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Abstract—The usage of fully immersive Virtual Reality
applications for pain relief is still in an exploratory stage. In
consequence there is a need to understand the user perspective
and wishes regarding this kind of product. To address this issue,
this paper presents quantitative research in order to establish the
functional and non-functional requirements of our application.
Voluntary response sampling was used for the research (N = 55).
The inquiry form contained questions regarding serious game
content, eagerness for testing, performance, resource
consumption  optimization,  portability, data  security,
accessibility. The questionnaire was shared via Google Forms.
The answers were collected and interpreted. The study revealed
that a significant part of the participants was willing to test the
application and that they would use an immersive Virtual Reality
application during a normal treatment session if the opportunity
is available. As functional requirements, the following were
considered important: the presence of animals in game, a bright
environment and nature-based background sounds. The
following  non-functional  requirements were considered
important: game optimization, portability, data security,
accessibility, graphics quality and a short learning curve.

Keywords—Virtual Reality; user requirements; serious games;
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I.  INTRODUCTION

A subject of major significance for researchers is the usage
of software application like serious games in fields like
psychology [1,2], economics [3], medicine [4,5], automotive
industry [6], etc. One of the ideas for serious games is to
examine research hypotheses [7] in a safe and controlled
environment. Another purpose is to facilitate the instruction of
personnel with the objective of significantly decreasing the
material and human resource costs [7].

In order to provide the best user experience during different
test phases of the application or during personnel training, there
is a prerequisite to ensure that the functional and non-
functional requirements are properly defined for the type of
application being developed. A user questionnaire can be used
to examine the suitability of the requirements [8, 9], depending
on the type of target population, while the method of sampling
can range from convenience or voluntary sampling to random
simple, stratified, or clustered sampling [10].

Virtual reality (VR) pain therapy is a new domain [11],
where the applications developed are not created based on a
predefined template or established requirements. The
applications used in VR therapy (VRT) for pain relief range
from non-interactive VR applications [12], interactive VR

application not meant for pain relief [13] to custom made
applications [11]. All of them had one factor in common, they
provided a certain efficiency in pain relief and all users would
recommend the therapy. Another thing to notice is the variety
in the applications used, they do not have a standard and they
are not based on predefined requirements for virtual reality
therapy [12, 13].

The main benefit of this research and the approach
presented is the definition of a functional and non-functional
requirement template on which VR software applications for
pain relief therapy can be developed. This would ease the
creation of VR applications meant for pain relief as well as
improving the effects of VR on pain treatment as the
applications created would be developed around the user’s
needs.

This paper is divided in two main sections after presenting
Section 1, Introduction. The second section presents a literature
review containing the state of the art in the use of user
questionnaires for obtaining relevant data. This section is
divided in 2 sub-sections. The first sub-section deepens the
subject towards a more specific topic; functional and non-
functional requirements (FRs and NFRs) for software
application and the second sub-section that describes the use of
serious games, VR applications in medicine and the need for
establishing a suitable protocol for defining the FRs and NFRs.
The third section contains the evaluations done on the user
questionnaire in order to verify its validity and relevance
towards the presented research subject. The section starts with
a description of the user’s opinion on multiple functional and
non-functional requirements and continues with an evaluation
of their relevance by taking into consideration statistical
parameters of the responses.

Il. LITERATURE REVIEW

Assessing the usability of an application is a very important
part in the development process [14] and it can be assessed
through various methods, such as quantitative measures.
Although questionnaires are among the best-known measures
of user experience (UX), due to the high heterogeneity of the
instruments [15], choosing the best tool to assess UX became a
difficult task. Each of these formats has advantages and
disadvantages which will be discussed further. In this regard,
an extensive analysis has been made [15], indicating that the
majority of usability questionnaires contain short items
measured on a Likert scale. The System Usability Scale (SUS)
is a short — 10 items — questionnaire that can be used to assess
the general impact of an application. This questionnaire is
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highly employed due to the short completion time and flexible
structure and it can be used in many practical settings, such as
medical field [16], including the adaptation on applications for
pain [17].

The System Usability Scale was created to assess the
usability of a product or service and has been widely used in
numerous areas such as VR rehabilitation and health services
[18], VR learning [19] and VR training, and also for VR
locomotion techniques [20] and it is one of the most widely
used standardized questionnaires for the assessment of
perceived usability [21]. A plethora of studies proved the
reliability of SUS scale [22]. The SUS has many advantages,
one of the most important being its flexibility [23] that allows
it to assess a wide range of technologies.

Usability tests are conducted with either samples of
participants who meet specific health criteria [18] or the
general population [23], and most of the time is based on
convenience sampling [24] a type of non-probability sampling
used in research [25]. Apart from the sampling method, another
issue to be taken into consideration is the sample size, which
can be determined through statistical techniques by estimating
the variance of the dependent measure(s) — for task-level
measurements — or through more complex formulas and
techniques in the case of problem-discovery usability
measurement [26].

Overall, the heterogeneous state of art for UX
questionnaires raises several issues to be taken into
consideration when analysing perceived usability. However, as
discussed above, questionnaires are one of the most widely
used tools in assessing UX due to their efficiency and
practicality. In addition to those, in the paper [27] is indicated
that the usability research may benefit from VR technology for
user research and human-product interaction.

A. Functional and Non-functional Requirements for Medical
Applications

The process of developing software applications needs to
fulfil several requirements, which are usually divided into
functional requirements (FRs) and non-functional requirements
(NFRs). FRs correspond to the capabilities of the system,
whereas NFRs (e.g., being user-friendly, capability,
performance, stability etc.) describe the overall proprieties that
a system [28] must have and they may not be directly related to
specific system components [29]. Due to their nature, NFRs —
also called “system features” [30] - are more abstract
requirements, therefore more difficult to define and quantify.

A recent analysis of requirements, made by Stamm et al.
[31] for a VR intervention on a group of geriatric patients with
chronic back pain in order to determine their importance,
analysed the requirements for the overall system - software,
hardware and gamification or game integration. Among the
most important requirements, the participants listed: an
individual briefing for the system, presenting instructions in a
detailed manner and that the length of the exercise to be a
maximum of 30 minutes (i.e., in accordance with the safe and
healthy warning of the oculus advising 10-15 minutes break
every 30 minutes). Also, the “user-friendly handling of the
system” was important to ensure a safety regulation. Another
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important factor, highlighted by the authors, is the age of the
participants, as elder participants have special requirements
[32] and would need additional training in using the
equipment.

B. Virtual Reality in Medicine

Virtual Reality is a domain that is continuously expanding
its utility in the medical domain [33] due to its capabilities of
simulating environments that closely resemble reality. The
rendering of almost photorealistic scenes and the use of
controllers with haptic feedback allows virtual reality surgical
simulators to increase the skills of surgeons without
endangering the patient. Medical applications can range from
dentistry [34], intravenous-insertion, chest-tube insertion,
central venous placement catheter simulators to therapeutic
treatment of physical affection [35] or mental health disorders
[36] like phobias.

VR and augmented reality (AR) are studied for their
capabilities of increasing surgical accuracy, decreasing the
overall length of surgery and improving surgery techniques
[37] where the author shows the use of the enhanced view
provided through the digital generated images. One of the
research reviews was focused on pedicle screw placement
where it was found that AR increased both accuracy and
efficiency with thoracic pedicle screws. It was used as well in
training up to 51 residents in this type of surgery and it was
demonstrated that they had benefited from the AR technology.
A clinical trial that used 20 patients for spinal fixations
displayed a high level of 94.1% accuracy for the thoracic
pedicle screw operation with the help of AR [38]. For the
training mechanism in VR for spine surgery, in paper [39] it is
revealed that the group which used the “ImmersiveTouch” VR
simulator had better performance levels in all statistics like
trajectory, depth of screw error and breach, compared with the
control group that used the usual training methods. The success
was determined by the 3D anatomical precision and
representation of the model. The overall use of VR technology
was reviewed [34], regarding the simulation of different
medical procedures (i.e., laparoscopic [40] with LapSim, Lap
Mentor, orthopaedics with TraumaVision, Procedicus KSA VR
or other surgeries with Visible Ear Simulator). The HipNav VR
simulator was developed for orthopaedics, and it contains a
kinematic model of the hip joint and tools for specific
procedures [41]. The main use of surgical simulators is to
provide advanced training, automatic scoring and analysis of
the intervention with objective metrics, so the VR surgical
simulators improve overall performance and lead to less injury
to patients during the real operation [42].

Another application of VR technology is for pain
management, due to the lack of negative effects after the
treatment unlike opioids. To validate the effects of VR on acute
or chronic pain, a significant number of randomized trials are
required. A randomized trial was performed on 120 subjects,
half VR, the other control to test the efficacy of VR [43]. The
patients were hospitalized with an average pain score greater
than 3 on a scale from 1 to 10. They have used an Oculus Gear
set with a set library of VR application. The outcome was
patient-reported pain using a numeric scale and then compared
pre and post intervention and after 48 and 72 hours. The result
obtained was a positive one, as there was an observed
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difference in favour of VR. The result was more noticeable on
patient with pain score greater than 7. The major areas where
VR interventions are used include burn and wound care,
intravenous insertions, dental procedures and surgery, where
the first target is anxiety reduction [43]. Most of the results
support the use of Virtual Reality for pain management in
paediatric populations. But as the study points out, there is a
need for the standardization in this domain to facilitate the
creation, and research of VR software and hardware for pain
management purposes. The paper [44] shows a review of
multiple studies that have conducted clinical studies to verify
the efficiency of VR with encouraging results. It proposes as
well the combination of VR with Music Treatments (MT) to
further reduce pain through mechanism that implicates
distractions, mood regulation, and engagement. Further
research is required to explore the combination of the two
treatment types and assess their effectiveness.

A major issue with the previously described applications in
the review studies [11] and [33] is the definition of their
requirements. The main component that is stressed and showed
importance in reducing pain in VR therapy is the immersive
quality of the application, ease of use and environment. These
qualities can be vastly improved by applying a combination of
standardized and customized user forms to obtain the
expectations of the users before the actual implementation of
the application. This would lead to an improved design method
for VR software application as well as the improvement of the
effect of VR on pain therapy.

The main objective of the current research is to establish a
template on which the initial stage of development for VRT
applications can be eased and improved. This would lead to an
improvement in the quality of VRT software and to its effects
on therapy.

In conclusion, Virtual Reality is a new technology that
requires continuous research through randomized clinical trials,
creation of viable functional and non-functional requirements
and a robust and standardized framework to analyse its effects.

I1l. GAME4PAIN REQUIREMENTS

Following the previous discussion, in this paper the focus is
on establishing the proper functional and non-functional
requirements for the current VR application that is being
research and developed by us. The end purpose of this
application is to be applied as a pain relief alternative or as a
secondary option to opioids in order to decrease the
consumption of pain ameliorating drugs.

The study used a sample population of 55, from which
32.7% (18) male and 67.3% (37) female. The majority were in
the age group of 18-24 years old - 83.6% (46), with a few in
the age group of 25-34 - 12.7% (12), while the 35-44 and 45-
60 groups of ages contained each 1.8%, one person.

The questionnaire provided to the volunteers included a set
of 3 questions regarding their experience with VR applications,
if any and their willingness to test a VR application for pain
relief if they had the occasion (Table I). The first question
asked was if the participants have received any VR treatment
before.
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The following answers were recorded: 36 of them did not
receive any, 5 received full immersive VR, 6 Mobile VR, 7
persons Games and only one person TV based treatment.

The majority of participants expressed their enthusiasm to
try the VR application for pain relief if they had the occasion,
34 people gave a positive answer, 18 were undecided and only
3 persons would not like to try.

The second part of the questionnaire in Table Il consisted
in establishing the functional and non-functional requirements,
for this part there were 13 questions with answers on a scale
from 1 to 5. In this part of the form, the questions were about
the importance of various elements in the game e.g.,
background music, sunlight level, complexity level, the
importance of wildlife and NFRs e.g., data security,
accessibility, graphics quality, learning curve.

A. Functional and Non-functional Inquiry Form Analysis

From the analysis of the form questions mean and standard
deviation results from Table Il, the results show that the
majority of the respondents are enthusiastic regarding the test
of a fully immersive VR application given the mean score of
4.27 out of 5 with a relatively low standard deviation of 0.95.
For the next item there is a similar high interest in having
animals in the game with a mean score of 4.25. Regarding the
fishing system the average is almost in the middle with 3.33
but as the standard deviation reach 1.44 it signifies that the
opinions are likely opposed. A majority would like to have a
fishing system implemented as a functional requirement while
others are not interested.

Another interesting finding is that the subjects would prefer
a luminous setting that simulates sunlight as it seen in question
5 and 6 where they affirm that the presence of sunlight affects
their mood in a positive way.

TABLE I. USER ATTITUDE TOWARDS VR FOR PAIN RELIEF THERAPY
Question Answer variant Percentage of N=55
None 65.5%
Full Immersive
. VR (e.g. Oculus 9.1%
Have you ever received a Headset VR)
Virtual Reality treatment?
If so, what type? Mobile VR 10.9%
Games 12.7%
TV 1.8%
Would you prefer a full Yes 61.8%
immersive VR experience
over a normal TV/Game No 5.5%
intervention during
treatment? Maybe 32.7%
Would you like to try a Yes 69.1%
Virtual Reall?y game f_or No 91%
the amelioration of pain,
alongside usual treatment? Maybe 21.8%
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TABLE Ill.  FR AND NFR FORM QUESTIONNAIRE
TABLE II. FR AND NFR FORM RESPONSE ANALYSIS
Item Question
Mean/ Number
Question Standard 1 How Interested would you be in testing a fully immersive VR
deviation application during treatment?
1.How Ir_1ter_ested w_ould you be in testing a fully immersive 12 Are you interested in having animals in the game?
VR application during treatment? (1 = Not at all, 5 = Very 4.27/0.95
much) 13 Are you interested in having the option to fish in the game ?
2.Are you interested in having animals in the game? (1 = Not Would you prefer music or nature sounds to run in the
_ 4.25/1.004 14

atall, 5 = Very much) background?
3.Are you interested in having the option to fish in the game? 3.33/1.44 5 Do you think that the level of sunlight in a game affects your
(1 = Not at all, 5 = Very much) ' ' mood in a positive way?
4.Would you prefer music or nature sounds to run in the 3.65/1.40 6 Do you think that the level of sunlight in real life affects your
background? (1 = Music; 5 = Nature) ’ ' mood in a positive way?
5.Do you think that the level of sunlight in a game affects 3.96/1.05 17 How important you consider optimizing resource
your mood in a positive way? (1 = Not at all, 5 = VVery much) ’ ’ consumption.(How well the game runs on your device).
6.Do you think that the level of sunlight in real life affects 4.29/1.08 18 How important you consider the game having a short learning
your mood in a positive way? (1 = Not at all, 5 = Very much) ' ' curve.(to be easy to learn)
7.How important you consider optimizing resource 19 How Important is Portability(ability to run on different operation
consumption. (How well the game runs on your device). (1= | 4.38/0.87 system devices)
Not important ataall, 5 = Very important) 110 How Important is Data Security.
8.How important you consider the game having a short - -
learning curve. (to be easy to learn) (1 = Easy, 5 = Hard) 3.33/1.14 111 How Important is Accessibility
9.How Important is Portability (ability to run on different 112 How Important is the Graphics quality
operation system devices) (1 = Not important atall, 5=Very | 3.89/0.99 3 How would you consider the application having an in depth
important) Game Mechanics(the game and the complexity)
10.How Important is Data Security. (1 = Not important at all, 4.67/0.58 . i
5 = Very important) DY Next, to identify the latent factors measured, an exploratory
11.How Important is Accessibility (1 = Not important at all, 5 60/0.60 factor analysis (I.EFA) W?S gpplled_ by using 1BM .SPSS V.25
= Very important) 4.60/0. software [47], with a principal axis factor extraction method

5 : P and varimax rotation. The Kaiser-Meyer-Olkin Measure of
12.How Important is the Graphics quality (1 = Not important 4.40/0.87 S ling Ad had bl | £ (KMO = 057
atall, 5 = Very important) -40/0. ampling Adequacy had an acceptable value of ( =0. .)
13.How would you consider the application having an in- using the minimum acceptable value of 0.50 [48], and Bartlett's
depth Game Mechanics (the number of actions you can do in 3.98/0.83 Test of Sphericity was significant (p <.001).
angq”;)e and the complexity) (1 = Simple Game, 5 = Complex By Kaiser’s criterion [48], there were 5 factors with Eigen

As non-functional requirements regarding the application
difficulty in question 8, the opinions are pointing towards an
average learning curve, but with a high game complexity in
question 13. There is a need to take in consideration the age of
the group as its mostly young adults, and they would lean
towards a challenging game, but due to the nature of the
application as it is meant to be enjoyable to the target audience
of persons that suffer from acute or chronic pain, therefore a
slightly simpler application with a short learning curve would
be more appropriate. In regard to NFRs for accessibility,
graphics quality, data security, portability and resource
consumption, all the results with high means of 4.40 and
deviations under 1 indicate that they are essential in developing
the application.

B. Scale Assessment

To validate the measurements from (Table I11) a Principal
Component Analysis (PCA) with varimax rotation was used
[45]. By Kaiser’s criterion, 5 principal components were
extracted with Eigen values over the cutoff of 1. The final
components chosen based on having at least three variables
with a minimal loading of 0.3 [46] where Component 1 (11, I5,
16, 17) and Component 2 (19, 110, 111, 112), resulting in a total
variance of 37.84%.

values above the cutoff of 1; however the procedure could not
be completed due to a Haywood case [49]. As advised in IBM
SPSS statistics a downside for this criterion may be the
overestimation of the number of factors to retain. Most of the
present communalities are lower than 0.70, therefore, Kaiser’s
rule might be inappropriate for this type of data. By Cattell’s
criterion [50], the scree plot and the previous principal
component analysis suggest 2 extraction factors. Therefore, the
analysis was executed with 2 fixed extraction factors.
According to [51], only the items with a interpreted factor
loading with an absolute value more than 0.3 were taken in
consideration. Based on this cutoff, three items were not
included in the analysis due to having too much uniqueness (12,
13, 18), and the final structure included Factor 1 (11, 14, 15, 16,
17) and Factor 2 (19, 110, 111, 112, 113). The EFA resulted in a
10-item scale, explaining 34.53% of the total variance
(Table IV).

Furthermore, the reliability analysis indicated an acceptable
internal consistency for Factor 1 (oo = 0.78) and a modest one
for Factor 2 (o = 0.65). Although, a sample size of at least 50 is
adequate for behavioral sciences, the internal consistency
coefficient proved to be sensitive to both sample size and
number of items, especially if the Eigen value for the first
factor is lower than 6 [51]. Moreover, [52] showed that for
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sample sizes of 50, the loadings should be around 0.80 for a
stable structure. In this case, a higher sample size may be
advisable in the future.

TABLE IV.  ITEM ANALYSIS AND FACTOR LOADINGS

Rotated Factor Matrix

Factor

1 2
15 0.90 -
16 0.78 -
17 0.70 -
11 0.56 0.34
14 0.40 -
111 - 0.78
112 - 0.57
19 - 0.55
110 - 0.51
113 - 0.31
?gat‘;it?gr?ei nreoi istered after 34.53%

Overall, the findings indicate that an adequate VRT
application is required to have a simplified user interface to
allow a fast comprehension of the system by the user with a
robust framework that provides data security, accessibility and
portability. A second important criterion is to have a simple
objective, well described with simple game mechanics to avoid
confusion. A third trait is immersion characterized by a high
graphic quality, as immersion is the main goal of any VRT
application. The analysis in this paper provides insight for how
future work in this domain should be approached as well as
what criterions VRT applications should follow.

IV. CONCLUSION

This article explored the establishment of functional and
non-functional requirements for a Virtual Reality application
that can be used for pain relief treatments based on the answers
obtained from the user questionnaire using voluntary random
sampling. The following high priority FRs and NFRs have
been observed: immersive environment, presence of an
illumination system that simulates daytime lighting, natural
background sounds, interactive animal type objects, engaging
mechanics, resource optimization, secure data storage,
accessibility and improved graphics quality.

For future work, the goal is to implement the learned
findings and requirements in a VR application meant for pain
therapy. This application will be tested in a real environment
where its effects can be observed. The experiment will be
followed by a second questionnaire for user experience using
the voluntary random sampling method, in order to verify the
initial findings concerning the FRs and NFRs as well as its
effect on pain relief.
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