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A B S T R A C T

Virtual Reality (VR) is increasing in popularity as a training
tool. The recent development of head-mounted displays (HMDs)
that have become affordable and more companies starting to
use VR, have made VR a popular research topic. The research
on advantages such as increased knowledge retention, engage-
ment, confidence, focus, and more have made it interesting for
companies to invest in the technology. There are also some dis-
advantages like VR sickness and situations where VR is not as
suitable such as memorization of academic material and fine
motor training. The main focus of the research and results of
use-cases have been on the pros and cons of VR, but there is little
information available regarding the financial aspect. Therefore
this thesis aims to show whether VR-based interactive training
can be a competitive method to the traditional training methods
from a financial and training effectiveness point of view.

This will be done through a review of studies, reports and
use-cases on VR-training to create a foundation for making
the decision to go for VR. The financial aspect will be shown
through a simple cost-benefit analysis on two different scenarios
that applies to different aspects of the usefulness of VR.

The thesis concludes that VR can be a competitive method to
the traditional training methods based on the results of the
two scenarios. The cost of VR is drastically reduced when the
program can be standardized and sold without customization or
with limited customization. The customized programs are still
expensive but can be beneficial depending on the time frame of
the project and needs of the training.

v
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S A M M E N D R A G

Virtuell virkelighet (VR) øker i popularitet som treningsverktøy.
Ettersom utviklingen i VR-briller har gjort de rimelige og flere
selskaper har begynt å bruke VR, har VR blitt et populært forskn-
ingstema. Forskningen på fordeler som bevaring av kunnskap,
engasjement, selvtillit, fokus med mer har gjort det interessant
for selskapene å investere i VR. Det er noen ulemper med VR
også som VR-sykdom og situasjoner hvor VR ikke passer som
memorering av tekst og finmotorikk. Hovedfokuset i forsknin-
gen har vært på fordeler og ulemper med VR, men det er lite
informasjon om det finansielle aspektet. Derfor er målet med
denne oppgaven å vise om VR-basert trening kan konkurrere
med mer tradisjonelle metoder på pris og resultat.

Dette vil bli gjort gjennom en gjennomgang av litteratur, eksem-
pler fra bruk i industrien for å danne et grunnlag for avgjørelsen
om VR er et reelt alternativ. Det finansielle aspektet vil bli vist
gjennom en enkel nytte-kostnadsanalyse av to ulike scenarier
som dekker ulike bruksområder for VR.

Oppgaven konkluderer med at VR kan være et konkurransedyk-
tig alternativ til mer tradisjonelle metoder basert på de to sce-
nariene som er satt. Scenariene viser at kostnadene til VR går
betraktelig ned når de blir standardisert og solgt uten tilpasning
eller med begrenset tilpasning. Tilpassede VR-program er fort-
satt dyrt, men kan være fordelaktig avhengig av tidsrammen på
prosjektet og kravene til treningen.

vi
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1
I N T R O D U C T I O N

1.1 background and motivation

Virtual reality (VR) has the possibility to reshape the future of
training and technology development. Several companies use
VR actively to simplify and/or create visualization for technol-
ogy that would otherwise be expensive or difficult to do.

Training is important to ensure that the staff is qualified for
the tasks, operating equipment safely and efficient to avoid
accidents and unnecessary downtime, working according to
the company’s vision and know how to conduct themselves in
emergencies. VR provides an unique opportunity to prepare for
their tasks or emergencies in realistic simulations that increases
the confidence and know-how of employees to deal with the
situations they are faced with.

The development of VR since the emergence in the 1990s, have
been immense and with the hardware now being available at
affordable prices compared to at the beginning. Although VR
is most prominent in the gaming industry, companies such
as Royal Dutch Shell and BP have adopted VR as a training
tool. The development of VR will continue and the cost will
continue to decrease with increased focus on templates for
software development. These are some of the reasons why a
cost-benefit analysis of the transition from traditional in-site
training to VR-training is useful to determine whether VR is
currently a viable option and to what extent.

1.2 state of the art and research gaps

With the recent increase in popularity of VR technology, the
amount of research and use-cases have largely increased. Com-
panies such as ExxonMobil, Baker Hughes, Audi, Boeing are
already using VR as part of their training courses [12]. Other
companies such as Paleblue[24] and Strivr[29] are focusing on
developing VR-training solutions that can enhance the training
experience and learning outcomes. As training is a broad term

1
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2 introduction

that can cover many topics and methods, there are still some
unknowns with regards to VR-training.

VR is most useful when training is either expensive or dan-
gerous. Training can be expensive due to traveling, need to
shut-down production to conduct training on machinery, etc.
The dangerous training can be pilot-training, working at height,
fire extinguishing, police training, etc. VR can allow the user to
train in a virtual environment similar to the actual environment
without having to be physically present and therefore the costs
or dangers can be avoided.

There is a lot of research on the pros and cons of VR as a
training tool. Increased knowledge retention, engagement and
confidence are the major mental advantages provided by VR.
Other advantages include speed,consistency and safety of train-
ing, employee retention, scalability, sustainability, on demand
training, less distracting and more measurable training. There
are also some negatives that need to be taken into account when
deciding if VR is the right training tool. VR sickness is the major
issue that can have a big effect on the learning outcome. Another
issue is that VR is not suitable in every situation. If there is a lot
of memorization of academic or knowledge-based materials or
fine motor skill training.

Even though there is a lot of research on VR-training from a
pros and cons perspective, there is limited data on the cost
aspect. As training can be different based on the objectives of
the company, the sector, the skills and experience, a general cost
analysis of VR-training is difficult. There are use-cases such as
those provided by Strivr[29] that report on savings in certain
aspects but there is a lack of financial analyses that considers
the investment as well as the savings. This is the main research
gap that the thesis will cover.

1.3 capgemini

This thesis is written as a collaborative effort between Capgemini
Engineering Norway and the University of Stavanger. Capgem-
ini is a consulting firm that was founded in France in 1967.
With more than 360 thousand employees and presence in more
than 50 countries, Capgemini is a leading strategic partner to
companies all around the world [2]. Capgemini Engineering is
a brand of Capgemini that focuses on digital transformation
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1.4 research question and objectives 3

and helping clients towards intelligent industry with a focus
on sustainability and innovation. Capgemini Engineering is the
world leader in engineering and research and development [7].

Capgemini Engineering Norway was launched in January 2022

with more than 20 employees in Stavanger. Their vision is "To
combine information technology with (IT) and operational tech-
nology (OT) to meet future demands on efficiency and sustain-
ability" [8].

Figure 1.1: Capgemini Engineering logo [8]

1.4 research question and objectives

The research question is to determine if VR-based interactive
training is a competitive method to the traditional training
methods from a financial and training effectiveness view. This
can be divided into two objectives:

• Determine the pros and cons of VR.

• Do a economical comparison of VR and non-VR training.

As training is a broad term, the economical aspect cannot be
determined on a general level. Therefore, this comparison will
be done through two scenarios that cover different types of
training and level of customization needed for the VR-program.
The third objective will be:

• Find two scenarios to be used for economical comparison.

1.5 research methodology and scope

To determine if there is grounds for using VR as a training tool,
a literature review of studies and use-cases will be used. The
scenarios will be determined through research and discussions.
This will be done to decide on scenarios that are plausible
and covers different aspects of VR training. VR and traditional
methods will then be compared in the scenarios using a simple
cost-comparison on the changed variables such as wage cost
and capital expenses.
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4 introduction

As training can include several different disciplines in differ-
ent sectors, the thesis will focus on two scenarios for the cost-
comparison. The cost-comparison will be made simple as de-
pending on the company the training may be different and
therefore will vary in cost. Some other cost-factors will be dis-
cussed but not added in the comparison for the aforementioned
reason. The cost-comparison is not meant to be definite proof
of whether VR is more cost-efficient than traditional on-site
training, but more an indication of whether VR can be defended
as an option from a cost-perspective. Due to the limited time
and the collaborative effort between companies that would be
required to do a practical experiment testing the methods, this
was considered the best approach.

1.6 thesis structure

The thesis starts with an introduction of the VR training as well
as a short introduction to the development of VR and why it
is seen as a possible tool for use in training. Chapter 1 also
includes a short introduction on Capgemini Norge AS as the
case provider and the problem that the thesis discusses. The
objective and scope is defined as well as the limitations of the
thesis.

Chapter 2 presents some relevant information to understand the
topic of VR and learning. This will be done through a deep dive
in what VR is, how it is used, the basis for using VR in training,
when to use VR in training and useful software and hardware.
The chapter ends with an introduction to cost-benefit analysis.

Chapter 3 presents the two scenarios that will be included in the
cost-comparison and the reasoning of why these two scenarios
are chosen. The research approach, methods and methodology
will also be shown in greater detail. The data sources, collection
methods and data analysis methods will be discussed in this
chapter.

Chapter 4 presents the data used for the results and some as-
sumptions that were made with regards to the data.

Chapter 5 presents the pros and cons of VR in a training setting
done through data collected from sources mentioned in chapter
2. analysis and results of the thesis. The chapter ends with a
cost-comparison of the two scenarios based on the data collected
in chapter 4.
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1.6 thesis structure 5

Chapter 6 will discuss the results, the validity and generalizabil-
ity of the results, the data and the methods. Then a discussion
about other affecting cost-factors that can affect the results, that
were not included in the cost-comparison will proceed before
the chapter ends with a discussion about what could have been
done differently and suggestions for future work. Chapter 7 is

the conclusion which will sum up the results from previous
chapters and determine whether VR is a useful training tools
based on the findings of the thesis along with some personal
reflections.
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2
T H E O R E T I C A L B A C K G R O U N D

2.1 what is virtual reality?

"Virtual reality (VR) is the three-dimensional digital represen-
tation of a real or imagined space with interactive capabilities"
[1]. VR can further be divided into three categories based on the
level of immersion [4];

• Non-immersive

• Semi-immersive

• Fully-immersive

Non-immersive VR can be a 3D-model run on a desktop where
the user can interact with the model. Semi-immersive VR is
represented by the Cave Automatic Virtual Environment (CAVE)
system and similar systems. The CAVE-system is a dedicated
space where the user is in a room surrounded by screens
that project the virtual world. CAVE is not considered fully-
immersive as the user can still see themselves[4].

Figure 2.1: Cave Automatic Virtual Environment (CAVE) [19]

Fully-immersive is what most people would consider or call
VR. Here the user is completely immersed in a virtual world
through the use of head-mounted displays (HMDs) or similar
technology [4].

7

[ June 15, 2023 at 13:58 – classicthesis v4.6 ]



8 theoretical background

Figure 2.2: Example of HMD (Meta Quest 2 128GB) [20]

There are 5 key elements of the virtual reality experience pre-
sented by Sherman & Craig [27];

• Participants

• Creators

• Virtual world

• Immersion

• Interactivity

The participants are considered the most important element to
the VR experience as their background and experiences all create
an unique individual experience of the virtual world. The experi-
ence is a collaboration between the participants and the creators
of the application. The creators can affect the participant’s VR
experience through the application, but each participant can
have different VR experiences. The virtual world is defined as
"an imaginary space often manifested through a medium". In
terms of VR the virtual world can be either be an imaginary
place or a model of a real location.

Immersion is the ability to create a sense of presence. VR has
the unique opportunity to recreate all the aspects of a situation
which can make the user feel as they have actually experienced
the situation. VR can create a mental and physical immersion
that other technology cannot compete with. Interactivity can be
introduced through collaboration with other users, interaction
with items and/or ability to move within the virtual world [27].

2.2 evolution of vr

Virtual reality was first introduced in the 1960s but were held
back from the mainstream by insufficient quality and high equip-
ment cost. In the modern day, the technology has managed to
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2.3 the science of learning and vr 9

overcome the aforementioned obstacles. Affordable and high
quality equipment and software have created a platform for
VR to grow, especially within the gaming and entertainment
industry. The market value of VR is expected to skyrocket in the
coming years, from 7,3 billion USD in 2018 to 120,5 billion USD
in 2026[33].

With the rapid rise of VR, the use of VR in other areas are being
researched. VR provides an unique opportunity to simulate real
scenarios in a virtual environment for educational purposes.
As the hardware are available now, the software and public
perception is the main components that is holding VR back at
the moment. Unity and Unreal Engine are the main competitors
on the software side. Although the software have already come
a long way, it is fair to assume that the templates that can be
used for individual customization will become available and
increase the use of VR drastically in the future [33].

2.3 the science of learning and vr

According to the science of learning, a student will learn better
by actively engaging in the material[10]. Virtual reality enables
engagement in a way that previously was infeasible either finan-
cially, practically or ethically.

The perceptual fidelity that VR provides, which is the ability
to provide an environment that feels, looks and sounds real,
is a key factor in enabling engagement. The more realistic the
experience is, the more will it increase the translation from
practice to action. The perceptual fidelity is affected by a number
of factors such as resolution, field of view, refresh rate, color
depth, contrast, lighting, sound quality and spatial audio. [9]

Once the VR-program is set-up it also allow for repetition train-
ing in order to reach the set goals and maintenance of the
learning objectives by being able to refresh regularly. Repetition
is important in increasing knowledge and confidence in actions
when dealing with an emergency or difficult situation, but also
as a tool to create behavioral change. Science show that inter-
mittent testing increases the retention compared to repetitive
presenting of information. The knowledge is connected to the
context and VR can enable the user to obtain the knowledge
in the context where it is needed and thereby make it easier
to access when a situation may arise. Immediate feedback is
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10 theoretical background

also an important part of experiential learning. VR can provide
accurate feedback in the moment to increase the confidence of
the user in their actions as the progress depends on the right
actions. [9]

There is also a possibility to add variation to the situation al-
lowing the user to be prepared for different variations and
outcomes of their actions. Variation can also help the user to
focus on the concept and not surface features that are necessary
for the simulation but has nothing to do with the concept. This
could also affect the difficulties, for example dealing with differ-
ent customers with different requests and/or in different state
of minds. Desirable difficulties is a concept where the conditions
for learning are manipulated to increase the frequency of errors
which is shown to increase the long-term retention and transfer
of knowledge between different scenarios. There are several
ways to this but the easiest ones are interleaving training concepts
and spacing repetitions out. Interleaving training concepts focuses
on mixed examples rather than block training which is focusing
on one concept until proficient. Block training is more efficient
in learning the concept straight away but interleaving training is
more efficient after a week. As long as the intervals between the
repetitions are not too long, the long-term retention increases. A
spacing of days or a week is effective, but waiting for a month
or longer will remove the benefits because the learner will have
forgotten most of the material. [9]

Andragogy is "the art and science of helping adults learn" [17]
according to Malcolm Knowles who popularized the term in the
United States in 1970. He was known for a practically oriented
andragogy compared to what was prevalent in Europe at that
time. He made five assumptions to adjust the learning theory to
the increased maturity in adults. They were as following [17]:

• "Their self-concept moves from one of being a dependent
personality towards being a self-directed human being."

• "They accumulate a growing reservoir of experience that
becomes an increasingly rich resource for learning."

• "Their readiness to learn becomes oriented increasingly
towards the developmental tasks of their social roles."

• "Their time perspective changes from one of postponed
application of knowledge to immediacy of application,
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2.4 vr in the industry 11

and, accordingly, their orientation towards learning shifts
from one of subject-centeredness to one of performance-
centeredness."

• "As a person matures, the motivation to learn is internal."

Although Knowles’ assumptions were dismissed as being to
simple to cover the complexity of humans, there are some points
that are interesting when considering VR[17] These will be
discussed further in Chapter 5.

2.4 vr in the industry

Figure 2.3 shows how certain companies within the energy,
automotive and aviation sector use VR [12]. The main use is
training but maintenance, planning and support/production are
also areas where VR is useful.

Figure 2.3: VR in the industry [12]

Figure 2.3 is not a complete overview but more a representa-
tion of how VR is used in the industry.

2.5 when to use vr in training

Although VR can be a useful tool in training, not every situation
or training is suitable for VR. The two main reasons for using
VR is when training is either expensive or dangerous[32]. As VR
provides a possibility to practice in a realistic situation without
the risk, VR can elevate the training experience. This could be
if the skill or procedure is dangerous in itself or the situation
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12 theoretical background

may escalate if the wrong measures are taken. For example in
an emergency scenario in a nuclear power plant, the wrong
actions can have catastrophic consequences and the only way
to ethically practice where the employees can see the impact of
their actions is through simulation.

If the training is dependent on the physical environment, the
training often requires to stop production in order to be ade-
quate. Having to stop production, buy separate equipment or
having experienced employees supervise the new employees for
training is not effective use of resources. VR allows the employee
to get familiar with the physical environment and the proce-
dures or steps of action without affecting the production and
simultaneously receiving the same experience. VR can also help
the decision making of an employee by increasing the amount
of scenarios the employee can practice on. If the training is ex-
periential such as dealing with customers or other soft skills
needed in a workplace, VR can be a useful tool.

VR should be avoided when the training requires a lot of mem-
orization of academic or knowledge-based materials. A lot of
text can be uncomfortable to read and reduces the immersive
feeling. Although text can be necessary for the learning out-
come, the amount should be used sparingly in VR. Another
situation where VR does not provide adequate training out-
come is when practicing fine motor skills. At the moment the
controllers are not able to replicate the intricate movement of
fingers and hands, and should therefore be avoided unless the
user already knows the fine motor skills, but need to practice
the surrounding procedures [32].
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2.6 available software 13

2.6 available software

When talking about game development software there are two
major competitors, Unity and Unreal Engine[11]

2.6.1 Unity

Unity is the clear front-runner in terms of use with a 48% in
market share. This is due to its large asset store, big community,
user-friendly interface and ease of use compared to Unreal
Engine. Unity uses C# as a programming language which is
considered easy to use and with a large community of users
most of the issues a coder may run into are already solved by
others and available online. The game engine is also free to use
which attracts a lot of new and hobby developers[11].

Figure 2.4: Unity logo [11]

2.6.2 Unreal Engine

Unreal Engine is the preferred software used by AAA-studios
which are the companies that creates the highest budget games.
The reason is the increased graphic quality and scalability [11].

Figure 2.5: Unreal Engine logo [11]

2.6.3 Comparison

The table below shows a short comparison between Unity and
Unreal Engine. For graphics and scalability the high and low
indicates which one has the largest potential[11].
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14 theoretical background

Feature Unity Unreal Engine

Programming
Language

C# C++

Graphics Low High

Price Free or 75$/month
for Pro version

5% royalty when
revenue exceeds 1

million $

Scalability Low High

Target Platforms Desktops, mobile
devices, consoles

and web browsers

PC and console

Target Audience Indie developers &
new coders

AAA-studios &
artists

Table 2.1: Comparison of Unity and Unreal Engine

Both software are suited for use in development of VR-games
and programs and the choice of which to use may vary from
user to user. The main differences that will affect the choice
are which programming language the programmer prefers, the
graphical requirements and the scale of the project.

2.7 available hardware

The table below shows some available HMDs. Some HMDs
such as the Valve Index VR Kit and the Meta Quest Pro were
excluded due to their price. Others such as the Sony PlayStation
VR and PlayStation VR2 were excluded as they are only tailored
towards the PlayStation systems.

Table 2.2: Technical information for different HMDs [13]

The connection shows whether the HMDs require a cabled con-
nection or if they can function independently. Tethered headsets
have a greater processing speed, power and graphics capability
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2.8 types of vr training data 15

but does not provide the mobility that a standalone headset
does. The resolution is given per eye. The motion detection
6DOF means 6 degrees of freedom which allows the user to
move forward, backwards, right, left, up and down. Some head-
sets such as the Pico G2 4K provide 3DOF which makes the user
able to look around but not move in the virtual space. This can
be used with 360-video but are not suitable with CGI as the user
cannot interact with the environment. The prices may vary with
time and seller/location but are used as an indicator of price
range when comparing the different HMDs.

2.8 types of vr training data

In general, VR can provide the user with five types of data:

• Usage

• Performance

• Attention and engagement

• Sentiment

• Predictive analytics

Usage shows the frequency, duration and completion of the
program which enables the organization to keep track of the
employees training. Performance tracks the completion of tasks
and correct answers which can help the organization assess
the proficiency of the training and where the strengths and
weaknesses of the employees are within the training program.
Attention and engagement tracks where and how the trainees
pay attention which ensures that the employees are focused on
the right information or actively engaged in the material for the
training program to progress. Sentiment is qualitative feedback
from the participants that can help evolve and determine the
perceived quality of the program. Predicitive analytics uses the
combination of immersive data and real-world data to create a
machine learning-based predictive model that can be used to
improve the program. [30]

2.9 cgi vs 360
◦

video

There are two options when creating the 3D-scenes for the
virtual experience, Computer Generated Imagery (CGI) and
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360
◦ Video. The choice depends largely on the budget and the

desired amount of immersion[32]

2.9.1 CGI

In CGI everything is computer generated which allows the user
to move around and interact with items which enhances the
immersive qualities of VR. This is helpful for training muscle
memory, getting familiar with an environment and examin-
ing/interact with objects due to the 6 degree of freedom that
are enabled [32].

2.9.2 360◦ Video

360
◦ video is a cost effective alternative to CGI. It allows the

user to see a photorealistic version of the location but cannot
interact with the environment in the same way as with CGI.
The 3 degrees of freedom reduces the immersive qualities of VR
but enables the program to be available through mobile devices,
web browsers, etc [32].

2.10 cost-benefit analysis

A cost-benefit analysis is used to compare the estimated costs
and benefits for a project to determine if it is a sensible option
from a business perspective[28]. This ensures a data-driven
approach where the costs and benefits are taken into account
before the decision is made. The cost-benefit analysis can be
divided into 4 steps:

• Establishing a framework

• Identifying the costs and benefits

• Assign a value to each cost and benefit

• Find the total value of costs and benefits and compare

The framework can vary in different organizations but the main
issue is to determine the goals and objectives that are trying to
be solved. This helps identifying and understanding the costs
and benefits. It is also important to decide a common metric to
compare the costs and benefits.
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The next step is to identify the costs and benefits. The costs
can be divided into direct costs, indirect costs, intangible costs
and opportunity costs. Direct costs are all the expenses that
are related to production, development of a product/service or
implementation of a project. These can be labor, manufacturing,
materials costs, etc. Indirect costs are fixed expenses such as
utilities and rent that are not directly connected to the project
but still necessary for the project to proceed. Intangible costs
are costs that are hard to quantify. An example of intangible
costs can be reduction in production while implementing a new
process. Opportunity costs refers to lost benefits from choosing
one project over another.

The benefits can be divided into direct, indirect, intangible and
competitive. Direct benefits can be increased revenue from sale
of a new product. Indirect benefits can be improved interest
in brand from happy customers. Intangible benefits can be in-
creased production due to improved employee morale. Compet-
itive benefits can be created by being innovative and being first
in an industry.

After identifying the costs and benefits, they need to be quan-
tified in terms of value. Direct costs and benefits are easiest to
assign a value while the other ones can be hard to quantify due
to uncertainty. When all the costs and benefits have been valued,
they can be compared and a decision can be made. It is also
important to check with the framework established in step 1 to
ensure that the analysis complies with the goals and objectives.
Even though the cost-benefit analysis can be positive, their can
be other projects that better aligns with the goals and objectives
which is why this should be considered as well.

The advantage with using a cost-benefit analysis is that it en-
sures a data-driven approach without biases. It makes the deci-
sion making easier by reducing the complexity of the decision to
a comparison of costs against benefits. The analysis also makes
the decision maker uncover indirect and intangible costs that
will affect the economic aspect of the project, that could have
gone unnoticed. However, it can be difficult to accurately predict
all the factors and value of them. This becomes more prevalent
the longer the time-frame of the project is and a cost-benefit anal-
ysis is therefore often more suitable for short and mid-length
projects. As the time goes by, the market can change, inflation
will affect the finances and new competitors can arise which all
can affect the profitability of the project[28].
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2.11 companies that provided data

The following subchapters will give some information about the
companies that provided the data for the cost-comparisons.

2.11.1 FireSafe

Firesafe AS is a total supplier of fire safety solutions. With over
1000 employees in the Nordics and a turnover of about 1 billion
NOK, Firesafe is a market leader within the subject. Since the
start-up in 1981, the company have developed solutions for fire
alarm systems, extinguishing system, fire detection and alarm
systems as well as courses on fire safety[22].

2.11.2 PaleBlue

PaleBlue is a Norwegian company that specializes in creating
state-of-art VR applications, simulators and interactive solutions.
Their digital simulators are approved by IMCA, the leading in-
ternational trade association for the marine contracting industry,
which allows specialist training of offshore workers onshore.
They provide both customized and non-customized solutions
depending on the customer’s needs [24].

2.11.3 Industri Energi

Industri Energi is the Norwegian trade union for industry and
energy sector. With over 56 000 members, they are responsible
for the collective agreement on wages in the energy sector among
others. The agreement is negotiated every 2 years and is used
as a guideline for the wages of offshore workers[23]

2.12 use-cases and studies on pros and cons of vr

The following subchapters will give some context to the studies
and use-cases that are referred to in Chapter 5.

2.12.1 Knowledge Retention

According to the Cambridge English Dictionary retention is "the
ability to keep or continue having something.[25]" In terms of
learning, the ability to keep the information is essential.
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A study done by Babu et al. in 2018[6], compared the retention
of knowledge after using a 2D based interaction model and
VR with the same learning content. The 2D based interaction
is tablet based and features a labeled diagram of a motorbike
along with close-up images of individual components. The VR
interaction allows the user to move around the motorcycle and
interact with the parts. The final test was done on a real mo-
torcycle. There were twenty-six participants that were divided
into a control group (2D interaction) and an experimental group
(VR) of 13 people each. The participants followed the same ac-
tivity plan of an orientation to the activity, the interaction with
the learning content and its revision, an immediate recall test
and an delayed recall test after a day. For the test, the time was
recorded and the responses were divided into three categories:
correctly recalled, wrongly recalled and confused recalls. Cor-
rectly recalled responses were correct in both name and position,
wrongly recalled was wrong in either name and position or both
and confused recalls involved incomplete or equivalent names.

2.12.2 Soft Skill Training by PwC

In 2020, PwC did a soft skills training efficacy study [16], com-
paring VR, e-learn and classroom teaching as training methods.
The soft skill that was taught was discussing and acting on issues
of diversity and inclusion. The users were measured on time,
confidence in dealing with the issues, emotional connection to
the learning material and focus.

2.12.3 VR Sickness

A systematic literature review presented by Saredakis et al.[26]
shows how the the users of 55 different studies reported the
symptoms of VR sickness. This was done through a Simulator
Sickness Questionnaire (SSQ) score reported by the participants.
The symptoms were divided into nausea, oculomotor and dis-
orientation and compared with regards to level of visual stimu-
lation, time used, condition, locomotion, age and content type.
Oculomotor symptoms are related to eyestrain, blurred vision
and difficulties focusing and concentrating.

The level of visual stimulation was divided into high and low
depending on the speed of the visual changes. The time used in
the simulation was divided into less than 10 minutes, 11 to 20
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minutes and more than 20 minutes. The condition reported on
induced and not induced depending on whether the program
was intended to increase/decrease VR sickness or if VR sickness
was a secondary result of the study. Locomotion is how the user
moves around in the simulation. This was divided into controller,
stationary and walking. The age of the participants were divided
into below 35 and 35 and older. At last the type content was
divided into 360

◦ video, game, minimalist and scenic. 360
◦ video

is explained earlier in Chapter 2, gaming included interaction
with the environment and perform tasks, minimalist had simple
interactions and basic shapes and minimal textures, whilst scenic
had high detail on the environment but no interaction.

2.12.4 Empathy Training at Verizon by Strivr

Verizon[18] used VR to teach the employees how to deal with
and deescalate high stakes situations. This included among
others how to deal with armed robberies with a focus on the
safety of employees and customers.

2.12.5 Nurse Training at Adventh Health by Strivr

Advent Health[3] used VR to train new and experienced nurses
in safe procedural sedation in three different units: emergency
department, the cardiac cath lab and the interventional radiology
suite. The pilot covered 367 learners on 4 different locations for
1 month with 5 VR headsets per location. The pilot ended in
May 2022.

2.12.6 Onboarding Training at Sprouts Farmers Market by Strivr

Sprouts Farmers Market[31] used a VR-training solution pro-
vided by Strivr to do onboarding for new employees. The pro-
gram was aimed at frontline employees who got to practice the
needed skills, procedures and processes in a realistic situation.

2.12.7 Pickup Tower Training at Walmart by Strivr

Walmart[31] used a VR-training solution provided by Strivr to
allow their employees to practice on the new equipment before it
was installed without the need of a trainer in physical presence.
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This allowed each employee to practice at their own speed and
when available which increased the efficiency at the stores.

2.12.8 VR in Assembly Training

In a study done by Wolfartsberger et al[34], they reported on
the effect of VR in assembly training. The study was done by
comparing a control group of 21 people that were trained by a
tutor on an assembly deck. A group of 21 people went through
a non-assisted VR-simulation with visual and audio instruc-
tions. The last group of 22 people did an assisted VR-simulation
with visual cues for parts and placements, automated snapping
and visual instructions but no audio instructions. After going
through the training, the participants were asked to remember
a list of ten words to reduce the impact of short-time memeory
on the test. The participants where asked to build a replica of
the LEGO model built in the training course which consisted of
13 pieces. The number of position errors, order errors, number
of hints requested and the sum of all of these were recorded.
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R E S E A R C H M E T H O D O L O G Y

3.1 research approach

The research question is to determine if VR-based interactive
training is a competitive training method compared to the tradi-
tional methods from a financial and training effectiveness view.
The first challenge is to determine whether VR as a training
tool is effective enough to warrant a potential investment. The
second challenge is to determine how the finances of VR train-
ing compares to the finances of traditional training methods.
As training is a broad term that can involve different methods,
objectives, sectors, etc., it is not possible to determine the costs
on a general level. Therefore, the financial aspect is determined
through two scenarios that cover the two main areas where
VR can be an useful tool as mentioned in Chapter 2. One sce-
nario involves a non-customized VR-training solution and the
other involves a customized VR-training solution in order to
determine if VR can be a feasible option. The scenarios will be
described in the following subchapters.

3.1.1 Scenario 1

Scenario 1 is a fire safety scenario where an employee has to
extinguish a fire. The VR scenario is standardized and bought,
not customized as this will bring the cost down whilst still
providing the necessary output. The VR-program gives the user
the experience of putting out a fire using VR and a customized
fire extinguisher. The VR training program can be used by 30

people and will take about 10 minutes to complete. The regular
extinguishing exercise can involve 20 people and takes one hour
to complete. The real life training involves a trailer with fire that
the users can extinguish. Both training exercises can be done at
the workplace.
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3.1.2 Scenario 2

Scenario 2 is an offshore familiarization scenario where the
employee can be made familiar with a platform before traveling
offshore. The scenario will compare the cost of traveling offshore
and doing the tour of the platform with a VR-simulation. This
is a mandatory training for all new visitors at a platform.

3.2 research methods

The pros and cons of where will be established through a litter-
ature review of studies involving VR-training. This will consist
of public reports posted online and different use-cases from
companies providing VR-training solutions.

The cost-comparison for scenario one will be simple as the only
different factors are the time used and the amount of people that
can be trained at once. For scenario two, the cost-comparison
will be more detailed as there are more varying factors and the
initial investment for VR is larger. The result will be done as a
payback period but with the number of sessions that will have
to be completed to reach break-even rather than time.

3.3 research methodology

Figure 3.1: Research methodology

Step 1 is to define and support pros and cons of VR as a training
tool. This will be done through a thorough research of use-cases,
literature reviews and reports on VR-training found through
Google Scholar and company sites. Due to the limited time and
resources available, this was determined to be the best method
as it would not be possible to create a VR-program to test all the
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possible pros and cons. This will create an overview of the pros
and cons that should be considered before choosing training
methods.

Step 2 is to choose the scenarios used for the cost-comparison.
The main reason for having two scenarios are that:

• training is a broad-term that can vary a lot in cost and
content.

• there are two main areas that VR is considered to be the
optimal choice which is when training is either expensive
or dangerous.

• the cost will highly depend on the level of customization
of the VR-program.

The scenarios chosen are designed to fit all these criteria. Fire
safety as the dangerous and non-customized training and off-
shore familiarization as the expensive and customized training.
Although fire safety training is relatively safe there is always the
possibility of something going wrong during an extinguishing
exercise. Although not the best example on a dangerous training,
this is training that every company can do.

Step 3 is to collect and analyze the cost data. The data for
scenario one will be collected from FireSafe that provides both
traditional and VR-based training and the wage data will be
collected from Statistics Norway. For scenario two the data will
be collected from PaleBlue for the VR-program, the wage data
will be collected from Industri Energi. Some information such
as the time needed for the training will be provided through
discussion with people with experience offshore and also to
ensure that all factors are considered.

Step 4 is to compare the pros and cons determined in step 1

and discuss them to provide a basis for decision making when
choosing training methods. The idea is to be able to determine
if VR can be used in certain situations before starting to look at
the financial aspect.

Step 5 is to compare the pros and cons with the financial aspect
to determine if VR can be used in training. The financial aspect
will be focused on the scenarios mentioned and is therefore not
applicable in every instance as in some cases the finances of VR
may not provide the same results as in these scenarios.
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3.4 limitations

For the financial aspect of the cost-benefit analysis, only the
investment and wage/time consumed will be considered as it is
assumed that all the other variables are the same in both training
solutions. The pros and cons will not be taken into account for
this as their value will vary greatly based on training situations
and companies.

3.5 data sources and collection methods

The data will be collected from online resources (reports, use-
cases, studies) and companies that provide these training so-
lutions. There is also some information needed to analyze the
data such as time needed for familiarization and some other
comments on the process that have been given by employees
that have experience with the processes.

3.6 data analysis methods

The data will be analyzed through a cost-comparison of the
different aspects of the scenarios. For scenario 1, the results will
show which method that is the most cost-effective based on the
cost of the programs, the time used and the cost of the wages.
For scenario 2, the results will show how many sessions that
needs to be done for the initial investment of the VR-training
program to be payed back through reduced wage expenses.

3.7 actions to ensure or increase the research

quality

All the data for pros and cons are based on user experience or
data and taken from different sources that validates each other
in terms of similar outcomes/trends. For the cost-comparison
part, all the data are collected directly from companies that
provide these training-solutions. The wage data for scenario
two are collected from the same source and the same job-role to
ensure a fair comparison.
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D ATA C O L L E C T I O N

4.1 scenario 1

Scenario 1 is the fire safety scenario. The data for the cost of
the different training programs are collected from FireSafe[22].
The employee cost is based on the median income in Norway
provided by SSB (Statistics Norway)[15]. This is set to be 47680

NOK per month. As there is on average 230 working days a
year[14] and an average of 7,5 working hours a day[5]. This
gives an average of 143,75 working hours a month which ends
up in mean salary per hour of 331,69 NOK.

4.2 scenario 2

Scenario 2 is the offshore familiarization scenario. The data for
the VR-program is collected from PaleBlue[24]. They reported
that it could be done in a minimum of 4 complete working weeks
at an hourly rate of approximately 1500 NOK. The data for the
traditional on-site training is collected from Industri Energi[21]
and their collective agreement on wages for offshore workers.
The wages were chosen The numbers used are from 2020-2022

as there is a differentiation between wage for working onshore
and offshore that is not separated in the current. Category B was
selected as the salary is not the highest or lowest, and the salary
stayed approximately the same in the new collective agreement.
The time used for familiarization is set as 60 and 90 minutes as
the estimated time needed to complete the process was in that
time span. The time needed will of course depend on the size
and design of the platform, but the effect is assumed to be the
same for both training methods.

27
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A N A LY S I S A N D R E S U LT S

5.1 advantages of vr

There are several advantages of VR that cannot be adequately
estimated in the form of monetary value. These will be discussed
below.

5.1.1 Knowledge Retention

Figure 5.1 and Figure 5.2The results of the study show that
the control and experiment group achieves almost the same
results at the immediate test, but there are bigger differences
even after one day. The experimental group performs better
than the control group with a mean of 13,69 correctly recalled
compared to 10,33 for the control group. It is also worth noting
that the wrongly recalled for the experimental group decreased
on day two whilst significantly increasing for the control group.

Figure 5.1: Retention Stats [6]

5.1.2 Engagement and Confidence

The time used on interaction with the learning content was
higher for the experimental group which likely affected the
results. The increased time can be attributed to the immersive
qualities of the VR-scenario where the user had to walk around
and interact with the motorcycle compared to seeing pictures
with labels. The results show that the increased engagement in
the learning content provides notable effects. Another example
is Verizon who uses VR to train employees on what to do in the

29
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Figure 5.2: Retention Graph [6]

event of a robbery in a store. The employees reported that 97%
felt prepared for the situation after completing the VR training.

The results from feedback by the learners from AdventHealth
show[3]:

• "88% believe it was an effective way to apply and practice
the training."

• "79% would like to continue to use VR as a tool for train-
ing."

• "85% enjoyed it more than non-VR training."

• "88% more confident to assess the patient condition."

• "87% more confident to administer medication incremen-
tally."

• "87% more confident to monitor patient response continu-
ously."

• "84% more prepared to handle real life moderate sedation
situation."

The feedback show that the majority enjoyed using VR for train-
ing purposes. If someone enjoys something they are more likely
to be engaged and therefore more focused on the tasks at hand.
The confidence is consequence of experience. Having done the
actions in a similar environment with accurate feedback and
without the pressure of consequences will make the real sit-
uation more familiar to the employee. A PwC study on soft
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skills training[16] also reported on the impact on confidence
in discussing and acting on issues of diversity and inclusion
comparing those who used classroom teaching, e-learning and
VR. The results are presented in Figure 5.3:

Figure 5.3: Confidence [16]

Figure 5.3 shows that the VR users were significantly more
confident in applying the learning material compared to the
classroom and e-learn users. An average improvement in con-
fidence of 245% for VR-users compared to 179% for e-learn
users and 166% for classroom users show that VR can effectively
increase the confidence of the employees. VR enables the user
to practice in lifelike situations and thereby increases the expe-
rience of the user in dealing with the situation. Combining the
lifelike situation with guidance and a safe environment ensures
that the user knows how to act in the situations.

Figure 5.4 shows the average emotional connection the learners
experienced using the different learning methods.

Figure 5.4: Emotional connection [16]

As seen in Figure 5.4 above there is a large increase in emo-
tional connection of the VR-learners compared to the traditional
methods. As mentioned in Chapter 2, a student will learn better
by actively engaging in the material. The increased emotional
connection is proof of increased engagement which increases
the knowledge retention and confidence.
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5.1.3 Speed and Consistency

Strivr[30] reported in two use-case studies that Sprouts Farmers
Market[31] managed to reduce onboarding time from 4 hours to
45 minutes and Walmart [31] reduced the pickup tower training
time from 8 hours to 15 minutes using VR. The PwC study on
soft skills training efficacy[16] reported that VR-users completed
the training in 29 minutes on average, E-learn took 45 minutes
and classroom teaching took 2 hours. When these results ac-
counts for the extra time needed for first-time learners to learn
how to use the VR headset, the classroom learners still used 3

times as long. The results are shown in Figure 5.5.

Figure 5.5: Time used for the training program [16]

VR allow the users to proceed at their own pace without having
to adjust the course for the different learning speeds of indi-
viduals. This can decrease the time needed to do the training
program and also remove some frustration regarding the pace
of the course. Having to wait or repeat information during a
long course repeatedly for everyone to be up to speed can be
frustrating and doing the course at ones own speed can remove
this.

By removing the human factors, the training becomes more
consistent. All humans have bad days sometimes or be distracted
due to personal matters. This can affect the instructors ability to
convey the training to employees. Consistency is highly sought
after as better training provides better results.
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5.1.4 Safer Training

VR provides a safe environment for the user to learn the wanted
skills whether they involve dealing with heavy machinery, armed
robberies[18], fire safety[22], 9 life saving rules, etc. VR can also
show the consequences of the user’s actions without putting
them at risk. This can be beneficial in situations where safety
precautions can become routine. Fully understanding the conse-
quences can increase the focus of the user and result in better
results without the user ever needing to be in any danger.

5.1.5 Employee Retention

A study presented by Strivr[29] shows that:

• "70% of the employees would be likely to leave their cur-
rent job for a company better known for investing in em-
ployee learning and development."

• "86% of millennials would be deterred from leaving their
current position if more training and development were
offered by their employer."

• "Organizations with poor onboarding processes are twice
as likely to experience employee turnover."

• "The retention rates rise from 30% to 50% for organizations
with strong learning and development cultures."

Although these findings are connected to training in general,
VR can play a big part in increasing employee retention. Laura
Lee, the former chief human resources officer at MGM Resorts
International, reported that the company had seen an increase in
employee retention after implementing VR in their training pro-
gram for front desk workers[29]. The employees also reported
an increase in comfort in their work as they had been exposed to
angry customers in the training modules and knew how to han-
dle them. Employee retention provides financial benefits as there
is a reduction in need for onboarding and adaptation for new
employees whilst also increasing the quality of the workforce
with experience.
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5.1.6 Scalability

VR-training is very scalable as hardware is the limiting factor.
As shown in subchapter 5.2-5.4, VR can be more cost-effective
at scale due to faster training, less instructors, etc. The cost
of the extra hardware can quickly be regained. Unlike with
traditional training, there is no difference if the training-program
is to be scaled within one location or across many as the VR-
program does not have to be location specific such as the PwC
soft training skill program mentioned in subchapter 5.5.2.

5.1.7 Sustainability

The major sustainability factor regarding VR is reduction in
traveling as the user can access the programs from anywhere as
long as they have access to a VR-headset. Whether the traveling
is for the user themselves or an instructor, the emissions can be
reduced to a minimum. There is also no risk of emissions when
practicing dealing with toxic waste, production procedures, etc.

5.1.8 Available On Demand

As mentioned in Chapter 2, as adults mature they are more
inclined to learn when there is an immediate need for the knowl-
edge or skills. With no need for instructors, VR can provide the
employee with the training on demand, allowing th different
parts of the organization or employees to learn at different times.
The training can also be redone when needed as long as the VR-
program and hardware is available allowing the user to refresh
the necessary material.

5.1.9 More Measurable and Less Distracting

As mentioned in chapter 2.8, VR provides an increased amount
of data to be collected. Usage, performance and sentiment can
be equally measured in VR and real-life but the real difference
can be seen in attention, engagement and predictive analytics.
By using a VR-headset, the user is screened from any visual
distractions from the real world which allows the user to focus
on the tasks at hand. By using headphones, the user can also re-
move potential audio distractions for further focus. Combining
these with the fact that VR-programs can track where the user is
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putting their attention at all times, it is easier to make training
programs free of distractions. Tracking the users eye-movements
enables the developers to perfect the training programs by re-
moving unnecessary distracting elements or changing the con-
tent where users get distracted. Having concrete data to act
on in addition to the standard feedback surveys help improve
the training in the long run. Figure 5.6 shows the focus of the
learners in the PwC soft skills study in subchapter 5.5.2.

Figure 5.6: Focus [16]

Figure 5.6 shows that not only do the VR learners get less
distracted than the classroom and e-learners, but they also use
less time to get back on task. This does not only affect the time it
takes to complete the tasks but can often affect the quality of the
learning. The increased focus ensures that the learners receive
the information that they are supposed to learn while being
mentally present. The focus is tightly connected to knowledge
retention as "a student will learn better by actively engaging in
the material."

5.2 disadvantages of vr

As with pros, there are several disadvantages that cannot be
adequately estimated in the form of monetary value. These will
be discussed below.

5.2.1 VR sickness

VR sickness or cybersickness is a form of motion sickness caused
by the brain experiencing movement from the visual inputs but
the rest of the body is not moving. This difference in input
can cause nausea, dizziness, blurred vision and loss of balance.
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Figure 5.7 shows the results of a systematic review and meta-
analysis on VR sickness in HMDs [26].

Figure 5.7: VR-sickness [26]

The major takeaway from the review is that the type of content
has the largest effect on VR sickness. Gaming content induces
significantly higher SSQ-score than the rest of the content types.
360

◦ video, minimalist and scenic content induces less VR sick-
ness as they are less realistic or complex. The reduced realism
reduces the confusion of the brain that causes the symptoms.
Furthermore, the type of movement or locomotion confirms this
as when moving while using the VR-program, the symptoms
are reduced as well.
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It is also interesting that there is no big difference in when it
comes to age, the difference in score for nausea and oculomotor
are not significant but the disorientation is higher in people
below the age of 35. However, there are some inconsistency in
the outcome of studies involving age and

5.2.2 Not suitable in every situation

As mentioned in Chapter 2, VR is not suitable in every situation.
Figure 5.8 shows a study on VR in assembly tasks[34]. The figure
shows that increased visual guidance (VR assisted) reduces the
mental workload to the point where the user learns less. There
is also not a significant difference between the control group and
VR non-assisted, but slightly more reliant on hints for the VR
non-assisted. An explanation to this is that VR cannot replicate
the feeling of touch which can be important in assembly tasks.
The figure also show that the planning of training-program is
important as small adjustments can affect the learning outcome
drastically.

Figure 5.8: VR in assembly training [34]

Another situation where VR should be avoided is when there
are a lot of reading or memorization of academic or knowledge-
based materials. As the VR sickness increases with time as
shown in Figure 5.7, it is unnecessary to use VR for something
that can just as well be done in real-life.

5.3 determining scenarios

When determining the scenarios there were two main objectives
to complete. As mentioned in Chapter 2, there are two main
reasons to use VR and that is when training is either expensive
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or dangerous. The other objective was to find one customized
and one non-customized VR-training solution. As the time was
limited, the thesis had to rely on already completed projects
for references. After conversations with the supervisors and
Paleblue, I settled on the offshore familiarization scenario for
the customized training as this was something Paleblue had
experience with and something that is being tested. There is not
any public data regarding the cost of such a project, but Paleblue
were willing to give an estimated of how much such a program
would cost and the time-frame connected to the making of it.

The fire safety scenario was chosen as that is something every
company should do and the potential cost saving of prevent-
ing a fire in itself could warrant the investment. The data was
collected from FireSafe as they provide a VR-solution and a
more traditional fire extinguishing exercise The non-customized
aspect of the training program also drastically reduces the cost
to show that there is a discussion to be had when determining
if it is necessary to customize the training. The level of cus-
tomization depends on the task, the location and the learning
objectives which all have to be evaluated before settling on a
training method and program.

Other scenarios were discussed as well such as the Basic Off-
shore Safety Induction and Emergency Training (BOSIET) but
were dismissed as it is standard regulated and the program
would have to be approved before use and there is uncertainty
to if it would have been. There is also elements of the training
surviving at sea and escaping a submerged vessel that cannot be
accurately replicated in a VR-simulations as the water will have
an effect on the trainee. Another scenario that was considered
was 9 life saving rules. These are:

• Bypassing safety controls

• Confined space

• Driving

• Energy isolation

• Hot work

• Line of fire

• Safe mechanical lifting
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• Work authorization

• Working at height

As none of these are location dependent, they would fall under
the non-customized and dangerous training. These were not
chosen as the cost-data were not obtainable.

5.4 general cost of vr

As the VR hardware have reduced in price in the recent years
as mentioned in the theoretical background chapter, the biggest
affecting cost-factors are the level of customization and details.
Some training is possible to standardize where the action is more
important the surroundings. This can be fire safety training, soft-
skill training, 9 life saving rules, etc. The more customization
that is needed, the higher the price will be. The same counts for
level of details due to the increased time needed for development
of the training program.

5.5 cost-comparison of scenario 1

Table 5.1 presents the median wage in Norway in 2022.

Table 5.1: Median wage in Norway

Table 5.2 shows the cost-comparison for scenario 1 of a single
training course. As mentioned in Chapter 4, the main difference
is in time used and amount of people that can do the course. As
the courses cost the same, the only difference is the wage cost
which ends up in a saving of 4975,31 NOK or 32,03% for the
VR-solution.

Table 5.2: Cost-comparison of a single training course

Table 5.3 shows a comparison when the programs are adjusted
to the same amount of employees. To do this, 2 VR sessions
and 3 regular extinguishing exercises will have to be completed.
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The total saving on using the VR-program is 25484,35 NOK or
54,69% compared to the regular exercise.

Table 5.3: Cost-comparison of 60 people

5.6 cost-comparison of scenario 2

Table 5.4 presents the VR-training program cost with 2 Meta
Quest 2 128 GB VR-headsets as presented in Chapter 2 and the
wage expenses collected in Chapter 4.

Table 5.4: Cost of VR-Program and Wage Expenses

Table 5.5 shows the development of the expenses onshore com-
pared to offshore. The CAPEX Onshore refers to Table 5.4 and
the total price of the VR program and equipment. As there is no
need for guides, the only wage expenditure is for the employee
who is completing the training. There is no CAPEX Offshore so
the only costs are the wage costs, but there is a need for a guide
so that increases the wage total. It is also evident that the biggest
increase in wage cost is when there is one employee per guide.

Table 5.5: Onshore and Offshore Costs
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Figure 5.9 shows the number sessions needed to break-even for
scenario 2. The purple line labeled Onshore shows the cost for
the VR-familiarization training with an initial cost of 235980

NOK and and an additional 361,59 NOK in wage expenses for
every use. The other lines shows the cost of doing the training
offshore with a guide. Starting from the left the lines show the
number of sessions needed to break-even with 6 employees per
guide to 1 employee per guide. The number to the left of the
comma is the number of sessions and the number to the right is
the total cost up until the point of break-even.

Figure 5.9: Number of Sessions Before Break-Even

Table 5.6 shows the amount of employees that need to go
through the training before the break-even point. The table
shows that even though the number of sessions are reduced
when the number of employees per guide increases the total
number of employees that needs to be trained increases. This
can be explained as that the more employees that get trained
compared to the number of guides will reduce the difference in
savings per session compared to the VR-training. As the relative
difference in expenses are less, the more sessions needs to be
conducted to break-even. This makes sense as it is cheaper to
train more people at the same time offshore whilst there is no
difference on the matter when using the VR-training program.
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Table 5.6: Employees trained before break-even

Table 5.7 shows how the wage expenses increases when the
time needed is increased to 90 min. As the familiarization was
reported to take between 60 and 90 minutes, it is helpful to
compare the impact of the increased length in sessions.

Table 5.7: Employees trained before break-even

Comparing Table 5.5 to Table 5.9, it is clear that there is a 50%
increase in the cost as the time increases with 50%. This makes
sense as it is a linear function that depends on the time.

Table 5.8: Employees trained before break-even

Figure 5.10 shows the numbers of sessions needed to break-even
when the training takes 90 minutes.The results are reduced by
1/3 compared to Figure 5.9.
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Figure 5.10: Employees trained before break-even

Table 5.9 shows that the total number of employees trained
before break-even is reduced by 1/3 compared with Table 5.6
which is accurate according to the results presented in Table 5.5
and Table 5.8.

Table 5.9: Employees trained before break-even

Figure 5.11 shows how the increase time for development will
affect the amount of sessions before break-even.

Figure 5.11: Employees trained before break-even
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Table 5.10 shows the results from Figure 5.11 in a table. It is
clear that the total employees trained are lower compared to
Table 5.6 which shows that the length of the session affects the
results more than the time used for development.

Table 5.10: Employees trained before break-even
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D I S C U S S I O N

This chapter will provide some discussion surrounding the
results and analysis provided in Chapter 5.

6.1 results

The results presented in Chapter 5 shows that VR can be a useful
training tool in terms of learning outcome in the right situations.
However, not all situations are necessary to use VR in. For fine
motor skills and memorization of knowledge-based materials
it should be avoided. With the development of VR over the last
years, the stand on fine skills may change if the controllers can
replicate the feeling of touch that they are missing today. As
for knowledge-based materials, VR will probably never be a
preferred method unless the problem of VR sickness is gone.

Scenario one shows that a non-customized VR training program
can compete on a financial level with more traditional meth-
ods. The main reason for the time difference is that with the
traditional extinguishing exercise all the participants are doing
the whole course together which can increase the learning out-
come by learning of each other. VR is more intensive in that
you get the necessary information, do the training and finish.
What is lost on learning from each other may be regained in the
increased focus that shorter training enables. The repeatability
can also contribute in making up for that as repetition will fill
some of the holes in the knowledge.

Scenario two shows that depending on the rate of people that
need to do the familiarization, VR can be beneficial in the long
run. Assuming that large changes on a platform is rare to do,
the model used in the VR will not have to be updated often.
Therefore, the investment at the start may be justified. There
is also an element in that VR is not restricted by the physical
capabilities of humans and can allow the user to move at greater
speeds and thereby save some time on the familiarization. But
the user may also need some time to get familiar with the VR
equipment that can reduce the effect of this benefit. Once the
model of the platform is made, it can also be modified to be

45
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used for other purposes such as maintenance planning. The
more purposes the model can be modified/used for, the more
justifiable the initial investment is.

6.2 results validity and generalizability

For scenario one, the results are valid as there is no large initial
investment that will be affected by the time value of money. As
the main cost difference in the scenario is the wage, the scenario
can be generalized to scenarios where the there is no large initial
investment and one method is faster than the other. But it is
also important to consider the pros and cons of each approach
because there is no use in investing in a training program that
does not fulfill the needs and requirements of the company.

For scenario two, the results are valid a guideline/example but
in reality the time value of money will have an effect on the
payback period. As money now is worth more than money in the
future, the amount of sessions will increase when the data are
adjusted to account for time. But as I could not get an estimate
of how many people are getting trained within a certain amount
of time, an groundless assumption would have removed any
validity from the answer.

6.3 data validity and generalizability

As all the data are collected from credible sources within the
industry, the data is valid. But as with any quickly developing
technology, there may be developments that will drastically
decrease the cost. In that case, the data can become outdated
and a new assessment should be made.

As the data are specifically connected to the scenarios, they
are not necessarily representative for all cases. It has therefore
limited generalizability but the pros and cons are not connected
to the scenarios and can therefore be seen on a more general
level.

6.4 other affecting factors

There are other factors that affect the cost of scenarios that are
not mentioned in the cost-comparison of the scenarios as these
values can vary a lot and be hard to number. The fact that there
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is no need to stop equipment or machinery as not everyone need
to do the training at once, can increase the company’s income
compared to having to shut down everything while training.
There is also an increase in income due to the reduced need for
instructors or facilitators which can create value somewhere else
in the organization while training is being completed.

A cost-affecting factor that are not connected to the scenarios
are the reduction in expenses due to the increased knowledge
retention. This can increase the intervals of when training is
needed. Also having the possibility to train when needed for
a task increases the intervals as the employee gets experience
right after completing the training with decreased chances of
forgetting parts and having to redo the training.

There is also some paperwork needed to be done after complet-
ing the familiarization process. This is time that can be saved
by having everything completed before the employee travels
offshore. By doing all the formalities before traveling offshore,
some inconveniences can be reduced and ensure efficiency while
offshore.

6.5 what could have been done differently?

After reviewing the work done, there are certain aspects that
could have been handled differently. The major ones are the
scenarios. Although the scenarios show what they were intended
to show, other scenarios could have perhaps given a more in-
depth economical comparison. As the scenarios were straight
VR-versions of the training, the only cost-aspect changing were
the wages due to being offshore or difference in time used for the
training. It could have been possible to gather more data here but
as it would have been the same for both parts of the comparison
it was deemed unnecessary. Other scenarios could have provided
more variables to the comparison. Scenarios where the time
value of money could have been considered would increase the
validity of the cost-comparison. As the amount of sessions for
scenario two depends on many unknowns such as the size of
the platform, amount of new employees, incidents that require
specialist that have not been to the platform before, etc., the time
frame for the amount of sessions were hard to determine.

Another issue was the methodology. An experimental method,
could have been used where a simple version of the training
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could have been simulated using VR and done traditionally
to compare the results and feedback. This would have to be
planned from the start with quick development and available
participants. As that was not the case, this method was not
deemed feasible within the time available.

6.6 future work

As training is a broad term that can cover many different meth-
ods and sectors, there is always the possibility of looking at
more scenarios and situations where VR-training can be useful.
With more people getting exposed to VR at an early age and/or
being more used to the technology it can be interesting to see
how that will affect the problem of VR-sickness. By removing
the cons, VR will be an even more sought after technology and
as the it gets normalized the number of cases and data to an-
alyze will create an even better foundation for a cost-benefit
analysis. As seen with the hardware, the cost of developing the
programs will probably decrease as templates and experience
will allow the process to be more optimized and more beneficial
in the future.
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C O N C L U S I O N

The research question was to determine if VR-based interactive
training is a competitive training method compared to the tradi-
tional methods from a financial and training effectiveness view.
Chapter 5 shows that there are several pros that makes VR a
competitive training methods. Factors like knowledge retention,
engagement, confidence, speed of training, consistency, safety,
employee retention, scalability, sustainability, availability, more
measurable and less distracting are all things that should be
considered when choosing the training method.

Although there are benefits, VR is not the best choice by default
and there are other factors that need consideration as well. VR
sickness is the major issue after implementation, but there are
measures that can be taken to reduce the symptoms. It is also
important to remember that there are situations where VR is not
suitable such as when the training requires a lot of memorization
of academic or knowledge-based materials or when training fine
motor skills.

From a financial perspective, the results of the cost-comparison
of the two scenarios show that VR can be competitive on cost as
well. However, this may not always be the case for every type
of training and should be considered when deciding on which
training method to use.

The main objectives that were achieved to answer the research
question was:

• Determine the pros and cons of VR.

• Find two scenarios to be used for economical comparison.

• Do an economical comparison of VR and non-vr training.

In conclusion, this thesis shows that VR-based interactive train-
ing can be a competitive training method compared to the tradi-
tional methods from a financial and training effectiveness point
of view.

49
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Based on the research I have done in connection with this thesis,
the most important issue to consider is the needs and require-
ments of the training. The planning is the most important factor
for a successful training program whether that is VR or not. As
VR is shown with the pros and cons presented in Chapter 5

to be effective, I would choose VR if the finances allowed it,
and it aligns with the needs and requirements. The increased
knowledge retention, confidence and engagement are factors
that I as a user would appreciate. It is also nice to know that
you can learn when you need to learn something and not have
forgotten the training content when it is needed.
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Mail received from Firesafe with prices.
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Collective agreement from Industri Energi
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