. Research
question 0 provides the foundation needed for this examination by identifying how VR can
create value for COWI. When referring to value in this thesis, it is defined as advantages that

can be gained both for COWI and for COWI's clients.

The research questions were answered by conducting a qualitative study. By interviewing key

personnel in COWI, analysis was performed across two departments.

The scope had several limitations due to time constraints. This master’s thesis is a 30 credits
study, developed over a 22 weeks interval. COWTI is a large company, and it was decided that
the thesis should mainly focus on the Oslo and Trondheim offices. For simplicity, the authors
will refer to COWI in this thesis when talking about the both of the Oslo and Trondheim
departments. The Oslo office was chosen as the primary focus for investigation. Being the
Norwegian headquarter, it was regarded as most representative for the organization among the
Norwegian departments. The Trondheim department is included in order to see potential

discrepancies between the offices and identify root causes for differences within COWI.

Due to the time-consuming nature of qualitative interviews, the number of conducted
interviews were limited to twelve. Additionally, the literature review was limited to the areas
regarded as most relevant for COWI and focuses primarily on VR in the design phase of a
construction project. Other potential use cases, such as the use of VR technology for training

of internal personnel or use of VR during construction, have not been considered in this thesis.



2. Theory

The purpose of this chapter is to provide the theoretical foundation of the thesis. Several topics
and terms that are important to understand in order to answer the research questions are

elucidated here.
2.1 Digitalization

Transformation of processes through digitalization has become a high priority for businesses
in the last couple of years. In order to sustain a market leader position in a digital world, a
company needs to be capable of adapting to new technology and market trends quickly.
Companies that are unable to meet demands in a fast-changing and dynamic business

environment will struggle to stay competitive (Kerravala & Miller, 2017).

2.1.1 How digitalization effects businesses

Digitalization can affect a business in different ways. Parviainen & Tihinen (2017) points out
that it can change the entire operational environment and internal functionality. It can also
create new business opportunities, change roles in a value chain, and end existing business.
Thus, the goal of digitalization and the impact it has can be identified from three different
viewpoints: Internal efficiency, External opportunities, and Disruptive change (Parviainen &

Tihinen, 2017).

Internal efficiency

Through digitalization one can improve internal efficiency. This improvement in efficiency
can be achieved by restructuring internal processes and improve workflow through digital
tools. Some of the potential benefits from using digitalization for internal efficiency is to
improve the efficiency of current business processes, quality, and consistency by increasing

the accuracy and eliminating manual steps (Parviainen & Tihinen, 2017).

External opportunities
New business opportunities can arise from digitalization, e.g. by providing a new service to an

existing customer. New digital technologies can help a company improve its current value



proposal towards their client as well as creating new areas of value for new and existing

customers (Parviainen & Tihinen, 2017).

Disruptive change

The last viewpoint is when digitalization causes changes to the whole business and its core
capabilities. This type of digitalization is called disruptive change and can cause whole
businesses to become obsolete over a short period of time (Parviainen & Tihinen, 2017). Using
VR in construction projects is currently introducing incremental changes to existing processes,
and the focus of this thesis will, therefore, be centered on the internal efficiency and the external
opportunities of this technology. How VR may increase efficiency or present an external

opportunity in the construction industry is further elaborated in chapter 2.3.1.

2.1.2 Digitalization in practice and change management

When introducing a new digital tool like VR, it is not enough to have the technology available.
It needs to be used in a meaningful way that creates value. This often introduces the need to
change current routines and do things in new and different ways. Holloway & Carusi (2015)
point out that change in an organization will be met with resistance from employees in the
organization; this is elaborated under chapter 2.1.2.2. For a change in an organization to
succeed it is essential to understand what drives the change, and how resistance can be met in

order to manage the change in an effective manner (Holloway & Carusi, 2015).

2.1.2.1 Drivers of change

There are many different drivers of change within an organization. According to Jacobsen
(2018), citing Van de Ven and Poole (1995), change drivers can be described as a profoundly
different underlying mechanisms and sequences of events that inform how and why change
exists. Two common types of change drivers are top-down and bottom-up. In top-down, upper
management in an organization are the ones who are seen as the main driver of change. This

differs from bottom-up were the main driver of change is the company employees.

A study from Arayici et al. (2011) about lean BIM implementation in the construction industry
concludes that a bottom-up approach is more effective than a top-down approach when
implementing new technology like BIM. They argue that although the technology itself is a

vital part of technology adoption, the people and processes of the organization are as important



during change. Arayici et al. further argue that through a bottom-up approach, employees are
more engaged and involved in the change, leading to employees being more positive towards
adoption than in a top-down approach. A bottom-up approach helps to build organizational
capabilities through employees learning new skills and gaining new knowledge, as well as

reduce resistance to change from employees (Arayici et al., 2011).

Birkinshaw, Bouquet, & Barsoux (2011) agrees with this but argues that a bottom-up approach
only covers the first part of successful technology adoption. According to their study in order
for a bottom-up initiative to succeed in the long run, it needs to be picked up by upper
management in order to align it with long term business goals and distribute necessary
resources. A technology adoption initiative increases its chances of being successful when it
can gain the necessary practicality and traction among personnel from being a bottom-up
initiative, as well as the necessary resources and business alignment from management

(Birkinshaw et al., 2011).

2.1.2.2 Change resistance

In most cases, change in an organization follows the model of human grief induced by
Elizabeth Kiibler-Ross in 1960. Her model is the foundation of the classic change curve
developed by Schneider and Goldwasser (1998). The change curve, shown in figure 1,
describes employee performance during a process of change. It displays that there is typically
a drop in performance during a process of change, which makes implementing changes harder.
The variation in performance during a change process is often due to how employees feel
regarding the change. Therefore, the resistance that management may experience from
employees during change processes is highly connected to how employees feel about the
change (Murray & Richardson, 2003). Nikula, Jurvanen, Gotel, & Gause (2010) have further
validated that the change curve, shown in figure 1 represents changes introduced by new IT-
tools and systems, confirming that a company can experience a drop in performance when

implementing new IT tools, making implementation more challenging.
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Figure 1: The Classic Change Curve. Shows performance during a process of change for a typical and an effective change
program. From Nikula et al. (2010), originally from Schneider & Goldwasser (1998).

According to van den Heuvel, Demerouti, Bakker, & Schaufeli (2013), change can only be
successful when it is supported and implemented by the change-recipients. Because changes in
an organization are becoming more and more common in today’s business world, van den
Heuvel et al. argue there is a need to look beyond the traditional attitude of employees as a
source of resistance and instead focus on improving the employees’ ability to adapt towards
change. This will, in turn, increase the organization’s ability to change (van den Heuvel et al.,

2013).

According to the study from van den Heuvel et al., change information and meaning-making
affect the employee’s ability to adapt to changes. Change information is how well information
about the change is communicated to employees (van den Heuvel et al., 2013) and is linked
with higher openness to change (Wanberg & Banas, 2000) as well as having a reducing effect
on change resistance among employees (Oreg, 2006). Meaning-making, on the other hand,
refers to the employee’s ability to understand why the change is happening and that they are

finding the change meaningful (van den Heuvel et al., 2013).

As shown in figure 2 the study found that change information is positively correlated with
meaning-making, adaptive attitudes, and adaptive behavior, whereas meaning-making is
positive correlated to adaptive attitudes and adaptive behavior over time (van den Heuvel et

al., 2013).
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Figure 2: Change resources adaptation model. Showing relationship between Change Information and Meaning Making with
Adaptive Attitudes and Adaptive Behavior. Adapted from van den Heuvel et al., (2013).

Van den Heuvel et al. (2013) highlights the importance of proper communication from
management to employees at all stages of a change process. Information given before the
change process is shown to have a positive effect of the employees’ ability to understand the
meaning of the change during the change process, while information given during the change
process positively affects the attitudes of the employees towards change after the change
process. Employee participation and feedback is vital for successful change as they are the ones
that ultimately have to conduct the change, and management should strive to involve
employees as much as possible through information, communication and participation as this
will help employees meaning-making and in turn the adaptability of the organization (van den

Heuvel et al., 2013).

The study also showed that meaning-making both before and during the change process
correlated with adaptive behavior, emphasizing the importance of employees finding the
change to be meaningful as they were more adaptive to the change (van den Heuvel et al.,
2013). The model introduced by van den Heuvel et al. has a resemblance to the technology
acceptance model which emphasizes the importance of how employees’ perception of
usefulness and ease of use effects adaptation of new technology. This model is further

elaborated in chapter 2.1.3.2.



2.1.3 Technology adoption

The adoption of technology has received a lot of attention in academic research, and
consequently many theories exist on this subject. Amongst the most acknowledged and cited
is Rogers’ (1995) Innovation Diffusion Theory, concerning diffusion as a process of
communication where users are informed about the availability of new technology and are
convinced to adopt (Attewell, 1992). This subchapter addresses Innovation Diffusion Theory,
supplemented with the Technology Acceptance Model, which concerns the user’s actual

acceptance and utilization of implemented technology.

2.1.3.1 Innovation Diffusion Theory

Figure 3 illustrates the factors Rogers (1995) features as most important for the rate of adoption
of innovations. More than half of the variance he found in the rate of adoption is explained by
the five primary attributes: Relative advantage, compatibility, complexity, trialability, and
observability. Rogers’ description of compatibility is not included in this thesis to avoid
confusion, because compatibility is described with a differing interpretation elsewhere in this

thesis.

Variables Determining Dependent Variable
Rate of Adoption That Is Explained

I. Perceived attributes of Innovations
1.Relative advantage
2. Compatability
3. Complexity
4. Trialability
5. Obervability

II. Type of Innovation-Decition
1. Optional
2. Collective
3. Authority

7

Rate of Adoption
of Innovation

ITI. Communciation Channels
Eg., mass media or interpersonal

IV. Nature of the Social System
Eg., norms

V. Efforts of Change Agents
Educational and promotional
efforts

N\

Figure 3: The Innovation Diffusion model. Adapted from Rogers (1995)



Relative advantage is defined by Rogers (1995) as “the degree to which an innovation is
perceived as being better than the idea it replaces” (p. 212). It is necessary for potential users

to understand how the innovation may cause improvements to the current situation.

Furthermore, Rogers (1995) describes complexity as the degree that an innovation is
experienced as difficult to understand and use. That is whether or not new technology has a
precise meaning to potential users. The user’s perceived complexity is negatively correlated to
the rate of adoption. Excessive complexity of technology can therefore be a substantial obstacle

for adoption (Sahin, 2006).

Trialability refers to the degree that an innovation can be experimented on a limited basis.
Innovations are generally faster adopted when they are available for testing in the user’s
surroundings. The process of trying out new technology is a way to establish meaning of the
implementation for the user, understanding how it works on a personal plan (Rogers, 1995).
The rate of innovation is positively correlated with the extent to which an innovation is tried

(Sahin, 2006).

Observability is described as the degree to which the results of an innovation are visible to
others. Some technology creates changes that are easy to observe and communicate, while other
technologies yield results that are not easily measurable. Observability has a positive

correlation with the rate of adoption (Rogers, 1995).

Furthermore, Rogers emphasizes that the type of innovation-decision used is correlated to an
innovation’s rate of adoption. New technology that requires optional decisions for users to
implement is usually adopted faster than when adopted by an organization. Having more
persons involved in the decision to implement technology leads to slower adoption. A measure
for stimulating the rate of adoption is to alter the number of persons involved in the innovation-

decision (Rogers, 1995).

Another factor Rogers highlights that can affect the rate of technology adoption is the type of
communication channels used to diffuse an innovation. If utilizing interpersonal
communication channels rather than mass media channels for creating awareness of an
innovation, the adoption rate is usually reduced. It is crucial that the type of communication
channel used is seen in context with the type of technology. For less complex innovations, the
use of mass media channels is generally more beneficial for diffusion of knowledge (Rogers,

1995).
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The two final factors featured in figure 3 include the nature of the social system and the extent
of change agents’ promotion efforts. These are not elaborated, as they are not discussed later

on in the thesis.

2.1.3.2 Technology Acceptance Model

Comparable to how traditional diffusion research focuses on the individual’s innovation
adoption-decision, studies using the Technology Acceptance Model (TAM) focus on the
individual users’ acceptance and actual use of technology. TAM is an extensively used model
for predicting the use and acceptance of IT in organizations (Davis, 1985, 1989). This model
(shown in figure 4) is built on a foundation of theory concerning human behavior but is tailored
particularly towards information technology. The significance of this model has been
empirically substantiated through later research (King & He, 2006). The model consists of four
main areas: Perceived Usefulness, Perceived Ease of Use, Attitude Towards Using, and Actual

System Use.

Perceived
Usefulness
(U) v

Attitude Behavioral
Towards Intention to
Using (A) Use (BI)

Actual
System Use

External
Variables

Perceived
Ease of
Use (E)

Figure 4: Technology Acceptance Model Adapted from Davis, Bagozzi & Warshaw (1989, p. 985)

The TAM proposes that a user’s attitude towards use is jointly determined by how the user
perceives the usefulness-, and ease of using a system. Perceived usefulness is defined by Davis
et al. (1989) as “the degree to which a person believes that using a particular system would
enhance his or her job performance”, while perceived ease of use is defined as “the degree to
which a person believes that using a particular system would be free from effort” (p. 985).
TAM suggests that these two elements are jointly decisive for a user’s attitude towards using
a system. Further, attitude towards- and perceived usefulness of a system jointly determine the

intention to use, which in turn determines actual system use (Davis et al., 1989).
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2.1.4 Building Information Models

Globally, the construction industry is lagging behind other manufacturing sectors in terms of
applying digitalization into production and management (Sharma, Grone, de Souza, & Koster,
2011). The introduction of Building Information Models (BIM) represents a new paradigm
within the architectural, engineering, and construction industry (Azhar, 2011). BIM is
described as a digital representation of the building process to facilitate exchange and

interoperability of information in digital format (Eastman, Teicholz, Sacks, & Liston 2008).

BIM technology enables virtual models of buildings to be constructed digitally. The building
information model can be utilized for both design, planning, construction, and operation of the
facility. The model assists engineers, architects, and stakeholders to visualize the construction
in detail before it is built to identify potential issues regarding design, construction, or operation

(Azhar, 2011).

2.2 Virtual Reality

Virtual Reality is a term widely used and the understanding of the term may differ. VR is often
used as an umbrella term for many different immersive experiences. This includes similar terms
like augmented reality (AR), extended reality (XR), and mixed reality(MR) (Mealy, 2018).
According to Burdea & Coiffet (2003) VR can be described as “a high-end-user-computer
interface that involves real-time simulation and interactions through multiple sensorial
channels” (p. 3). Another definition from Mealy (2018) is that VR can be defined as “an
immersive computer-simulated reality that creates a physical environment that does not exist”
(p- 9). Though there are some differing definitions it can, in short, be described as a tool for

interacting with three-dimensional data in real-time (Whyte & Bouchlaghem, 2002).

VR differs from AR in that VR is typically closed off from the real world and by that
introducing the user to a new environment, as AR typically adds an overlay of computer-
generated content on top of the real world (Mealy, 2018). However, it is believed that these
technologies will merge to a large extent into the hybrid mixed reality (MR). MR gives the user
the possibility to interact with the data in real-time from VR and a possibility to go back and
forth between a fully simulated environment to an overlay of data generated content on top of

the real world (Mealy, 2018). In this thesis, the authors have chosen to focus solely on VR
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technology. VR is the chosen modality due to being the most commonly adopted in the AEC

industry, making it better suited for a case study, as well as scope limitations.

2.2.1 VR systems

Due to the many definitions of what VR is, there are many different systems that can be
regarded as VR (Thabet, Shiratuddin, & Bowman, 2002). In this thesis, the authors have chosen
to focus on “immersive VR”. It is defined by Thabet et al. as having the virtual environment to
some extent, surrounding the user. Immersive VR is what most think of regarding VR, as well
as the most widely adopted in the construction industry. There are also different types of
immersive VR based on the level of immersion and the type of display used for visualization

(Thabet et al., 2002).

2.2.1.1 Hardware

There exists a large amount of different output and input devices for immersive VR systems.
Output devices include visual and auditory. Input devices include, among others, movement
sensors and handheld controllers (Thabet et al., 2002). Hardware devices that are considered

relevant by the authors for this thesis are described in the following chapters.

Spatially immersive display

One approach that Thabet et al. highlight for displaying immersive VR is Spatially Immersive
Display (SID), which is to surround a user with displays. A common type of SID, which is used
in the construction industry today, is the Computer-Assisted Virtual Environment (CAVE) set
up. A CAVE uses 4-6 projectors in the shape of a cube/hexagon in order to create an
environment the user can walk into. The CAVE allows for multiple viewers, making it ideal
for presentation, but usually, only one user will have the correct perspective view. A drawback,
however, is that SIDs and CAVEs are costly and usually not fully immersive (Thabet et al.,
2002).

Head-mounted displays

Another display method for immersive VR is the use of Head-Mounted Displays (HMD). It
consists of two small screens that are mounted inside a wearable helmet. The two screens are

controlled separately, allowing for stereo graphics. In addition, a head tracer measures head
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movement, allowing intuitive change of view (Thabet et al., 2002). After the launch of the first
Oculus Rift in 2013 HMD experienced substantial growth, with large tech giants developing
competing solutions. There are several levels of immersion to HMD, and the market generally

differentiates between high-end devices, mid-tier devices, and low-end devices (Mealy, 2018).

High-end

Dominated by HTC Vive and Oculus Rift, high-end devices offer a room-scale experience
which enables the user to move about in the physical space and have the movements reflected
in the virtual environment. They offer a wide field of view, allowing for a high degree of
immersion. An external computer usually powers them, and most of them are compatible with

motion controllers (Mealy, 2018).

Mid-tier

Typical for mid-tier headsets is the use of a smartphone as the display. This means
compromising immersion for a lower price. They generally have a smaller field of view and
slower refresh rate than high-end devices. They are often compatible with a single motion
controller. However, they do not offer any room-scale experience and do not track movement

other than head rotation and orientation (Mealy, 2018).

Low-end

As the mid-tier headsets, low-end headsets are also powered by a separate smartphone. Due to
the simple design requirements, there are many different low-end solutions. They share a
similar lens set up, and due to lacking controllers for interacting with the virtual environment,
they are limited to function as VR “viewer.” The simplicity also means that the cost associated

with the headsets is minimal (Mealy, 2018).

2.2.1.2 Software

There are large amounts of VR software being developed and presented in the market. It is
necessary to be conscious of the company’s requirements before choosing one. There are many
factors to consider regarding VR software in addition to effecting 3D object generation,
navigation, and interaction. Other features like compatibility with other systems, optimization
of the level of detail, collision detection, multi-user possibilities, and object scaling are decided
by software choice, meaning that choice of software needs to correlate with features needed

(Thabet et al., 2002).
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2.3 VR in the construction industry

The construction industry, in general, is regarded as conservative and reluctant to embrace new
technology (Sundukovskiy, 2018). The overall picture in Europe and the US shows that
construction is the least digitized sector (Sharma et al., 2011). This lack of technology adoption
and renewal is listed as one of the main reasons why the industry is trailing behind in
productivity with only 1% annual productivity growth over the last 20 years (Bughin et al.,
2017). However, there is a shift towards becoming a more digitalized industry. In the last
couple of years, the introduction of BIM as a tool has assisted the industry by eliminating
inefficiencies and redundancies, improving collaboration and communication and increasing
overall productivity (Sampaio, 2018). By becoming digital and data-driven through BIM, the
industry opens up for other emerging technologies (L. Chen & Luo, 2014).

VR is one of the emerging technologies that have been linked closely as a possible extension
to BIM. Combining the easy accessibility, interoperability, and ability to create and manipulate
design data from BIM with visualization and interactivity from VR (Sampaio, 2018). For this
reason, software companies have started to develop advanced products that close the gap and

link VR devices and software with BIM (Sampaio, 2018).

2.3.1 Business drivers

There are many different business drivers for VR in construction with varying potential for
value creation and impact (Whyte, 2002). These business drivers are ways VR can improve
current processes [2.1.1, para 2] or create new business opportunities [2.1.1, para. 3] dependent
on how VR is used and for what purpose (Parviainen & Tihinen, 2017). According to (Sampaio,
2018) VR application is likely the next step for BIM due to the possibility of seamless
connection into the design process and ultimately improving the entire built environment. In
addition to the potential value in the design process, VR introduces potential value creation in
areas like marketing and sales (Whyte, 2002). Whyte (2002) presents several business drivers

for the use of VR in the construction industry:

e Project team — Client collaboration
e Co-coordinating in the project team
e Simulating dynamic environment

e Marketing

e Demonstrating tech competence
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2.3.1.1 Project team — Client collaboration

According to Kodama (1995), clients often need change as they discover rather than know what
they need, and the client’s initial priorities are not the best ones. This means that decisions
made from a thorough brief at an early stage may prove to be insufficient in covering the
client’s needs. Because the client’s needs are being discovered rather than known, it is
necessary to review design throughout development and adapt to emerging needs (Whyte,
2002). Zimmerman & Martin (2001) argues that users evaluate the built environment in a
different way than designers. In addition, many users lack experience with reading 2D/3D
models (Sampaio, 2018). By overlaying a BIM model with VR and conducting
walkthroughs/reviews of design, communication between the project team and client can
improve as it makes it easier for clients to visualize design at an earlier stage. This will support
decision making and potentially reduce cost and time by eliminating rework later in the project

(Sampaio, 2018).

By allowing clients and end-users to participate in the design, experiences from the users can
be fed back to the design team. It is important that all groups of future users are involved in
design review to ensure the needs of all future occupants are met (Whyte, 2002). According to
Derbyshire (2001), one challenge with end-user involvement in design is resistance from the
designers themselves. Bias from designers regarding how they want to design buildings might
not align with the needs of the client (Derbyshire, 2001). Participatory design reviews can be
seen as a way of doing reality checks through the project were designers can align their views
with the occupant’s needs, and in turn function as a protection for the interest of the end-users

(Leaman & Bordass, 2001).

2.3.1.2 Co-coordinating in the project team

Amongst the large companies in the construction industry, the organization often consists of
many fragmented disciplines. This fragmentation enables the disciplines to specialize but
makes the organization complex and makes collaboration challenging. This complexity sets
high demands for efficient and effective communication in order to decrease the chance of

misunderstanding and maintain productivity (Bughin et al., 2017).

Due to the many different disciplines and stakeholders that need to collaborate during a project,
where design and requirements can change rapidly, there is a need for agreement on one version
of “the truth” of content in 2D/3D models for effective collaboration (Bughin et al., 2017).
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According to Campbell (2007), the adoption of BIM can assist the integration of the fragmented
industry. By utilizing BIM, companies can eliminate inefficiencies, improving collaboration

and communication, and in turn, improve productivity (Campbell, 2007).

By adding VR, the BIM solution can increase efficiency on communication and problem-
solving in an interactive and collaborative project (Sampaio, 2018). Jiao, Zhang, Li, Wang, &
Yang (2013) further states that VR technology leads to better cross-discipline communication
in the building sector, based on better design visualization, contributing to a better

understanding of the project.

In addition to aligning views on a model in different disciplines in the project group, VR can
also help the scheduling process as an extension to 4D BIM as a way of enhancing construction
planning (Sampaio, 2018). Having the opportunity to visualize construction site in VR issues
connected to clashing operation on-site can be detected before construction has started, and
scheduling can be optimized, reducing the length of the construction process (Whyte, 2002).
This will cut time and cost wasted on-site (or later in the design phase), and lower the overall

design and construction cost of the project (Whyte, 2002).

2.3.1.3 Simulating dynamic operations

One important aspect of BIM is the ability to simulate use of the model. According to (Thomke,
1998) the cost and time of experimentation can be cut through computer modeling, allowing
for more iterations, which again can improve learning. Whyte (2002) highlight that these
simulations can be enhanced by the use of VR. By simulating dynamic operations, one can get
a better understanding of how the environment supports/hinders the operation that is going to

be conducted (Whyte, 2002).

This is highly relevant for design testing of complex projects where the time and cost of other
types of testing (mockups, etc.) can be considerably higher. By using VR and digital
prototypes, several aspects can be simulated, which includes the movement of people,
movement of vehicles, and operational logistics (Whyte, 2002). According to Whyte, one can

improve the quality of the final product by exploring the operation of design alternatives.

2.3.1.4 Demonstrating tech competence

A business driver of VR in construction identified by professionals is demonstrating technical
competence. By displaying a project in VR, one can differentiate from the competition and win
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bids. Demonstrating technical excellency when negotiating can help consultant engineers and
project managers to win over a client’s trust and in turn, generate more business for the

company (Whyte, 2002).

Using VR in the sales process has become common in some housebuilding companies in Japan
where 60% of VR the usage is done before the customer has purchased a home. The use of VR
in this early stage can also help reduce the potential for problems that arise from the ambiguity

of the project scope between the company and customer (Whyte, 2002).

2.3.1.5 Marketing

Another business driver for VR is marketing. It has become commonplace for companies to
use VR models from earlier/current projects to market themselves. VR still has novelty value,
and one can leverage VR models to create enthusiasm and press coverage surrounding a project

(Whyte, 2002).

VR models may also be used as marketing for the clients themselves. This has been especially
useful in large complex projects like airports or banks, where the client wants to use VR to
market the new facility. It has also been used for virtual tours of a new facility in order to
advertise rental space for a prospective customer and potentially increase profitability for the

client (Whyte, 2002).

Companies in the construction industry which have adapted VR often see a high novelty value
and regard VR as beneficial in marketing. VR is able to move the focus from glossy images
and architectural design to the spatial layout of a new building, the potential for change over

time, and improved running of efficient construction (Whyte, 2002).

2.3.2 Valuating VR in construction

VR investments are usually minor in comparison to the full construction project cost and can
have significant positive implications on the profitability (Woksepp, 2007). However, these
implications are usually in the form of increased quality of the construction design or new
solutions that are difficult to value in terms of money. DeLone & McLean (1992) reason that
conventional cost-benefit analyses are often not performed for this kind of technology because

of difficulties in quantifying intangible benefits.
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However, there is existing research quantifying certain benefits of using VR for improving
decision making in projects. A research project by Paes, Arantes, & Irizarry (2017) compares
users’ perception of architectural models when using an immersive environment, to the
perception gained when using traditional computer screens. The study indicates that the
immersive environment can benefit current design practices by providing a better overall
spatial perception of the 3D-model when using the immersive environment. This includes
statistically significant results showing that users are able to better estimate distances and make
more sense of spatial information. However, a better perception of the design of the model does
not necessarily mean that the user’s ability to make effective design decisions is improved.

(Paes et al., 2017).

Another study concludes that the use of immersive display systems in project meetings leads
to uncovering more ideas because of a shift in conversation types from being descriptive to
being of more predictive character as shown in figure 5. This, in turn, led to savings in time

and money (Maldovan & Messner, 2006).

Traditional Project Meetings Immersive Project Meetings
SALA Shirlington Village
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Figure 5: Difference in nature of conversation with and without immersive visualization in construction project meetings. From Maldovan
& Messner (2016).
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2.4 Implementation of VR technology in an organization

A report from 2018 (Cohen et al., 2018) identifies four key focus areas for successfully

implementing/-enhancing the use of VR and AR technology in a company:

e Focus on identifying the ‘right’ use case that provides lasting value and support
employees on this journey.

e Upskill internal workforce and recruit for VR skills.

e Develop a centralized governance structure with all VR activities coordinated by a team
and build VR awareness.

e Prepare technology infrastructure to integrate VR.

2.4.1 Use cases

Providers of VR technology says that organizations are eager to try out the technology before
knowing how to apply it. Many organizations have difficulties with identifying when and how
to use VR technology (Cohen et al., 2018). According to Forni (2017), the first step for
successful VR implementation is researching the possibilities that exist for the organization’s
business processes. Furthermore, it is necessary to focus on how VR can improve specific
processes before proceeding to the development of VR facilities (Forni, 2017). A study from
2006 about VR adoption in the construction industry highlights internal needs as a key for
adoption (Fernandes, Raja, White, & Tsinopoulos, 2006). Research has shown that finding the
right use cases and testing its applicability is part of the top three priorities for companies that

succeed with implementing VR (Cohen et al., 2018).

2.4.2 Workforce competency

There is a growing gap between digital skills needed and skills possessed by organizations
(Buvat et al., 2013). Many organizations argue that “their digital talent gap is hampering their
digital transformation programs and that their organization has lost competitive advantage
because of a shortage of digital talent” (Buvat et al., 2013, p. 4). This is also applicable to VR
technology, which is quite new and where many companies lack in-house VR expertise (Cohen
et al., 2018). According to Fernandes et. al. (2006), the skills of project teams is one of the

essential factors for the adoption of VR in construction companies.
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Companies that are succeeding with VR technology have focused greatly on the necessary
skillset. One way of upskilling the workforce is by investing heavily in an agile, in-house team
of experts. This can be achieved both by hiring new personnel with VR expertise or by
conducting specialized in-house training for current employees (Cohen et al., 2018). For
training of personnel, being interested in VR and new technology is vital as (Hidi, 1990) argues

that interest is central in determining how people select and persist in processing information.

Brand (2015) further reasons that an important element in successfully implementing change
is creating a knowledge transfer plan. More than just training, this should account for the
different ways people can acquire the knowledge they need to make the system a success. This
knowledge transfer can include desktop procedures, expert users, interactive FAQs, help desks,
coaching, or classes (Brand, 2015). Furthermore, Davies & Hobday (2005) argue that
organizational knowledge resides in its memory, which is located in the established routines.
These patterns for productive activities form the basis for the organization’s capabilities

(Davies & Hobday, 2005).

Although there are various definitions of “learning in organizations,” they all have a knowledge
component and an action component in common (Jacobsen & Thorsvik, 2007). Traditional
theory about learning is that people are motivated by goals and that learning involves efforts to
change behavior to become better at achieving these goals. Argyris & Schon (1978) show that
there is a fundamental difference in the learning that considers how procedures can be
improved, and learning that also addresses why it should be improved. He differs between
Single-loop learning and Double-loop learning as shown in figure 6. Single-loop learning is
described as the learning where the goals and values behind the behavior are taken for granted.
It is not questioned whether this goal is really what is wanted, it is only focused on how the
result can be improved. Double-loop learning, however, involves a constant will to assess and

question the goals and values that form the basis for the behavior (Argyris & Schon, 1978).
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Figure 6: Single- and double-loop learning. Adapted from Argyris & Schon (1978).

It is also emphasized the distinction between explicit and tacit knowledge and their ability to
be disseminated. Explicit knowledge can be formally expressed and learned from other people.
This is information that can be transmitted between people through writing and can be
presented in manuals, procedures, and guides. Tacit knowledge concerns knowledge gained
through personal experience. This is knowledge that cannot be articulated and is embedded in

skills and teamwork of personnel (Davies & Hobday, 2005).

An alternative way for organizations to gain required skills is by outsourcing to subject matter
experts, or partner with specialized teams and institutions in order to leverage outside talent

(Cohen et al., 2018).

2.4.3 Governance

Support, training, and encouragement from top management are vital for communicating the
value of VR to workers. This is needed in order to overcome change resistance and increase
the VR adoption rate (Cohen et al., 2018; Fernandes et al., 2006). Fernandes et al. (2006) also
argues that top management support is central for gaining the necessary capital and labor

resources needed for the implementation of VR within an organization.

In order to let the technology develop and flourish within the company, one must establish a
governance structure. There are many key stakeholders regarding the use of VR technology in

a company, often across different parts of the company (Cohen et al., 2018).
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Many believe that innovation and implementation of new technologies should most ideally be
carried out through bottom-up initiatives. This perception stems from top management being
distanced from the day-to-day tasks, making it challenging to identify needs (Birkinshaw et al.,
2011). However, it is vital that top management picks up these initiatives and support further
development, allocates resources and aligns initiatives with business goals (Birkinshaw et al.,
2011; Cohen et al., 2018). In addition to ensuring the best use of resources, Cohen et al. (2018)
highlights the importance of a centralized unit that can store and share knowledge about VR
throughout the organization. This information spreading is vital when adopting VR as
companies often struggle with a general lack of awareness of VR technology, its application,

and the benefits that it can yield, which in turn makes adoption difficult (Cohen et al., 2018).

Another way of spreading knowledge and increase VR awareness is through employees
championing for VR technology (Fernandes et al., 2006; Cohen et al., 2018). A study by
existence of champions is critical for succeeding with widespread VR adoption. Fernandes et
al. further states that champions can convince associates, subordinates, and top management of

the benefit of VR in construction.

A central part of the top management role in implementing new technology is aligning the
implementation of technology with business goals (Birkinshaw et al., 2011). This requires top
management to have a strategy. Although the technology itself is important, value is created
through how well it is integrated in the company. Therefore, having a strategic focus is vital
for gaining long-term value from implementing new digital technology. This means that top
management needs to understand how the new technology can be used to affect business and
be willing to lead the way in conceptualizing how the technology may transform the industry
(Kane, Palmer, Phillips, Kiron, & Buckley, 2015). However, it is recommended that a high-
level digital strategy is developed and that new technological tools are seen in light of this,
aligning technology use towards long term business goals and not developing individual

strategies for all new technologies (Kane et al., 2015).
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2.4.4 Technology infrastructure

A large part of companies that are exploring and implementing VR technology believe that
complexity in execution, as well as lack of data and technology readiness, is a significant
barrier for adoption. According to a Cohen et al. (2018) companies should ensure that

technology building blocks are in place.

It is given that in order to use VR, necessary hardware and software need to be available for
personnel in the company. It is also imperative to have available data in the right format ready
for use. Having the right data available is fundamental for implementing VR technology

(Cohen et al., 2018).

In order to decrease the complexity of execution, companies can collaborate with other
experienced vendors. These vendors have standardized solutions, which can help move from
specialized solutions for all use cases to a solution that can be applied to most or all use cases.
Partnerships with universities for further developing technology and testing potential use cases

should also be considered (Cohen et al., 2018).
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3. Methodology

The purpose of this chapter is to explain the methodology used for this thesis. It describes the

research strategy, research design, research method, data analysis, and quality of study.
3.1 Research strategy

For this thesis it is primarily chosen an inductive and qualitative research strategy. This strategy
was opted for in order to understand what valuable use cases there are for VR in COWI, what
the current state of VR adoption is in COWI, and what should be emphasized in order to
increase their VR capabilities in the future. Qualitative data is often used in intensive design
and 1s better suited to analyze complex contexts (Busch, 2013). The epistemological stance of
this research is interpretivism, whereas the ontological position is constructivism.
Epistemological refers to the relationship between the authors and reality. The interpretivist
approach means that the root causes found through observation in this study should not be
regarded as absolute facts but as the perceived truth. Ontology refers to the nature of reality,
and constructivism means that social reality is viewed to be influenced by social interactions
and subject to change. Meaning that as interviewees share the same environment and interact

with each other, their perception of reality is gradually aligned (Bryman, 2016).

3.1.1 Research process

The research process started with an initial literature review of VR in construction. This was
done in order to gain insight into VR and VR adoption. Based on the literature review and
discussions with a contact person in COWI, the research questions presented at chapter 1.2
were developed and refined. After refining RQO, RQ1 and RQ?2, the four key areas for VR
implementation presented in chapter 2.4 were established through a second, more extensive,
literature review. The key areas were then split into smaller sub-categories that enabled the
authors to generate relevant questions, an overview of key areas and sub-categories that are
shown in figure 9. Then the research design was refined and developed further allowing the
authors to start the sampling of interviewees. A pool of relevant subjects for interview was
made available through the contact person in COWI. The focus was on obtaining employees

from different sections, at different levels in the organization and both from the Trondheim
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office and the Oslo office. After interviewees were selected the semi-structured interview guide
was developed on the basis of gaining insight into all four key areas of adoption. Collecting
and reviewing internal documents were done in parallel with conducting interviews in order to
use the time between interviews efficiently. After conducting and transcribing 12 interviews
and reviewing eight internal documents from COWI, five use cases and 18 observations
regarding the current state of VR adoption were identified through coding. These were then
discussed in light of existing literature that was regarded as relevant. For the 18 observations
about the current state of VR adoption, causes and effects were discussed in relation to theory
in order to develop suggestions for future improvements. Before concluding what use cases
that are relevant for COWI, what the current state of adoption is, and what to improve,
limitations, and new areas for further research were defined. The research process is illustrated

in figure 7 below.

26



Literature review

A literature review on VR, VR adoption and change management was conducted.
\_ Presented in chapter 2. Y,

n

Define research questions
Based on literature review and discussions with COWI, 3 research questions were developed.
\_ Presented in subchapter 1.2 y,

n

Key areas for implementation
4 key areas for VR implementation were established based on literature review.
\_ Presented in subchapter 2.4 p,

n

Establish research design
A case study design was chosen for this study.
Presented in subchapter 3.2

.

Pick interview objects
Relevant personnel were identified and contacted to schedule interviews.
\_ Presented in subchapter 3.3 Y,

n

Develop interview guide
Based on the key areas for implementation an interview guide was developed.

\_ Presented in subchapter 3.3 Y,
. . \
Conduct interviews Collect documents
12 interviews were conducted and transcribed. Internal documents from COWI were retrieved.

\_ Presented in subchapter 3.3 Presented in subchapter 3.3 J
e ™
Code data
Transcripts were coded into observations through several iterations.

\_ Presented in subchapter 3.4 y.
. N

Discuss observations in relation to theory
Observations coded were analyzed and discussed in relation to theory.
Presented in chapter 4

Define limitations and further research
Limitations of study was defined and topics for further research were suggested.

\_ Presented in chapter 5 y,
' I
Conclude
Conclusion of potential VR use cases, current state of VR adoption in COWI, and what to emphasize in the
\_ future to increase VR capabilities. Presented in chapter 6 )

Figure 7: The research process.

27



3.1.2 Theoretical foundation

The scientific theory consists of literature that concerns VR in the construction industry, VR
and technology adoption, and change management. In order to find literature relevant to the
thesis, both keyword searches and reference searches were conducted. Academic databases
chosen were Science Direct, Google Scholar, and Oria. They were picked for their high-quality
reputation as well as offering a wide variety of articles regarding business and technology,
making them well suited for this thesis. The databases also support AND/OR functionality,

allowing keyword search to be more specific.

Sources used were sought to be as new and relevant as possible, and publishers like SAGE and
Wiley are mainly sited due to their reputation as reliable, increasing the robustness of the
theoretical foundation. However, the use of VR technology in construction is a field of study
where little research exists and collecting reliable, relevant, and up-to-date information has
been a challenge. In areas where academic databases lacked information, reports and
whitepapers have functioned as a supplement. Internal documents from COWTI has also been

used to gain further insight into their VR capabilities.
3.2 Research design

The choice of research design is based on the purpose and the nature of the thesis. With the
primary unit of analysis being employees in COWI, it was considered most suitable to conduct
a case study. Bryman (2016) describes a case study as well suited for a qualitatively, intensive

examination of an organization.

In this thesis, an intensive design is used. According to Busch (2013), an intensive design is
characterized by exploring in-depth and utilizing relatively few sources where interviews are a
common source. An intensive design shows its strength when a problem is complex with many

variables (Busch, 2013) and this is the reason why it was chosen in this thesis.

The time respective in which the data is collected is essential. By collecting data at several
different points in time, one can study complex time-dependent cause and effect relationships
Busch (2013). In this thesis, the authors have chosen what is called a cross-sectional study. In
a cross-sectional study, data is gathered at one point in time Busch (2013). Data collection for

this thesis has stretched over a time period, but as each interviewee only has conducted one
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interview, it is to be regarded as a cross-sectional study Busch (2013). The reasons for choosing
a cross-sectional study are the time limitation and the research questions aimed at identifying
VR use cases for COWI, as well as diagnosing the as-is situation of VR and COWTI and its

potential for improvement.

3.3 Research method

This subchapter describes the selection of interview objects, how data was collected, and from

which sources.

3.3.1 Interview objects

The goal of the interviews was to gain insight into how VR technology is utilized in COWIL.
Because of time limitations and the number of employees that could be interviewed,
interviewees were purposively sampled. According to Bryman (2016), purposive sampling is
when those sampled are strategically chosen based on relevance to the research question. It
differs from probability sampling were picking of subjects is random. However, even though
purposive sampling was utilized in order to maximize insight from a limited number of
interviews, it is possible that the sample is to some extent, a convenience sample. Convenience
sampling is when the sample is available by chance and not a strategic choice made by the
researcher (Bryman, 2016). The interviewees were picked from a pool of relevant personnel
that was recommended by the contact person in COWL. It is possible that particular employees
were not made available as interviewees due to reasons beyond the authors’ control, making

the sampling partly based on convenience sampling.

Personnel with and without VR expertise in different departments and sectors were picked.
This was done to enable a realistic and holistic view of COWI’s VR capabilities. The
purposeful sampling provided interviewees from different departments and roles, which were

regarded as necessary for the analysis to be representative across the company.

3.3.2 Interview Guide

A general interview guide was created with questions covering each of the four key areas for
VR implementation presented in chapter 2.4. The questions were formulated as open-ended to
make sure that the relevant topics were covered without leading the respondent towards biased

answers, and letting the interview flow as freely as possible within the area of interest.
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According to (Yin, 2012), such semi-structured interviews can lead to richer and more
extensive data than other methods and is well suited for use in case studies. The interview guide
consisted of approximately 25 questions and was partly adapted to the interviewee’s field of
expertise in order to focus time used to areas were most insight could be gained. The guide was
used as a loose framework during interviews, and as a reminder of which topics should be
covered. In many cases, insights about the current VR situation in COWI were often gained
through in-depth follow-up questions not included in the guide. The interview guide can be

found in its completeness in Appendix 1.

3.3.3 Conducting interviews

As mentioned, the primary source of data for this study has been qualitative, semi-structured
interviews. COWI employees were questioned about their thoughts and experience with VR
technology within the four key areas of VR implementation presented in 2.4. Follow-up
questions were asked as the interviewee highlighted different concerns within each area of
interest. During the interviews, one author led the conversation, while one transcribed. The
interview transcripts allowed for several examinations of the interview at later stages,
increasing validity (Bryman, 2016). Due to the fact that interview lets the researchers gain first-
hand information concerning the area of interest it is considered to be an essential source of

data in a case study (Yin, 2014), making it well suited for this study.

In total, 12 interviews were conducted with personnel from the Oslo, Trondheim and Denmark
office and across different sections. Eight of these interviews utilized the interview guide. Four
additional interviews with VR experts were conducted (two of these were with experts from
Denmark). These interviews all had a specific topic were insight about current VR initiatives
in COWI and VR use cases were discussed in detail. The reason that two of the interviews were
conducted with personnel from Denmark was to gain insight into a Norwegian-Danish research
project currently being conducted. Due to the highly specific nature of these interviews, it was
decided not to use the interview guide and instead use a list of questions regarding the specific
topic of interest. During interviews the authors strived to uphold the two principles presented
by Yin (2014), to follow a planned line of topics ensuring that the insights gained were of
interest and to ask open non-leading questions in order to limit bias introduced by the

interviewer.
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Skype was used for conducting the interviews, which ranged from 30 to 60 minutes in length.
It was highlighted that all interviews together would constitute the foundation for observations,
and interviewees were anonymized. The interviews were also carried out with one person at a
time. This was important in order to encourage the interviewee to speak freely. Table 2 presents
an overview of the anonymous interviewees, were department, discipline, duration of the
interview, and the number of words in the transcript is presented. For interview 1-8 the
interview guide was used, interview 9-12 dealt with a specific topic of interest, and did not
utilize the interview guide. In total, 16 580 words were transcribed over approximately 7,3

hours of interviewing.

Table 2: Information about interviewees. Shows the department the interviewees work at, what type of position they have,
length of interview and words in the transcript. The number in column 1 correlates with the numbers behind each observation
in figure 9 signalizing which interview corresponds with the observation.

Interviewee # | Region Discipline Duration Number of
[min] words

1 Oslo Technical 30 1165
Director

2 Oslo RIV 38 1077

3 Oslo LARK 47 1507

4 Oslo BREEAM AP 46 1349

5 Oslo RIE 37 988

6 Oslo Project 40 1619
management

7 Trondheim | RIB, BIM- 31 1091
coordinator

8 Trondheim | RIE, BIM- 29 1715
coordinator

9% Oslo VR specialist* 52 1854

10%* Denmark* | VR Specialist* 35 1659

11* Denmark* | VR Specialist* 26 1243

12% Oslo VR Specialist* 27 1353

SUM N/A N/A 438 16 580
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3.3.4 Other sources of information

In addition to the interviews conducted, documents were used as a secondary data source.
Documents are considered a good source of data as they are stable, unobtrusive, specific, and
broad (Yin, 2014). Internal documents from COWTI include five PowerPoint presentations, one
VR report, one survey, and one strategy report. These documents have given additional insight
regarding the research questions as well as support findings from interviews. These documents
are confidential and are subject of a non-disclosure agreement, and will therefore not be
published. Information that is publicly available from COWI’s web page, as well as news

articles, has also been reviewed to provide context to the subject of this study.

3.4 Data analysis

This subchapter describes the overall strategy chosen for analysis, how the analysis is built up

in two parts, and the coding process.

3.4.1 Analysis strategy

For this thesis, grounded theory has been the main strategy for analyzing the qualitative data
collected through interviews and other internal documents. Bryman (2016) describes the
grounded theory as well suited for investigating complex situations, making it suitable for an
organizational study. In order to systemize and analyze the qualitative data gathered in this
thesis, coding has been conducted. According to Bryman (2016), coding is the primary method
in grounded theory and enables the researchers to systemize and analyze data through emerging
concepts, categories, and potentially theories. In addition to coding transcripts, the researchers
wrote notes and memos from the interviews in order to capture insight that did not come forth

in the transcripts alone. The coding process is described in-depth in chapter 3.4.3.

3.4.2 Analysis part 1 vs. part 2

In order to answer the research question presented in chapter 1.2 in the best possible way, the
analysis was split into two different parts. Part 1 is presented in chapter 4.1 and considers RQO.
This analysis presents and discusses insight gained from interviews and internal documents

from COWI with existing literature regarding VR use cases in construction. This is a more
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simplistic analysis were the main goal has been to establish potential valuable VR use cases

for COWI, and by that establish relevance for RQ1 and RQ2

Part 2 is presented in chapter 4.2 and considers RQ1 and RQ2. Here a more extensive analysis
is conducted, with the goal of establishing what the state of VR adoption in COWI is, and what
should be emphasized in the future in order to improve VR capabilities. Observations derived
from coding are categorized and discussed in relation to theory in order to establish causes,

effects, and suggestions.

3.4.3 Coding process

From the interview transcripts, line-by-line coding was done. (Strauss & Corbin, 1998)
describe line-by-line coding as a very time-consuming method, but often a most generative
method and therefore important at the beginning of a study. The process of coding was done in
parallel with data collection in order to have the interviews fresh in mind when coding, as
recommended by Bryman (2016). Each researcher did the first round of coding separately
before the other researcher then reviewed codes created. This process was conducted to ensure
that all information available was coded, as well as to align the researchers’ understanding of
the data gathered. The codes consisted of sentences rather than a word, which is commonly
used in coding, to give more context. Originally too many observations were coded and they
were later refined through two steps of refining as recommended by Bryman (2016). This

process is illustrated in figure 8
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During the process of refining codes into observations, codes were crosschecked against

transcripts in order to establish how many interviewees had expressed similar statements.

Based on the number of interviewees that had expressed them and how relevant they were to

the research question, the number of codes was refined from 72 to 18 as shown in table 3.

Table 3: Refinement of observations. Shows the steps of the refining process and the number of observations associated with

each step.

Refinement of observations

Number of initial observations 72
Observations after first refinement 51
Observations after second refinement 18
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3.5 Quality of research

This subchapter discusses the quality of the research design that this thesis builds on. This is
done by addressing the central research criteria for qualitative studies presented by Yin (2014):

Reliability, construct validity, external validity, and internal validity.

3.5.1 Reliability

The reliability is meant to minimize errors and bias, by ensuring the conclusion is a reflection
of the gathered opinions, and not the researchers’ own beliefs. The reliability can be increased
by demonstrating that other researchers can repeat the study and achieve the same results (Yin,
2014). In order to increase reliability, the authors strived to preserve a strong chain of evidence

by several different measures.

During the start of the project, an online database was established and was used to store all
data, literature, insight, and other resources gathered during the project. This ensured the
safekeeping of data and easy accessibility for both researchers. Information was organized in
folders in order to ensure a good overview, allowing researchers to easily find and review old
interview transcripts, notes, or other resources. In addition, a digital protocol containing Gantt-
charts, work-packages, interview dates, potential questions, and other notes were created in
order to help the researchers always having a high-level overview of the project and data

collection.

To further increase reliability, an interview guide was created and used during interviews. This
guide is enclosed in appendix 1. Interviews were done through Skype, with one researcher
conducting the interview while another writing a transcript. After an interview, researchers
discussed the insight gathered in order to ensure that the qualitative data were understood in

the same way.

In this study, data have been gathered from three sources: semi-structured interviews, internal
documents, and publicly available information. Most data have been accumulated through
semi-structured interviews, making it hard to repeat the research and gain the same data. This
is because individual interview skills and cognitive limitations affect the interviews.
Interviewees have also been anonymized, obstructing absolute repeatability and lowering the

overall reliability of this study. However, as described in chapter 3.3.1 interviewees were
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purposely picked in order to ensure insight that is representative of COWI, increasing the

chance of replicability if the sample criteria are met.

Regarding the internal documents retrieved from COWI, these are under the subject of a non-
disclosure agreement and will not be published. In order for other researchers to gain access,
COWI will have to make them available. Another aspect of the reliability of this study is time.
Because COWI is an organization which is continuously changing, the reliability of this study
may decrease with time. Due to a central part of this study is describing current VR adoption
in COWI, a repeated study would not replicate the results, but describe the change in VR

adoption over the time period between the two studies.

3.5.2 Construct validity

Yin (2014) describes construct validity as identifying the right operational measures for the
concepts being studied. To ensure construct validity this study uses data from multiple sources
like semi-structured interviews and internal documents from COWI. Having several data
sources verifying the same fact increases construct validity. The authors have further strived to
address construct validity by ensuring a strong chain of evidence through measures mentioned
in chapter 3.4.1. Lastly, personnel from COWI have gone through a draft of the thesis, further

increasing the construct validity.

3.5.3 External Validity

According to Yin (2014), external validity can be regarded as to which degree the findings can
be generalized beyond the case study. This is generally a weakness in qualitative studies as a
cause of small sample sizes (LeCompte & Goetz, 1982). This study goal is to assess VR use in
COWTI and does not investigate whether findings are applicable to other companies. However,
it may be questioned whether or not 12 interviewees are adequate for attaining valid findings
that represent the situation at COWI, especially for the Trondheim office where only two
interviews were conducted. In order to increase the external validity, pattern matching and an

extensive literature review were conducted as recommended by (Yin, 2014).
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3.5.4 Internal validity

Internal validity relates to whether unknown casual relationships affect the conclusion of a
study. According to Yin (2014), this mainly concerns exploratory case studies were the
research question is “how” and “why” event X lead to event Y. In this study, several root causes
to current barriers for VR adoption are identified. Whether or not these are actual causes or if
the connections are casual is of importance. Internal validity is increased by matching the
emerging patterns from analyzing the interview transcripts with the conceptual framework
presented in 2.4. However, due to the qualitative nature of this study and the interpretivist
approach used, the root causes found may not be the only truths, and should rather be

understood as the authors’ perceived truths.
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4. Results and discussion

In this chapter, findings from the interviews, data collection and literature review are presented.
The findings are furtherly analyzed and discussed in the related chapters. Part 1 is the least

extensive and forms the basis for Part 2, which is the main part of the analysis.

e Part 1: RQO
e Part2: RQI & RQ2

4.1 Part 1: RQO

This subchapter presents the findings regarding research question 0.
e RQO: What are valuable use cases for VR in COWI?

The subchapter is further divided into two new subchapters where the first address use cases
identified from interviews and internal documents, and which are discussed in relation to
relevant literature. The second elucidates insight gathered through the research regarding

challenges and other considerations about the use of VR in the construction industry.

4.1.1 Use cases for COWI

For VR to be adopted in an organization, it must primarily show a relative advantage compared

to the existing approach [2.1.3.1, para. 2]. In this subchapter, it is analyzed how various

application possibilities can improve the work process in COWI. Most interviewees either had
experience from, or an idea of, use cases of VR that could be valuable for COWI. The
interviewees that were more adept in the use of VR technology often had more insight into
valuable use cases. Additionally, an earlier study in COWI has researched VR use cases and
their potential value, and has provided support for the results in this thesis. There were
especially four areas of use that were frequently brought up [U1-U4]. Other use cases that were
mentioned by fewer employees are included in US. These use cases are further discussed in

relation to theory in chapter U1-US.

Table 4 summarize the findings regarding U1-U4 and their value. It lists identified use cases,
their potential value, and relevant literature presented in chapter 2. The table is a visualization

of the answer to RQO.
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Table 4: Overview of findings regarding potential VR use cases for COWI. The potential value is based on information gathered from COWI as well as existing theory in the field.
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Ul Use case 1: Design review

Design review and design optimization is a central process amongst personnel in COWI and

using VR for this purpose can be seen as a way of improving internal efficiency [2.1.1, para 2].

Reviewing the model through VR tools can give the user a better overall spatial understanding
than with a regular desktop 3D model [2.3.2, para. 2]. This can possibly enable a better
understanding of how well the building fits the end-users needs, lower ambiguity in the project
group and inspire more feedback from users during the design phase [2.3.1]. When talking to
COWI employees three different types of design review were suggested, namely design review

2 9

”with client”, ”’in project team” and “alone”.

U1.1 With client

The most mentioned use case for VR by employees was “design review with the client.” The
client is often not familiar with working in technical models and often struggles to understand
what a 3D modelled room will be like in real life [2.3.1]. VR allows the client to “test” the
building at an early stage in the project when changes are still not too expensive to make. COWI
has done this in several projects, and employees have stated that by showing the model in VR,
more enthusiasm is created as well as more feedback from the client than through regular 3D
models. By getting more feedback at an early stage, the design can be optimized towards the
client needs, increasing the quality of the building/project [2.3.1]. Because clients might have
difficulties in understanding 3D models there might exist ambiguity between the project group
and the client. This ambiguity may lead to misunderstandings. By lowering ambiguity and
managing client expectations through VR, one can ensure better communication and
understanding between COWI and the client. This increased transparency can potentially lower
the possibility of a costly and time-consuming legal dispute, which affects many construction
projects. In addition, the client will have a feeling of increased ownership due to becoming

more involved in the design processes and decisions.

U1.2 In project team

Several interviewees expressed that the use of VR for cross-disciplinary meetings could be
valuable for COWI. Several potential benefits were presented. By having walkthroughs in VR,
initial ambiguity in the project team surrounding design could be lowered, and decision basis
strengthened. It could also be used for collision control across disciplines. This can lead to

fewer mistakes and reduce the risk of budget and schedule overruns in the project [2.3.1]. In
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addition, by using 4D BIM the sequences of installation as well as planning of space on the
construction site could be optimized and time used during construction could be reduced
[2.3.1]. Some employees were uncertain about the value of this use case. They argued that
visualization in regular BIM could be sufficient, and the value of using VR in cross-disciplinary

meetings depends on the participant’s ability to understand a model with or without using VR.

U1.3 Alone

Another use case that was suggested by COW-employees is using VR for personal walkthrough
of the 3D-model. Some of the interviewees did this on a regular basis and found it to be valuable
for them. While working with a model in for instance Revit (BIM), the model can easily be
transferred to VR with the possibility of observing what has been designed in a more nuanced
perspective [2.3.1]. When using VR, it is easier to check how the visibility, accessibility, and
spatial feeling is in a room than it is in a regular 3D model [2.3.2, para. 2]. It is also possible to
change the VR view to the viewpoint of a specific group of users, e.g. children or wheelchair
users, in order to see the room from their perspective. Interviewees expressed that this can lead
to increased quality of design and lower the risk of design errors, potentially cutting cost and
time. However, it was argued by employees who were not familiar with the use of VR that this
process seem time-consuming and that they would rather review the model through regular

BIM.

U2 Use case 2: Simulation/Training

Employees stated that a valuable use case is using VR to simulate dynamic operations in a 3D
model. This is done in order to test how a design supports or hinders day-to-day operations as
well as emergencies. This can be seen as a way of improving internal efficiencies, as
optimization of design is a much applied process in COWI [2.1.1, para 2]. When conducting
large projects like hospitals, optimizing the building towards usability is very important.
Current methods of simulating how an end-user will use the building involve the use of physical
mock-ups. Building these mock-ups can be costly and time-consuming. By utilizing VR, both
time and cost of simulation can be cut, allowing for more iterations and resulting in a better
quality build at the end [2.3.1]. An external opportunity that was brought up by employees is
using VR to familiarize a building layout for an end-user before they move into a building
[2.1.1, para. 3]. This is especially important for hospitals, as personnel needs to know the

building well before patients can move in. Having personnel familiar with using the new
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hospital before finishing construction can lower the time needed for adaption to the new

building and in turn, reduce the overall cost for the client.

U3 Use case 3: Marketing

Employees expressed that one of most applied use cases of VR in COWI is using it as a tool
for marketing. When having stands at conventions where current and earlier projects are
displayed, visitors can walk around in a 3D model either using a phone and cardboard glasses,
using HMD, or entering a VR cave. Even though VR has existed for many years, widespread
VR use in the construction industry is somewhat new, and interviewees stated that it has a
“wow” effect, which correlates well the literature review [2.3.1]. By using VR as a way of
drawing attention to COWI and COWI projects, VR is a way of improving the internal
efficiency of marketing [2.1.1, para. 2]. There is also an external opportunity regarding VR as
a tool for marketing [2.1.1, para. 3]. By selling a VR-model as part of a delivery to clients, the
client can use the VR model as marketing towards their own customers. This can especially be

valuable for a clients who are renting out space in finished buildings or projects [2.3.1].

U4 Use case 4: Sales

Several employees highlighted the value of using VR as a tool for winning tenders. Some
respondents expressed that this can provide a competitive advantage because of the high
novelty value of VR. They believed, however, that the novelty value would eventually drop,
and that VR would be an expected service towards clients in the future. While VR still has
novelty value, it represents an external opportunity where VR can be offered in delivery as an
extra service towards the client, separating COWI from competitors [2.1.1, para. 3]. In addition
to being an extra service towards a client, it helps to display excellent technical competence,
further building COWI’s image as a market leader within technology in the construction

industry [2.3.1].

U5 Use case 5: Other suggestions from employees

In addition to the four aforementioned use cases that were repeatedly brought up by
interviewees, there are some other use cases which were mentioned by fewer employees. One
suggestion was using VR as a communication tool for project meetings in favor of skype.

Another one was adding acoustics to the VR model when running design reviews to enable
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more coherent understandings of what planned design will sound like. Due to a limited scope,

the authors decided to focus on the most mentioned use cases [U1-4].

4.1.2 Considerations

The previous subchapter displays the benefits of using VR for various use cases. This

subchapter address complications and considerations related to the adoption of VR.

First of all, there are various costs involved that must be considered. Initially, implementing
VR requires investments in hardware and software. These are relatively small investments in
the context of construction projects, but in an industry with many competing suppliers, there is
often a very tight budget, and all investments must be accounted for. Additionally, using VR
in projects requires the time of the personnel involved in the process. This applies both to the
personnel preparing the use of VR, and the personnel that is involved in using VR in project
meetings, etc. However, VR has become a technology of relatively low user complexity in the
context of construction projects, which has a positive effect on the ability of personnel to be

efficient in adopting new work habits [2.1.3.1, para. 3].

For VR to be worth implementing, these costs will have to be reimbursed by the benefits gained
in some way. Many claim that the benefits often outweigh the costs significantly, but that the
problem is that benefits gained are primarily in the form of intangible and unmeasurable assets
[2.3.2, para. 1]. The perceived benefit of VR is through improved visualization, which in turn
should lead to a better understanding of models, improved ability to identify problems, etc.
This should eventually lead to value, e.g., in the form of constructions that are more aligned
with the expectations of the customer, inducing fewer issues with change requests, more
satisfied clients and an improved reputation for COWI. The problem here is that all the
mentioned effects are very challenging to measure because there are so many factors
influencing these results. For instance, it might be difficult to decide whether an error would

be identified at a later stage if it had not been discovered in VR.

Additionally, the value of using VR in projects is not universal. It will vary depending on the
type of project, the complexity, stakeholders and personnel involved, etc. Therefore, it is
necessary to find alternative ways for determining the value of using VR in different kinds of

projects for COWL.
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Another important aspect of the use of VR is that its value must be seen in comparison to other
media of visualization. The original visualization media is using computer screens for
displaying the 3D-model. This method will continue to be the most effective visualization tool
in many areas because of the availability, and the high ability to interact with the model. VR

must be understood as a supplement to traditional screen-BIM and not a replacement.

4.2 Part 2: RQ1 & RQ2

In this part of the analysis, the findings regarding research questions 1 and 2 are presented,

analyzed, and discussed.

e RQI1: What is the current state of VR adoption in COWI?
e RQ2: What should be emphasized in order to increase COWI’s VR capabilities?

Research question 1 is answered by measuring data gathered from interviews towards the
framework for implementation of VR, which was identified through the literature review
[chapter 2.4]. This framework sections VR implementation into four key areas of examination,
these are categorized from K1 to K4 as illustrated in figure 9. In order to ensure that interview
questions covered the key areas extensively, these key areas are further divided into more
defined subcategories by the authors, to which observations are connected. To ensure
verifiability, observations are listed with numbers referring to which interviewees have
expressed this statement. The corresponding numbers can be found in table 2. Each observation

is independently discussed and jointly compris the answer for research question 1.

Furthermore, the observations are analyzed in relation to theory to be able to uncover the causes
of existing problems. Ultimately, five major root causes are identified. These are noted R1- R5
and are listed together with each corresponding observation. Causes are further discussed with
respect to existing theory in the field, finally providing the foundation required to offer
suggestions for future work needed to enhance VR capabilities. These suggestions constitute
the answer to research question 2. For some observations, causes or suggestions are not

presented due to being regarded as irrelevant by the authors.
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RQI1:
What is the
current state
of VR
adoption in
COWI?

Key areas for . . Relevant
ey . Subcategories Observations Root casues .
implementation litterature

[ K1.1.1: Decision to use VR in projects is random [1.2.4,7.8.11%] ] (_ R1: Lacking \ ( )
K1.1: K1.1.2: Decisions about use of VR is made at project level procedu‘Jres for
Identifaction [1.3.4.6.7.8.9%.11%] use Chapter:
[K1.1.1], 2.1.4,
K1: Use cases [ K1.1.3: Differing use between sections [1.8,9%,11%] ] :K] 2.1 :, 242,
e = —_— — [K3.3.2].
K1.2: Execution K1.2.1: Difficult to utilize VR in projects without knowhow in project K j _ J
group [1.2.4,7.8,9%.11%]
[ K2.1.1: High variation in knowledge-level across personnel ] /_ R2: \
K2.1: [1.2.4.5.6.7.8.9%10%.11%] Communication
Knowledge | K2.1.2: Many lack knowledge about practical use and set up of VR issues Chapter:
equipment [2.4.7.8.9%.10%.11*.12%] [ L 2l
K2: Workforce I 1, 2.4.3.
competancy [ K2.2.1: Sporadic initiatives for training of personnel [1.3.4.11%] ] k [K3.1.1].
N — - —_— o J
. K2.2.2: Lack of time available for VR training/use in projects
K2.2: Training 5 458 0% 1% ]
[1.2.4.5.8.9% 11%] ( \
[ K2.2.3: Personnel interested in learning more about VR [ 1,2,3.5.6.8] ] _R3:
- Resistance to
change Chapter:
K3.1: [ K3.1.1: Low general awareness of VR opportunities and capabilities in ] [ 1, ;:i’
Communication COWI [1.2.4.5.6.9%10%.11*%,12%] [K3.3.2]. 24?
[ K3.2.1: VR fits well with COWT’'s overhanging strategies [1.3.5.6.7.9%] ] \ ) \ J
K3: Governance K3.2: Strategy
- g RA: Lack of ™\
[ K3.3.1: No central governance of VR initiatives [3.4.8,9%.11%] ] focus from top
K3.3: managment ch .
Organization [ K3.3.2: Barrier to change current workflow [1.4.7.8.9% 10% 11*] ] [ I APyl
’ 243
[K3.2.1], i
[ K3.3.3: VR champions lead COWI's VR adoption [1.2.4.6.8.9%.10%.11%] ] [K3.3.1] 22
[K3.3.3],
— K JK4.1.1]. j | J
K4.1.1: VR equipment not always available [2.4.7.8]
K4.1: Hardware .
_— l K4.1.2: VR room available at the Oslo office [2,3.7] ] R35: Difficult m\ )
— quantify value i
K4: Technology _ _ _ of VR Chapter:
infrastructure K4.2: Software [ K4.2.1: Licence cost makes testing and using different software difficult ] [KI1.1.1] 2.3.1,
—_— [3.8.12%] [K1.1 '?I’ 285573
i o I’ 24.1.
K4.3: [ K4.3.1: VR technology highly compatible with COWT’s digital ] [K4.2 1|’
Compatability infrastructure [1.3.8.9%.10%.12%] =en / \_ Y,

Figure 9: Framework and observations regarding current state of VR adoption in COWI.

RQ2: What
should be
emphasized
in order to
increase
COWIs VR

capabilities?
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K1 Use cases

In this subchapter, observations about how COWI identifies use cases and utilize VR in projects

will be presented and discussed. It is divided into two subcategories:

e K1.1 Identification

e K1.2 Execution

K1.1 Identification

To be able to acquire the potential benefits of VR technology it is first necessary to identify the
correct use cases for the various areas of application. For COWI, who mainly create value
through projects, this means two things. Firstly, it is the need to identify which processes that
can be improved through the use of VR. These findings are presented in chapter 4.1. Secondly,
there is the need to identify which projects should utilize VR and in what way, which is
addressed in this subchapter. During interviews the following observations regarding

identification of use cases were done:

K1.1.1 Decision to use VR in projects is random

Explanation:

Interviewees expressed that the decision to make use of VR in projects, as well as the choice
of use case applied, is often random and depending on personal interests rather than on project
need or potential business value. It was identified that most personnel have some idea about
possible use cases, but that the information is usually scarce and not up to date. On the other
side, there are enthusiastic VR Champions that are eager to try out VR technology. Moreover,

employees describe a lack of plan behind the use of VR in projects.

Causes:
As described in detail in chapter 4.1.2, it is difficult to measure the benefits gained by using
VR in the various use cases [R5]. This leads to low observability of VR [2.1.3.1, para. 5] and

hampers employees’ ability to identify which use cases are valuable in which projects.

Furthermore, the decision to use VR is made in projects [K1.1.2] which means that it is up to
the personnel in the project team to choose whether VR will be used for other than use case

Ul.3 (Design review alone). Since procedures for when and how to use VR has not been
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established in COWI [R1], this decision depends on the knowledge and interest of individuals
in the project team rather than on organizational knowledge [2.4.2, para. 3]. There is generally

low awareness of VR in COWI [K3.1.1], and highly differing knowledge [K2.1.1]. If the team

lacks personnel who are interested in VR, it is highly likely that VR will not be considered at

all. This is further described in observation K1.2.1.

Effects:

Making uninformed decisions regarding when and how to use VR can lead to disadvantages
for example by not utilizing VR in a project where one could gain value from one or several
use cases. Another example is utilizing VR without considering what one is trying to achieve.
Without clear goals for the use of VR in a project, achieving and measuring the success of use
becomes difficult. Furthermore, improper usage of VR can cause additional work for personnel
involved, and lead to a lessened perceived value amongst participants. This can, in turn,

decrease the adoption rate of VR [2.1.3.2, para. 2].

Suggestions:

To be able to make informed decisions about how VR should be applied in a given project it is
necessary for relevant personnel to understand the value of the use cases. Because of the
challenge in quantifying the value of VR, it is suggested that more qualitative approaches
should be used to acquire knowledge about the value of using VR for various applications. It
is recommended that a system is established for gathering insights gained from previous
projects about the benefits and challenges faced with use of VR. This should be done by a
designated unit responsible for organizing double-loop learning, with a focus on continuously
evaluating not only the effectiveness of the implementation of VR, but also assessing the goals
behind the application in relation to the results [2.4.2, para. 4]. It is important, for instance, that
the goal of achieving better visualization is assessed in relation to the risk involved with the
final construction design. Also, new benefits and competitive advantages can arise when
applying new technology of this kind, something which should be considered when evaluating
performance. Organizing feedback loops for experience gained from VR will subsequently
enable COWI personnel to make informed contributions when VR is being considered applied

in a project.

Another aspect of empowering personnel to make informed decisions is that awareness of the

VR possibilities available is created within COWI. This can be achieved both by improving
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internal communication (elaborated in detail in K3.1.1), and by establishing procedures that

facilitates a more informed decision process in projects (elaborated in K1.2.1).

K1.1.2 Decision about use of VR is made at project level

Explanation:

It was observed that the decision whether to use VR extensively or not is made decentralized
in each separate project. This decision is often done in collaboration with the client who
requests it or COWI personnel who suggests it, and it becomes a part of the delivery. However,
on a lower level, all personnel in COWI can use VR equipment as they see fit in order to
conduct their work [U1.3]. Some interviewees had used VR out of self-interest to improve their

workflow, without having VR as a stated delivery in their project.

Causes:

Currently, the use of VR is seen as an extra service that COWI is able to deliver to a customer
and not a mainstream digital tool for conducting construction projects. Because all projects
have clients with different needs, it is therefore natural that the decision to utilize VR is taken
in the project group. This is functional as the project team often has a better knowledge about
project needs than upper management [2.4.3, para 3]. It is also likely that it is partly because

the adoption of VR technology is a bottom-up initiative in COWI [2.1.2.1 & 2.4.3, para 3].

Effects:

If decisions are made in the project team, it relies on the knowledge of use cases of VR
technology that the project group has. As observation K2.1.1 states, the knowledge level across
personnel is not consistent, and in combination leads this to the use of VR being random
[K1.1.1], differing use across sections [K1.1.3] and that it is challenging to use VR without

know-how in the project group [K1.2.1].

K1.1.3 Differing use between sections

Explanation:
Interviewees expressed that there are some differences between sections within COWIL. It was
especially mentioned that Landscape and Infrastructure had come further in utilizing VR

technology than other sections.
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Causes:

Due to VR usage being led by VR Champions [K3.3.3], and the highly differing knowledge-
level across personnel [K2.1.1] it is likely that differences across sections are due to differences
in employees’ interests rather than differences between the sections themselves. Because of a
lack of centralized governance [K3.3.1], the spreading of information and knowledge about
VR is solely based on VR Champions. In sections where VR Champions are more active, it is

likely that VR adoption has come further [2.4.3, para. 4].

There were however one hypothesis expressed as to why Landscape and Infrastructure had
seemingly come further than other sections. The reason mentioned was that they had been able
to identify design review [U1] and simulation of roads [U2] as valuable use cases. Having
identified valuable use cases and communicating this seemingly aid employees in discovering
the meaning of the changes, leading to more adaptive attitudes and behavior [2.1.2.2]. It also
makes it easier to communicate value and to increase perceived usefulness [2.1.3.2, para. 2].
Lastly, it makes it easier to make an informed decision about when to use VR and for what,
and in turn, increasing the adoption rate of VR [2.4.1]. It can, however, be challenging to define

valuable use cases, as it is hard to quantify the value of VR use in construction [R5].

Effects:
By having differing VR use across sections, it is possible that this will lead to increased
differences in knowledge level across COWI [K2.1.1]. Sections with more use of VR will likely

learn more, whereas sections with little use will likely develop little new knowledge.

Suggestions:

To be able to systematically transfer knowledge from sections that have come further in
adopting VR, a centralized unit for governance of VR should be established where knowledge
gained across sections can be stored and redistributed [2.4.3, para. 3]. This is elaborated further
in K3.3.1. Additionally, which potential use cases that are valuable for which sections of COWI
should be mapped [2.4.1].

K1.2 Execution

After identifying the right VR use cases for a project, the actual use of VR begins. Adopting
new technology and utilizing it is difficult since it requires some degree of organizational

change, and companies often struggle using the technology efficiently in order to get maximum
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value from it [2.1.2]. Through interviews following observation regarding the execution of VR

technology in projects were made:

K1.2.1 Difficult to utilize VR in projects without know-how in the project group

Explanation:
Interviewees expressed that without VR skilled personnel in the project group utilizing VR in
the project became difficult. Therefore, having VR skilled personnel in the project team is

essential for the adoption of VR in COWI [2.4.2, para. 1].

Causes:
Since the decision to use VR is made by the project team in each individual project [K1.1.2]
the know-how and interest in VR by personnel in the project team are critical. If no one in the

project group brings up the possibility of using VR, it will not be used extensively in the project.

In addition to this there are many who lack knowledge of the practical usage and set up of VR
equipment [K2.1.2]. Lacking time for training [K2.2.2], combined with lacking procedures for

use [R1] makes utilization of VR difficult in projects without the know-how within the project

group.

Effects:
The difficulty of utilizing VR in a project without former know-how increases the barrier to
change current workflow [K3.3.2] and hinders the use of VR in projects, which makes

widespread adoption of VR technology harder.

Suggestions:

To lessen difficulties with using VR in projects without know-how in the project team, the
suggestion is to develop exhaustive VR procedures which are to be made available on the VR
Community site in the COWI portal. There should be both guidance for identifying the correct
use case and way of application in projects, as well as step-by-step guides for implementing
the different types of use cases [2.4.2, para. 3]. Furthermore, it is imperative that these are
designed to be understood by personnel with no prior VR experience. This is a measure that
requires little effort compared to the substantial and lasting reward that can be retrieved.
Another measure for facilitating more use of VR is by increasing knowledge about VR in

COWI, which is discussed in-depth in K2.1.2.
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K1 Summary

Insight gathered from interviews about use cases in COWI shows that the decision of whether
VR is used or not is taken at project level [K1.1.2]. As of now, there exist no official procedures
or routines for identifying which use cases are relevant and how VR should be used in practice
[R1]. The use of VR is therefore highly dependent on the knowledge contained by the project
team in each separate project [K1.2.1]. In combination with the highly varying knowledge level
[K2.1.1] and low general awareness about VR across COWI [K3.1.1], it leads to VR use in
COWI being random [K1.1.1] and not based on the needs of the project. In order to optimize
value from use, and attain commitment for adoption of VR, it is vital that the right use cases
are identified. In addition, COWI should consider developing procedures and guidance for VR
use which should be readily available in the VR Community in order to increase ease of use

[2.1.3.2, para. 2] and in turn, increase COWI’s VR capabilities [2.4.2, para. 3].

Some of the issues regarding the use and adoption of VR in construction are likely due to the
fact that value gained from using VR is difficult to quantify [R5]. Traditional cost-benefit
analyses are not as applicable for assessing VR use in construction, as benefits gained are often
intangible [2.3.2, para. 1]. Internal differences observed across sections in COWI emphasize
this issue [K1.1.3]. Sections where valuable use cases of VR had been established and
communicated had come further in adopting VR technology. This may stem from a higher
perceived usefulness and adaptive behavior, which in turn breeds higher adoption rate [2.1.2.2
& 2.1.3.2, para. 2]. This leads the authors to argue that establishing valuable use cases and
communicating this across the organization should be a high priority when it comes to VR

adoption in COWI [2.4.1].

To be able to enable informed decisions of when to use VR it is recommended that a system is
developed for recording insights and best practices discovered in projects using VR in COWL
By having a designated unit responsible for facilitating double-loop learning [2.4.2, para. 4], it
is possible to store and act on experiences gathered gained from projects. Additionally, to be
able to measure the successfulness of VR in a project, clear and measurable use cases should

be defined in each project, eventually making it easier to evaluate the result of the usage.
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K2 Workforce competency

This subchapter covers the observations about VR competency in COWL. It is divided into two

arcas:

e K2.1 Knowledge
e K2.1 Training

K2.1 Knowledge

To be able to utilize the benefits of VR, it is important that relevant personnel have the
necessary know-how about VR. Having personnel with the right knowledge has been seen as
a vital factor for early adopters in other industries [2.4.2, para. 1]. This includes knowledge
about the benefit and potential of VR, as well as technical knowledge about software, hardware,
and using VR tools. Through interviews following observation regarding knowledge about VR

were made:

K2.1.1 High variation in knowledge-level across personnel

Explanation:

The knowledge about VR varies a lot amongst the employees in COWI. There are a number of
VR Champions across the different departments of COWI. They have taken the initiative to
learn about VR out of personal interest. They possess extensive knowledge about the different
application possibilities of VR as well as knowing how to proceed in order to implement VR
in projects. VR Champions are listed in the VR Community site of the COWI portal. There are
eight official champions in the Oslo office, five in Trondheim and 43 in total within the
organization. However, when looking at the non-VR Champions of the organization, the
average VR knowledge level is relatively low. The majority of personnel in the departments
investigated in this study do not have thorough knowledge about the use or the potential of VR.
This finding is also consistent with the results from the 2017 COWI Try Questionnaire where

50 out of 64 COWI employees questioned had never used VR in a project.

There were some uncertainty and misunderstandings to be observed regarding “who knows
what” about VR among general personnel, indicating that most employees do not have a good

understanding of what VR competence COWI inhabits.
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Causes:

The main reason for varying VR competency is that use and development are based on personal
initiatives [K3.3.3]. There is no established central governance unit, which may help ensure
that VR knowledge is spread and general VR competency is increased [K3.3.1]. There are
sporadic efforts from VR Champions in educating personnel [K2.2.1], but these never reach
the majority of employees. This can further be traced to the cause that communication about

VR does not reach a broad audience [R2].

Effects:

Varying competency is not a negative observation in itself. The competence required will
depend on the role and responsibilities of the person. However, the high fraction of personnel
that is not knowledgeable in VR leads to barriers to successful implementation [2.4.2, para. 1].
First and foremost, it is a distinction between the need for knowledge about practical use and
set up of equipment and software, and knowledge/awareness about the different use cases of

VR and its value. To be able to cover this topic exhaustively, lacking knowledge is further

elaborated in their corresponding discussions of observations, respectively K2.1.2 and K3.1.1.

This variation in knowledge contributes to the randomness of VR use [K1.1.1].

When it comes to the competent VR Champions, this presents an excellent opportunity for
COWI. They account for much of the reason why COWTI has started to adopt VR today. Their
competence is a resource that will be crucial for the implementation of VR in COWI [2.4.3,

para. 4].

Suggestions:

In order to be equipped for making the right choice when deciding which projects should use
VR, the competence must be spread across the different departments and disciplines [2.4.2,
para.3]. Suggestions regarding lack of knowledge about the practical use of VR are further
described in K2.1.2 while suggestions regarding lack of awareness of VR opportunities are

addressed in K3.1.1.

When it comes to the competence available amongst VR Champions this can be purposely
applied to perform effective internal educating of personnel in the different departments [2.4.3,
para. 4]. Additionally, there are opportunities to use competent personnel directly as a resource

for consulting in specific projects or when counselling is needed.
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In order to get an overview of potential lack of knowledge, it might be in COWT’s interest to
map knowledge currently existing within the company, as this seems to be somewhat fuzzy

among interviewees.

K?2.1.2: Many lack knowledge about practical use and set up of VR equipment

Explanation:

The observations identified that one barrier restricting the use of VR is the lack of knowledge
about how to set up VR equipment and how to use the equipment. Not everyone will need to
know how to set up the equipment, as this can be done by certain competent personnel in the
department. However, to enable efficient work and a low threshold for use, there is a need for

more widespread fundamental knowledge about the practical use of VR [2.4.2, para. 1].

Depending on the type of VR and degree of immersion, setting up VR equipment usually

involves:

e Obtaining the necessary equipment
e Connecting and preparing equipment

e Obtaining and enabling software license
With equipment installed, the main elements of practical use involve:

e Converting the BIM model to VR
e Operating the VR model

Causes:
One cause for lack of knowledge about the practical use of VR is low awareness about the
opportunities that exist [K3.1.1], which is an effect of communication not reaching a broad

audience [R2].

Another reason is that, even if people are aware of the possibilities, there is a lack of time

available for learning about VR. This is further elaborated in observation K2.2.2.

A third explanation is that personnel consciously choose not to spend time on VR because they
believe it is not valuable to them. However, according to observations, most personnel believe

that the use of VR would be valuable in projects. This is backed up by the COWI Try
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questionnaire from 2017, where the majority of respondents think VR would improve the way

they work. This cause, therefore, appears to apply only to a minority of the personnel.

Effects:
The initial effect of the lacking knowledge of how to set up VR equipment is that it becomes a
barrier for facilitating VR use in projects. The lack of knowledge of practical use furtherly

creates a barrier for low-level usage of VR.

Secondarily, the lack of information in itself can lead to a misconception about the amount of
work needed to make use of VR. This is especially relevant for innovations such as VR because
rapid improvements in technology often lead to performance improvements without the general
public being aware. As elucidated in the Technology Acceptance Model [2.1.3.2, para. 2], the
user’s “perceived ease of use” is a main decisive factor for the attitude towards use, which will
furtherly affect the employee’s intention to use VR. Lacking information about the
comprehensiveness of use can thus lead to barriers for personal use, as well as making it less

likely to include VR as a part of the project delivery in project meetings [K3.3.2].

Suggestions:

The natural response to a lack of knowledge is to facilitate the upskilling of personnel, which
can be approached in different ways. One way is to initiate internal VR training for COWI
personnel [2.4.2, para. 3]. This can for instance be done by assigning competent VR Champions
to hold courses during an “educational lunch,” or by systematically sending the most relevant
personnel in different departments on training sessions. The interviews show that 6 out of 8
respondents questioned explicitly expressed their wish to learn using VR by learning from

someone who is good at it.

2 out of 8 respondents would prefer to learn using VR by self-study. For several of the tasks
needed for the use of VR, there is guidance available on the VR Community site in the COWI-
portal. The “Borrow VR kit” section presents a list of what equipment is available for use in
the different departments, along with a short description, price range and whom to contact in
order to obtain it [Appendix 2]. In the “VR Guides” section, there are guides on how to convert
a model from Revit to VR and creating and viewing 360-degree panorama images. The benefit
in learning by self-study is that it does not require the time or planning required by involving
other personnel. However, as this is very practical work, it might lead to extra work by more

trial and error. Additionally, this type of learning from guidelines and written instructions is
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categorically explicit knowledge, and it does not cover the tacit knowledge that is an essential

part of the VR practice [2.4.2, para. 5].

The best solution is probably applying a combination of the two aforementioned approaches.
The VR Community site represents a bank of knowledge that can be utilized as an economic
and low-threshold service. However, as of today, it does not cover all aspects needed for
independently making use of VR. By developing the VR Community further, with procedures
as elaborated in K1.2.1, it is possible to obtain higher VR possibilities without significant

additional costs.

An alternative response to the lack of knowledge on how to set up the VR equipment is to
reduce the need for it by establishing more VR-rooms in the different departments. Challenges

regarding this are elaborated in K4.1.2.

K2.2 Training

As illustrated in the previous paragraph, upskilling is integral in acquiring the required
competence. Other solutions, such as outsourcing tasks or hiring experts, are considered
subordinate in this context due to the internal competence latently available in COWI. This

subchapter addresses the observations made of current VR training:

K2.2.1 Sporadic initiatives for training of personnel

Explanation:

The only type of upskilling of personnel observed through semi-structured and supplementary
interviews are individual initiatives from VR Champions. This includes initiatives to offer
training on request, VR Community meetings as well as a “Roadshow presentation” in
association with a VR research project (further described in K3.3.3), spreading awareness about
VR opportunities and use cases. Much of the information observed through the interviews
originates from this presentation, which displays the significance of this initiative. However,
interviewees expressed that presentations like these were rare and that knowledge gained from

them faded fast due to lack of repetition and little actual use in projects.
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Cause:
The cause of these upskilling initiatives is that champions are leading the development of VR
[K3.3.3]. The reason these efforts are sporadic and not systematic can be rooted in a lack of

focus from top management [R4].

Effect:

These upskilling initiatives are the reason VR competence is not entirely deficient in COWI.
However, with the upskilling of personnel limited to sporadic initiatives, the competence
diffusion will be somewhat arbitrary. This inconsistency in the upskilling can, in turn, lead to
an unbalanced distribution of VR competency and a lack of VR knowledge amongst personnel

that could indeed benefit from higher competence [K2.1.2].

Suggestions:

To be able to achieve a fundamental level of awareness amongst employees, measures like this
will have to be implemented in a structured manner across the different departments [2.4.2,
para. 3]. As training requires time, it is likely that management needs to take a more active role

in the training of personnel, in order to allocate necessary time and resources.

K2.2.2 Lack of time available for VR training/use in projects

Explanation:
The observations show that a cause of deficient knowledge about VR is time pressure. Most
respondents experience that their workloads are already heavy and that finding the time to learn

about VR is not prioritized.

Causes:

When working in a consulting firm, it is desirable to fit as many working hours as possible into
projects in order to maximize profitability. Thus, if time is not designated for working with VR
in projects, hours spend on upskilling either have to be paid for by COWI or done during the
spare time of employees. A barrier for justifying the hours spent on VR in COWTI or projects

is the inability to quantify the value the use of VR can bring [R5].

So far, a significant part of the VR competency has been rooted in initiatives from individuals.
As discussed in K2.1.1, COWI should not rely entirely on the initiatives of individuals to

achieve satisfactory implementation across the organization. Causes for lack of time available
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for training is therefore lacking measures for performing upskilling in COWI, and that it is not
a part of project deliveries. This can further be rooted in a lack of focus from top management

[2.4.2, para. 1-3] [R4].

Due to the fact that there are no procedures or guidelines for VR use [R1], employees who
want to utilize VR have to use additional time finding the right use cases and learning how to
use VR equipment through external sources. This increases the time needed for training/use of

VR in projects, making it even more challenging to utilize VR in projects with time limitations.

Effects:

Lacking time available for upskilling results in personnel not acquiring the competence in VR
that they want or need [K2.1.2]. It will cause a reduced trialability [2.1.3.1, para. 4] that can
result in an inability to see valuable use cases or to see the amount of work needed for
satisfactory use. These two factors jointly determine whether technology is utilized or not
[2.1.3.2, para. 2], and are therefore decisive for enabling VR to be used in projects where this
would be beneficial. By not allowing for enough time for training/use of VR, it becomes harder

to change current workflow [K3.3.2], further limiting adoption rate.

Suggestions:
One way to approach this issue is for COWI to specifically set aside time for certain personnel

to train or attend courses in VR as elaborated in K2.1.2.

Another approach is to work towards letting VR become more included as a part of project
deliveries by pitching it in projects. This way, personnel will have the opportunity to gain VR
knowledge by applying it directly in projects which can be useful as well as an economical
learning method. However, this requires some fundamental awareness about use cases and

value amongst someone in the project to make sure it is implemented in the right way [K3.1.1].

K?2.2.3 Personnel interested in learning more about VR

Explanation:

A recurring observation is that respondents expressed interest in learning more about VR.
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Causes:
This interest may stem from the belief that VR in some way may be useful in their work, but it

can also be rooted in fascination for unfamiliar technology.

Effects:

Interest is central in determining how effectively people process information [2.4.2, para. 2],
and this observation displays the opportunity to effectively upskilling motivated personnel in
VR. Working with something considered interesting also benefits personal motivation and can
have positive effects on morale in the workplace. This can eventually lead to reduced barriers
to change current workflow, and thereby increased possibilities to perform effective training

of personnel in VR.

Suggestions:
This observation consolidates the prior suggestion of taking measures to upskill relevant

personnel in the use of VR.

K2 Summary

There is great variation in VR competence amongst personnel in COWI. There is a number of
VR Champions across the organization who are highly competent in the use of VR. On the
other hand, most employees do not have thorough knowledge about the range of VR use cases
that could be valuable in their projects. Additionally, there is a lack of knowledge about
practical use and set-up of VR equipment. These are areas that create a barrier for the use of
VR in COWI [2.1.3.2, para 2]. However, the interviews reveal that personnel is interested in
learning more about VR, and the current VR capabilities in COWI present opportunities to

facilitate upskilling.

Observations show that sporadic initiatives are carried out for upskilling of personnel,
implemented primarily by VR Champions. This involves presentations and personal initiatives
for facilitating practical training of personnel. Through the interviews, it is revealed that these
initiatives have influenced the awareness of VR opportunities amongst personnel. However,
the general level of awareness is still low, and lack of time available for learning is creating a
barrier for broad dissemination of knowledge. This obstacle needs to be overcome for COWI
to successfully utilize the opportunities of VR in the right projects and in a meaningful way

[2.4.1, para. 1].
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Knowledge is not permanent, and technology is continuously developing, which creates a
demand for an enduring process for sustaining the knowledge of personnel. To be able to
facilitate sustainable learning and establish lasting, cross-organizational knowledge, a clear
plan for the development of VR competency is needed [2.4.2, para. 3]. A suggestion is to
organize a centralized unit for the governance of VR initiatives, responsible for gathering and
distributing knowledge within the organization. With the current capabilities in COWI,
comprised of skilled VR Champions and the VR community site, an excellent foundation for

establishing a coherent system for the development of VR is present.

K3 Governance

In this subchapter, observations about the governance of VR initiative in COWI will be

presented and discussed. Observations are divided into three areas:

e K3.1 Communication
e K3.2 Strategy
e K3.3 Organization

K3.1 Communication

Studies of early adopters of VR shows that communication is critical in order to spread
awareness of VR application and value. This is key in order to overcome the resistance of

change within the company [2.1.2.2 & 2.4.3, para. 1]. Through interviews following

observation regarding the communication were made:

K3.1.1: Low general awareness of VR opportunities and capabilities in COWI

Explanation:

Observations show that there is low general awareness amongst personnel about the current
opportunities to use VR in their work. This concerns both what use cases exist and their benefit,
as well as which facilities are available regarding the use of VR in the department. Lack of

awareness is a common problem for companies adopting VR [2.4.3, para. 3].
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Causes:
The main reason for low awareness about VR is that communication about VR does not reach
most personnel [R2]. It is observed that although there is information circling about VR in

COW]I, very little reaches the vast majority of employees.

As described in K2.1.1, there is personnel with a high degree of knowledge regarding the
applications of VR, but there is no systematic knowledge exchange. Due to the lack of a central
unit governing VR initiatives, [K3.3.1] knowledge is not gathered and redistributed in an
effective manner [2.4.3, para. 3]. This can lead to pools of competence where knowledge is

centered on a VR Champion or a skilled VR enthusiast.

There is information located on the VR Community site where all employees of COWI can
access it. Here, one may find information about the capabilities of the different offices, as well
as how to get more information. The problem here is that most people are not aware of the

opportunities that exist on the community site, as only 6% of COWI personnel follows it.

Effects:

Knowing about VR use cases and what value it can bring is the foundation for whether or not
to use VR in a project. When most personnel in COWI have low awareness about use cases, in
general, it increases change resistance [R3], hampers adoption of VR [2.4.3, para 1 and 3] and

by that enhances the barrier to change [K3.3.2].

As described under K1.2.3, it is hard to utilize VR in a project where the project team does not
have an understanding of how and why to use VR. This generally low awareness means that in
many COWI project the use of VR is not discussed at all, which leads to the use of VR

becoming random [K1.1.1] and not based on potential value and need as it should [2.4.1].

The low awareness indicates a lack of information about VR, lack of information has a negative
effect on adaptive behavior [2.1.2.2] and in turn, leads to a lower adoption rate. Low awareness
of how to use VR and valuable use cases also harms perceived ease of use and usefulness,

hampering adoption further [2.1.3.2].

Suggestions:
To be able to enable widespread awareness about VR in the organization, governmental actions
are needed. It is recommended that the type of platform for information exchange is extended

from primarily community-based interpersonal communication, towards focusing more on
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mass media channels such as portal advertising as this is more effective when diffusing

technologies that are not perceived as very complex [2.1.3.1, para. 7].

K3.2 Strategy

An essential part of top management’s role in implementing new technology is aligning the
implementation of technology with business goals. Having a strategic focus is vital to gain
long-term value from digital technologies [2.4.3, para. 5]. The following observation regarding

strategy were made:

K3.2.1 VR fits well with COWTI’s overhanging strategies

Explanation:
COWT’s high-level digitization strategy has several sub-focus areas; one of these is innovation.

The two key activities listed under innovation are:

e “Use of new technology and working methods to create new business areas.”

e “Utilization of innovative work processes across projects.”

The focus for the strategy is digital collaboration and the widespread use of BIM across COWI,
and VR is not explicitly mentioned. Having a high-level strategy like this is positive, and the

use of new technology should be seen in light of this overall strategy [2.4.3, para. 5].

There are, however, some challenges that must be mentioned. Interviewees expressed a lack of
knowledge about the strategic fit of VR and COWD’s overall digital strategy. By not
sufficiently communicating the overall digital strategy, it may be difficult for employees to see
an alignment between VR and COWT’s business goals [2.4.3, para. 5]. This may enhance the
perception that VR is a short-term gimmick rather than a long-term business opportunity among
COWI personnel. Interviewees did also express that VR has had little or no focus by upper
management, and no alignment between the use of VR and COWTI’s overall strategies have
been discussed. This lack of management focus on VR [R4] makes the widespread use of VR

difficult [2.4.3, para. 2].

Suggestions:
A critical factor in the promotion of technology adoption is focus from management [2.4.3

para. 1]. To be able to align the use of VR in COWI with the overall digital strategy, it is
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necessary that management is engaged and understands how VR can affect the business [2.4.3,

para. 5].

K3.3 Organization

VR adoption is dependent on how well the organization manages to change its workflow in
order to accommodate this new technology. This sets requirements for organizational
management [2.1.2, para. 1]. During interviews the following observations regarding

organization were done:

K3.3.1 No central governance of VR initiatives

Explanation:

In order to ensure the best use of resources and help increase awareness, a centralized unit for
governance is ideal [2.4.3, para. 3] Findings from interviews shown no central unit governing
COWT’s VR initiative. Instead of this, there is a decentralized system where coordination is

done in the VR Community at the COWI portal.

Causes:

The VR initiative in COWI started as a bottom-up initiative, meaning that upper management
has not been involved with the use and implementation of VR [2.4.3, para. 3]. During further
implementation of VR in COWI, upper management has not been actively involved [R4], and
no central unit for of governance has been established. Instead, VR Champions lead the

implementation of VR.

Effects:

By not having a central unit of governance who can store and exchange knowledge about VR,
raising awareness and knowledge spreading becomes difficult, and adoption is hampered
[2.4.3, para. 3]. Interviewees expressed that knowledge resides decentralized across COWI,
which makes it hard to know how far VR implementation has come and who knows what.
There is potential for losing valuable knowledge over time, as best practices and experiences
of VR use resides within personnel and is not transferred back to the organization and

increasing COWT’s capabilities [2.4.2, para. 3].
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Suggestions:
It is recommended that a centralized unit for the governance of VR initiatives is developed,
responsible for creating awareness, collecting and distributing knowledge about VR throughout

the organization [2.4.3, para. 3]. By having a centralized unit, it is possible that best practices

from a section in COWI which has come further can aid the implementation of VR elsewhere
in COWI, decreasing differences across sections [K1.1.3] and increasing overall adoption rate
[2.4.2, para. 3]. This unit should manage resources concerning VR use in COWI as well as
administer the development of routines and procedures based on feedback from projects where

VR has been utilized.

K3.3.2 Barrier to change current workflow

Explanation:

Changing workflow in an organization is often difficult [2.1.2, para. 1]. Interviewees expressed
difficulties in changing current workflows in COWI, where new digital systems and tools were
often seen as a distraction and annoyance in day-to-day work rather than a resource. It was
further voiced by VR experts that personnel got excited when shown the possibilities of VR

use but still did not change their workflow to allow for VR use in projects.

Causes:

Resistance to change is a significant barrier for succeeding in adopting new technology [2.4.3,
para. 1]. This resistance comes from many different sources. Some interviewees expressed that
COWI employees had difficulties seeing the value and right use cases of VR in construction,
something which is typical when implementing VR in a company [2.4.1]. Some interviewees
also voiced that in general there is an existing resistance to change current ways of working in
COWI [R3], exemplifying this with some personnel not wanting to utilize BIM and 3D

modeling and instead use older methods [2.1.2, para. 1].

The need for know-how within the project group to use VR in a project [K1.2.1] and the fact
that many in COWI lack knowledge about how to use VR [K2.1.2] help to build this barrier.
As of now, employees expressed that projects were tightly scheduled, and that time for training
or use of VR technology was not available [K2.2.2]. By not having enough time to learn about

and use VR in a project, it becomes hard to change workflow to allow for VR use. In some
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cases, the lack of available equipment [K4.1.1] also leads to another barrier to change workflow

to allow for VR use.

The causes mentioned above lead to VR being viewed as a time-consuming disturbance to the
current workflow rather than an improvement. This perception makes it hard to convince
personnel about the potential usefulness of VR and represents a barrier for changing workflow

[2.1.3.2, para. 2].

Effects:

By not being able to change the current workflow, the use of VR in COWI is not widespread
in the company and is limited to only a handful of projects where the project team has VR
competency. This slows down further development and adoption across COWI as using VR in
projects is a good way to learn and market the use of VR internally. Viewing VR as a
disturbance rather than an improvement to current procedures and a lack of understanding of
use cases may enhance the perception of VR as a short-term gimmick, as mentioned in K3.2.1.
This barrier to change current workflows hampers the overall adoption rate of VR in COWI

[2.1.2, para. 1 & 2.3.4, para.1].

Suggestions:
The primary suggestion for reducing barriers to change is to improve the ease of use by

developing guidelines and procedures for use, as described in detail in K1.2.1.

It is also suggested to focus on spreading information about VR and the changes in workflow
which are to be expected. Being informed about the changes, and why they are happening will
decrease general resistance to change, and increase adaptive behavior among employees

[2.1.2.2, para 3].

Furtherly, the need for management focus and support for VR initiatives is highlighted once
more as this helps signaling to the personnel that VR is a strategic focus point relevant for

achieving long term business goals [2.4.3, para. 1].

K3.3.3: VR Champions lead COWI’s VR adoption

Explanation:
Interviewees have expressed that VR Champions are the ones pushing for the use and

development of this technology within COWI. These employees are highly adept in the usage
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of VR technology and listed in the COWI portal as personnel who can be contacted regarding
VR use in COWI. From the interviews, it has been made clear that the VR Champions have
been crucial for VR adoption in COWI so far. Furthermore, it has been revealed from separate
conversations between the authors and VR-adapt personnel in COWI that a research project on
VR is currently being carried out. This bottom-up initiative has earned approval for funding

and is being performed in collaboration with Aalborg University and Epiito.

Causes:

As mentioned serval times before, VR adoption in COWTI has so far been a bottom-up initiative
in COWI. When starting to use new technology, it is natural that personnel at lower levels are
the first to see value in the technology and start using it [2.4.3, para. 3]. Due to this, upper
management might be left out of the loop and lose track of the innovation which occurs in the

company.

Because of this lack of focus on VR adaptation in upper management [R4], VR Champions,
and other VR adept personnel who are interested in VR currently leading the adoption of VR
in COWL

Effects:

No central governance unit has been established [K3.3.1] that can help with spreading
information across COWI [2.4.3, para. 3]. This leads to the VR Champions being the channel
which all VR information spreading in COWI goes through. The issue with remaining in this
state is that dissemination of knowledge is almost exclusively relying on the enthusiasm of
individual VR Champions, which is unpredictable and can lead to an uneven distribution of
competence within the organization [K2.1.1]. This will, in turn, lead to uninformed decisions
of when to use VR [K1.1.1] in cases were competency is low in the project group, and it can
lead to differences in usage between sections [K1.1.3] due to some sections having more active

VR champions than others.

It is typical for bottom-up innovation projects to start struggling with continuous growth within
the company when more resources are needed [2.4.3, para. 3]. Lack of necessary resources can

hamper COWT’s adoption VR and potentially discontinue the whole initiative in the end.
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Suggestions:
To achieve widespread adoption of VR technology it is necessary to ensure that development
is extended from being solely run by champion initiatives, to a more systematic approach

administered by a centralized governance unit (elaborated in K3.3.1).

For upper management to start assessing VR in COWI the findings from the internal research
project currently being conducted by VR Champions in collaboration with Aalborg University
and Epiito would be a good start. Partnerships like this are a great way of lowering the

complexity of VR implementation [2.4.4, para. 3].

K3 Summary

There are several challenges regarding governance of VR that COWI must overcome to
succeed with adoption and to improve VR capabilities. Findings show that even though there
are VR Champions that are promoting use of VR [K3.3.3], there is still low general awareness
about VR in COWI [K3.1.1]. This is a common challenge when adopting VR that hampers

adoption rate [2.4.3, para. 3]. The current communication about VR in COWI seems to reach

VR Champions and other VR enthusiasts across the company, but not the general employee

[R2].

VR in COWI has been a bottom-up initiative from the beginning, with personnel at lower levels
of the organization seeing the usefulness of VR and experimenting with the use of it. Top
management has not yet addressed the use of VR in COWI [R4], and has let the adoption of
VR happen naturally. This is a good way to start the adoption of new technology, but for
bottom-up initiatives to succeed it is necessary that they are picked up by management who
can align the use of technology with long-term business goals and allocate necessary resources

[2.1.2.1 & 2.4.3, para. 3-5].

In order to raise awareness and aid VR Champions in development, it is recommended that a
central governance unit is established. This unit will help gather knowledge and experience

from different sections and communicate this in order to build awareness [2.4.3, para. 3].

It is furtherly recommended that measures are taken to improve awareness by having a
conscious choice of information platform used for internal communication. To be able to reach

the vast majority of personnel that are not a part of the VR Community, it is recommended that
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communication is expanded towards internal mass media channels, as this is an effective

measure when diffusing relatively non-complex technology like VR [2.1.3.1, para. 7].

COWI already has an appropriate overall digital strategy that emphasizes on the importance of
digitalization of COWL. It highlights that the use of new technology and working methods, as
well as the utilization of innovative work processes across projects, are vital parts to COWI’s
strategic focus. However, in the interviews, a low awareness of the digital strategy in COWI
was observed, indicating that it is not adequately communicated. Upper management should
ensure that VR is seen in relation to COWI’s overall strategy and that the strategy is
communicated clearly. This will help emphasize the role of VR as a tool for improving overall

efficiency in projects rather than a short term gimmick, and in turn overcome some of the

resistance to change [R3] that currently exists with COWI [2.1.3.2 & 2.4.3].

K4 Technology infrastructure

Technology infrastructure is imperative when implementing new digital tools. The state of the
current digital infrastructure will affect how easy or difficult it will be to integrate VR as a tool.
Several aspects are essential for preparing the company infrastructure in order to ensure rapid
and easy adoption of VR technology [2.4.4]. Under this subchapter, technology infrastructure

is divided into three sub-areas:

e K4.1 Hardware
e K4.2 Software
e K4.3 Compatibility

K4.1 Hardware

To be able to use VR technology, it is a fundamental requirement that the hardware is
accessible. There are many different VR hardware types ranging from simple low-cost
equipment to more complex high-cost solutions [2.2.1.1]. For an overview of hardware
available in COWI, see Appendix 2. During interviews, the following observations were done

concerning hardware:
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K4.1.1 Equipment required for use of VR not always available

Explanation:

Interviewees have expressed problems with the graphic cards on current workstation computers
at COWI when trying to run VR software. Current computers are optimized for the use of other
digital tools such as BIM [2.1.4]. According to interviewees, higher-quality rendering can be
achived by using VR a weaker and cheaper G-force graphics card than the current graphic cards

used at COWIL. This is due to it being more optimized towards VR use.

Additionally, the interviews revealed that while working on projects, employees are often
located at a project office rather than the main office. If VR is not part of the delivery, VR
equipment is not made available at the project office. There were opportunities to rent VR
hardware through the COWI portal, but interviewees expressed that the equipment possible to

rent was often limited in amount and not sufficient.

Causes:

If VR is not a part of a delivery, it becomes hard to set aside resources to buy equipment for
use in a project office as management has had little to no focus on VR [R4]. The rental option
in the COWI portal might be an excellent way of solving this, but interviewees have expressed
that it is challenging because the hardware might already be rented out, or that it is spread out
in different locations making it more difficult and time-consuming to get hardware to the

project office.

Effects:
Lacking necessary equipment decreases the trialability, which affect the rate of adoption
negatively [2.1.3.1, para. 4]. It can also give users the impression that VR in itself is challenging

to use, which is preventive for future use.

Additionally, tight schedules and budgets in projects make it hard to spend time and resources
on acquiring the VR hardware, especially if VR is not part of the delivery. Both these aspects
lead to lower perceived ease of use of VR, which in turn creates a barrier for use in projects

[2.1.3.2, para. 2].
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Suggestions:

To prevent the lack of hardware from prohibiting the use of VR, COWI should map where
these deficiencies are, and consider acquiring additional equipment. For example, by investing
in laptops with G-force graphics cards that are available for personnel and projects wishing to

use VR.

K4.1.2 VR room available at the Oslo office

Explanation:

COWT’s office in Oslo has created a designated VR room. This room is available for all
employees to rent and contains necessary equipment for VR use. The thought is that it can be
used alone, in the project group, as well as with clients. One may contact VR Champions in
Oslo to get a tour or get training in using the equipment. Some interviewees expressed that the
existence of the room was somewhat under-communicated and that it could be a barrier to use
it when having low knowledge about how to use equipment [K2.1.2], due to fear of breaking

the equipment.

Causes:

The VR room was launched as an initiative from two VR Champions in COWI [K3.3.3].

Effects:

By lowering the effort needed to try out VR, the VR room significantly increases the trialability
of VR, which is described as a critical factor for the adoption of new technology [2.1.3.1, para.
4]. It also lessens the need for knowledge about how to set up VR equipment amongst personnel
in this department. Additionally, it presents an opportunity for personnel to be trained in the
practical use of VR. This fits well with the finding that 6 out of 8 employees questioned about

this wish to learn VR by being taught by someone who knows it well.

Suggestions:

To improve the benefits this VR room can bring about, it is recommended that the possibilities
that exist should be clearly communicated across the department. People should also be
encouraged to test equipment and pushed to get past the barrier of being afraid of unknown

technology.
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Further, the establishment of similar VR rooms in the other departments of COWI should be

considered, by gathering experiences from the people responsible for the VR room in Oslo.

K4.2 Software

VR has certain requirements concerning software, and because all different software has
different strengths and limitations, is it important to evaluate them with respect to company
needs [2.2.1.2, para. 1]. For an overview of software that has been reviewed internally in COWI

check Appendix 3. During interviews, this observation was found regarding software:

K4.2.1 License cost makes testing and using different software difficult

Explanation:

Technical adept personnel expressed challenges regarding available software. There is a
multitude of different software for VR that can be used in the construction industry. One
software might be optimal for one section, but less optimal for another. However, most
software requires licenses in order to run. With the limitation in resources when VR is not a
part of project delivery, it is challenging to attain licenses and test VR or use it in projects

where the customer is not paying for VR use.

Causes:
It is problematic to attain funding for licenses without being able to point at specific earnings

in return [R5]. This prohibits funding in projects as well as internally in COWI.

Effects:
Lack of licenses prevents the use of VR both because of a lack of money as well as by

increasing the threshold to try it out [K3.3.2] and decreasing trialability [2.1.3.1, para. 4].

Suggestions:

A substantial step towards reducing the threshold for the use of VR is attaining organization-
wide licenses that cover the relevant use cases in COWIL. This can for example be done by
entering partnerships with software suppliers. Having software available will increase

trialability and in turn, the adoption rate of VR [2.1.3.1, para. 4].
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K4.3 Compatibility

In order to reap the full benefit of VR, it is imperative that the current technological
infrastructure allows for VR adoption [2.4.4, para. 1]. During interviews following observation

were done regarding compatibility:

K4.3.1 VR technology highly compatible with COWTI’s digital infrastructure

Explanation:

Due to the high level of BIM adoption in COWI, the necessary data needed for developing the
virtual environment in VR is easily accessible. In addition to available data, there are several
VR software that are either fully integrated or highly compatible with BIM software, making

conversion easy [2.3, para. 2].

Effects:

By having data accessible and easily transformed to VR through BIM, the work needed for
developing and using VR models is lowered significantly. With sufficient communication of
these opportunities, the perceived ease of use is increased and in turn, actual use of VR by

personnel [2.1.3.2, para. 2].

K4 Summary

To be able to utilize VR in COWI, the technology infrastructure needs to be put in place. The
observations show that existing VR technology is highly compatible with current conditions in
COW]I, and that technological barriers are primarily limited to how current opportunities are
utilized. However, barriers are still observed in the form of a lack of available hardware and

software.

Although COWTI has acquired a range of VR equipment available for borrowing through the
VR Community site in the COWI portal [Appendix 2], lacking hardware availability is seen as
a barrier for the use of VR. This includes a lack of equipment present at project offices, as well
as limitations in the possibilities of renting equipment. It also includes inadequate graphic cards
on working computers that make running VR software difficult and which generate bad
experiences that discourage continued use. In order to lower this barrier to VR adoption, it is

suggested that deficiencies in hardware are mapped to uncover and satisfy the demand.
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In the Oslo department, an initiative is performed by VR Champions to establish a designated
VR room on the COWI office. This measure leads to increased trialability of VR, which is
essential for the rate of technology adoption [2.1.3.1, para. 4]. In combination with helpful VR
Champions, the room facilitates training in the practical use of VR for employees and leads to
a reduced need for knowledge about how to set up equipment amongst personnel in this
department. It is observed however, that the awareness of the opportunities that exist with this
room is not high, and it is suggested that measures are made to increase communication about
the possibilities that are present. It is further suggested that similar VR rooms are considered

established in the other COWI departments based on experiences gained in Oslo.

Another requirement for the use of VR in COWI is the availability of software programs that
apply to COWTI's needs. There are several alternatives available, but they all require a license
fee for use. There might be a problem with attaining funding for such licenses without being
able to quantify how the investment will be paid off [2.3.2, para. 1]. Fees that are relatively
insignificant become a barrier for VR use in projects where the budget is tight and can create
a certain threshold for trying out VR in projects. It is suggested to consider acquiring licenses
that do not charge per use or project. This will reduce the