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Abstract
Virtual Reality (VR) is a computer-generated environment that creates a simulated experience for
users. VR technology is used as an effective training tool, especially for teaching potentially
dangerous and/or difficult-to-create scenarios in real-life. Despite the vast literature that shows the
positive impact of VR training on the learners’ performance and experience, studies that investigate
the criteria for the selection of appropriate VR technology are quite limited. This paper proposes key
decision criteria in selecting and investing in the right VR technology to create the best possible
learning outcome based on the feedback from VR developers and engineers in the US. Ease of
installation and creating an immersive user experience are identified as the most influential factors
affecting the successful implementation of VR technology. We envision that this study will help
companies that plan to invest in VR technologies better understand the critical factors affecting the

successful design and implementation of the technology and hence will aid in decision making.
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1. Introduction to Virtual Reality and User Experience

VR technology creates a unique digital landscape that users can interact with using their
senses, such as sight, hearing, and touch. This technology is commonly accompanied by audio support
provided via either headset or surrounds sound systems. Sound localization helps achieve a real-life
like experience as sounds can originate from multiple locations and travel to different directions as
necessitated by the virtual scenario. Additional devices such as voice recognition equipment can also
be added into this setup to enhance the user experience increasing the level of active participation in
the VR environment. In the virtual environment, optical, ultrasonic, and magnetic systems are tracked
simultaneously to be able to reflect the right position and orientation of physical objects (Berg &
Vance, 2017b). This design is vital to create the best view for users. The gestures and body
movements of the users are translated into functional interaction techniques via gesture recognition
algorithms (Mitra & Acharya, 2007). Some strong feedback mechanisms such as vibration, wind, or
pressure might also be used to enhance the experience depending on the virtual reality scenario setup.

The human brain understands and experiences the world via senses. As Hungarian-born
American illusionist, Harry Houdini said “What the eyes see and the ears hear, the mind believes.”
VR technology imitates the world around us to create a very similar digital world that gives input to
our sight, touch, and hearing senses. A capable and well-designed VR allows the human brain to read
all senses in this virtual world, creating a real-world-like experience. With its continued rapid growth,
the gaming industry became a leading source of virtual reality and augmented reality innovations
helping to increase the accuracy and speed in position and gesture recognition in VR. With its
widening market, virtual reality has been a popular technology used in e-commerce and a variety of
additional industries, including tourism, military, healthcare, airlines, and educational services. The
healthcare field uses VR training to train surgeons for high-risk procedures. Architects and interior
designers utilize VR tools to design buildings or individual dwellings prior to the actual construction
(Mobach, 2008). Retail companies benefit from VR while training retail store managers in
anticipation of extraordinary activities to prepare salesforce for peak demand periods such as Black

Friday or major seasonal events (Figure 1).
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Figure 1: Store Manager Training via Virtual Reality in Walmart (WTSP, 2018)

VR experiences might also be designed for different purposes (Sherman & Craig, 2018), such
as analyzing big data and solving problems in engineering, education, and healthcare industries
(Huang, Rauch, & Liaw, 2010). On the other hand, VR applications can be designed to provide factual
information to users regarding significantly large or small but complicated designs such as a building
or amolecule. VR is a very useful tool to visualize complex and abstract information or problems and
breakdown them into more meaningful parts to foster understanding, creativity and problem-solving

ability.

2. Motivation

VR technologies are commonly used in healthcare, military, airline, and retail industries. The
most common justification for its utilization is that VR provides a risk-free learning environment.
Reflecting its increased utilization, the number of studies looking into its effects on the learning
outcomes and experience is increasing steadily. Out of these, Wijewickrema et al. (2017) discussed
and designed VR-based training for cochlear implant surgery. The authors concluded that the
participants found VR training to be highly effective. 75% of participants indicated that this type of
training was useful supplemental to other laboratory or operation room-based training. VR training is
also used in building skills with emotionally or physically handicapped individuals. Smith et al.
(2015) investigated the impact of virtual reality on job interview training using a sample group of
young adult participants with high autism spectrum disorder (ASD) and compared the results with the
control group. This study provided evidence that VR based training could be a useful intervention in
preparing individuals with ASD for job interviews.

Even though the focus was not on VR technology, in one of the relevant studies, Goker and

Karsak (2016) proposed a common weight data envelopment analysis (DEA) approach for selecting
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the most suitable advanced manufacturing technology. Similarly, Secundo et al. (2017) designed a
selection methodology using a hybrid fuzzy extended Analytic Hierarchy Process (AHP) approach
for service suppliers. In the VR technology market, there are many different versions, features, and
differentiators of VR tools as well as different vendors. As the design and customization of VR
training tools are costly, the selection of the right tool becomes a vital decision.

The existing studies in the literature search reveal VR as an efficient tool that adds value to
user experience. In particular, the positive impact of VR technology on learning outcomes and the
actual performance of learners are well documented. The literature also agrees on the benefits of VR
on decision making and analyses. The common consensus is that technology facilitates faster and
more efficient problem-solving.

Despite its proven benefits, however, there is a lack of research on how to select the
appropriate VR tool. Aiming to address this gap, this study focuses on obtaining an answer to “What
are the important decision criteria for selecting and investing in a VR tool?”. This paper provides a
holistic view of VR utilization across industries aiming at identifying and consolidating relevant
decision criteria for the selection of appropriate VR solutions. The sole focus of the study is on VR
tools that are designed for individual experience via a head-mounted display with audio as is shown
in Figure 2. That is the VR tools that allow multiple user interactions in a collaborative virtual

environment such as VR based games are not considered.

Figure 2: Head-Mounted Display (HMD)
(Marchionne, 2019)
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3. Literature Review

Understanding the dynamics in the VR design is important to analyze the rationale behind its
adaption, which would aid in selecting the right VR solution. In the literature review, there is a focus
on the impact of VR in impact on expected results and user experience in different fields such as
construction, medical, and engineering as it is shown in Table 1. There is a higher number of
researches focusing on decision-making frameworks in a software selection in general. However,
decision making in virtual reality technology has not been investigated.

Table 1: The Summary of Literature Review

No | Study Authors Aims Methodology
- Qualitative
Creo!lblll_ty and . (Woksepp & | To investigate how VR and
applicability of virtual : I
1 . . . Olofsson, models are experienced and | quantitative
reality models in design
X 2008) assessed by the workforce research (User
and construction
survey)
Development and . To develop and test the Quantitative
evaluation of a trauma (Harrington - .
2 - S trauma decision-making research (User
decision-making simulator | et al., 2018) . N
) . : simulator on individuals survey)
in Oculus virtual reality
To describe the current state
. of the art of virtual reality as
Industry use of virtual o .
L . (Berg & it is used as a decision- e
reality in product design ) i Qualitative
3 - Vance, making tool in product
and manufacturing: a . . . research
2017b) design, particularly in
survey o0
engineering-focused
businesses
An In(_just_ry Case Study_: (Berg & To present a case study of Qualitative
Investigating Early Design the use of VR as a design
4 > T Vance, . L . research &
Decision Making in Virtual tool with a decision-making
; 2017a) Case study
Reality focus
An integrated decision
support system dealing (Sen, Baragl, | To create both qualitative
5 with qualitative and Sen, & and quantitative objectives Quantitative
quantitative objectives for | Bashgil, to decide the right enterprise | research
enterprise software 2009) software
selection
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Data envelopment analysis

To build an optimization

ETL software selection

TOPSIS methodology for

Agouti, 2016)

ETL software

based multi-objective (Gupta, T
C model to minimize the e
optimization model for Mehlawat, & - Quantitative
6 : ) . software cost and maximize
evaluation and selection of | Mahajan, . research
the total value of purchasing
software components 2018) 4
X through some constraints
under optimal redundancy
Supportl'ng dec_|S|on _ (Secun_do,' To present and apply a fuzzy o
making in service supplier | Magarielli, L Quantitative
. ; ! : extended analytic hierarchy
7 | selection using a hybrid Esposito, & rocess approach in the research &
fuzzy extended AHP Passiante, Process appro . Case study
service supplier selection
approach 2017)
Appllcatlon of an (Hanine, To build a methodology that
integrated multi-criteria . _—
8 | decision making AHP Boutkhoum, | includes both AHP and Quantitative
g Tikniouine, & | TOPSIS techniques to select | research

study

pain

(Farshidi, To present a decision
A decision support system | Jansen, de P Quantitative
support system to help
9 | for software technology Jong, & ; research &
. . companies to choose the
selection Brinkkemper, . Case study
most suitable technology
2018)
Virtual reality applications
in manufacturing . To analyze the current .
10 | industries: Past (Choi, Jung, literature on VR applications the_erature
- & Noh, 2015) . review
research, present findings, and discuss future trends
and future directions
Immediate effects of . .
. . , To explore the immediate —
virtual reality mental (Tsai, Hsu, . . Quantitative
R . . . effects of virtual reality
11 | practice in subjects with Hou, Chiu, & mental practice on low back research &
low back pain: A pilot Sung, 2018) P User survey

During the literature review, five important design factors that affect the adaptation of VR

tools/platforms have been identified as it is shown in Table 2.
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Table 2: Five Design Factors Affecting Successful Implementation of VR Tool/Platform

Factor Definition Related
literature
VR tools help users to understand and interact with the
simulated world. The design of the VR tool is vital to (Bowman &
create the best possible user experience. The virtual McMahan
User Experience | environment should be believable and creating an 2007) ’
immersive experience for the user. It should also be
interactive that the user can move hands, arms, or legs to
move and interact within the virtual environment.
The main element in the total cost of VR tools is the hourly
pay rates of VR design engineers. Therefore, if the VR tool (Hilfert &
to be designed is too complex and large-scale platform, Konig, 2016)
then the cost is increased significantly. Additional to the 9.
Cost of the VR design cost, there is also hardware cost and the post- (Yavrucuk
Platform production cost, which include the maintenance of the Kubali. & '

application, new features additions, or updates. However,
the cost of VR tools (including head-mounted devices)
seems to have a decreasing trend as the technology gains
traction in the gaming industry.

Tarimci, 2011)

Customizability

VR tools should be flexible enough to be customized based
on the changing needs of users or businesses.
Customizability helps the VR tool to keep up-to-date and
effective in terms of expected impact on the user
experience. Customization opportunity also gives users
decision-making authority over technology and helps them
to shape their own experiences.

(Feng et al.,
2020)

(Turkay &
Adinolf, 2015)

(Alankus,
Lazar, May, &
Kelleher, 2010)
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(Young,
Gaylor,
Andrus, &
Bodenheimer,
2014)
Using VR tools should not require special skills for users.
Ease of Users can vary according to gender, age group, and
. technology comfort levels. Installation and use should be (Fagan,
Installation and . o .
Use des_lgned cpnmdenng the comfort of all user groups. Ease Kilmon, &
of installation and use is an important criterion to create the | Pandey, 2012)
best possible user experience in the virtual environment.
(de
Pougnadoresse,
Bouvier,
Herubel, &
Biri, 2009)
(Mandal, 2013)
In case of any troubleshooting needs of VR users, the
proper user support should be available for users when (Hanson &
User Support needed. User support is needed during the installation and | Shelton, 2008)
setting up the device(s) as well as an unexpected problem
during the use of the VR tool. (Sutcliffe &
Kaur, 2000)

4. Methodology

In this paper, we employed a quantitative research methodology. Creating the basis for a data-
driven methodology, a questionnaire is constructed to get the opinions of VR experts. Selected VR
experts include engineers, developers, and team leaders who are experienced in designing VR tools
and platforms. In the questionnaire, seven questions in which three open-ended are asked. Five design
factors that are mentioned in the literature review are also asked VR experts in the questionnaire.

The questionnaire is sent to 45 VR engineers in the U.S. 37 out of 45 participants responded
to the questionnaire. The demographics of the participants are shown in Table 3.

Table 3: Demographics of Participants

N P
Current role VR Engineer/Developer 30 81%
Team Leader of VR Engineers 5 14%
Other 2 5%
Experience 0-3 years 16 43%
level 4-6 years 15 41%
+6 years 6 16%
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Industries Entertainment 24 65%
they designed Education 23 62%
VR tools Product design/Marketing 13 35%
Healthcare 11 30%
Film 7 19%
Others 6 16%
Tourism 4 11%
Airlines 2 5%

The questionnaire is designed to accommodate responses based on a Likert-like scale (Arnold,
McCroskey, & Prichard, 1967), which consists of five different levels, viz., Not Important At All, Not
Important, Somewhat Important, Important, and Very Important. Each response is then assigned to a
value ranging between 1 and 5, where 1 correlates with Not important at all, and 5 correlates with

Strongly Agree (Table 4).
Table 4: Numerical Scale in the Questionnaire
Response Value
Not important at all 1
Not important 2
Somewhat important 3
Important 4
Very important 5

5. Results

All participants agreed on the ease of installation and use is the most influential factor in the
adaption of VR technology. The results from the questionnaire are provided in Tables 5 and 6. The
second highest-rated criterion is user experience. VR platforms should be highly immersive and
intuitive to use and control for users since it is desired to emulate how they act in real life. FPS (frames
per second), lens resolution, comfort, visibility/clarity, immersiveness, and intuitiveness of controllers
are other important design criteria in creating a better user experience in VR platforms. Participants
mentioned that the hardware also plays a critical role in user experience as it translates the VR design
to the user experience and brings freedom of movement and comfort. A participant mentioned that
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the success of the design is measured by how quickly users forget that they are in a VR headset. So,
they feel and experience what they are like in the real world.

Table 5: Participants’ Responses in VR Design Criteria (Percentage)

Criteria 1 2 3 4 5
User experience 0 9 12 38 41
Cost of the platform 0 9 49 31 11
Customizability 0 12 56 24 9
Ease of installation & use 0 0 11 34 54
User support 0 6 32 41 21

Table 6: Participants’ Responses in VR Design Criteria

Criteria Standard deviation Weighted average
(out of 5)

User experience 5.64 4.12

Cost of the platform 6.16 3.46

Customizability 6.62 3.29

Ease of installation & use 7.43 4.43

User support 5.27 3.76

When asked about the primary challenges of VR design, the questionnaire’s respondents
emphasized the importance of graphics performance as is shown in Table 7. Graphics need to be high
quality but cannot slow down the frames per second because lagging can cause nausea and motion
sickness on users. The second important challenge noted that the lack of awareness regarding this new
technology as a potential factor that might hinder its acceptance in the marketplace. The third
challenge was mentioned as identifying the real problem or need of end-users. They mentioned that
getting the end-user to tell them clearly what they want is not always easy, end-users need training
and explanation on the possibilities before they can tell VR developers what they need for their app

or platform.
Table 7: Participants’ Responses in VR Design Challenges

Challenges that VR developers face Percentage of total comments
Graphics performance: Balancing realism and functionality 19%

Lack of end-users and user awareness 16%

Defining end-users need/problem correctly 14%

Current hardware limitations to provide the best user experience 13%

and functionality

High design cost / Lack of funding 8%
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Lack of end-user feedback because of the low use 8%
High complexity in the design 8%
Lack of expertise in VR design (It takes a long time to build 6%
skills and expertise for developers)

Ensuring ease of use for end-users 5%
Lack of knowledge and sharing on VR best practices 2%
Lack of good leadership in VR companies 2%
Lack of after-sale support systems 2%

We also asked participants about in which areas there will be increased interest and use of VR
tools in the next years. The results are shown in Figure 3. The training and education field was
mentioned as the most important field to grow in the VR market. VR will be used in school’s way
more often, especially in combination with the ability to connect to classes remotely, as seen during
the COVID-19 quarantine. Entertainment was mentioned as the second fast-growing area. The not
only game industry but also the film industry will use VR more and more in the next years based on
questionnaire responses.

Training/Education IS 40%
Entertainment I 15%
Healthcare I 13%
Marketing/Product design I 11%
Collaboration/Meetings I 6%
Sports/Fitness Ml 4%
Real estate MW 2%
Customer Service M 2%
Data analytics M 2%
Manufacturing M 2%
Tourism M 2%

Figure 3: Participants’ Responses in the Growing Use of VR Tools in the Next Years

6. Conclusion
VR technology requires hardware that is easy-to-use, ergonomic, and versatile. The technical
features of the hardware, however, are not sufficient alone to meet market needs. The quality of the

software that is in charge of creating a real life-like environment for the users is also a significant
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element in the acceptance of this emerging technology. An additional obstacle mentioned in the
questionnaire stems from the relatively small size of this particular market. In this situation, there is
a limited amount of end-user feedback on their experience in using VR tools. The current demand for
VR is considerably small compared to a personal computer and gaming console market-making VR
solutions, a financially risky proposition. Also, the VR market is progressing slowly due to the slow
synchronization of the adoption of hardware, the production of tools, and the creation of content. The
multi-platform environment, due to the existence of several options such as SteamVR, Oculus,
Android, Windows MR, is creating an additional burden on the developers, increasing the uncertainty
regarding which platforms to target.

As a concluding remark, it is anticipated that VR will be utilized more dominantly in training
for simulation and processes that are not easy to create in real life, given that individuals retain
information more effectively when they experience it. However, the industry would benefit from
further investigation of potential markets and tasks where VR technology would be most beneficial.
This naturally also requires consideration of potential future markets that are currently absent.

On the other hand, it is also vital to invest in building technical skills in designing VR tools to
increase expertise in the VR market. As VR tools have a complex design and it is very hard to find
universal automated test patterns to use with VR since the input is also very complex.

7. Limitations and Future Work

It is worth noting that the findings are based on a data-driven questionnaire and hence they are
sensitive to the input received by the respondents. While the study could have benefited from a larger
set of responses not only from VR developers but also from VR users, the research contributes to the
related literature by introducing a set of criteria and providing real-life data obtained by VR design
experts. Additionally, it would be beneficial to gather feedback from end-users who are experienced

in using VR tools and platforms and companies that invested and implemented VR tools in their fields.
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