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Abstract

Children’s burn injury is one of the most traumatic childhood injuries as children
encounter both physical pain and emotional anxiety. Virtual Reality (VR) distraction
techniques have indicated significant results in burn patients’ pain reduction during
medical procedures, but an effective distraction for young children (aged < 6 years)
has not been extensively studied. Hence, this research evaluates the effectiveness of
a Virtual Environment (VE) used in pain and anxiety distraction for young children
with burns during wound care. The VE was designed based on the needs and
requirements of the targeted people, and it was tested on healthy volunteers. The
VE significantly reduces the “just noticeable” pain sensitivity of children in the
testing phase. 10 children with wound care were recruited for the VR clinical study
in the hospital. All children received a wound care session with VR and another
session with a traditional treatment randomly on different days. The results reported
a significant reduction in the pain by 38.7% during the VR treatment based on
the observational scale, while anxiety was reduced by 32.2%. As for the parents’
observations, there was 36.8% pain reduction and 40% anxiety reduction during
VR treatment. In addition, the children’s enjoyment during the VR treatment was
increased by 89.5% compared to the traditional treatment. These results indicate

that our designed VE was efficient for children’s pain and anxiety distraction.

1\
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Chapter 1

Introduction

This chapter introduces the main problem, the importance of research, objectives,

research questions, methodology, and thesis organization.

1.1 Problem Overview

Young children are at a high risk of undergoing burn injuries, which involve some of
the most painful medical procedures than other injuries in medicine [1], [2]. Most
children are injured by scald burns, as they sometimes move around and unexpectedly
reach out for hot liquids [3]], [4]. In addition, burn is one of the most traumatic injuries
of childhood as children encounter both physical pain and emotional anxiety due to

the experienced pain, hospitalization, and medical procedures [3].

Burn wounds care sessions are fundamental as patients need to remove their ban-

dages and clean their wounds daily to prevent infection. Then, the caregivers open

1



Chapter 1 1.1. Problem Overview

the wounds, remove the dead tissues, and apply antiseptic ointments. These wound
care sessions and dressing changes can take weeks or months until wounds are healed
[6]. In some cases, a surgeon’s intervention may be needed to surgically remove
injured skin and transfer fresh skin from other parts of the body, like the patient’s
own unburned hands or thighs [7]. After the surgery, the staples or adhesive devices

that temporarily hold the transferred skin in place must be removed [/7].

Children remarkably exhibit their pain and anxiety during wound care sessions and
describe them as the most painful procedure of the treatment (The International
Association in [8] defined pain as “an unpleasant sensory and emotional experience
associated with actual or potential tissue damage.”). Children below six years exhibit
more pain and anxiety than older children, which may correlate with their cognitive
development level. As these children cannot express their feelings verbally, they
intend to show more significant pain and anxiety levels [9]. Due to their anxiety,
they become uncooperative during wound care sessions, resulting in medical care

disruption, extended hospitalization, and perhaps increased infection risk.

Adequate pain management has been recognized as a vital factor in effective long-
term burn treatments. Burn patients go under pharmacological medication during
wound care sessions, but the repetition of opioids over time gradually decreases
analgesic effects. Furthermore, increasing the opioid doses does not control the
pain, yet it has side effects like depression, nausea, cognitive dysfunction, and other
concerns [[10]. In addition, pharmacological analgesia used with young children
has often failed to meet the child’s needs; therefore, there is a growing interest in

non-pharmacological methods to reduce the pain [S].
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Non-pharmacological methods for anxiety and pain distraction for children include
toys, music, videos, and video games. The main idea behind distraction is to grab
the child’s attention from the painful procedure to an attractive element or scene.
Thus, immersive and interactive distraction techniques, such as virtual reality (VR),

are interesting for procedural pain and anxiety distraction [[11].

Virtual reality is a technology that allows users to view themselves in an alternative
world, and more precisely, it is a distraction technique that enables users in the real
world to interact with computer-simulated entities via multisensory stimulation like
vision, hearing, and touch [11]. The logic behind how VR works is as follows: people
have limited attention capacity, and pain needs attention. So, when interacting with
the virtual reality world, patients use some amount of their limited attentional
capacity. Therefore, VR makes the patient pay less attention to the real world
(during medical care), resulting in a significant pain reduction compared to the

other distraction like toys and music [10].

Interactive VR-based distraction showed promising results for pain reduction in the
past two decades. Hoffman et al. in [/] reviewed evidence from laboratory and
clinical research studies exploring VR as analgesia for burn patients. The researchers
presented a study that showed 35-50% pain reductions reported by burn patients
while in a distracting immersive treatment (VR + standard medications) compared
with treatment as usual (no VR + standard medications only). While in another study,
burn patients had received VR in a hydrotherapy tank during burn wound sessions
to investigate whether VR may reduce intense pain or not. The study was the first

to examine VR analgesia in a subgroup of burn patients experiencing severe pain
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intensity. After the experiment, patients completed subjective pain ratings scaled
from O to 10 labeled Graphic Rating Scales (GRS), and ratings were designed to
measure the amount of time spent thinking about pain, the unpleasantness, and the
worst pain. The experiment results indicated that immersive VR is an effective pain
reduction technique for burn patients experiencing severe pain in a hydrotherapy
tank. Moreover, after reviewing several studies, Hoffman et al. [7] described
the relationship between the analgesic effectiveness and immersiveness of the VR
System; the more increased interactivity and immersiveness of the VR system, the

more increased the analgesic effectiveness.

Regardless of the promising results, most studies targeted adolescents and older
patients. However, even when the study included children, the average sample age
was six years, and it was not clear how many children aged less than five years.
Hence, to our knowledge, VR for pain and anxiety distraction in young children

(aged < 6 years) has not been extensively studied.

Few studies examined distraction in young children (aged < 6 years) like Miller et
al. [5], who developed a handheld interactive device called multi-modal distraction
(MMD) to distract burned children during dressing changes and to tell them about
the procedure they will experience. The main objective of their research was
to explore whether MMD distraction (MMD-D) or MMD procedural preparation
(MMD-PP) can reduce the pain of the children compared to the traditional distraction
by handheld video games (VG) and other toys. MMD varies from VR systems
because it does not require a headset, and it is specially developed to fit children’s

physical and psychosocial needs. Also, Khadra ef al. [11] conducted the pain
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distraction technique during a medical procedure on fifteen young children with
burn injuries aged two months to ten years using a projector-based VR tool that
does not require a headset. Moreover, Sil and Dahlquist [12] conducted a case
study on a four-year-old female patient with second-and third-degree burns to her
shoulders, neck, and left thigh. The experiment was designed to compare the effects
of interactive (Nintendo Wii) versus passive audio-video videogame in distress
distraction. The study concluded that the interactive videogame distraction seems
an effective and feasible distress reduction technique for young children with severe

burns undergoing repeated medical procedures.

Furthermore, Sullivan et al. [13]] and Asl Aminabadi et al. [14] studied the impact of
VR distraction on dental pain for children, resulting in less pain during VR treatment.
In addition, VR pain distraction had been experimented with oncological therapy
like chemotherapy, as the researchers performed in [15], [16], and [17] with cancer
patients. Again, the outcomes were promising, as the pain was less observed during
VR chemotherapy treatments. Many other researchers applied the VR technology
as a pharmacological distraction in general medical procedures, like researchers in
[ 18] who performed the study during IV placement for magnetic resonance imaging
and authors in [19], [20], and [21]] who investigated VR effectiveness during blood

draw.
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1.2 Problem Statement

Children’s pain and anxiety have been long observed, but an effective distraction for
young children (aged < 6 years) has not been extensively studied. Pharmacological
analgesia used with children has often failed to meet the child’s needs and VR dis-
traction techniques have indicated significant results in burn patients’ pain reduction
during medical procedures (wounds care, physical therapy). Still, mainly, the ex-
periments were designed for patients aged above six years due in part to limitations
of traditional head mounted VR displays (i.e., VR helmets not designed for children
under 6 years old). This is an especially unfortunately gap in the scientific literature,
since most pediatric scald burns occur in children under six, and because enfants
and toddlers burn more quickly and at lower temperatures than older children and
adults [12]. Since the current VR tools do not match young children’s physical
and psychosocial needs, this research evaluates the effectiveness of designing a VR
environment used in pain and anxiety distraction for young children (aged < 6 years)

with burns during wound care.

1.3 Importance of the Study

The research will help develop the artificial intelligence fields as it exposes those
young children who suffer pain to the virtual reality world that work as a non-
pharmacological distraction to overcome the effort and time spent in the treatment
when children become uncooperative during medical care. Easing the children’s

pain and helping them use recent and effective technologies is one of the kingdom’s
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goals that leads to achieving the 2030 vision. The research addresses more than
one goal of the Saudi vision 2030: quality of life, and the second one is digital
transformation as we can see the system introduces the Al and VR systems to help
children who suffer from pain. The system works as a pain control system to replace

the pharmaceutical approach.

1.4 Research Objectives

The main objectives of this study are:

—_—

. To find the design consideration that contributes to the distraction of children.

2. To design a VR environment that distracts pain for children based on their

requirements.

3. To evaluate the effectiveness of the designed VE by measuring pain and

anxiety during wound care sessions.

4. To help manage pain and anxiety for children during wound care sessions

5. To find the most suitable VR tool for children younger than six years old

6. To help achieve two goals of the Saudi vision 2030: digital transformation

and quality of life by applying VR in medical care.
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1.5 Research Questions

After doing preliminary research on the topic, we seek answers to the following

question:

1. What are the design considerations that contribute to the distraction of chil-

dren?

2. To what extent does the designed VR environment provide pain and anxiety

distraction for young children with burns during wound care sessions?

3. What is the most suitable VR tool for children younger than six years old?

1.6 Methodology

The main steps to achieve the goal of this research were as follows: First, a ques-
tionnaire to gather the needs and requirements of the children, second questionnaire
analysis and findings, third designing the VR environment, then test the effective-
ness of the design by distributing another questionnaire about the design and by
having children volunteers to experience the VR while exposed to uncomfortable
sensation using the pressure pain stimulation system to see how much the VR system
provides pain distraction. Lastly, the design is evaluated during hospital wound care
sessions by measuring the pain and anxiety distraction. The methodology steps can

be summarized in Figure[I.1]
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eliterature Review
Gather eQuestionnaire

Requirements RYNEINES

VR Design *Based on Findings

*Pressure Pain Stimulation

Testing eQuestionnaire
*Analysis

eParticipants

e sEvaluation
Clinical StUdy eData Collection

*Analysis

Figure 1.1: Methodology Process

1.7 Thesis Organization

This thesis is divided into five chapters; Chapter 1 presents an overview of the main
problem, the objectives, and the importance of this thesis. Additionally, the research
questions were listed. Chapter 2 chapter helps to understand the topic by going
through the problem background and how the burn treatment has evolved using
technology and reviews recent related studies. Chapter 3 highlights the research
methodology and the steps taken in the VR design requirement and process. Also,
it demonstrates the details of the experiment, the involved participants, and the data
collection and analysis methods applied in this study. Chapter 4 represents and
discusses the results and analysis of the thesis, while chapter 5 concludes the thesis

and illustrates the future research directions.




Chapter 2

Literature Review

Children’s pain can be challenging to control as children can show severe pain ac-
companied by anxiety and other concerns during their wound care session treatment
[Sl]. Burn is one of the most traumatic injuries of childhood, and the prevalence of
its associated pain is recognized, but it remains overlooked [22]]. Pharmacological
pain control, such as opioids, is the traditional management method. Yet, recently
there has been a growing interest in non-pharmacological approaches such as toys
and devices and their effectiveness in managing the pain. This chapter helps to
understand the topic by going through the problem background and how the burn

treatment has evolved using technology and reviews some related studies.

10



Chapter 2 2.1. Traditional Management of Pain

2.1 Traditional Management of Pain

Burns are extremely painful and frightening, especially for children. Burn pain re-
mains undertreated even though burn injuries are common in children and it causes
severe pain. Simultaneously, increasing evidence is accumulating that undertreated
pain has substantial long-term medical and mental implications, which can be allevi-
ated with better pain management [22]. Pain control is essential to assure an effective
long-time treatment as it helps make the patients cooperative during the treatment
and heal fast without increasing the infection risk. Pharmacological Management
is the traditional pain control for patients in hospitals, and it is mainly focused on
pain medication. To achieve profound sedation, studies of analgesia and sedation
have mostly focused on varied combinations of propofol, ketamine, morphine, and
remifentanil. There must be some general rules to govern medication use [23]]: First,
the patient is genuinely suffering if they say that they are feeling pain. Secondly, the
analgesics must be taken regularly rather than “when needed” to be most effective.
The third rule is to avoid giving medication as an intramuscular injection because
they result in pain and anxiety. Lastly, the doses should be continuously reassessed
to ensure the pain is managed and that the patient is not undergoing any side effects.
Doses and drug selection differ according to each clinical situation since pain is not
a single entity. Some of the well-known medications used for burn pain, such as

opioids and morphine, are summarized in Table2.1]

11
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Table 2.1: Pain Medication

Medication Note [23]]

- The main and most popular analgesics of burn pain con-
trol.

- Itsuseis limited due to its side effects, including pruritus,
constipation, and depression of respiration.

- The gold standard and first option in several burn units
for treating burn pain.

MORPHINE - A condition called Opioid-induced hyperalgesia (OIH)
is encountered by some patients in which their pain in-
creases with larger doses of morphine.

- A potent analgesic with many features makes it ideal for
treating burn victims.

KETAMINE - It causes an increase in cerebral blood flow that may
increase intracranial pressure in addition to tachycardia
and hypertension.

- Remifentanil is an extremely short-acting opioid.

REMIFENT - Hyperalgesia was associated with the sudden recovery

ANIL from remifentanil analgesia.

- It is most widely used for general anesthesia induction.

- It involves a fast onset of action and a rapid emergence

OPIOIDS

PROPOFOL after prolonged infusion with little cumulative effect, but
it is painful when delivered through a peripheral vein.
- The only nonhalogenated anesthetic gas currently in clin-
NITROUS ical use. . o
OXIDE - Severe helpa}topmetlc and negrologlc toxicity may result
from repetitive exposure to higher concentrations.
- The most used anxiolytic agent for burns has three main
drugs, Midazolam, lorazepam, and diazepam.
BENZODIAZ - Midazolam is widely used in burn clinics since it is
EPINES a fast-acting agent appropriate for short procedures or
infusions.
- Anticonvulsants drugs such as Gabapentin and prega-
ANTICONV |y e I asally used o 4 malt-nodal pain
ULSANTS

management protocol.
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2.2 Alternative Management of Pain

Burns procedures and conditions can be painful and result in a massive anxiety
situation, especially for young patients. Therefore, it has been a need to find the best
way to reduce these children’s pain and anxiety or help distract them. Unfortunately,
pharmacological analgesia used with young children has often failed to meet their
needs in reducing their pain and anxiety [S]. Researchers have shown an increasing
interest in non-pharmacological methods such as toys, games, music, phones, and
virtual reality for burn patients’ anxiety and pain distraction and designed many
different techniques and tools in the past two decades that have shown significant

results in distracting and fun techniques.

Fratianne et al. [24] tested the effectiveness of music-based imagery and alternate
musical engagement during debridement treatment in managing patients’ pain and
anxiety. The experiment included Twenty-five people aged seven years and above.
The results showed that music therapy effectively reduced pain compared to the

traditional treatment without music (P < .03).

In another study, Ullan ef al. [25] believe that play is necessary for children patients
to replace the negative psychosocial effect of the hospitalization. The study was
performed on postsurgical pain in pediatric patients in which they were divided into
two groups. The control group received traditional treatment while the other group
played with toys. The results found that children who played had lower pain scores

than the children from the control group.
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2.3 VR Management of Pain

Virtual reality is a technology that allows users to view themselves in an alternative
world, and more precisely, it is a distraction technique that enables users in the real
world to interact with computer-simulated entities via multisensory stimulation like
vision, hearing, and touch [[11]], [26]. VR tools are classified into levels of immersion
ranging from fully-immersive to non-immersive [27], [28]]. An immersive VR tool
example is the head-mounted display (HMD), in which the patient becomes visually
isolated from the hospital environment. Also, by using headphones, the sounds
and hospital noise are blocked and replaced by the sounds of the alternative VR
world. Another immersive tool is CAVE (Cave Automatic Virtual Environment), in
which the walls, floors, and ceilings are projection screens. Giving such an illusion
to the patients that they are present in the VR world allows them to perceptually
escape from the painful procedure, which can reduce their pain. Non-immersive
VR is referred to the screen that displays 3D without any interaction or input device.
One of the most used examples of non-immersive VR is the computer monitor.
Although the screen gives a low level of immersion and presence, it can provide
user comfort and graphic quality with a low cost. In addition, if the screen display
has an interaction and tracking devices is it considered to be semi-immersive VR

because users feel more presence.

VR has been used as a distraction in many contexts. The logic behind how VR works
is as follows: people have limited attention capacity, and pain needs attention. So,
when interacting with the virtual reality world, patients use some amount of their

limited attentional capacity. Therefore, VR makes the patient pay less attention to

14



Chapter 2 2.4. VR Distraction for Pain and Anxiety

the real world [29] (during medical care), resulting in a significant pain reduction

compared to the other traditional distraction like toys and music [[10]].

2.4 VR Distraction for Pain and Anxiety

There is growing evidence that immersive virtual reality can be a powerful non-
drug pain reduction technique that helps patients cope with uncomfortable medical
treatments. Clinical researchers suggest that more distracting virtual reality versions

be used for painful medical procedures, such as burn wound sessions [30]].

2.4.1 Fully-immersive VR Distraction

Hoffman and Patterson designed SnowWorld [31], the first immersive VR software
for burn pain and anxiety distraction. Users can interact with snowmen, penguins,
flying fish, and igloos in the virtual environment by throwing snowballs at them.
SnowWorld environment is widely used in pain distraction for burn patients as
Hoffman et al., Van Twillert, Bremer, and Faber [6]], [10], [32], [33]] used it in their

studies.

Hoffman et al. [33] explored whether immersive VR with repeated use continues
to distract/reduce pain. The study was conducted on seven patients aged 9-32
years with a range of 3—60% total body surface area burned that performed physical
therapy sessions on three separate days at least. Patients spent an equivalent amount

of time in the control condition for each session without distraction and VR. In
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addition, Van Twillert, Bremer, and Faber [32] studied if immersive VR can reduce
pain and anxiety during a complete wound care session. Nineteen burn patients
ages 8 to 65 years participated in the study for a one-week treatment of wound
dressing changes with usual care (no VR) and with distraction care (VR). Thirteen
participants reported clinically significant pain reduction (33% or higher), while no

significant decrease in VR distraction treatment for anxiety.

Furthermore, Hoffman ef al. [6] conducted the first experiment on eleven burn-
injured patients ages 9 to 40 years to distract them from their pain during burn
wound debridement in the hydrotherapy tank (Hydro tank) using VR. Each patient
spent three minutes without distraction and three other minutes using VR during a
wound care session. The researchers concluded that the results illustrated that from
a controlled study, this was the first available evidence that immersive VR can be
an effective nonpharmacologic pain reduction method for burn patients with severe

pain to excruciating pain during wound care.

Also, Das et al. [34] designed a new VR game named Quake and explored whether
the game can reduce procedural pain in children aged 5-18 years with severe burn
injuries. The results indicated strong evidence that VR-based games help minimize
pain and proved their reusability and versatility. Additionally, Kipping er al. [33]
examined the effectiveness of VR distraction for teenagers with burns using a VR
environment called Chicken Little™. Forthy-one patients aged 11-17 years were
enrolled in the randomized control trial. The results showed A significant reduction

in pain scores during dressing changes was reported by the nurses.

Moreover, Chan et al. in [36] investigated the effect of the VR prototype in reducing
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the pain of burn children patients in Taiwan. The researchers implemented a VR
environment suitable for the children’s age group and cognitive ability. The VE is
about an ice-cream factory that provides a cold sensation similar to the snow world
game by Hoffman er al. [33]. The idea of the game is to shoot the fox with ice
cream to scare him from breaking the orderliness. The experiment was performed
on eight children with an average age of 6.54 in a local hospital in Taiwan. The
results showed a significant pain reduction reported by children in VR treatment
compared to traditional treatment. The researcher also noted that children have

different responses to pain with VR due to their different natures.

In addition, Schmitt ef al. [37] studied the effectiveness of VR as a distraction way
for burn patients during physical therapy. The study included Fifty-four patients
aged 6-19 years old assigned for physical therapy treatments to do range-of-motion
exercises for 1-5 days. All patients spent time in VR therapy sessions and the
traditional sessions equally. Graphic ratings were used to assess pain by patients;
the results showed significant pain reduction by 27-44% in VR sessions compared to
the traditional session. Additionally, the fun scale was measured and was increased

during VR treatment.

Furthermore, Hua er al. [38] examined the effectiveness of VR distraction on
children with burns in their lower limbs. The study included sixty-five children aged
4-16 years. The results reported significant pain reduction during the dressing time

with VR compared to traditional.

Additionally, Hoffman er al. [39] investigated the effect of VR distraction on

Latin-American children with severe burns during wound care. Forty-eight children
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were enrolled, aged 6-to 17 years, and all children experienced VR treatment and
traditional treatment. The results reported significant pain reduction during VR
treatment and continued to show lower pain levels after multiple sessions. All the
studies mentioned above used VR with headsets (VR glasses) as a tool to display

the environments.

2.4.2 Semi-immersive VR Distraction

To assess the acceptability and feasibility of using VR for young children’s proce-
dural pain management, Khadra et al. [11]] conducted the pain distraction technique
during a medical procedure on fifteen children with severe burn injuries aged two
months — to 10 years, and they displayed Bubbles® environment that enables chil-
dren to generate bubbles on the screen. Each child experienced the usual treatment
(medication + no VR) and projector-based VR treatment (medication + VR). The
children were mainly calm and cooperative. Therefore, it was evident that the
projector-based VR was a feasible and acceptable tool to manage pain in young
children with severe burn injuries. The projector-based VR was then used for a
randomized crossover trial by Khadra ef al. [40] to examine its effects on pain in
children with burns during hydrotherapy wound care. The study included 38 chil-
dren aged six months to -7 years old, and the results showed that VR significantly

reduced pain and increased patients’ comfort levels compared to No VR treatment.

On the other hand, Miller ef al. [5] developed a handheld interactive device called
multi-modal distraction (MMD) to distract burned children during dressing chang-

ing and tell them about the procedure they will experience. The main objective of the
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research was to explore whether MMD distraction (MMD-D) or MMD procedural
preparation (MMD-PP) can reduce the pain of the children compared to the tradi-
tional distraction by handheld video games (VG) and other toys. Another objective
is to understand the effectiveness of MMD-PP and MMD-D on the procedures by
measuring the time of treatments between groups. MMD varies from VR systems
because it does not require a headset, and it is specially developed to fit children’s
physical and psychosocial needs. The displayed scene was Bobby got a Burn Story
for the MMD-PP, while in MM-D, they used a story named touch and find. The
experiment studied eighty burned children aged 3-10 years during their first three
dressing changes. The results of MMD-D and MMD-PP showed significant pain
reduction (p < 0.05), and the length of the dressing changes was decreased (p <

0.05) compared to the traditional distraction.

Besides, Dahlquist et al. [41] examined whether an HMD improves children’s
videogame distraction effect during cold pressor pain. Forty-one children aged 6-
14 years were enrolled in which each child played the same videogame with and
without the HMD in the same order cold pressor trials. The results reported that
with and without HMD, distraction enhanced pain tolerance relative to baseline. It
was also noted that older children (11-14) reported more reduction from using the
helmet, whereas younger children (6-10) appeared to benefit equally. The study
concluded that using fully immersive VR can improve distraction for older children,

while younger ones can have the same results using semi-immersive VR [42].

Moreover, Patterson et al. [43] studied the feasibility of using a water-friendly

VR during debridement for adult burn patients. The study investigated whether
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interactive VR would have more pain reduction than natural stimuli viewed in the
same VR tool. The experiment included forty-eight patients (children and adults)
with severe burn injuries in which they spent equivalent time in each condition (VR
and traditional). The results indicated that pain was significantly reduced in VR
treatment compared to traditional treatment. At the same time, results showed that

interactive VR did not decrease pain compared to the natural stimuli as predicted.

Furthermore, Armstrong et al. [44] examined the effectiveness and feasibility of
mobile phone VR for children with burns in home dressing changes. The researchers
developed a “Virtual Reality Pain Alleviation Tool (VR-PAT)” tool used by thirty-
five patients aged 5-17 years. Children were assigned into two groups of treatment:
the VR-PAT and traditional treatment. According to the pain scores assessed by
patients and caregivers, the VR group reported less pain during dressing changes

and more fun compared to the other group.

2.4.3 Non-immersive VR Distraction

Non-immersive VR distraction is the use of passive distractions (with no interac-
tivity) like videos or movies. This type of distraction was used in some studies
to compare interactive VR and passive distractions. For example, Jeffs er al. [45]]
compared the effectiveness of VR distraction vs. passive distraction for teenagers
aged 10 — 17 years. The study included 28 adolescents with burns, and patients
were assigned randomly to three conditions: VR distraction without HMD, passive
distraction, and traditional treatment. The results indicated that the VR group re-

ported less pain than other treatments. This study added to the existing knowledge
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that VR could effectively reduce pain without wearing the HMD.

Also, Furness et al. [13] performed a small-scale qualitative study to explore
the impact and usability of active and passive VR on burn patients during painful
dressing changes. The study included five patients; each had three observed dressing
change sessions, one with an active VR method, one with a passive VR method, and
one with no VR. The results indicated that active VR was acceptable and helped

patients manage their pain.

Besides, Sil and Dahlquist [[12]] conducted a case study on a four-year-old female
patient with second-and third-degree burns to her shoulders, neck, and left thigh.
The experiment was designed to compare the effects of interactive versus passive
videogame on distress distraction. The patient experienced three baselines and ten
videogame distraction sessions (five passive and five interactive). In conclusion,
the interactive videogame distraction seems an effective and feasible distress reduc-
tion technique for young children with severe burns undergoing repeated medical

procedures.

In addition, Xiang et al. [46] examined the efficiency of a mobile phone VR in pain
distraction for burned children during dressing. Ninety children aged 6 to 17 were
enrolled and divided into three groups of treatment: active VR, passive VR, and
traditional care. The pain was significantly reduced in the VR conditions (active
and passive) compared to traditional conditions. The active VR group also showed
more pain reduction than the passive group. This experiment showed that mobile

phone VR efficiently reduces pain for burned children.
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2.5 Pain and Anxiety Assessments

Valid and reliable assessments are important for effective pain and anxiety manage-
ment. How do we measure pain and anxiety when patients get distracted during
medical procedures? Pain and anxiety can be measured using observational, self-

reporting, interviews, and physiological measures.

* Self-Reporting

The visual analog scale (VAS) is one of the most well-known scales that
allows patients to assess their pain by feeling its intensity [47]. Researchers
like Miller et al. [3)], Hoffman er al. [33l], Kipping et al. [35], Hua et al.
[38]], and [I32] used it in their studies. Also, Hoffman et al. [6] and Schmitt et
al. [37] used patients’ ratings as severe to excruciating during the experiment
using three O to 10 graphic rating scale pain scores (time spent thinking about

pain, pain unpleasantness, and worst pain).

Moreover, Wong-Baker Faces (FACES) is a self-report scale for children used
by Miller et al. [3]], Das et al.[34]], Chan et al. [36l] and Hua et al. [38] in their
experiments. FACES shows a series of faces ranging from a happy face at 0,
or “no hurt,” to a crying face at 10, representing “hurts like the worst pain
imaginable.” Children’s Self-reporting is usually accepted as a standard way
of pain reporting, and the outcome can be significant if given age-appropriate
tools [48]]. As for the anxiety, the state-version of the Spielberger State-Trait
Anxiety Inventory was used by Jeffs et al. [43], [32] and [41], a 40-item self-

administered questionnaire that aims to assess anxiety with 20 items each.
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Additionally, The Revised Children’s Manifest Anxiety Scale is a 37-item
self-report measure used to assess anxiety in children and teenagers used by

[41].

¢ Observations

The observational Faces, Legs, Activity, Cry, and Consolability scale (FLACC)
is a behavioral/observational pain scale from 0 to 10 (O=relaxed and com-
fortable, 7-10=severe discomfort/pain) for children from O to 18 years old
[49][50]. It was used by Miller ef al. [3l], Kipping et al. [33], and Khadra
et al. [[11] [40] in addition to NRS-obs (Numerical Rating Scale-obs) in their

studies.

Besides, Khadra et al. [[11] used the following observational scales for anxiety
and sedation: Procedure Behavior Check List, which comprises eight behav-
iors based on occurrence and intensity for a possible total score ranging from
0 to 40 [51]]. Also Modified Smith Scale, an observational scale with four
levels ranging from O (no anxiety) to 3 (most anxious), and OCCEB-BECCO
[behavioral observational scale of comfort level for child burn victims], which

is a new scale with scores ranging from 0 to 10 developed by [52].

Moreover, Sil and Dahlquist [[12] measured the distress level using the Ob-
servation Scale of Behavioral Distress (OSBD), which is a scale by [33] that
consists of verbal, vocal, and motor behaviors indicative of distress in children

coded in 15-s continuous intervals.

¢ Interviews

Researchers like Furness et al. [9], Sil and Dahlquist [12], and Das et al.[34]
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used interviews and qualitative post-intervention interviews with nurses and

parents to evaluate the patient’s pain and cooperative behavior.

* Physiological Measures

Miller et al. [5] and Hua ef al. [38] recorded the physiological measures
of oxygen saturations (O2) and pulse rate (PR), which are accepted as pain
While Hoffman er al. [54] and Lewis et al.

indicators. [55]] used fMRI

pain-related brain activity to measure pain.

An overview of the related work is summarized in Table below.

Table 2.2: Summary of Related Studies

# Source Experimental Number of Patients VR Tool Environment Pain Measurement Results
Conditions Patients Ages Design Tool

1 161 During 11 Burn pa- 9 to 40 HMD Snow Graphic Rating 41% Pain reduction
wound care tients years World game Scales (GRS)

2 132] Wound care 19 burn pa- 8 to 65 HMD Snow VAS and the state- 33% or more significant pain
session tients years ‘World game version of the Spiel- reduction

berger State-Trait
Anxiety Inventory.

3 1541 During 8 Burn pa- 18 to 43 HMD Snow fMRI  pain-related All five brain regions of inter-
medical tients years ‘World game brain activity est confirmed significant pain-
procedures related brain activity reduc-

tion.

4 1371 Physical 54 burn pa- 6-19 HMD Snow Graphic Rating The results showed significant
therapy tients years World game Scales (GRS) pain reduction by 27-44% in

VR sessions compared to the
traditional session

5 1391 ‘Wound care 48 patients 6-17 HMD Snow world Graphic Rating The results reported signif-

years game Scales (GRS) icant pain reduction during
VR treatment and continued
to show lower pain levels af-
ter multiple sessions.

6 331 Physical 7 Burn pa- 9 to 32 HMD Spider The visual analog VR does not reduce analgesic
therapy tients years World scale of 0to 10 (VAS) effectiveness with three (and
sessions & Snow possibly more) uses.

World
games
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Basket and
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of Behavioral Dis-
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Interview

The results showed the signif-
icant effect of VR in reduc-
ing pain during burn dressing
changes.

VR was feasible and accept-
able to all patients when used

during dressing changes.

A significant reduction in
pain scores during dressing
changes was reported by the
nursed

The results reported signifi-
cant pain reduction during the
dressing time with VR com-
pared to traditional.

showed a significant pain re-
duction reported by children in
VR treatment compared to tra-
ditional treatment

The results reported that
older children (11-14) re-
ported more reduction from
using the helmet, whereas
younger children (6-10) ap-
peared to benefit equally.

The results indicated that pain
was significantly reduced in
VR treatment compared to
traditional treatment. How-
ever, at the same time, results
showed that interactive VR did
not decrease pain compared
to the natural stimuli as pre-
dicted.

MMD significantly reduced
pain and time for dressings
(p < 0.05) compared to SD
and VG.

Distress scores were decreased
from 5.30 during the experi-

ment phase to 2.92
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16 U8l Burn 15 Burn pa- Two Projector- Bubbles® FLACC scale, Mod- The mean pain score and
wound care tients months based ified Smith Scale, the discomfort level were de-
procedures to 10 VR Procedure Behavior creased.

years Check List, OCCEB-
BECCO, and (Ram-
say Sedation Scale).

17 401 hydrotherapy 38 children 6 months Projector- Bubbles® FLACC 0-10 NRS- significantly pain reduction in
sessions —7 years based obs (Numerical Rat- pain by FLACC (p=0.026)

hybrid ing Scale-obs) pain rated by the nurses us-
VR ing the NRS-obs were non-
significant (p=0.135)..

18 1451 ‘Wound care 28 patients 10-17 Interactive ~ Snow world Spielberger’s  State- The results indicated that the

years VR game Trait Anxiety Inven- VR group reported less pain
tory for Children and than other treatments. This
Pre/post-Procedure study added to the existing
knowledge that VR could ef-
fectively reduce pain without
wearing the HMD.

19 461 Dressing 90 patients 6-17 VR-PAT The  Vir- VAS and FLACC The pain was significantly re-
change years tual  River duced in the VR conditions

Cruise (active and passive) compared

game to traditional conditions. The
active VR group also showed
more pain reduction than the
passive group.

20 [44] Home 35 patients 5-17 VR-PAT The  Vir- Pain ratings 1-10 The VR group reported less
dressing years tual  River scale from patients pain during dressing changes
change Cruise and caregivers and more fun than the other

game group.

2.6 Children and Technology

There is a lack of knowledge about how children use technology; thus, the researchers
in [56] examined how apps for children aged (0-5) encourage play and creativity. The
study was developed in collaboration between many universities and organizations.
The Importance of this study is that play in the digital world is increasing, and
many technology companies’ products aim for the 0-5 age group, so the products

must fit their needs. In addition, there was a constant demand for this research into
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technology and media use in this age group. The study was conducted in the UK.

Its main objectives are to collect information about how children aged (0-5 years)

use apps at home, find the most popular used tablet app, and investigate the effect

of tablet apps on play and creativity. Researchers distributed an online survey of

caregivers and conducted in-depth case studies of children’s app use in six families

to achieve the study’s goals. Also, they performed interviews and observations for

children and, finally, the analysis phase. Based on data analysis and observations,

researchers listed the successful features of apps for each age group summarized in

Table [2.3] The study result was beneficial for the design phase of this research as

successful game features for the age group were considered alongside understanding

children’s use of technology in Saudi Arabia by using some survey questions in our

study.
Table 2.3: Successful Features of Apps
Age group Features [23]
- Sound, vision, and touch are the primary features of this
age group.
- Large shapes, distinct patterns, and the use of contrasting
colors.
0-1 year

Audio support visual and animated elements.
Cause and effect (actions should be consistent through-
out the app, with a large margin for error).

Naming objects.
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1-2 years

Simple, repeating actions.

Children voice-overs.

Recall/ recap (embedded where appropriate).
Interaction.

Nursery rhymes.

Competencies (swiping, tracing, tapping).

2-3 years

Text-to-speech, animation, sounds, and visual effects.
Co-operation and turn-taking.

Exploration of all dimensions of music (rhythm, pitch,
timbre, speed, volume, texture.

Drawing.

Early engagement with numbers and letters (upper and
lower) in a playful context.

Use of popular characters.

Complex competencies (dragging, pinching).

Autosaving.

28



Chapter 2

2.6. Children and Technology

3-4 years

Some features outlined above are relevant for this age
group.

Independent use of device features (taking photographs).
Offline to online play (building models)

Extended games (number of levels of a challenge).
Pause and resume the app

Drawing apps with an undo function.

Sense of wonder.

Building of worlds.

Role-playing.

4-5 years

Some features outlined above are relevant for this age
group.

Solving real-world problems (early mathematical skills).
Drill and skill.

Writing and spelling games with creative engagement
with letters and words through meaningful tasks.

Story apps by highlighting words as the narrator say
them.

Regular opportunities for feedback.

Online social interaction with others.
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2.7 Children and VR

Virtual Reality technology is becoming widely popular nowadays and has many
users of all ages, including children. Yet, the is a lack of effects of VR on chil-
dren and many concerns about safety issues, so there is an interest in developing
best practices around VR and children. A study was conducted with collaboration
between companies specializing in digital TV and VR content alongside emerging
communicative technologies for young children called “Children and Virtual Re-
ality” [S7]. The study examined the effect of VR on children aged 8-12 years old
and explored VR use for children younger than eight years old. Some hardware
manufacturers limit VR use over 13 years old without a rationale justification for
the age limit. Therefore, the study investigated any safety issues or harmful effects
of using VR under the age of 13 and added recommendations for that age group.
The study aimed to understand awareness of VR to children and its usability for
children aged 8-12 years old and study the effect of short-term VR use on vision
and balance. In addition, to find the best practices in the design and production
of VR for children with guidelines for caregivers to support safe and helpful use.
The researcher conducted an online questionnaire on VR awareness in the USA
and UK, observed children’s engagement with VR, tested their vision and balance
and analyzed the collected data. The result showed that VR is being expanded
into children’s lives in education, training, entertainment, health, and other fields.
As for health concerns, researchers found no risk in short-term play for children
regarding vision and balance. The outcomes of this study helped understand the

best VR practices for children to ensure safe and healthy usage of the technology.
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Nevertheless, some of the study questions were used in our research to acknowledge

VR awareness and preferences in Saudi Arabia.

Moreover, VR effectiveness was evidenced in pain distraction for adult patients.
The question “Is VR an effective tool in reducing pain and anxiety when used by
children undergoing medical procedures?” has been an interesting question that has
led to many clinical trial studies and research. Eijlers ef al. [38] have collected
and searched for studies that applied VR as a distracting technique for children and
adolescents. They found seventeen studies that used VR for children’s patients as a
pain and anxiety distraction technique, and six of the studies included burn patients.
They also noticed that distraction is the main focus of research when applying VR
to children. Their main finding is that VR is very effective as a pain and anxiety

distracting technique for children in clinical studies.

2.8 Summary and Limitations

Children’s pain and anxiety have been long observed, but most studies targeted
adolescents and older patients. However, even when the study included children,
the average sample age was six years, and it was not clear how many children aged
less than five years. Hence, to our knowledge, VR for pain and anxiety distraction
in young children (aged < 6 years) has not been extensively studied. Also, it was
noted that the presented studies, which included children (aged <6 years), used low
immersive VR such as 2D video games, Wii, and handheld devices [39]. Further-

more, even when using VR, some of them used projector-based or smartphone VR
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because, to their knowledge, the currently available VR glasses are heavy and do
not fit the children’s physical needs. There are several reasons for this gap in the VR
analgesia literature regarding whether VR analgesia is effective in children under
6 years old. For example, the commercially available VR glasses are not designed
to be worn by such young children because the interocular distance between the
eyepieces is too far apart for infants and young children. Additionally, recent re-
search shows a notable gap in research on design considerations for creating VR
environments, even if there is significant evidence of VR effectiveness in decreasing
pain and anxiety [60]. Therefore, the VR environment should be designed to fulfill
the requirement of the intervention purpose and the targeted users to achieve the

best results.
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Research Methodology

This chapter highlights the research methodology and the steps taken in the VR
design requirement and process. Also, it demonstrates the details of the experiment,
the involved participants, and the data collection and analysis methods applied in

this study.

3.1 Pre-Design Questionnaire

An online questionnaire has been created using Google Forms, a tool used in online
surveys. It provides clear interfaces and graphics and is easy to make and use. It
also represents the responses into different kinds of charts with precise analysis to
improve understanding of the data. The questionnaire was distributed on social
media -such as WhatsApp, Twitter, and Telegram- targeting parents or guardians

of children between 0 and 5 years old. The main goal of the questionnaire is to
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illustrate the relationship between these children and technology, and how much
they are exposed to the technology (what type of devices they use, and how/when
they use them). Also, to find out how familiar parents and children are with VR and
what type of VR experiences children prefer. Figure [3.1]illustrates the four-level
questionnaire map: basic background information, children and technology, VR,

and VR in the medical field.

| ) Part1: Basic Background Information

) Part4: Virtal Reality in Medical Field ‘

Figure 3.1: Questionnaire Map

The total number of responses reached 20054, but respondents with no relation
with kids or have kids aged above five years were excluded leaving 1240 complete
responses. The questionnaire has helped to understand the design requirements
for the targeted age group (0-5 years) and their needs, and the VR game was
designed based on that. This section illustrates the descriptive analysis of the
survey, but the statistical analysis is discussed in Chapter 4. Appendix A describes

the questionnaire.

3.1.1 Part 1: Basic Background Information

This part shows the basic information about the respondents and their relationship

with kids. Also, the questionnaire was answered on behalf of children, so the age
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and gender of the child were asked. Table[3.1]illustrates the background information
of the respondents. As seen, the majority (73.3%) of the respondents were parents,
13.7% were aunts/uncles, some were siblings (5.8%), while 3.5% were teachers and
2.4% grandparents, and few children’s specialists participated (1.3%). Moreover,
the respondents were mainly females (95%), and a few were males (5%). Also,
Half of the respondents were aged between 25 and 35 years, while some were aged
between 35-45 (21%) and 16-25 (14.4%). Few were between 45 and 55 years and
younger than 16 years (5.5%). Significantly few respondents were older than 55

years (3.7%).

Table 3.1: Background information of Respondents

Relationship Jrequency | percent
Parent 909 73.3
Aunt or Uncle 170 13.7
Sibling 72 5.8
Teacher 43 3.5
Grandparent 30 2.4
Children’s specialist 16 1.3
Gender frequency | percent
Female 1173 94.6
Male 67 54
Age Group Jfrequency | percent
16 57 4.6

16-25 177 14.4
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26-35 625 50.8
36-45 258 21.0
46-55 68 5.5

55 46 3.7

Table [3.2] shows that the gender of respondents’ children was 50.3% female and

49.7% male, and the age of the children is defined as follows: 23.19% aged five

years, 25.7% aged four years, 20.3% aged three years, 15.9% aged two years, 8.1%

age one year, while 6.8% aged less than one year.

Table 3.2: Background information of Respondent’s Children

Gender frequency | percent
Female 624 50.3
Male 616 49.7

Age Group frequency | percent

5 Years 287 23.1

4 Years 319 25.7

3 Years 252 20.3

2 Years 197 159

1 Year 101 8.1
Younger than one 84 6.8

36
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3.1.2 Part 2: Children and Technology

This part maps the relationship between children and technology. The questions
were taken from the study in [S56]], which is explained in section 2.6. It illustrates
how children use technology and when they use it. As seen in Figure [3.2] the most
used device for children is the TV 33%, after that phone 30%, then Tablet 25%, very
few use the game console 2%, and 10% of the children don’t use any device.

Which of the following devices does the child make use of the
most?

25%

mTV =mTablet = Phone Game Console = Doesnot use

Figure 3.2: Most used Devices by Children

Children use the devices for many activities; Figure [3.3]illustrates the most used
activities: watching videos, videos made by other children, cartoons, music videos,

and listening to music.
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Which of the following activites does the child use the device for?

500 588
542
600 472
200 348 305
170 158 166
95 114
0 [ | — —_— — - — [ p— |
B Watching Cartoon M Listen to stories/audio books
m Watching music videos on YouTube Drawing and painting
B Watching video M Listen to music
B Play with/use apps for gaming M Colouring in
M Using a search engine W Making collages
B Voice/video communication B To help learning/education

B Watching videos made by other children on YouTube B Making videos

Taking photographs Look at pictures

M Reading stories M Play with/use apps for social

B The child does not use a device

Figure 3.3: Activities children use the device for

Most of the children use the device with their parents, 40%, as Figure [3.4] shows.

However, 24% of them can use the device independently, and few don’t use any

device 2%. The rest use the device with an adult or family members.

Who are they typically using the device with?

14%

24%
2%

5%\

15%

40%
= On their own = With a parent or guardian
= With brother(s)/Sister(s) Does not use
m Other adults ® With another family member

Figure 3.4: Children Device usage
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Figure[3.5]indicates that most people allow children to use the device for a distraction
or educational purposes.

Which of the following statements are most true when the child is
using a device?

800

600

726
423
400
218 204
o mees N

B The device is being used as a form of distraction or quiet time, whilst | complete other tasks or relax
m The device is providing a sit-back experience e.g. watching video
m The device is being used to encourage my child to be creative and/or play
The device is being used as a social device e.g. co-usage with adults or other children
B The device is being used for educational purposes (e.g. learning the alphabet)
B The device is being used for bedtime stories

B The child does not use a device

Figure 3.5: True statements when child is using a device

3.1.3 Part 3: Virtual Reality

This part investigates VR awareness and familiarity in Saudi Arabia, and questions
were taken from this study [57], as mentioned in Section 2.7. As shown in Table
[3.3] that 37% of people know about the technology, 14.6% used it, and 34.6%
heard of it. Nevertheless, 13.8% are not aware of it. In addition, Table 3.3 points
out how parents expect their children to be interested in VR. 16.2% reported that
children would be highly interested, and 29.2% anticipated that they would be fairly

interested. However, 15% assumed that children would feel neutral about it, 7.4%
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that they wouldn’t be very interested, and 3.1% that they would not be interested
at all. Furthermore, 29.1% reported that their children would be unaware of the
technology. Moreover, the most pleasant experiences for children are playing with

cartoons and animals, and go to a virtual park, as shown in Figure[3.6

Table 3.3: VR Familiarity and Interest

VR familiarity frequency | percent

I know exactly what this is 459 37.0

I have used this I’'m familiar with it 181 14.6
I’ve definitely heard of it 429 34.6
Unaware 171 13.8

VR interest frequency | percent

Extremely interested 201 16.2

Fairly interested 362 29.2

Neither interested nor not interested 186 15.0
Not very interested 92 7.4

Not interested at all 38 3.1
Unaware 361 29.1
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What sorts of experiences would the child like to have in virtual

reality?
600 542
482
436
400 305 330 313
248 245
196
200 139
. -
0 |
B Go on an adventure with animals M See Space
Visit the Sea World Snow Playing
M Drive a Car B Playing with Cartoons characters
M Go to virtual theme park W \fisit a fantasy world
B Fly like a bird B Flying a plane

B The child is unaware

Figure 3.6: VR Experiences

3.1.4 Part 4: Virtual Reality in Medical Field

Table [3.4] shows that if people anticipate that children would still be interested in

VR while feeling pain.

The percentage dropped from 16.2% to 12.7% of extremely interested children and
29.1% to 25.1% of unaware children. In contrast, the percentage increased a bit
from 29.2% to 29.8% of fairly interested children, 15% to 18% for neutral feeling,
7.4% to 9.8% of not very interested, and lastly, 3.1% to 4.7% of not interested at
all. Moreover, 47.9% of people believe that VR technology is a helpful method for
pain distraction, and 30.8% strongly believe that, while 14.8% don’t know. However,
6.5% disbelieve that. In addition, Table[3.4]illustrates that 68.5% of people preferred

VR screens for their children, while 29.8% preferred VR glasses. Few would rather
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none 1.7%.
Table 3.4: VR in Medical Field
VR interest in medical centers frequency | percent
Extremely interested 157 12.7
Fairly interested 369 29.8
Neither interested nor not interested 223 18.0
Not very interested 122 9.8
Not interested at all 58 4.7
Unaware 311 25.1
VR is helpful in medical centers frequency | percent
I strongly believe 382 30.8
Yes, I believe 594 47.9
I don’t know 183 14.8
I disbelieve 67 54
I strongly disbelieve 14 1.1
VR Preference frequency | percent
VR screen 849 68.5
VR glasses 370 29.8
Unaware 21 1.7
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3.2 The Development of the Proposed VR Design

After the questionnaire analysis and requirements gathering, the virtual environment
(VE) was designed. The design considered children’s familiarity with TV screens
and their love for cartoons, animals, and sounds. Also, their age group and cognitive
development ability were considered as the game objects are large, simple, and easy
to interact with. More importantly, the purpose of the design, distraction, is taken
into account, so the game is attractive in colors and sounds with a sense of wonder

and adventure.

3.2.1 The Design

The VE design is a forest with animals trapped in big bubbles floating in the scene,
as displayed in Figure 3.7. The Player has to rescue the animals from falling on
their land by busting the bubbles, so the game is called Animal Rescue. The player
movement is automated in the path of floating bubbles. Each bubble has inside it an
animated animal with simple gesture movement. The Player also can interact with
a saved animal on the ground; if pressed, the animal plays its sound and glows. The
mixture of animal sounds and movements creates a sense of presence and immersion
in the game. The Player can speed up/down along the path, and when all bubbles
are burst, the game terminates. The bubble and interactivity scores are calculated
to measure the player interaction. Design considerations are mapped with Animal

Rescue as shown in Table3.3].
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Figure 3.7: The Proposed VR Design

Table 3.5: Design Considerations

Design Consideration

Animal Rescue

Perception of safety by using
familiar elements

Using animals objects

Perception of control

Interacting with environment

Perception of empathy

Saving animals (toggling grav-
ity)

Purpose of the design “Dis-
traction”

Automated player movement
(Minimum patient motion )

Visuals

Large and simple

Movements

Animated Animals

Attractive colours

Scene colors and glowing ani-
mals

Interactivity: patterns and re-
peated action

Bursting bubbles and glowing
animals

Audio

Animals sounds,

rhythms

nursery
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3.2.2 Software and Materials

The VE was designed using Unity® game engine and visual studios for coding
in the object-oriented c# programming language. In addition, the game shaders
use Universal Render Pipeline (URP), which provides optimized graphics prebuilt
by Unity®. The design runs on a Windows® 10 HP gaming laptop powered by a
2.80 GHz Intel® Core (TM) i7-7700HQ CPU, 16GB of RAM, and an NVIDIA®
GeForce® GTX 1050 Ti GPU with up to 8GB of dedicated video memory graphics
for endless gaming. Finally, the VE is displayed on three tools: an HTC® VIVE
HMD device, containing a resolution of 1080 x 1200 pixels per eye with a refresh rate
of 90 Hz, presenting a dual AMOLED 3.6” diagonal and 110 degrees field of view,
and a TV device for screen-based 2D VR with an input device with a mouse acting
for interacting with the environment. Additionally, the design is also displayed on
a touch-screen laptop in which children could use their fingers to interact. All used

VR tools are shown in Figure[3.§]

VR Headset
= "R ’

Figure 3.8: Different VR tools
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3.2.3 The VE Flowchart

The flow of the VE is presented in Figure [3.9} the game starts with an automated
move, and each press on the scene is counted as interactivity. If a bubble is hit, the
bubble burst with a sound and the animal inside falls to the ground, and a score is
calculated. If an animal is hit, the animal glows with its sound. The game keeps

running until all bubbles are burst (score=80) or if it was quitted or paused.

Figure 3.9: The VE Flowchart

3.2.4 The System Architecture

The VE is used for distraction purposes, as mentioned before. Patients interact
with the VE during their treatment session while pain and anxiety are measured and

stored in a database, as presented in Figure [3.10]
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Ohkiact
. ——

Patient VR Distraction System Measurements Database

Figure 3.10: The System Architecture

3.3 System Testing

Testing to check the system’s feasibility was done in two steps: a questionnaire to

gather opinions and a test on children volunteers with pressure pain simulation.

3.3.1 Post-Design Questionnaire

A questionnaire was conducted and disturbed about the VE to determine what people
with children think about the final design described in Appendix B. A video of the
design was inserted with questions and 5-point Likert scale answers. The questions
explored if respondents believe that the VE is suitable for the children’s age group
and if they anticipate their children would be interested in experiencing the game

with/without feeling pain.

3.3.2 Pressure Pain Simulation

A hand-held pressure pain simulation in Figure 3.11 was used to generate pain
sensation. The pressure algometer has a linear response to force application with a

I-cm2 round rubber tip. The rubber tip is placed on the volunteer’s body (random
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parts) and pressed on the skin, as a pressure score is displayed while applying
force. Volunteers are exposed to a discomfort sensation using the pressure pain
stimulation system while interacting with the VR system to see how much the VR
system provides a distraction. The volunteers were told to tell immediately when
the pressure turns into a discomfort sensation. If so, the pressure is stopped, and
the score is taken. Measurements were taken three times (P1, P2, P3). First, P1
was taken while interacting with the VR system to see how much the VR design can
provide pain distraction. Then, P2 was taken when children sat in a normal relaxed
position with no VR. Finally, P3 was taken when children were playing a verbal
game called (Colors game) in which they chose a color, and the other person started
naming different colors, and when they heard their selected color, they had to call it
out loud. Each child experinces the three conditions (P1, P2, P3) in a randomized

order.

Figure 3.11: Pressure Pain Simulation System *Wagner FDX-25 device (Wagner
Instruments, Greenwich, CT)
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3.4 The Clinical Study

This research involves an clinical study in hospitals, so ethical approval is taken from
the Institutional Review Board (IRB), as displayed in Appendix D. This section
explains all steps and methods used to implement the experiment to achieve the

objectives.

3.4.1 Participants

Children with burns admitted to the burn unit in the hospital can participate. Parents’
written approval of child participation is taken, including their permission to take
photos of their child during the experiment and use them in publication. Children
are excluded from the study if they do not meet the following criteria:

1. Suffers from burn injury.

2. Not diagnosed with a disability that prevents them from interacting with the

distracting environment.
3. Not allergic to any analgesics or opioids used in the experiment.

4. Negative Covid-19 test

3.4.2 Measurements

The pain and anxiety are measured using the following measurement tools that the

doctors, nurses, and parents assess:
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* Anxiety is measured by Procedure Behavior CheckList (PBCL) scale, which

comprises eight behaviors based on occurrence and intensity for a possible

total score ranging from O to 40, as seen in Table[3.6|[51]].

Behavioral Category

Table 3.6: PBCL Scale

Definition

Muscle Tension

Screaming
Crying
Restraint Used

Pain Verbalized

Anxiety Verbalized

Verbal Stalling

Physical Resistance

* Pain is measured using the Faces, Legs, Activity, Cry, and Consolability scale
(FLACC), a behavioral/observational pain scale from O to 10 (O=relaxed and

comfortable, 7—10=severe discomfort/pain) for children from O to 18 years

Displays any of the following behaviors: eyes shut
tight, clenched jaw, body stiffness, clenched fists, or
gritted teeth.

Raises voice or yells with sound or words

Displays tears or sobs

Has to be held down by someone or have heavy tape
placed across their legs

29 46

Says “ow,” “ouch,” or comments about hurting (e.g.,
“you are hurting me”)

Says “I’m scared” or “I’m afraid.”

Expresses verbal delay (stop, I'm not ready, [ want to
tell you something)

Moves around, will not stay in position or tries to

climb off the table

old, as shown in Table [50].
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Criteria

Table 3.7: FLACC Scale

Score 0

Score 1

Score 2

Face

Legs

Activity

Cry

Consolability

No particular

expression or smile

Normal position or
relaxed
Lying quietly, normal
position moves easily
No cry (awake or

asleep)

Content, relaxed

Occasional grimace or
frown, withdrawn,
uninterested

Uneasy, restless, tense

Squirming, shifting,
back and forth, tense
Moans or whimpers;

occasional complaint

Reassured by
occasional touching,
hugging, or being

talked to, distractible

Frequent to constant
quivering chin,
clenched jaw
Kicking or legs drawn
up
Arched, rigid, or
jerking
Crying steadily,
screams or sobs,
frequent complaints
Difficult to console or

comfort

* Self-Reporting: Children who are old enough will rate their pain using Wong-
Baker Faces Pain Rating Scale, which shows a series of faces ranging from a
happy face at 0, or “no hurt,” to a crying face at 10, which represents “hurts
like the worst pain imaginable” as seen in Figure [3.12] Also, they will rate

their anxiety by a series of faces ranging from O=relaxed to 4=angry, as shown

in Figure[3.13]
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No Moderate Worst
Pain Pain Pain

F .
N
Q0 o) (o) (&
R — —_ JaR
0 6 8 10
Figure 3.12: Wong-Baker Scale
<
<> <o ’e O LAY
- — . - —_—
Relaxed/Not worried Very slightly worried Fairly worried Worried a lot An

Figure 3.13: Subjective Anxiety Scale

* Joy Scale: children and parents also rate the enjoyment during the VR and
Traditional sessions using the joy faces scale ranging from O=no joy to 5=

Ecstatic, as displayed in Figure[3.14]

5 Ecstatic
|

4 @ Exited

[

2 @ Pleased

1 Content

0 @ No Joy

Figure 3.14: Joy Scale

N
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* Parents Rating: parents will rate their child’s pain, anxiety, and satisfaction

using a scale from 1= not pain/anxiety to S=severe pain/anxiety.

* Feasibility and Acceptability: A survey is distributed to doctors, nurses, and

parents to assess the feasibility and acceptability of the intervention.

* The treatment time is essential to measure in both sessions to compare the

effectiveness of the VR in a matter of time.

3.4.3 Data Collection

The effectiveness of the designed VR system is evaluated during the wound care

session in the hospital. The study goes through these steps:

1. Each child experiences a VR treatment session and another traditional (no

VR) treatment session in a randomized order (on different days).

2. Choice of VR tool depends on the patient’s condition and preference/accep-

tance.
3. Measurements are taken before starting the session.
4. Measurements are taken during the VR/Traditional session.
5. Measurements are taken immediately after the session is completed.
6. A comparison is performed between the VR and traditional sessions.

7. Sessions are assigned randomly, meaning some children start with VR sessions

and some start with traditional sessions.
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3.4.4 System Testing

A continuous assessment of the VR system is performed during the experimental

study steps for a possible system improvement or modification.

3.5 Data Analysis and Evaluation

All collected data from the experiment is analyzed using the statistical analysis
methods (SPSS) to evaluate the effectiveness of the VR system in pain and anxiety

distraction.
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Results and Discussion

This chapter represents and discusses the research results and their analysis. The data
analysis was carried out using the statistical software package SPSS version 25.0.
Descriptive statistics were used, and chi-square, independent-sample t-test, and
Mann-Whitney test were used to find the differences between variables. Cronbach’s
Alpha was measured to estimate the reliability of the questionnaire dimensions, and
Person correlation coefficients were calculated to assess the internal consistency.
The repeated measure was used to find the differences between the means of three
experience measures and the LSD post hoc test to find the difference between the
variables group. All reported p-values are two-tailed, with p < 0.05 being considered

significant.
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4.1 Pre-Design Questionnaire Analysis

This section presents the analysis of the questionnaire mentioned in Section 3.1.
The main goal of the analysis is to highlight the differences between respondents’

answers due to the child’s age and gender.

4.1.1 Children and Technology

* Which of the following devices does the child make use of the most due to

children’s age (0-2y, 3-5y)?

Table {1 shows a statistical difference (p-value < 0.05) in most used devices due to
children’s ages. It’s clear that 78.2% of the nonusers are aged 0-2 years, while 3-5

years children use TV, mobile phone, tablet, and game console.
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Table 4.1: The result of chi-square of the most used devices due to age

age
Q. categorize 0-2y 3-5y Total chi-square | p-value
N (%) N (%) N (%)
93 26 119
None
(78.2%) | (21.8%) (9.6%)
156 256 412
Which of the vV
(37.9%) | (62.1%) (33.2%)
following de-
Mobile 98 279 377
vices does the 23.900 .000**
Phone (26.0%) | (74.0%) (30.4%) ?
child make use
Tablet (iPad,
of the most? 35 276 311
galaxy tab,
(11.3%) | (88.7%) (25.1%)
etc.)
Game 0 21 21
Console (0.0%) | (100.0%) (1.7%)

*#statistical significant at 0.01

*statistical significant at 0.05

\\ not significant

* Which of the following devices does the child make use of the most due to

children’s gender (Male, Female)?

Table [4.2] shows a statistical difference (p-value < 0.05) in most used devices by

children due to their gender. For example, male children use TV and Game Consoles

more, while Female children use mobile phones and tablets more.
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Table 4.2: The result of chi-square of the most used devices by due to gender

gender

Q. categorize Male Female Total chi-square | p-value

N (%) N (%) N (%)

63 56 119
None
(52.9%) | (47.1%) (9.6%)
218 194 412
Which of the vV
(52.9%) | (47.1%) (33.2%)
following de-
Mobile 171 206 377
vices does the 23.900 .000%**
Phone (45.4%) | (54.6%) (30.4%) ?
child make use
Tablet (iPad,
of the most? 144 167 311
galaxy tab,
(46.3%) | (53.7%) (25.1%)
etc.)
Game 20 1 21
Console (95.2%) (4.8%) (1.7%)
**statistical significant at 0.01 *statistical significant at 0.05 \\ not significant

* Which of the following activities does the child use the device for due to

children’s age (0-2y, 3-5y)?

There is a statistical difference (p-value < 0.05) as shown in Table 4.3]in children’s
activities while using the device due to their age. These activities are (Coloring
in, Listen to music, Watching Cartoon, Watching videos made by other children on
YouTube, Making collages, Making videos, Watching videos, Taking photographs,
Play with/use apps for gaming, To help learning/education, Watching music videos
on YouTube, Reading stories, Drawing and painting), which means that children

aged 3-5 years do these activities while children aged 0-2 years don’t. At the same
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time, other activities like (Look at pictures/photos, Listen to stories/audiobooks,
Voice/video communication, e.g., Facetime /Skype, Play with/use apps for social,
using a search engine) has no statistical differences (p-value > 0.05) which mean
children aged 0-5 years can do these activities.

Table 4.3: The result of chi-square of activities children use due to age

age
Q. answer categorize 0-2 years 3-5 years Total chi-square p-value
N (%) N (%) N (%)
158 170
Yes 12 (7.1%)
Coloring in (62.5%) 7% | 5503 000%%
370 700 1070
No
o (34.6%) (65.4%) (86.3%)
£
g 122 183 305
% Yes
= ) ) (40.0%) (60.0%) (24.5%)
2 Listen to music 16.09 .000%#*
> 260 675 935
4 No
= (27.8%) (72.2%) (75.5%)
=
b 120 352 472
= ; Yes
g | Watching (25.4%) (74.6%) (38.1%)
S Cartoon 10.85 001+
g 264 506 768
k= No
2 (34.1%) (65.9%) (62.1%)
9
5 | Watching 117 425 542
E Yes
; 21.69% 78.49% 43.79%
% videos made by ( o) ( o) ( o) 3904 000%*
e other children 265 433 698
= No
< | on YouTube (38.0%) (62.0%) (56.3%)
=
= 118 166
= Yes 48 (28.9%)
Look at pic- 71.1% 13.49%
ook at pic ( o) ( o) 0.32 0.575\\
tures/photo 334 740 1074
No
(31.1%) (68.9%) (86.6%)
Yes 2 (6.1%) 31(93.9%) | 33 (2.7%)
Making  col- .
380 827 1207 9.73 002%*
lages No
(31.5%) (68.5%) (97.3%)
Yes 5 (11.6%) 38 (88.4%) | 43 (3.5%)
Making videos 371 820 1197 7.67 .006%*
No
(31.5%) (68.5%) (96.5%)
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163 425 588
Yes
(27.7%) (72.3%) (47.2%) .
Watching video 5.31 021
219 433 652
No
(33.6%) (66.4%) (52.8%)
Yes 23(20.2%) | 91 (79.8%) | 114 (9.2%)
Taking  pho-
359 767 1126 6.63 .010%*
tographs No
(31.9%) (68.1%) (90.8%)
373 406
Yes 33 (8.1%)
Play with/use (91.9%) (32.6%)
145.23 .000%*
apps for gaming 349 485 834
No
(41.8%) (58.2%) (67.4%)
142 158
Yes 16 (10.1%)
To help learn- (89.9%) (12.7%)
36.26 .000%*
ing/education 366 716 1082
No
(33.8%) (66.2%) (87.3%)
142 206 348
Watching mu- Yes
(40.8%) (59.2%) (27.9%)
sic videos on 21.89 0007
240 652 892
YouTube No
(26.9%) (73.1%) (72.1%)
Yes 5(11.1%) | 40(88.9%) | 45 (3.6%)
Reading stories 371 818 1195 8.48 0047
No
(31.5%) (68.5%) (96.4%)
Listen to sto- Yes 17 (21.3%) | 63 (78.8%) | 80 (6.4%))
ries/audio 365 795 1160 3.65 0.056\\
No
books (31.5%) (68.5%) (93.6%)
Voice/video Yes 23 (24.2%) | 72 (75.8%) 95 (7.5%)
communi-
cation, e.g. 3.18 0.075\\
FaceTime 359 786 1145
No
/Skype (31.4%) (68.6%) (92.5%)
Yes 4 (16.0%) 21 (84.0%) 25 (2.0%)
Play with/use
378 837 1215 2.62 0.105\\
apps for social No
(31.1%) (68.9%) (98.0%)
Yes 7 (11.3%) 55 (88.7%) 62 (5.0%)
Drawing and
376 803 1178 11.64 001%#*
painting No
(31.8%) (68.2%) (95.0%)
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Using a search
i Yes
engine  (c.g. 1(9.1%) | 10(90.9%) | 11 (0.9%)
typing key
2.45 17\

words into
Google and No 381 (31.0%) | 848 (69.0%)| 1229(99.1%)
searching)

Yes 60 (83.3%) | 12 (16.7%) | 72 (5.8%)
None No 322 846 1168 99.02 .000%*

(27.6%) (72.4%) (94.2%)

*#statistical significant at 0.01 *statistical significant at 0.05 \\ not significant

* Which of the following activities does the child use the device for due to

children’s gender (Male, Female)?

Table 4.4{shows a statistical difference (p-value < 0.05) in activities children use the
device for due to their gender. Female children do activities like (Coloring in, Listen
to music, Watching videos made by other children on YouTube, Making videos,
Taking photographs, Drawing, and painting) more than male children. There are no
statistical differences (p-value > 0.05) in other activities (Watching Cartoon, Making
collages, Watching video, Look at pictures/photo, Play with/use apps for gaming,
To help learning/education, Watching music videos on YouTube, Reading stories,
Listen to stories/audiobooks, Voice/video communication, Play with/use apps for

social, using a search engine, None) due to gender.
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Table 4.4: The result of chi-square of activities children use due to gender

Gender
Q. answer categorize Male Female Total chi-square p-value
N (%) N (%) N (%)
112 170
Yes 58 (34.1%)
. 3.
Coloring in (65-5%) BT | 1908 000%#
558 512 1070
No
o (52.1%) (47.9%) (86.3%)
<
£ 131 174 305
3 Yes
= . . (43.0%) (57.0%) (24.5%)
& | Listen to music 7.32 .007**
s 485 450 935
4 No
= (51.9%) (48.1%) (75.5%)
=
by 232 240 472
= : Yes
g | Watching (49.2%) (50.85%) (38.1%)
< | Cartoon 0.08 0.772\\
2 No 384 384 768
b=} No
& (50.0%) (50.0%) (62.1%)
9
5 | Watching 251 291 542
E Yes
i 46.3% 53.7% 43.7%
% videos made by ( ) ( ) ( 0 437 .037*
e other children 365 333 698
= No
“= | on YouTube (52.3%) (47.7%) (56.3%)
<=
ﬁ 166
= Yes 75 (45.2%) | 91 (54.8%)
Look at pic- 13.49%
ook at pic B4 |55 0213\\
tures/photo 541 533 1074
No
(50.4%) (49.6%) (86.6%)
Yes 14 (42.4%) | 19 (57.6%) | 33 (2.7%)
Making  col-
602 605 1207 0.71 0.398\\
lages No
(49.9%) (50.1%) (97.3%)
Yes 13 (30.2%) | 30(69.8%) | 43 (3.5%)
Making videos 603 594 1197 6.74 .009%*
No
(50.4%) (49.6%) (96.5%)
277 311 588
Yes
(47.1%) (52.9%) (47.2%)
Watching video 2.95 0.086\\
339 313 652
No
(52.0%) (48.0%) (52.8%)
Yes 43 (37.7%) | 71 (62.3%) | 114 (9.2%)
Taking  pho-
7.18 .007**
tographs
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573 553 1126
No
(50.9%) (49.1%) (90.8%)
201 205 406
Yes
Pl ith/us 49.59% 50.5% 32.6%
ay  with/use ( 0) ( 0) ( 0) 0.01 0.933\\
apps for gaming 415 419 834
No
(49.8%) (50.2%) (67.4%)
158
Yes 70 (44.3%) | 88(55.7%)
To help learn- 12.7%
0 help learn ( 0) 509 0.148\\
ing/education 546 536 1082
No
(50.5%) (49.5%) (87.3%)
169 179 348
Watching  mu- ves (48.6%) (51.4%) (27.9%)
. 0 B 0 . 0
sic videos on 0.24 0.624\\
447 445 892
YouTube No
(50.1%) (49.9%) (72.1%)
Yes 16 (35.6%) | 29 (64.4%) 45 (3.6%)
Reading stories 600 595 1195 3.73 0.054\\
No
(50.2%) (49.8%) (96.4%)
Listen to sto- Yes 35(43.8%) | 45 (56.3%) 80 (6.4%)
ries/audio 581 579 1160 1.20 0.273\\
No
books (50.1%) (49.9%) (93.6%)
Voice/video Yes 40 (42.1%) | 55 (57.9%) 95 (7.5%)
communi-
cation, e.g. 2.36 0.125\\
FaceTime 576 569 1145
No
/Skype (50.3%) (49.7%) (92.5%)
Yes 14 (56.0%) | 11 (44.0%) 25 (2.0%)
Play  with/use
602 613 1215 0.41 0.523\\
apps for social No
(49.5%) (50.5%) (98.0%)
Yes 18 (29.0%) | 44 (71.0%) 62 (5.0%)
Drawing and
598 580 1178 11.13 001%#*
painting No
(50.8%) (49.2%) (95.0%)
Using a search
i Yes
engine (e.g. 3(273%) | 8(727%) | 11(0.9%)
typing key
2.23 0.135\\
words into
Google and No 613 (49.9%) | 616 (50.1%)| 1229(99.1%)
searching)
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Yes 38 (52.8%) | 34 (47.2%) | 72 (5.8%)
None o 578 590 1168 0.29 0.588\\
(49.5%) (50.5%) (94.2%)
**statistical significant at 0.01 *statistical significant at 0.05 \\ not significant

* Who are they typically using the device with due to children’s age (0-2 y,
3-5y)?

There is a statistical difference (p-value< 0.05) in “who are children typically use
the device with” due to children’s age, as seen in Table 4.5] Notably, 89.6% of
non-device users are aged 0-2 years, while other children mostly use the device with

a parent or guardian.

Table 4.5: The result of chi-square of using the device with whom due to age

age

Q. categorize 0-2y 3-S5y Total chi-square | p-value

N (%) N (%) N (%)

60 7
None 67 (5.4%)
(89.6%) | (10.4%)
On their 31 261 292
Who are they own (10.6%) | (89.4%) (23.5%)

typically us- | With me or

ing the device another 193 303 496 200.326 000%*
with? parent or (38.9%) | (61.1%) (40.0%)
guardian
With
30 149 179
brother(s)/

(16.8%) | (83.2%) (14.4%)
Sister(s)
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With
another 54 123 177
family (30.5%) | (69.5%) (14.3%)

member

Other adult,
e.g. Nursery
worker,
14 15
child 29 (2.3%)
(48.3%) (51.7%)
minder,

school

teacher

**gtatistical significant at 0.01 *statistical significant at 0.05 \\ not significant

* Who are they typically using the device with due to children’s gender
(Male, Female)?

Table [4.6] shows that there is no statistical difference (p-value > 0.05) in “who are

children typically use the device with” due to children’s gender.
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Table 4.6: The result of chi-square of using the device with whom due to gender

gender
Q. categorize Male Female Total chi-square | p-value
N (%) N (%) N (%)
36 31
None 67 (5.4%)
(53.7%) | (46.3%)
On their 146 146 292
Who are they own (50.0%) | (50.0%) (23.5%)
typically us- | With me or
ing the device another 242 254 496 0.70 0.983\\
with? parent or (48.8%) (51.2%) (40.0%)
guardian
With
90 89 179
brother(s)/
(50.3%) | (49.7%) (14.4%)
Sister(s)
With
another 87 90 177
family (49.2%) | (50.8%) (14.3%)
member
Other adult,
e.g. Nursery
worker,
15 14
child 29 (2.3%)
(51.7%) | (48.3%)
minder,
school
teacher

*#statistical significant at 0.01

*statistical significant at 0.05

\\ not significant
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* Which of the following statements are most true when the child is using

a device due to children’s age (0-2y, 3-5 y)?

There is a statistical difference (p-value < 0.05) in the choices of true statements
when children use a device due to their ages. For example, as shown in Table i.7]
children aged 3-5 years use the devices more in the following conditions: (The device
is being used for educational purposes, The device is being used to encourage my
child to be creative and/or play, The device is providing a sit-back experience, e.g.,
watching a video). Additionally, most of the “none” choice is chosen for children
aged 0-2 years. On the other hand, there are no statistical differences (p-value >
0.05) in these statements (The device is being used as a social device, e.g., co-usage
with adults or other children, The device is being used for bedtime stories, The
device is being used as a form of distraction or quiet time, whilst I complete other
tasks or relax) due to their age, which means that children with different ages can

use the device as a social device, bedtime stories, a form of distraction or quiet time.
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Table 4.7: The result of chi-square of true statements due to age

age
Q. answer categorize 0-2y 3-Sy Total chi-square p-value
N (%) N (%) N (%)
The device is
being used as Yes 33(29.7%) | 78 (70.3%) | 111 (9.0%)
E a social device,
3 0.07 0.797\\
": e.g., co-usage
%D with adults or No 349(30.9%) | 780(69.1%) | 1129(91.0%)
w
s
B2 other children
=
% The device is Yes 10 (20.4%) | 39 (79.6%) 49 (4.0%)
£ being used for 372 819 1191 2.59 0.108\\
= No
J:; bedtime stories (31.2%) (68.8%) (96.0%)
g The device is
g being used for Yes 112 (26.5%) | 311 (73.5%)| 423 (34.1%)
® educational
s 5.64 .018*
< purposes (e.g.
@
E learning the No 270 (33.0%) | 547 (67.0%)| 817 (65.9%)
=
8
E” alphabet)
2 | The device
=
ﬁ is being used Yes 36 (17.6%) | 168 (82.4%)| 204 (16.5%)
S
- to  encourage
= _ 19.84 0007
S my child to be
=
= creative and/or No 346(33.4%) | 690(66.6%) | 1036(83.5%)
play
The device is
providing a Yes 47 (21.6%) | 171 (78.4%)| 218 (17.6%)
sit-back ex- 10.61 .001%*
pefience €& No 335(32.8%) | 687(67.2%) | 1022(82.4%)
watching video
The device 1s
being used as
Yes 223 (30.7%) | 503 (69.3%)| 726 (58.5%)
a form of dis-
traction or quiet 0.01 0.935\\
time, whilst T
complete other No 159 (30.9%) | 355 (69.1%)| 514 (41.5%)

tasks or relax
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Yes 62 (86.1%) | 10 (13.9%) 72 (5.8%)
None No 320 848 1168 109.68 .000%*
(27.4%) (72.6%) (94.2%)
**gstatistical significant at 0.01 *statistical significant at 0.05 \\not significant

* Which of the following statements are most true when the child is using

a device due to children’s gender (Male, Female)?

Table 4.8 shows no statistical differences (p-value > 0.05) in the choices of true
statements when children use a device due to their gender, which means male and

female children do the same things when using a device.

Table 4.8: The result of chi-square of true statements due to gender

Gender
Q. answer categorize Male Female Total chi-square p-value
N (%) N (%) N (%)

The device is
E being used as Yes 54 (48.6%) | 57 (51.4%) | 111 (9.0%)
E" a social device,
E 0.05 0.820\\
2 e.g., co-usage
2 with adults or No 562 (49.8%) | 567 (50.2%)| 1129(91.0%)
g other children
E The device is Yes 25 (51.0%) | 24 (49.0%) 49 (4.0%)
£ | being used for . 591 600 1191 0.04 0.848\\
5 o
2 bedtime stories (49.6%) (50.4%) (96.0%)
g The device is
g being used for Yes 203 (48.0%) | 220 (52.0%) | 423 (34.1%)
é educational
& 0.73 0.393\\
= purposes (e.g.
e
§ learning the No 413 (50.6%) | 404 (49.4%)| 817 (65.9%)

alphabet)
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The device
is being used Yes 92 (45.1%) | 112 (54.9%)| 204 (16.5%)
to  encourage

. 2.05 0.152\\
my child to be
creative and/or No 524 (50.6%) | 512 (49.4%) | 1036(83.5%)
play
The device is
providing a Yes 110 (50.5%) | 108 (49.5%) | 218 (17.6%)
sit-back ex- 0.06 0.799\\
perience & No 506 (49.5%)| 516 (50.5%) | 1022(82.4%)
watching video
The device 1s
bei sed
cing used as Yes 364 (50.1%) | 362 (49.9%) | 726 (58.5%)
a form of dis-
traction or quiet 0.15 0.700\\
time, whilst I
complete other No 252 (49.0%) | 262 (51.0%) | 514 (41.5%)
tasks or relax

Yes 40 (55.6%) | 32 (44.4%) | 72 (5.8%)
None No 576 592 1168 1.06 0.304\\
(49.3%) (50.7%) (94.2%)
**statistical significant at 0.01 *statistical significant at 0.05 \\not significant
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4.1.2 Virtual Reality

* How familiar is the respondent or the child with the term VR due to

children’s age (0-2y, 3-5y)?

There are no statistical differences (p-value>0.05) in How familiar is the respondent

or the child with the term VR due to the children’s age, as seen in Table [4.9]

Table 4.9: The result of chi-square of VR familiarty due to age

age

Q. categorize 0-2y 3-S5y Total chi-square | p-value

N (%) N (%) N (%)

65 106 171
Unaware
(38.0%) (62.0%) (13.8%)

I've
130 299 429

Who are they definitely
(30.3%) | (69.7%) (34.6%)

typically us- | heard of it

7.220 065\\
ing the device know
142 317 459
with? exactly what
(30.9%) | (69.1%) | (37.0%)
this is
have used
this I’'m 45 136 181
familiar (24.9%) | (75.1%) | (14.6%)
with it
*#statistical significant at 0.01 *statistical significant at 0.05 \\ not significant
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* How familiar is the respondent or the child with the term VR due to

children’s gender (Male, Female)?

There are no statistical differences (p-value>0.05) in How familiar is the respondent

or the child with the term VR due to children’s gender, as seen in Table {.10]

Table 4.10: The result of chi-square of VR familiarty due to gender

gender

Q. categorize Male Female Total chi-square | p-value

N (%) N (%) N (%)

79 92 171
Unaware
(46.2%) (53.8%) (13.8%)

I've
219 210 429

Who are they definitely
(51.0%) | (49.0%) (34.6%)

typically us- | heard of it

1.19 0.756\\
ing the device know
227 232 459
with? exactly what
(49.5%) | (50.5%) (37.0%)
this is
have used
this ’'m 91 90 181
familiar (50.3%) | (49.7%) | (14.6%)
with it
*#statistical significant at 0.01 *statistical significant at 0.05 \\ not significant
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* How familiar is the respondent or the child with the term VR due to the

respondents’ age?

Table [4.11] shows statistical differences (p-value < 0.05) in how familiar is the
respondent or the child with the term VR due to the respondent’s age. It shows that
respondents aged 26-45 years are more familiar with VR than other age groups.

Table 4.11: The result of chi-square of VR familiarty due to the respondent’s age

How familiar are you or the child with the term VR?
know have used
I’ve
exactly this ’'m
Q Answer Unaware definitely chi-square p-value
what this familiar
heard of it
is with it
N (%) N (%) N (%) N (%)
<16 8 (4.8%) 24 (5.7%) 14 (3.1%) 11 (6.1%)
D
& 16-25 15(8.9%) | 51 (12.1%) | 81(17.6%) | 30 (16.6%)
W)
E 215 256
g 26-35 63 (37.5%) 91 (50.3%) 51.94 .000%*
g (50.8%) (55.8%)
v
& 36-45 55(32.7%) | 97 (22.9%) | 69 (15.0%) | 37 (20.4%)
46-50 15 (8.9%) 22 (5.2%) 23 (5.0%) 8 (4.4%)
> 50 12 (7.1%) 14 (3.3%) 16 (3.5%) 4 (2.2%)
168 423 459 181
Total
(13.6%) (34.4%) (37.3%) (14.7%)
**statistical significant at 0.01 *statistical significant at 0.05 \\ not significant

* Do you expect that the child is interested in experiencing Virtual Reality

due to children’s age (0-2y, 3-5y)?

There is a statistical difference (p-value< 0.05) in children interested in experiencing
Virtual Reality due to their age. Table #.12] shows that children aged 3-5 years are

fairly and extremely interested more than children aged 0-2 years.
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Table 4.12: The result of chi-square of children interest in VR due to age

age

Q. categorize 0-2y 3-5y Total chi-square | p-value

N (%) N (%) N (%)

173 188 361
Unaware
(47.9%) | (52.1%) (29.1%)
Do you ex- Not
5 33
pect that the | interested at 38 (3.1%)
(13.2%) | (86.8%)
child is inter- all
76.704 .000%**
ested in expe- Not very 20 72
92 (7.4%)
riencing Vir- interested 21.7%) | (78.3%)
tual Reality? Neither
interested 57 129 186

nor not (30.6%) | (69.4%) (15.0%)

interested

Fairly 81 281 362
interested (22.4%) | (77.6%) (29.2%)

Extremely 46 155 201
interested (22.9%) | (77.1%) (16.2%)

*#statistical significant at 0.01 *statistical significant at 0.05 \\ not significant

* Do you expect that the child is interested in experiencing Virtual Reality

due to the children’s gender (Male, Female)?

Table {.13] shows no statistical difference (p-value > 0.05) in children interested in

experiencing Virtual Reality due to gender.
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Table 4.13: The result of chi-square of children interest in VR due to gender

gender
Q. categorize Male Female Total chi-square | p-value
N (%) N (%) N (%)
167 194 361
Unaware
(46.3%) | (53.7%) (29.1%)
Do you ex- Not
18 20
pect that the | interested at 38 (3.1%)
(47.4%) | (52.6%)
child is inter- all
4.53 0.476\\
ested in expe- Not very 48 44
92 (7.4%)
riencing Vir- interested (52.2%) | (47.8%)
tual Reality? Neither
interested 91 95 186
nor not (48.9%) | (51.1%) (15.0%)
interested
Fairly 181 181 362
interested (50.0%) | (50.0%) (29.2%)
Extremely 111 90 201
interested (55.2%) | (44.8%) (16.2%)
*#statistical significant at 0.01 *statistical significant at 0.05 \\ not significant

* What sorts of experiences would the child like to have in virtual reality

due to children’s age (0-2y, 3-5 y)?

Table [4.14] shows that there are statistical differences (p-value < 0.05) in the sorts
of experiences the child would like to have in virtual reality due to their ages, these
experiences are (Flying a plane, Go to virtual theme park, Snow Playing, Playing

with Cartoons characters, Drive a Car, Visit the Sea World, See space). Children
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aged 3-5 years are more likely to prefer those experiences over children aged 0-2

years.

Furthermore, there are no statistical differences (p-value> 0.05) in (Fly like a bird,
Go on an adventure with animals, Visit a fantasy world) due to their age, which

means that children of different ages prefer those experiences.

Table 4.14: The result of chi-square of Preferred VR experiences due to age

age
Q. Answer categorize| 0-2y 3-5y Total chi-square | p-value
N (%) N (%) N (%)
65 180 245
& Yes
S 26.5% 73.5%% 19.8%
5 | Fly like a bird (26.5%) | (73.5%) | (98%) |, 0.106\\
5 317 678 995
= No
é (31.9%) | (68.1%) (80.2%)
2 2 117 139
= Yes
= 15.89% 84.2 11.29%
§ Flying a plane ( o | ( ? ( ) 16.48 .000%*
k= 360 741 1101
4] No
< (32.7%) | (67.3%) | (88.8%)
75}
g 154 328 482
& | Go on an ad- Yes . ¢ .
S (32.0%) | (68.0%) | (38.9%)
:n venture with 0.48 0.487\\
E 228 530 758
2 | animals No
z (30.1% ) | (69.9%) (61.1%)
é 113 323 436
= Yes
= | Go to virtual (25.9%) | (74.1%) (35.2%)
2 7.54 006*
= | theme park 269 535 804
No
(33.5%) | (66.5%) (64.8%)
52 144 196
Yes
Visit a fantasy (26.5%) | (73.5%) (15.8%) 200 0.158\\

world
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330 714 1044
No
(31.6%) | (68.4%) (84.2%)
68 262 330
Yes
(20.6%) | (79.4%) (26.6%)
Snow Playing 21.95 0007
314 596 910
No
(34.5%) | (65.5%) (73.4%)
149 393 542
Playing with Yes
(27.5%) | (72.5%) | (43.7%)
Cartoons 4.97 .026*
233 465 698
characters No
(33.4%) | (66.6%) | (56.3%)
70 243 313
Yes
(22.4%) | (77.6%) | (25.2%)
Drive a Car 14.00 .000%**
312 615 927
No
(33.7%) | (66.3%) | (74.8%)
75 230 305
Yes
Visit the Sea (24.6%) | (75.4%) (24.6%)
7.33 .007%*%*
World 307 628 935
No
(32.8%) | (67.2%) (75.4%)
56 192 248
Yes
(22.6%) | (77.4%) (20.0%) .
See space 9.84 .002%*
326 666 992
No
(32.9%) | (67.1%) (80.0%)
31 9
Yes 40 (3.2%)
(77.5%) | (22.5%)
Unaware 42.27 0.001**
351 849 1200
No
(29.3%) | (70.8%) | (96.8%)
*#statistical significant at 0.01 *statistical significant at 0.05 \\ not significant
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* What sorts of experiences would the child like to have in virtual reality

due to children’s gender (Male, Female)?

There are statistical differences (p-value < 0.05) in the experiences the child would
like to have in virtual reality due to their gender, as seen in Table 4.15] The results
show that male children prefer the following experiences: (Flying a plane, Drive a
Car) and female children prefer (Go to virtual theme park, Playing with Cartoons
characters). Otherwise, there are no statistical differences (p-value > 0.05) in the
rest of the experiences: (Fly like a bird, Go on an adventure with animals, Snow
Playing, Visit the Sea World, See space, Visit a fantasy world,) due to their gender,

which means that male and female children prefer them the same.

Table 4.15: The result of chi-square of Preferred VR experiences due to gender

Age
Q. Answer categorize| 0-2y 3-5y Total chi-square | p-value
N (%0) N (%) N (%)
121 124 245
Yes
49.49 50.6% 19.8%%
Fly like a bird @4%) | C06%) | A98%) | 0.919\\
495 500 995
No
(49.7%) | (50.3%) (80.2%)
83 56 139
Yes
59.79% 40.3% 11.29%
Flying a plane (59.7%) | (40-3%) ( ) 6.31 .012%*
533 568 1101
No
(48.4%) | (51.6%) (88.8%)
250 232 482
Go on an ad- ves (51.9%) | (48.1%) (38.9%)
. (0] . o . (0]
venture with 1.51 0.219\\

animals
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366 392 758
No
(48.3%) | (51.7%) (61.1%)
a. 179 257 436
E Yes
o | Go to virtual (41.1%) | (58.9%) (35.2%)
f;‘ 20.00 000
= | theme park 437 367 804
2 No
< (54.4%) | (45.6%) (64.8%)
[72]
=
= 94 102 196
E Yes
© | Visit a fant 48.0%% 52.0% 15.89%
s isit a fantasy ( o) | ( o) | ( o) 027 0.600\\
2 | world 522 522 1044
S No
g (50.0%) | (50.0%) (84.2%)
= 156 174 330
*g Yes
(47.3%) | (52.7%) (26.6%)
E‘J Snow Playing 1.04 0.308\\
E 460 450 910
=o No
< (50.5%) | (49.5%) (73.4%)
=
:g 243 299 542
= | Playing with Yes
._“E’ (44.8%) | (55.2%) (43.7%) .
= Cartoons 9.04 0033
373 325 698
characters No
(53.4%) | (46.6%) (56.3%)
242 71 313
Yes
(77.3%) | (22.7%) (25.2%) s
Drive a Car 127.94 .000
374 553 927
No
(40.3%) | (59.7%) (74.8%)
160 145 305
Yes
Visit the Sea 52.5% (47.5%) (24.6%) 125 0.263\\
World 456 479 935
No
(48.8%) | (51.2%) (75.4%)
133 115 248
Yes
(53.6%) | (46.4%) (20.0%)
See space 1.94 0.1641\
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483 509 992
No
(48.7%) | (51.3%) (80.0%)
22 18
Yes 40 (3.2%)
(55.0%) | (45.0%)
Unaware 047 0.4941\
594 606 1200
No
(49.5%) | (50.5%) (96.8%)
*#statistical significant at 0.01 *statistical significant at 0.05 \\ not significant

* Which VR tool do you think is more comfortable and suitable for your

child due to children’s age (0-2y, 3-5y)?

There is a statistical difference (p-value < 0.05) in the suitable VR tool for your
child due to their age, as shown in Table It’s clear that most of the respondents
who chose “none” have children aged 0-2 years, while the rest prefer VR screens

more than VR glasses.

Table 4.16: The result of chi-square of suitable VR tool due to age

age
Q. categorize 0-2y 3-S5y Total chi-square | p-value
N (%) N (%) N (%)
Which VR 13 8
Unaware 21 (1.7%)
tool do you (61.9%) (38.1%)
21.07 .000%**
think is more &7 283 370
VR glasses
comfortable (23.5%) | (76.5%) (29.8%)
and suitable 282 567 849
VR screen
for your child? (33.2%) | (66.8%) | (68.5%)
**gtatistical significant at 0.01 *statistical significant at 0.05 \\ not significant
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* Which VR tool do you think is more comfortable and suitable for your

child due to children’s gender (Male, Female)?

Table [4.17] shows no statistical differences (p-value > 0.05) in which VR tool you
think is more comfortable and suitable for your child due to their gender, Which

means that males and females children prefer the same VR tool.

Table 4.17: The result of chi-square of suitable VR tool due to gender

gender
Q. categorize Male Female Total chi-square | p-value
N (%) N (%) N (%)
Which VR 11 10
Unaware 21 (1.7%)
tool do you (524070) (476070)
think is more 191 179 370 905 636\\
VR glasses
comfortable (51.6%) | (48.4%) (29.8%)
and suitable 414 435 849
VR screen
for your child? (48.8%) | (51.2%) (68.5%)
**statistical significant at 0.01 *statistical significant at 0.05 \\ not significant

4.1.3 Virtual Reality in Medical Field

* Do you expect that the child is interested in experiencing Virtual Reality

in medical centers when he/she is in pain due to children’s age (0-2 y, 3-5

y)?

There are statistical differences (p-value < 0.05) in children interested in experi-

encing Virtual Reality in medical centers when he/she is in pain due to their age,
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As seen in Table B.18] The results show that children aged 0-2 years are mostly
unaware, while children aged 3-5 years are more fairly interested, neither interested

nor not interested, and extremely interested.

Table 4.18: The result of chi-square of children interest in VR in medical centers
due to age

age

Q. categorize 0-2y 3-S5y Total chi-square | p-value

N (%) N (%) N (%)

145 166 311
Unaware
(46.6%) | (53.4%) (25.1%)
Not
Do you ex- 10 48
interested at 58 (4.7%)
pect that the (17.2%) | (82.8%)
all
child is inter-
Not very 28 94 122

ested in expe-
interested (23.0%) | (77.0%) (9.8%)
riencing Vir- 51.96 .000%**
Neither

tual Reality in
interested 59 164 223
medical cen-
nor not (26.5%) | (73.5%) (18.0%)
ters when they
interested

are in pain?
Fairly 102 267 369

interested | (27.6%) | (72.4%) | (29.8%)

Extremely 38 119 157
interested (24.2%) | (75.8%) (12.7%)

**statistical significant at 0.01 *statistical significant at 0.05 \\ not significant

* Do you expect that the child is interested in experiencing Virtual Reality

in medical centers when he/she is in pain due to children’s gender?
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There is no statistical difference (p-value > 0.05) in children interested in experi-
encing Virtual Reality in medical centers when he/she is in pain due to their gender,

as seen in Table

Table 4.19: The result of chi-square of children interest in VR in medical centers
due to gender

age

Q. categorize 0-2y 3-S5y Total chi-square | p-value

N (%) N (%) N (%)

142 169 311
Do you expect Unaware
(45.7%) | (54.3%) (25.1%)

that the child

Not
is interested in 27 31
interested at 58 (4.7%)
experiencing (46.6%) (53.4%)
all
Virtual Real- 3.45 0.632\\
Not very 61 61 122

ity in medical
interested (50.0%) | (50.0%) (9.8%)

centers when
Neither
he/she is in
interested 117 106 223
pain?
nor not (52.5%) (47.5%) (18.0%)

interested

Fairly 190 179 369
interested (51.5%) | (48.5%) (29.8%)

Extremely 79 78 157
interested (50.3%) | (49.7%) (12.7%)

**statistical significant at 0.01 *statistical significant at 0.05 \\ not significant
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* Do you expect that the child is interested in experiencing Virtual Reality
in medical centers when he/she is in pain due to children’s interest in

experiencing Virtual Reality?

There are statistical differences (p-value < 0.05) in children interested in experienc-
ing Virtual Reality due to VR in medical centers when they are in pain, as shown
in Table The results show that the child who is Neither interested nor not in-
terested, Fairly interested, and Extremely interested in experiencing Virtual Reality
becomes Fairly interested in experiencing Virtual Reality in medical centers when

he/she is in pain.
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Table 4.20: The result of chi-square of children interested in VR vs VR in medical
centers

Do you expect that the child is interested in experiencing

Virtual Reality in medical centers when he/she is in pain?

Neither
inter-
Not in- Not Fairly Extremely
ested chi- p-
Q. | categorize | Unaware | terested very in- inter- inter-
nor not square value
at all terested ested ested
inter-
ested

N (%) N (%) N (%) N (%) N (%) N (%)

interested (13.0%) (3.0%) (7.7%) (21.3%) (41.7%) (13.3%)

o 214 14 23 39 53 18

é‘ Unaware

3 (59.3%) (3.9%) (6.4%) (10.8%) (14.7%) (5.0%)
~

E| Not

E 6 14 6 4 5

> interested 3(7.9%)
0 (15.8%) (36.8%) (15.8%) (10.5%) (13.2%)

B3} at all

g

5 Not very 11 10 33 10 22

& 6 (6.5%)
2 interested (12.0%) (10.9%) (35.9%) (10.9%) (23.9%)

E Neither

é

] interested 21 21 66 58 16 608.395 | 0.001%**
5 4 (2.2%)

s nor not (11.3%) (11.3%) (35.5%) (31.2%) (8.6%)
% interested

2

g Fairly 47 11 28 77 151 48

S

3

o

5

=

2

>~

°

[a}

Extremely 12 11 27 80 66
5(2.5%)
interested (6.0%) (5.5%) (13.4%) (39.8%) (32.8%)
*#statistical significant at 0.01 *statistical significant at 0.05 \\ not significant

* Do you believe that having VR technology in medical centers and hospitals
will help distract the children from pain and anxiety due to the children’s

age (0-2y,3-5y)?

There is no statistical difference (p-value > 0.05) in “Do you believe that having VR
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technology in medical centers and hospitals will help distract the children from pain
and anxiety” due to children’s age, as shown in Table 4.21]

Table 4.21: The result of chi-square of VR technology in medical centers due to age

age
Q. categorize 0-2y 3-S5y Total chi-square p-value
N (%) N (%) N (%)
49 134 183
I don’t know
Do you believe (26.8%) (73.2%) (14.8%)
that having VR I strongly 8 6 14
technology in disbelieve (57.1%) (42.9%) (1.1%)
medical centers 20 47 67
I disbelieve 6.07 0.194\\
and hospitals will (29.9%) (70.1%) (5.4%)
help distract the 186 408 594
Yes I believe
children from (31.3%) (68.7%) (47.9%)
pain and anxiety? I Strongly 119 263 382
believe (31.2%) (68.8%) (30.8%)
**gtatistical significant at 0.01 *statistical significant at 0.05 \\ not significant

* Do you believe that having VR technology in medical centers and hospitals
will help distract the children from pain and anxiety due to the children’s

gender (Male, Female)?

There is no statistical difference (p-value > 0.05) in “Do you believe that having VR
technology in medical centers and hospitals will help distract the children from pain

and anxiety” due to children’s gender, as shown in Table #.22]
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Table 4.22: The result of chi-square of VR technology in medical centers due to
gender

gender
Q. categorize Male Female Total chi-square p-value
N (%) N (%) N (%)
83 100 183
I don’t know
Do you believe (45.4%) (54.6%) (14.8%)
that having VR I strongly 9 5 14
technology in disbelieve (64.3%) (35.7%) (1.1%)
medical centers 31 36 67
I disbelieve 426 0.372\\
and hospitals will (46.3%) (53.7%) (5.4%)
help distract the 292 302 594
Yes I believe
children from (49.2%) (50.8%) (47.9%)
pain and anxiety? I Strongly 201 181 382
believe (52.6%) (47.4%) (30.8%)
**statistical significant at 0.01 *statistical significant at 0.05 \\ not significant

* Do you believe that having VR technology in medical centers and hos-
pitals will help distract the children from pain and anxiety due to the

respondent’s age?

Table [4.23| shows statistical differences (p-value < 0.05) in whether VR technology
in medical centers and hospitals will help distract the children from pain and anxiety
due to the respondent’s age. However, the results show that respondents in all
age-group believe having VR technology in medical centers and hospitals will help

distract the children from pain and anxiety.
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Table 4.23: The result of chi-square of VR technology in medical centers due to
respondent’s age

Do you believe that having VR technology in medical centers and

hospitals will help distract the children from pain and anxiety?

Idon’t I strongly I Yes I I Strongly
Q Answer chi-square p-value
know disbelieve disbelieve believe believe
N (%) N (%) N (%) N (%) N (%)
<16 8 (14.0%) 0 (0.0%) 4 (7.0%) 28 (4.1%) 17 (29.8%)
& 16-25 18 (10.2%) 1 (0.6%) 6 (3.4%) 77 (43.5%) | 75 (42.4%)
&
& 302 198
S 26-35 87 (13.9%) 8 (1.3%) 30 (4.8%)
] (48.3%) (31.7%)
5
z 122 #
& 36-45 46 (17.8%) 3 (1.2%) 16 (6.2%) 71 (27.5%) 36.88 012
(47.3%)
46-50 11 (16.2%) 2 (2.9%) 5 (7.4%) 39 (57.4%) | 11 (16.2%)
> 50 13 (28.3%) 0 (0%) 4 (8.7%) 22 (47.8%) 7 (15.2%)
183 590 379
Total 14 (1.1%) 65 (5.3%)
(14.9%) (47.9%) (30.8%)

4.2 System Testing Results

The results of the two testing steps are described in this section.

4.2.1 Post-Design Questionnaire Analysis

* Validity of the Measure

Pearson’s correlation coeflicients between the degree of each statement were

measures to assess the internal consistency. The results of Table [4.24] show

that the measurement has a high correlation coefficient with each of its re-

lated statements, the correlation coefficients range between (0.68 - 0.80), and
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the significance was within a level less than 0.01. This indicates that the

measurement and its related statements have a high amount of validity.

Table 4.24: The Correlation coefficients between the statements

Person
Item Dimension p-value
Correlation
Do you expect that the child is in-
1 terested in playing Virtual Reality 0.74 0.001%**

Game?

Do you expect that the child is inter-
ested in experiencing Virtual Reality
2 0.77 0.001**
in medical centers when he/she is in

pain?

Do you believe the VR Game will help
3 distract your child during a painful 0.80 0.001**

procedure

the virtual reality game is adapted/-
4 0.68 0.001%**
suitable to the age group of children

Virtual reality is an intervention worth

5 implementing to distract children dur- 0.78 0.001%**

ing medical procedures

**statistical significant at 0.01 *statistical significant at 0.05 \\ not significant

* Reliability of the Measure
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The reliability of the overall measure was calculated by finding the Cronbach’s
alpha coefficient, as seen in Table[d.25] The value of Alphais 0.80; this implies
that the whole measure has high reliability, which meets the requirements of

applying the measure to the sample of the study.

Table 4.25: Constancy coefficient using Cronbach’s Alpha

Dimension N alpha

Measurement 5 0.80

* The Demographic Characteristics of the Sample

Table [4.26] shows that the sample size of the questionnaire was 151. Most of the
sample, 63.6% were parents, 19.2% were Aunt or Uncle, 7.3% were Sibling, 4.6%
were Grandparent, 4.0% were teachers, and 1.3% were Children’s specialists. As
for the gender, most of the sample, 94.7%, were female, and 5.3% were male.
Respondents ages were as follows: 5.3% aged < 16y, 6.0% aged 16- 25y, 62.3%
aged 26- 35y, 15.2% aged 36- 45y, 7.9% aged 46- 55 y, and 3.3% aged > 55 y.
About the child gender, 47.0% were male, while 53.0% were female. As for ages,
17.9% aged two years and less, 48.3% aged between 3- 5 years, and 33.8% aged

more than five years.
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Table 4.26: Distribution of the sample according to the demographic characteristics

variable categorize n %o
Parent 96 63.6%
Sibling 11 7.3%
Grandparent 7 4.6%
What is your relationship
Aunt or Uncle 29 19.2%
with kids?
Teacher 6 4.0%
Children’s specialist 2 1.3%
Total 151 100.0%
Male 8 5.3%
Your Gender? Female 143 94.7%
Total 151 100.0%
16 8 5.3%
16-25 9 6.0%
26-35 94 62.3%
Choose your age group 36-45 23 15.2%
46-55 12 7.9%
55 5 3.3%
Total 151 100.0%
Male 71 47.0%
Gender of the child? Female 80 53.0%
Total 151 100.0%
Younger than one 4 2.6%
1 year 8 5.3%
2 year 15 9.9%
3 year 22 14.6%
How old is the child?
4 year 27 17.9%
5 year 24 15.9%
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Older than 5 51 33.8%
Total 151 100.0%
2 years less 27 17.9%
3-5 years 73 48.3%
The child age group
more than 5 years 51 33.8%
Total 151 100.0%

* Do you expect that the child is interested in playing Virtual Reality Game

due to the children’s age (0-2 y, 3-5 y, more than S years)?

Table shows that 7.3% of the sample expected their child not to be very
interested in playing the Virtual Reality Game, 10.6% were Neither interested nor
not interested, 39.7% were Fairly interested, and 42.4% were Extremely interested,
which means that most of the sample expect their child to be interested in playing
Virtual Reality Game. There are no statistical differences (p-value > 0.05) in

children interested in playing the Virtual Reality Game due to children’s ages.

92



Chapter 4 4.2. System Testing Results

Table 4.27: The result of chi-square of children interest in VR game due to age

Child age group
2 years & more than
Q categorize 3-5 years Total chi-square p-value
less 5 years
N (%) N (%) N (%) N (%)

Not
interested 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Do you at all

expect that Not very
19.1%) | 6(545%) | 4(36.4%) | 11 (7.3%)

the child is | interested

interested Neither

i 5.55 0.476\\
in playing interested
4(25.0%) | 10(62.5%) | 2(12.5%) | 16 (10.6%)

Virtual nor not

Reality interested

Game? Fairly
13 (21.7%) | 27 (45.0%) | 20 (33.3%) | 60 (39.7%)
interested

Extremely
9 (14.1%) 30 (46.9%) | 25(39.1%) | 64 (42.4%)

interested

**statistical significant at 0.01 *statistical significant at 0.05 \\ not significant

* Do you expect that the child is interested in playing Virtual Reality Game
in medical centers when he/she is in pain due to the children’s age (0-2 y,

3-5 y, more than S years)?

Table [4.28] shows that 2.6% of the sample expect their child not to be interested at
all in playing Virtual Reality Game in medical centers when they are in pain, 6.0%
were not very interested, 18.5% were Neither interested nor not interested, 49.7%
were Fairly interested, and 23.2% Extremely interested, which means that most of
the sample expect their child to be interested in playing Virtual Reality Game in

medical centers when they are in pain.
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There are no statistical differences (p-value > 0.05) in children interested in playing
the Virtual Reality Game in medical centers when they are in pain due to children’s
ages.

Table 4.28: The result of chi-square of children interest in VR game in medical
centers due to age

Child age group
2 years & more than
Q categorize 3-5 years Total chi-square p-value
less 5 years
N (%) N (%) N (%) N (%)
Not
D
O YU nterested | 0(0.0%) | 0(0.0%) | 4(100.0) | 4 (2.6%)
expect that tall
ata
the child is
Not very
interested ) 2 (22.2%) 6 (66.7%) 1(11.1%) 9 (6.0%)
interested
in_playing Neither
Virtual ) 11.70 0.165\\
interested
Reality Cor ot 7 (25.0%) 13 (46.4%) 8 (28.6%) 28 (18.5%)
G .
ame - m interested
medical Fairl
airly
centers 13 (17.3%) | 35 (46.7%) | 27 (36.0%) | 75 (49.7%)
interested
h
whetl Extremely
he/she is in ) 5 (14.3%) 19 (54.3%) | 11 (31.4%) | 35 (23.2%)
interested
ain
pat **statistical significant at 0.01 *statistical significant at 0.05 \\ not significant

* Do you believe the VR Game will help distract your child during a painful

procedure due to the children’s age (0-2 y, 3-5 y, more than 5 years)?

Table 4.29] shows that 20.5% of the sample Don’t know, 0.7% strongly disbelieve
that the VR Game will help distract their child during a painful procedure, and
11.9% disbelieve. In comparison, 44.4% and 22.5% strongly believe in that, which

means that most of the sample believe that the VR Game will help distract their child
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during a painful procedure. There are no statistical differences (p-value > 0.05) in
“Do you believe that the VR Game will help distract their child during a painful
procedure” due to children’s ages.

Table 4.29: The result of chi-square of VR Game as pain distraction due to age

Child age group
2 years & more than
Q categorize 3-5 years Total chi-square | p-value
less 5 years
N (%) N (%) N (%) N (%)

Do you I don’t
4(12.9%) | 16(51.6%) | 11(35.5%) | 31 (20.5%)

believe the know
VR Game I'strongly
0 (0%) 0 (0.0%) 1 (100.0%) 1 (0.7%)
will  help disbelieve
distract I
strac 4(222%) | 10(55.6%) | 4(22.2%) | 18 (11.9%) 5.79 0.67\\
your child disbelieve
during a Yes I
15 (22.4%) 31 (46.3%) 21 (31.3%) 67 (44.4%)
painful believe
d I Strongly
procedure 4(11.8%) | 16 (47.1%) | 14 (41.2%) | 34 (22.5%)
believe
**statistical significant at 0.01 *statistical significant at 0.05 \\ not significant

* The virtual reality game is adapted/suitable to the age group of children

due to the children’s age (0-2 y, 3-5 y, more than S years)?

Table[d.30[shows that 0.7% of the sample totally disagree that the virtual reality game
is adapted/suitable to the age group of children, 9.3% disagree, 21.3% are neutral
about that, while 43.3% agree, and 25.3% totally agree that which means that most
samples believe that the virtual reality game is adapted/suitable to the age-group of
children. There are no statistical differences (p-value > 0.05) in “the virtual reality

game is adapted/suitable to the age-group of children” due to children’s ages.
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Table 4.30: The result of chi-square of VR game suitable due to age

Child age group
2 years & more than
Q categorize 3-5 years Total chi-square p-value
less 5 years
N (%) N (%) N (%) N (%)
the virtual Totally
) 0 (0%) 1 (100.0%) 0 (0%) 1 (0.7%)

reality Disagree

game is | Disagree | 3(21.4%) | 4(286%) | 7(50.0%) | 14(9.3%)

adapted/- Neutral 4 (12.5%) 16 (50.0%) | 12 (37.5%) | 32 (21.3%) 6.39 0.603\\
suitable Agree 10 (15.4%) | 34 (52.3%) | 21(32.3%) | 65 (43.3%)
to the Totally
10 (26.3%) | 17 (44.7%) | 11 (28.9%) | 38 (25.3%)
age-group Agree
of children
**statistical significant at 0.01 *statistical significant at 0.05 \\ not significant

* Virtual reality is an intervention worth implementing to distract children
during medical procedures due to the children’s age (0-2 y, 3-5 y, more

than S years)?

Table [4.31] shows that 2.7% of the sample disagree that Virtual reality is an inter-
vention worth implementing to distract children during medical procedures, 15.3%
neutral about that, while 42.0% agree and 40.0% totally agree with that, which
means that most of the sample believe that Virtual reality is an intervention worth

implementing to distract children during medical procedures.

There are no statistical differences (p-value > 0.05) in “Virtual reality is an inter-
vention worth implementing to distract children during medical procedures” due to

children’s ages.
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Table 4.31: The result of chi-square of VR is worth implementing due to age
Child age group
2 years & more than
Q categorize 3-5 years Total chi-square | p-value
less 5 years
N (%) N (%) N (%) N (%)
Virtual reality is Totally
) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
an  intervention Disagree
worth implement- | Disagree | 1(25.0%) | 2(500%) | 1(50%) | 4(2.7%)
ing to disract | Newtral | 4(17.4%) | 10(43.5%) | 9(39.1%) | 23 (153%) 244 0.875\\
children during | Agree | 10(159%) | 35(55.6%) | 18(28.6%) | 63 (42.0%)
dical _ Totally
fedieal - proce 12 (20.0%) | 26 (433%) | 22 (36.7%) | 60 (40.0%)
dures Agree

**statistical significant at 0.01

*statistical significant at 0.05

\\ not significant

* Virtual reality is an intervention worth implementing to distract chil-

dren during medical procedures due to the respondent’s relation with

children?

There are no statistical differences (p-value > 0.05) in “Virtual reality is an inter-

vention worth implementing to distract children during medical procedures” due to

the respondent’s relationship with children, as seen in Table 4.32]
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Table 4.32: The result of chi-square of VR is worth implementing due to respondent’s

relation
Virtual reality is an intervention worth implementing
to distract children during medical procedures
Totally
Q categorize Disagree Neutral Agree chi-square | p-value
Agree
N (%) N (%) N (%) N (%)
16 43 32
Parent 4 (4.2%)
(16.8%) (45.3%) (33.7%)
‘What is your Sibling 0 (0.0%) 1 (9.1%) 3 (27.3%) 7 (63.6%)
relationship Grandparent | 0 (0.0%) 2 (28.6%) | 2(28.6%) 3 (42.9%) 19.882 A77\\
with kids? Aunt or 12 16
0 (0.0%) 1 (3.4%)
Uncle (41.4%) (55.2%)
Teacher 0 (0.0%) 3(50.0%) | 1(16.7%) 2 (33.3%)
Children’s 2
0 (0.0%) 0 (0.0%) 0 (0.0%)
specialist (100.0%)

*#statistical significant at 0.01 *statistical significant at 0.05 \\ not significant

* Do you expect that the child is interested in Playing Virtual Reality Game
in medical centers when he/she is in pain due to children’s interest in

Playing Virtual Reality?

Table [4.33] show that there are statistical differences (p-value < 0.05) in children
interested in playing VR Game due to their interest in playing the VR game in
medical centers while in pain. The results show that the sample who expect their
child to be not very interested and Neither interested nor not interested in playing
Virtual Reality Game become 27.3%, 43.8% fairly interested in playing in medical

centers when he/she is in pain.
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Table 4.33: The result of chi-square of children interest in VR Game vs in medical
centers

Do you expect that the child is interested in playing
Virtual Reality Game?
Neither
Not very interested Fairly Extremely
Q categorize chi-square p-value
interested nor not interested interested
interested
N (%) N (%) N (%) N (%)
Not
D
© YU nterestedat | 3(27.3%) | 0(0%) 0 (0%) 1 (1.6%)
t that
expect tha al
the child is
Not very
interested ) 4 (36.4%) 0 (0%) 5 (8.3%) 0 (0%) 78.76 .000*
interested
. lavi
i playing Neither
Virtual .
interested
Reality 1 (9.1%) 9 (56.3%) 11 (18.3%) 7 (10.9%)
nor not
Game in .
interested
medical .
Fairly
centers ) 3 (27.3%) 7 (43.8%) 33 (55.0%) | 32 (50.0%)
interested
when
Extremely
he/she is in ) 0 (0%) 0 (0%) 11 (18.3%) | 24 (37.5%)
interested
pain? . o . - c.
**gtatistical significant at 0.01 *statistical significant at 0.05 \\ not significant

4.2.2 Pressure Pain Simulation Results

Forty volunteers were involved in the study aged 2 - 10 years, 57.5% aged 2-6 years,
and 42.5% aged 6-10 years. In a randomized order, the pain pressure measures were
taken three times, P1, P2, and P3. Table 4.34| shows that the VR Pressure measure
between 16 - 61 N with a mean of 35.4 + 10.3 N, the no VR Pressure measure

between 10-44 N with a mean of 25.7 + 8.1 N, and the Color game Pressure
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measure between 10 - 51 N with a mean of 30.0 + 9.8 N.

The interactivity score is between 107 - 494 with a mean of 241.2 + 94.7.

Table 4.34: Pressure’s descriptive statistics

measure Minimum Maximum Mean Std. D
P1: VR Pressure 16 61 354 10.3
P2: No VR Pressure 10 44 25.7 8.1
P3: Color game Pressure 10 51 30.0 9.8
Interactivity 107 494 241.2 94.7

Table [4.35]shows that the model is statistically significant (p-value < 0.01) and that
there are statistically significant differences (p-value < 0.05) between the values of

the three measures of pressure.

Table 4.35: The result of repeated measure

Type III Sum
Source df Mean Square F Sig.
of Squares
factor 1,815.3 2 907.7 52.8 0.001%*
factor * age group 31.1 2 15.5 0.9 0.409\\
Error(factor) 1,306.8 76 17.2
Intercept 112,675.4 1 112,675.4 598.4 0.001**
Age group 1,933.3 1 1,933.3 10.3 0.003%**
Error 7,155.0 38 188.3
**statistical significant at 0.01 *statistical significant at 0.05 \\ not significant

The results of the LSD test to find the difference between the three measures is
presented in Table 4.36, which shows that P1’s pressure value is more than the
values of (P2, P3), and P3’s value is more than P2. It is important to note that
the pain pressure data shows how much pain tolerance the child handled during

three different conditions. That means that the pain was tolerated more during the
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proposed VR design P1, then during the color game P3, and lastly, P2, which is the
No VR condition. So, the results evidence that the proposed VR design was the
most effective distracting method for the children feeling pain.

Table 4.36: The result of the LSD test between the values of pressure

Post hoc
Factor Mean Std. d
1 2 3
P1:VR Pressure 35.9 1.6 1 .000** .000**
P2:No VR Pressure 26.3 1.1 1 .000**
P3:Color game
30.7 14 - - 1
Pressure
*#gtatistical significant at 0.01 *statistical significant at 0.05 \\ not significant

There is a statistically significant difference (p-value < 0.05) between the values of
the three pressure measures due to age group, as seen in Table The results
indicate that children aged between 6-10 with a mean (of 35.1) tolerated more
pressure than children aged 2-to 6 with a mean (of 26.9).

Table 4.37: The means of pressure value due to age group

Age group Mean Std. Error
2-6 Years 26.9 1.7
6-10 Years 35.1 1.9

Table[4.38|shows the statistically significant difference (p-value < 0.05) between the
values of VR pressure due to age group. As seen, there are statistically significant
differences (p-value < 0.05) in the three measures due to age group, which indicates
that children aged 6-10 years tolerated more pressure in all conditions.

Table 4.38: The result of the t-test of the values of pressure due to age group
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Measure Age group N Mean Std. D t-test p-value
2-6 Years 23 32.5 9.2
VR Pressure -2.21 0.033*
6-10 Years 17 394 10.6
2-6 Years 23 22.3 7.1
No VR Pressure -3.48 0.001**
6-10 Years 17 30.3 7.3
Color game Pres- 2-6 Years 23 26.0 1.1
-3.40 0.0027%#*
sure 6-10 Years 17 35.4 9.9
**statistical significant at 0.01 *statistical significant at 0.05 \\ not significant

Table [4.39] shows no statistically significant differences (p-value > 0.05) in the

interactivity score due to the children’s age group.

Table 4.39: The result of the t-test of the interactivity score due to age group

Measure Age group N Mean Std. D t-test p-value
2-6 Years 23 252.8 103.4
Interactivity 0.90 0.372\\
6-10 Years 17 225.4 81.8
**gtatistical significant at 0.01 *statistical significant at 0.05 \\ not significant

4.3 The Clinical Results

This study is ethically approved by the IRB from the Ministry of Health by National
Registration Number with NCBE-KACST, KSA: (H-02-J-002), see Appendix D.
The research was proposed to five hospitals, four approved the research, and one
declined it. Unfortunately, one of the hospitals doesn’t admit children to the burns
unit, so the study was performed in three hospitals: Alnoor Specialist Hospital
in Makkah, King Abdulaziz Hospital, and International Medical Center (IMC) in
Jeddah.
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4.3.1 Participants

Fifteen children were recruited for the experiment by parents signing both the
informed consent and the media release form, presented in Appendix E. ten children

completed the sessions, while five were excluded, as illustrated in Figure 4.1.

Recruited Children

(n=15)

Enrolled (n=10) Excluded (n=5)
Alnoor (n=4) - Early discharge (n=3)
King Abdulaziz (n=4) - Death (n=1)
IMC (n=2) - Several Operations (n=1)

Figure 4.1: Participants Recruitment

Table 4.40| shows the demographic characteristics of the participants. 70% of the
children were female, 30% were male, 80% were hospitalized in the burn unit, and
20% were at the outpatient clinic. Most of the burns are caused by a hot substance
(Thermal), while one of the children had a non-burn injury (fingertip amputation).
All children take paracetamol in different forms (syrup, 1V, pills, suppository) and
doses as background medication, and as for hospitals distribution: four children
were at King Abdulaziz Hospital, four children were at Alnoor Hospital, and two

were at IMC Hospital.

Children were aged from 10 months — to 5 years, the mean age in months was (24.5)

which means two years, and as for their weights, the lowest weight was (8 kg), the
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highest was (16 kg), and the mean weight was (10.68 kg). As for the extent of the
burn (burn size), the lowest value was (3%), and the highest value was (22%), the
mean value was (10%) with a standard deviation (of 0.06). As for the number of
previous sessions, the lowest was (1), and the highest was (15), with a mean of (4.2).

Table 4.40: Demographic characteristics of the participants

Frequency Percent
Male 3 30.0%
Gender
Female 7 70.0%
Yes 8 80.0%
Hospitalised
No (Clinic) 2 20.0%
Thermal (Scaled)
9 90.0%
Cause of Injury Burn
Injury *not Burn 1 10.0%
King Abdulaziz 4 40.0%
Hospital
Alnoor 4 40.0%
IMC 2 20.0%
Background Medication Paracetamol 10 100.0%
Total 10 100.0%
Minimum Maximum Mean Std. D ‘
Age in months 10 10 68 24.50 22.96 ‘
Weight 8 16 10.68 2.53 ‘
Burn extent 0.03 0.22 .10 .06 ‘
Previous wound care sessions 1 15 4.20 3.967 ‘

Table 4.41] describes the injury/burn characteristics of the participants. 20% have
deep partial-thickness (second degree), 30% have a superficial thickness (second
degree), 20% have both superficial and deep thickness (second degree), 10% have
both superficial (first degree) and superficial thickness (second degree), 10% has
both superficial thickness (second degree), full-thickness (third-degree), while 10%

has a fingertip amputation injury. The areas of burns are at different body parts for
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each patient, including the face, chest, anterior trunk, posterior trunk, limbs, hands,

legs, thighs, and genitalia.

Table 4.41: Injury/Burn characteristics of the participants

Injury/Burn Type Frequency Percent
Deep partial thickness (second degree) 2 20.0%
Superficial (first degree), Superficial thickness (second degree) 1 10.0%
Superficial thickness (second degree) 3 30.0%
Superficial thickness (second degree), Full-thickness (third de- 1 10.0%
gree)

Superficial thickness (second degree), deep thickness (second de- 2 20.0%
gree)

Fingertip amputation *not burn 1 10.0%
Total 10 100.0%
Areas of Burn Frequency Percent
A finger in the Lefthand *not burn 1 10.0%
Anterior trunk, right legs, right posterior trunk, right hand 1 10.0%
Both Legs 1 10.0%
Chest 1 10.0%
Face and Chest 2 20.0%
Left leg and hand 1 10.0%
Right hand, left leg 1 10.0%
The right side of the face, right upper limb, and truck, hand 1 10.0%
Thigh, both legs (anterior aspect), genitalia 1 10.0%
Total 10 100.0%
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4.3.2 Observational Scales of Pain and Anxiety Results

Table #.42] shows the results of the Mann-Whitney test to measure the differences
in each of the previous sessions, session duration, pain (before - during - after), and
anxiety (before - during - after) between VR and Traditional treatment. The results
indicate a significant reduction in pain during and after VR treatment compared to
traditional treatment, as shown in Figuer[d.2] While anxiety shows a non-significant
reduction in VR treatment compared to traditional treatment, As illustrated in Figure
M.3] As for time, also a non-significant reduction in VR treatment compared to
traditional treatment, as shown in Figure[d.4] As for the pain before, anxiety before,
and previous sessions are more likely to have similar or very close values, therefore

non-significant difference.

Table 4.42: The Mann-Whitney test Results for The Observational Scales

Group N Mean + Std.D Mean Rank Sum of Ranks P-value

VR 10 5.00 + 3.94 10.50 105.00 1.000//
Previous sessions

Traditional 10 5.40 + 4.88 10.50 105.00

VR 10 9.50 +3.31 8.00 80.00 0.063//
Time(min)

Traditional 10 12.10 £ 3.76 13.00 130.00

VR 10 2.60 +2.22 10.60 106.00 0.971//
Before Pain

Traditional 10 2.60 + 2.37 10.40 104.00

VR 10 3.80 £2.20 7.75 77.50 0.035%*
During Pain

Traditional 10 6.20 £ 2.74 13.25 132.50

VR 10 1.40 + 1.17 7.85 78.50 0.043*
After Pain

Traditional 10 3.00 + 1.94 13.15 131.50

VR 10 9.50 = 11.86 10.20 102.00 0.853//
Before Anxitey

Traditional 10 7.10 +£7.22 10.80 108.00

VR 10 13.00 + 8.68 8.40 84.00 0.123//
During Anxitey

Traditional 10 19.20 +9.15 12.60 126.00

VR 10 2.10 =+ 1.85 8.30 83.00 0.105//
After Anxiety

Traditional 10 5.50 + 4.84 12.70 127.00

*significance at 0.05 level // no statistical significance
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Pain FLACC Scale

25

20

15

10

6.2
3.8
3
26 2.6
II ] I

Pain before pain during pain after

EYR M Traditional

Figure 4.2: FLACC Scale Results

Anxiety PBCL Scale
15.2
13
9.5
71
5.5
I 2.1
Anxiety before Anxiety during Anxiety after

EVR W Traditional

Figure 4.3: PBCL Scale Results
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121

Time (min)

m VR Traditional

Figure 4.4: Time Results

4.3.3 Parents’ Ratings of Pain and Anxiety Results

Table [4.43] shows the results of the Mann-Whitney test to measure the differences in
pain (before - during - after) and anxiety (before - during - after) assessed by parents
(mostly mothers) between VR treatment and Traditional treatment. The results
indicate that the parents noticed a significant reduction between VR treatment and
traditional treatment in both pain and anxiety during VR treatment. At the same
time, the results did not show significant differences in anxiety and pain before and
pain after. Figure 4.5] and Figure [.6] illustrate the results of the parent’s rating.

Again, parents were stratified in both treatments, as shown in Figure 4.7

Table 4.43: The Mann-Whitney test Results for Parents’ Ratings

Group N Mean + Std.D Mean Rank Sum of Ranks P-value

VR 10 1.90 = 1.01 10.15 101.50 0.796//
Before Pain

Traditional 10 2.00 + 1.05 10.85 108.50

VR 10 2.40 + 1.08 7.60 76.00 0.029*
During Pain

Traditional 10 3.80+1.23 13.40 134.00

VR 10 1.60 = 0.84 8.70 87.00 0.190//
After Pain

Traditional 10 2.40 +1.35 12.30 123.00

VR 10 2.90 + 1.79 10.70 107.00 0.912//
Before Anxitey

Traditional 10 2.70 £ 1.83 10.30 103.00
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VR
During Anxitey

Traditional

VR
After Anxiety

Traditional

VR
Satisfaction

Traditional

*significance at 0.05 level

10
10
10
10
10
10

270+ 1.42
4.50 £ 0.85
1.50 + 0.85
290 +1.52
5.00 + 0.00
4.50 + 1.08

6.95
14.05
7.85
13.15
11.50
9.50

**significance at 0.01 level

Pain Rating By Parents

69.50 0.005%*
140.50

78.50 0.043%*
131.50

115.00 0.481//
95.00

// no statistical significance

3.5

2.5

3.8
2.4
. 19 2
15
1
0.5
0

Pain before

pain during

EYVR M Traditional

2.4

pain after

Figure 4.5: Results of Parents’ Pain Rating
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Anxiety Rating By Parents
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Figure 4.6: Results of Parents’ Anxiety Rating
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Figure 4.7: Results of Parents’ Satisfaction

4.3.4 Joy Scale Results

Table [4.44] shows the results of the Mann-Whitney test to measure the differences

in children’s joy between VR treatments and the traditional treatment. 2 out of 8

110



Chapter 4 4.3. The Clinical Results

were children who self-reported their joy while the parents assessed the other six.

The results indicate significant differences in the degree of joy between the VR

treatments and the traditional treatment in which the VR was more enjoyable, as

illustrated in Figure [4.8]

Table 4.44: The Mann-Whitney test Results for Joy Scale

Group N Mean + Std.D Mean Rank Sum of Ranks
VR 8 2.38 + 1.06 12.13 97.00

Joy
Traditional 8 0.25+0.71 4.88 39.00

**significance at 0.01 level

Joy Scale
2.50 2.38
2.00
1.50
1.00
0.0 0.25
000 ]
VR Traditional

Figure 4.8: Results of Joy Scale

4.3.5 Children’s Self-Reporting Results

P-value

0.0017%#%*

Table [4.45] shows the results of the Mann-Whitney test to measure the differences

in pain anxiety based on the children’s self-reporting of pain and anxiety during
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both VR treatments and the traditional treatment. Again, the results indicate a

non-significant reduction in pain and anxiety, as illustrated in Figure 4.9

Table 4.45: The Mann-Whitney test Results for Self-Reporting

Group N
VR 2
Pain
Traditional 2
VR 2
Anxiety
2

Traditional

[ B e N L - N ¥ I =

Mean + Std.D
3.00 + 0.00
5.00 + 0.00
0.00 + 0.00
2.50+0.71

Mean Rank Sum of Ranks P-value
2.25 4.50 0.667//
275 5.50
1.50 3.00 0.333//
3.50 7.00

// no statistical significance

Self-Reporting

Pain

2.5

0

Anxiety

EVR Traditional

Figure 4.9: Results of Self-Reporting

4.3.6 VR Tools

This study evaluates the effectiveness of VR for burn children aged less than six

years; two VR tools were used during the Experiment, HMD and Screen, As seen

in Figure d.10]and Figure @.11] All the patients used the screen-VR tool during VR
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treatment and didn’t accept the HMD. The two children aged five years tried the
HMD before the session, but during the wound care, they took it off and used the

screen instead.

Figure 4.11: A Patient during HMD VR Treatment
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4.3.7 Feasibility and Acceptability of the Intervention

A survey was distributed to doctors, nurses, and parents to assess the feasibility
and acceptability of the intervention, including seven questions related to the VR
experiments. Twelve people participated in the survey; they all agreed that VR
helps children control their pain and be cooperative. In addition, they agreed
that it was suitable for children’s age group and medical environment and that it’s
worth implementing. Also, All of them disagreed that VR delayed the wound care
treatment. All survey question results are described in the Figures 4.12] - 4.18 and

Appendix C.

Virtual reality helped the child control his/her
pain

Totally Agree
33%

Agree
67%

® Totally Agree ® Agree  ® Disagree Totally Disagree

Figure 4.12: VR helped the child control their pain
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Virtual reality helped the child to cooperate
during the medical procedure

Totally Agree
3 42%
Agree
38%

m Totally Agree ®™ Agree W Disagree © Totally Disagree

Figure 4.13: VR helped the child to cooperate during the medical procedure

Use of virtual reality delayed the wound care
process related to the procedure

Totally
Disagree
17%

Disagree
83%

® Tofally Agree ® Agree ® Disagree © Totally Disagree

Figure 4.14: Use of VR delayed the wound care process related to the procedure
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| would use virtual reality again to distract
children during a painful procedure

Agree
25%

Totally Agree
75%

® Totally Agree ® Agree W Disagree Totally Disagree

Figure 4.15: I would use VR again to distract children during a painful procedure

The virtual reality videogame was
adapted/suitable to the age-group of children

Agree
38%

Totally Agree
62%

® Totally Agree ® Agree W Disagree Totally Disagree

Figure 4.16: The VR game was adapted/suitable to the age group of children

116



Chapter 4 4.3. The Clinical Results

The virtual reality device was adapted/suitable to
the clinic's environment

Agree
33%

Totally Agree
67%

® Totally Agree ®™ Agree W Disagree Totally Disagree

Figure 4.17: The VR device was adapted/suitable to the clinic’s environment
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Virtual reality is an intervention worth
implementing to distract children during medical
procedures

Agree
25%

Totally Agree
75%

® Totally Agree ® Agree W Disagree Totally Disagree

Figure 4.18: VR is an intervention worth implementing to distract children

4.4 Children Experience

Children enrolled in the study have shown different responses to VR treatment.
Responses differ depending on the child’s nature, injuries, and associated pain, as
it is not a single entity. Also, each child’s injury type and place differed, and the
burn body extent ranged from 3% to 22%. All these factors explain the observed
outcomes. Children’s individual experiences are presented below by case identifiers

to protect their personal data.

Casel: A ten-month-old boy who got burned on his legs, Right hand, and left leg
by hot coffee (5%). The boy cries a lot during the dressing change. In both sessions,

he cried, but he didn’t kick his legs or scream loud during VR, which indicated that
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the pain and anxiety were reduced. However, the boy did not accept the HMD, so

screen VR was used, as shown in Figure [4.19]

Figure 4.19: Casel during VR treatment

Case2: A ten-month-old girl was burned by hot water on her left leg and hand
(10%). The girl cried a lot during the dressing, but she cried less during VR as she
was distracted by animal sounds and movements. The girl also did not accept the

HMD, so screen VR was used, as seen in Figure 4.20]
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Figure 4.20: Case2 during VR treatment

Case3: A ten-month-old baby girl who got burned on her legs by hot coffee (6%).
The girl usually does not show any pain and anxiety, but whenever she sees any
nurses, she starts frowning, and when they touch her legs, she begins constantly
crying until they finish the dressing. The girl is difficult to distract and console.
She was exposed to VR before the wound care session, and she was watched in
interest and gazing at the animals, as shown in Figure[d.21] When the nurses came,
she became anxious and started to cry even during VR. Nevertheless, after placing
headphones on her head, she looked at the screen once in a while, stopped crying
for a few seconds, and continued crying. However, her anxiety was scored less than

in the traditional session.
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Figure 4.21: Case3 during VR treatment

Cased4: A one-year-old boy who got burned by hot coffee on his right side of the
face, right upper limb, and truck (12%). The boy constantly cries during dressing.
When experiencing the VR screen, as seen in Figure #.22] the boy was calm and
focused on the animals. The nurses started the dressing removal, and he didn’t look
at them because he was gazing at the screen. Pain and anxiety were significantly

decreased during the VR treatment. The mother and nurses were delighted.
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Figure 4.22: Case4 during VR treatment

CaseS: A one-year-old girl was burned by hot coffee on her face and chest (11%).
The girl becomes anxious during wound care and cries a lot. The girl danced to
the rhythms during the VR treatment even when frowning from pain. The girl stops
crying and looks at animals and sounds once in a while. The results showed a
reduction in anxiety and pain during VR wound care. Screen VR was used, as seen

in Figure 4.23] as the girl did not accept the HMD.
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Figure 4.23: Case5 during VR treatment

Case6: A one-year-old girl burned by hot food on her anterior trunk, right legs, right
posterior trunk, and right hand (22%). The girl was anxious during the dressing,
and the VR didn’t reduce her anxiety and pain that much as she was scared of any

nurses or doctors. The girl used screen VR, as seen in Figure 4.244.
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Figure 4.24: Case6 during VR treatment

Case7: A one-year-old girl was burned by hot tea on her chest (3%). The burns are
not deep, and the girl is not hospitalized yet does the dressing at a clinic. She always
cried when starting the dressing removal, but during VR, she did not cry that much,
and she danced to the rhythms, which indicates anxiety reduction. Screen VR was

used, as shown in Figure [4.23]
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Figure 4.25: Case7 during VR treatment

Case8: A year-and-ten-month-old boy was burned with boiling water on the face
and chest area (15%). The boy showed discomfort as his wounds are itching him
(especially the face area), and he becomes anxious during wound care sessions.
In addition, he starts to cry and look at his mother as he is so attached to her. If
she is close, he calms; otherwise, he cries and becomes scared. During the wound
treatment, VR helped to distract the child as whenever he heard bubbles and animals’
voices, he stopped crying and stared at the screen, which resulted in less pain and
anxiety. Unfortunately, no picture is available as his parents did not sign the media

release form.

Case9: A five-year-old girl burned by hot water on her legs, thighs, and genitalia
(5%). The girl usually feels pain, and during wound care, she becomes highly
anxious and scared. She screams and cries painfully and constantly during the

session. She experienced VR Headset before the dressing and enjoyed the game,
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but she removed the headset, and her anxiety came back high during dressing. In
another session with the VR screen, as shown in Figure .26 she refused to play
during the session but watched her mother play next to her. Her anxiety decreased
slightly by the screen, and once the dressing was finished, she asked to play the
game. The observational scale didn’t show that much difference, but the subjective
rating of pain and anxiety by the girl indicated that she was feeling less pain and

anxiety and enjoyed the VR.

Figure 4.26: Case9 during VR treatment

Casel0: A five-year-old girl who had a fingertip amputation. She has wound care
sessions in the clinic. The girl sometimes shows a high level of stress and anxiety
during the session. However, during VR, she was happy, and she cooperated. Her

parents were so pleased with the intervention. She tried the HMD and then got
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anxious, so she removed it in used screen VR, as seen in Figure 4.27]

Figure 4.27: Casel0 during VR treatment

4.5 Discussion of the Findings

This clinical study has shown promising results regarding VR distraction’s effective-
ness on burned children younger than six years old. Also, the study has answered

very important research questions discussed below.

* What are the design considerations that contribute to the distraction of

children?

Design considerations were determined by reading the literature review and needs

assessment (questionnaire) results analysis. From the literature review, researchers
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listed the successful features of apps for each age group based on their cogni-
tive abilities. These features include simplicity, large shapes, easy interactivity, a
sense of wonder, distinct patterns, supported audio, and visual qualities such as an
attractive colorful environment. Additionally, researchers identified some design
consideration elements that guided the selection of the VR environments, providing
a perception of safety by using familiar elements in the scene and perceptions of
control and empathy [60]. Also, they mentioned the importance of the purpose of

the design.

To incorporate these findings into our research, we distributed the pre-design ques-
tionnaire to gather children’s requirements from our society. We believe that it is
very important to understand the behaviors of the targeted age group toward tech-
nology and VR. Therefore, in the first section, we learned that children aged less
than two usually are not exposed to any devices due to their young age, while other
children mostly use the TV, then mobile phones, tablets, and game consoles. In
addition, the main activities used by children are watching videos or cartoons and
listening to rhythms and songs. Moreover, most children use the devices with the

help of a guardian, so we had in mind that children might need assistance.

The second section was about VR awareness, and we wanted to see how children
and respondents are familiar with VR and what is their preferred VR theme. The
results indicated that the VR awareness was high, and the preferred themes were
playing with cartoon characters and adventure with animals. Additionally, we asked
about the most suitable tool for children, and most respondents chose the VR screen.

Finally, statistical tests were performed on all questions to find the differences due
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to age and gender. The analysis aims to generalize the results and avoid bias toward
a certain age or gender. Many differences were spotted due to age and gender; for
example, the highest frequency in VR preferred experience was playing cartoon
characters, but from the analysis, we found out that the theme was chosen by girls
more than boys and by 3-5 age group more than 0-2 age group. On the other hand,
adventure with animals was the second high-frequency option with no difference

due to age and gender, so it was considered.

These findings helped us capture the primary needs regarding the tool and the design.
Thus the VE considered the targeted age group and cognitive development as the
game objects are large, simple, and easy to interact with. Furthermore, according
to the literature review, familiar themes provide a sense of safety, and we believe
that children are very familiar with animals. So, our design provides safety and
control perceptions by making children interact with animals. Also, we tell the
children that the animals need to be rescued by them, which provides an empathy
perception. More importantly, Immersion is improved by combing sensory elements
like attractive colors, sounds with a sense of wonder and adventure, and above all,

interactivity.

* To what extent does the designed VR environment provide pain and

anxiety distraction for children with burns during wound care sessions?

Our VR environment (Animal Rescue) was investigated in the experimental (testing)

and clinical study.

In the testing phase, 40 healthy children participated (57% aged 2-5 years; and
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42.5% aged 6-10 years old). According to our sensory testing of just noticeable
pain, VR significantly reduced children’s “‘just noticeable” pain sensitivity compared
to No VR and the verbal game. In addition, children tolerated 27% greater pressure
during VR vs. during No VR. Our study is the first laboratory pain study showing
VR analgesia in children aged 2-5, and Overall, VR was able to reduce the pressure

pain sensitivity of healthy young children aged 2-10.

Also, ten children were included in the clinical study aged 10 months to 5 years.
The VE significantly reduced children’s pain by 38.7% during the VR treatment
based on the observational FLACC scale, while anxiety was reduced by 32.2%.
Anxiety results showed a non-significant reduction, but we believe that the results
will show a significant reduction by increasing the sample size. It is important to
note that children exhibited different responses during wound care, depending on
their injuries and different nature. Some of them were very distracted by the VE,
which resulted in a higher pain and anxiety reduction, while some were a little
distracted and more anxious. Also, the scale did not capture some important factors,
for example, if the child cried constantly or got distracted and stopped for a few
seconds to gaze at the VR environment. We believe such factors may have affected

the results of the anxiety scale.

As for the parents’ observations, there was 36.8% pain reduction and 40% anxi-
ety reduction during VR treatment. All the results from the parent’s observation
indicated a significant reduction. Parents are the best people who know and under-
stand their children’s behaviors and when they are showing real pain and anxiety.

Accordingly, their ratings are considered very reliable during the clinical study.
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In addition, we asked parents to rate their children’s enjoyment during the VR and
traditional treatments using the graphical joy scale. The results reported that joy was
increased by 89.5% during VR compared to the traditional treatment. Furthermore,
two children were old enough to self-report their pain and anxiety. Both of them
reported less pain and zero anxiety during VR wound care. Also, the treatment time
was reduced by a non-significant amount; we believe that the number of nurses and

the different staff factors may have affected the results.

Parents, nurses, and doctors were very pleased by the intervention. In addition, the
feasibility and acceptability questionnaires results indicated that all of them agreed
that VR helped children cooperate and control their pain. They also agreed that the
game was suitable for the age group and clinical environment and that they would

use it again during painful procedures.

Besides, parents requested that their children experience the VR treatment every day;
they described it as an interesting method for reducing their children’s discomfort.
These results indicated that our VR system is an efficient, significant, low-cost tool

for children’s pain and anxiety distraction.

* What is the most suitable VR tool for children younger than six years

old?

This study used two VR tools, VR HMD and a VR screen. Children aged less than
two didn’t accept the HMD; they immediately cried and tried to remove it from their
heads, while the other two children aged five refused to wear it during wound care

but did wear it before/after the wound care.
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Chapter 4 4.5. Discussion of the Findings

It was noticed that children feel more relaxed and comfortable in the presence of
their parents and feel anxious from the medical staff at the same time. So even when
the headset blocks their view from the medical staff and things yet, not seeing their
parents increase their anxiety much more. With these observations, we can agree
with the existing knowledge that the HMD VR does not fit children’s physical and

psychosocial needs.

On the other hand, screen VR was an acceptable tool for children as all of them could
interact with the VE using it. Besides, according to the pre-design questionnaire, the
most used device by children was the TV. In addition, parents chose the screen over
the headset when asked which one was the most suitable VR tool for their children.
Moreover, Screen VR has less contact with patients and it is the most low-cost VR
tool. So, based on the findings, screen VR is an adaptable and suitable VR tool for

children during wound care.
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Chapter 5

Conclusion and Future Work

5.1 Conclusion

There is growing evidence that immersive virtual reality can be a powerful non-
pharmacological pain reduction technique that can be used in addition to traditional
pain medications for patients receiving little or no medications. Virtual reality dis-
traction techniques have indicated significant results in burn patients’ pain reduction
during medical procedures (wounds care, physical therapy), but an effective distrac-
tion for young children (aged < 6 years) has not been extensively studied. As a
result, this research evaluates the effectiveness of designing a VR environment (VE)
used in pain and anxiety distraction for young children (aged < 6 years) with burns
during wound care. The VE was designed based on the needs and requirements of
the targeted people, and it was tested on healthy volunteers. The VE significantly

reduced the “just noticeable” pain sensitivity of children younger than 6 in the test-
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ing phase. Also, ten burned children with wound care were recruited in the hospital
for the VR clinical study. All children received a wound care session with VR and
another with traditional treatment on different days. The results showed a significant
reduction in the pain by 38.7% during the VR treatment based on the observational
scale, while anxiety was reduced by 32.2%. As for the parents’ observations, there
was 36.8% pain reduction and 40% anxiety reduction during VR treatment. In
addition, the children’s enjoyment during the VR treatment was increased by 89.5%
compared to the traditional treatment. These results indicate that our designed VE

was efficient for children’s pain and anxiety distraction.

5.2 Limitation

One of the factors that might have affected the time results during the clinical study
is having different nurses doing the dressing change for the children. Each nurse
has their way of treating their patients; some take more time than others. Also, the
number of nurses was not the same in each session. Another limitation is that there
was a gap in the patients’ ages in our study, as eight children were aged less than
two, two were aged five, and no children were aged two to four years. Also, the

sample size was relatively small, although the study duration was six months.
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5.3 Challenges

Many challenges were encountered during the completion of this research, as listed

below:

The ethical approval took so much time (around 8 months) until finalized in

some hospitals.

* Hospital did not provide us with a fixed room for the study, so it was performed

in each patient’s room.

* Some doctors did not allow their patients to participate in the study.

* Doctors were discharging patients early even with no full recovery due to the

covid pandemic and the infection risk.

* Doctors were discharging patients early even with no full recovery due to the

covid pandemic and the infection risk.

5.4 Future Work

For future work, further investigation of VR effectiveness for children can be done

by:

» Using different VR tools that could be suitable for children’s needs.

* Having the same staff in each session to ensure more sufficient results.
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Chapter 5 5.4. Future Work

* Using our VE to distract pain from other injuries than burns.

Including a larger sample size involving all ages less than six.

* Considering additional pain and anxiety measurements.

Including older children in future experiments.
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Appendix A

Pre-Design Questionnaire

1. What is your relation with kids? ‘\j\.da;\!b dEMe Lo
o Teacher — & (}-w
* Parent — 5 Wl
e Sibling — 'C\ o
* Aunt or Uncle — && ;‘ J=
* Grandparent — )=
» Children’s specialist — Jib¥) Jl 3 {awiis
* None (Ol sl 8Me um gy Y
2. Your Gender? {eluis> sales
* Female/ _&!
* Male/ f S
3. Choose your age group & J.;.-J‘ A Al

e <16
¢ 16-25
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26-35
36-45
46-55
e <55

Note {la>0
Y sl e L oLl s JWST dlie 59

N O PV VI ISP P | I VSR JWEN

We would like you to complete this survey on behalf of one of the children. This
child should be no older than 5 years 0 months.

4. Gender of the child? ¢ okl > sale

* Female/ _&!
* Male/ 53
5. How old is the child? Jak)l & sals
o 1 i
o 2 ol
¢ 3oly
4 oly
¢ 5ols
Older than 5 (OLlu¥! <y Olgw (o o S|

Children and Devices 3 prb J\.dafi\

6. Which of the following devices does the child make use of the most?
Pans o AT Jilall ossiing 21 3423 o ]
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Tablet (iPad, galaxy tab, etc) slo¥! [ LU

Mobile Phone (Jlg2 |
* Game Console -piwiadJly wSor WSY i d) i
.« TV ;]
* None jl= ! p AL Y
7. WhiCP of the following activities does the chjld use thf: device for?
Tl e 5l k) p AL YU dazi¥ e L"5\
* Drawing and painting {sllally e ol
* Colouring in - kI
* Making collages |, y.all Cgﬁ
* Making videos g2 A gual
* Taking photographs , g« bzl
* Reading stories awdll 83
* Watching video gs08 3aalice
* Play with/use apps for gaming oY &la i 3 ol
* Play with/use apps for social _sli>¥1 folgdl &ludel 3 Calll
* To help learning/education a.!,l, (J\-MU
« Listen to stories/audio books &gl Cily  jawaill &L{‘“
e Listen to music 43U Y| CL:‘"

* Look at pictures/photos j,.al‘ daalie

* Voice/video communication, e.g. FaceTime/Skype
5)gally sl i b e Jeolsdl
» Using a search engine (e.g. typing key words into Google and searching)

a6 ol

146



* Watching music videos on YouTube o g.J5J1 de adUl daaline
* Watching videos made by other children on YouTube

Casedl ds JabY daLu daalie
* Watching Cartoon ) ¢7,§1 r)&é\ daalie

* None r.,\"aﬂ,g‘ﬂ

8. Who are they typically using the device with?

Tosle jled! Jalall paniay o o
* On their own o> ac

* With me or another parent or guardian -y Jls}l sz -

With brother(s)/Sister(s) <Y 'CW -

* With another family member dilalls) 3| J| &

With a friend (¢ s &

Other adult, e.g. Nursery worker, childminder, school teacher
La xt =

* None r,\:'c:.“,»_‘i

9. Which of the following statements are most true when the child is using a

device?

5l J.a_\aﬂ f“’““” Las YW ol Ll oo A= SJ\.:&K‘ th\,o

* The device is being used as a form of distraction or quiet time, whilst I
complete other tasks or relax

DY T e RS S Jalal) iy

* The device is providing a sit-back experience e.g. watching video
s Samlie JUI o Je Jalall e ANV G £ 5Ld ) by

* The device is being used to encourage my child to be creative and/or
play

sl Al o b sl LA plannd &
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* The device is being used as a social device e.g. co-usage with adults or
other children

O e ARl a1 ) o Je ?:Lo;'qbl.@;)-k@_;% RESIPS
A JabY )

* The device is being used for educational purposes (e.g. learning the
alphabet)

(Rt 31 Gy A1 b5 ) T LY L s &
* The device is being used for bedtime stories

fj.:ﬂ J3 b jewd) 5Ld| r\,\,'.:_.A (u

* None r.\:":.“:g\!

VR oolBY] A5
10. How familiar are you or the child w;ith thﬁe term VR?
T LY Iyl alleac Jalal o] ol i e e s
* know exactly what this is Lol¢ Cﬁa..a.n lha O el
* have used this I'm familiar with it la> & cly <0 > 42
* I’ve definitely heard of it <= Cnt™

* Unaware 45 ¢/ N

11. Do you expect that the child is interested in experiencing Virtual Reality?
T LN Bl & 2 e Jill 09 Ol 3sm a

* Extremely interested & Ll 4+
* Fairly interested bs a> f\p

* Neither interested nor not interested A=
* Not very interested |ae o g

* Not interested at all SMLYI s 0 AS
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12. What sorts of experiences would the child you like to have in virtual reality?

T seli¥) Sl 5 Lale Jgad b Jalall b Q1 Gl Sy L

Go on an adventure with animals & Ulg.4 | - 8 olie J o lal!
See Space sLaall 4§,

Visit the Sea World ,\=J! (1\5 3,b ;5

Snow Playing CKIJL ]

Drive a Car &, Ldl 3503

Playing with Cartoons characters &J g5 SV & laamid! - |
Go to virtual theme park 31 JI Sl

Visit a fantasy world &)L’ (JL: 8L ;5
Fly like a bird  yiaxS” Hlakl]

Flying a plane 3 ;b o o5,

VR in Medical Field oLl Jlxll 3 ol GY) 3141

13. Do you expect that the child is interested in experiencing Virtual Reality in
medical centers when he/she is in pain?

3 eV Sl 4 e Jalall 555 OF 85T e
?(N\’- iy say G olaadldl ol Ll ST

Extremely interested &\l f‘“

Fairly interested bo a> ! f\.@,o

Neither interested nor not interested A=
Not very interested | fq.a A

Not interested at all LN Je (M.a A
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14. Which VR tool you think is more comfortable and suitable to your child?

15.

Tolilal Zesdlay &ty AT Lol iz @) g LisYI syl sl L

* VR glasses _q2lAsY! Ceb)‘ LY
* VR screen d\ab\s\!\ Ca\jJ\ Lol

Do you believe that having VR technology in medical centers and hospitals
will help distract the children from pain and anxiety?

g oY) Slyll 25 sem Ol wi s

-

WA (M o5 JUbY ol i g aelae slasially il Sl

* I Strongly believe .iy g Azisl

e Yes I believe aaxs! o=

I don’t know (JU-‘ N
o I disbelieve szs! Y

* I'strongly disbelieve sy ¢ aaiel Y
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Appendix B

Post-Design Questionnaire

1. What is your relation with kids? ‘\j\.da;\!b dEMe Lo
o Teacher — & (}-w
* Parent — 5 Wl
e Sibling — 'C\ o
* Aunt or Uncle — && ;‘ J=
* Grandparent — )=
» Children’s specialist — Jib¥) Jl 3 {awiis
* None (Ol sl 8Me um gy Y
2. Your Gender? {eluis> sales
* Female/ _&!
* Male/ f S
3. Choose your age group & J.;.-J‘ A Al

e <16
¢ 16-25
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26-35
36-45
46-55
* <55

4. Gender of the child ¢ Jal)! jui> sals

» Female/ du‘
e Male/ f 3

5. How old is the child? Jﬂaﬂj sale

* Younger than one & e il
S

o 2 oliw

¢ 3oly

4 olg

¢ 5 oly

Older than 5 &l w0 A5

6. Do you expect that the child is interested in playing Virtual Reality Game?
Tl Syl a4 Gt Jaldl 0585 Ol W s

¢ Extremely interested &) e
* Fairly interested bs J> ! f\.g.a

¢ Neither interested nor not interested & \<
* Not very interested |ae 0 g

* Not interested at all SMYI Ls 4+ g
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7. Do you expect that the child is interested in experiencing Virtual Reality in
medical centers when he/she is in pain?

d@’b\ﬁ‘ﬂgb}\@wﬁdw&dﬂ‘uj&ujc’ﬂ&

93’%_ i say g wlbaaladl o) il S

¢ Extremely interested &) 4+
* Fairly interested bs J> ! f\.g.a

¢ Neither interested nor not interested & \<
* Not very interested |ae (N,a A

* Not interested at all (SMLY! J.; (N,o AE

8. Do you believe the VR Game will help distract your child during a painful
procedure

Ul Slonll 3T Al ol it 5 bl LY lgl) 2 Ol iz o
« I Strongly believe 8420 y Azis!
* Yes I believe sz o=

I don’t know (&-‘ N

« I disbelieve szs! Y
« I strongly disbelieve suiy g Azl Y

9. The virtual reality game is adapted/suitable to the age-group of children

fidal) & jall L2l Ll Lsg mll g2 LGN Sl L)
o Totally Agree sudy  sas!
o Agree (sl
* Neutral &2

* Disagree (251 Y

Totally Disagree sudy sa5! Y
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10. Virtual reality is an intervention worth implementing to distract children
during medical procedures

L)) el Y1l kY1 AY da) G LY Sl 3
* Totally Agree dudy 55!
« Agree (sl
* Neutral .2

* Disagree 51 Y

Totally Disagree dudy 5! Y
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Appendix C

Feasibility and Acceptability of the
Intervention

Name(optional): Child Relation (e.g., Parent, Dr, Nurse):
1. Virtual reality helped the child control his/her pain
oTotally Agree 0 Agree  oDisagree oTotally Disagree

2. Virtual reality helped the child to cooperate during the medical procedure
oTotally Agree 0 Agree  oDisagree oTotally Disagree

3. Use of virtual reality delayed the wound care process related to the procedure
oTotally Agree 0 Agree  oDisagree DTotally Disagree

I

. I would use virtual reality again to distract children during a painful procedure
oTotally Agree 0 Agree  oDisagree oTotally Disagree

5. The virtual reality videog: was aday ble to the age-group of children
oTotally Agree 0 Agree  oDisagree noTotally Disagree

6. The virtual reality device was adapted/suitable to the clinic's environment
oTotally Agree o0 Agree  oDisagree oTotally Disagree

7. Virtual reality is an intervention worth implementing to distract children during

medical procedures
oTotally Agree 0 Agree  oDisagree OTotally Disagree

Other Notes:
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() ) a8l gl Adlad (g gan (i Alicd)

(Am)‘m“_g.\k ‘.\]U d\fm) Jakll eliEde ;(‘5)\::35\) (';.my‘

Jikl) ally aSail) o ) 5890 2816l selu -1
sady ¥ Yo 81 Yo GEio A%y 38 O

Loahal) Aland) oS8 glaih) o Jibal) al 580 2816l el -2
By a8l Yo 8 Yo GEin Bads 38 o

ol Ll Llee Al L) ual 891 281 gl alasiad oo -3
sady 68l Yo o8 Yo GEig sadn 8l g

Laligal) claland) ¢ U JULY £LgdY (o JAT B pa udal 38Y) @81 gl paiiils -4
sady 389 Yo G Yo GiID sads g8 O

Jkall 4 pant) 418 pa Conlis dia g yrall ) YY) 231 oY) Aad -5
Basy a8l Yo 8 Yo GEin sads 38 O

Balaal) Ayl Caalia ouda) 8Y) 2816l jlga aladid o3 -6
ok a8l Yo 68 Yo G8i0 sad a8 o

Al gl 2 L) JULYY plely LAY Gatiud ) i) @81l A5 7
Bady 8 Yo 8 Yo GElg sads G O

s Al allias
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Appendix D

ical Approvals (IRB)

KINGDOM OF SAUDI ARABIA 2o i
Waruiry of Hghe: Educaton T
KING ABDULAZZ UNIVERSITY ol g oo ls,

Faculty of Medicine el Al
RerFM il
Da aVE .

B
UNIT OF
Research Committee I
Ethical Approval
T0: Principal Investigator & Main Supervisar: Prof. Wadee Alhalabi From: Professor. Hasan Alzahrani
Feaser Calge o Canpuig § biomaton Techlagy-Compter Scice L)
First-Investigater- Taima Krimy (V. Sident] Local-Supervisor- O Fatima Alzshean (Pedisirics Wedcine 1AL
s- Saperssar: Or. Aresi Malibar Ce-Sapervisse: Or. Sharilah Mraji
ey X Vice-Dean sty /Hosps Drector § Acdamic i 6 il § Mantrig Cammite
RE” Pain and Anxiety Distraction for Children with Burns During Wound Care Using Virtual Reality.”
(Rieresce Ho 71-20) Imaroeation (Chics Tra)
The above titled proposal with the following enclosures:
AL Fo Form
* D Colecton Sest
The REC recommended granting permission of approval to conduct the project along the following terms:
1 Tha Pl and Investigators ars responsbls to get Acadsic sy bospitl and dspartmental aporoval , sccarding to biows they must gat the
adminisirative KAlH.
2 Tho approval o comduct o this N Regort KAl
oM Forms 1o eview by REL Moutorig Commites,
3 o the direct supervision Prof. Wadee Alhalabi.
N rntasion
and pprovl of the REC for prior aprowl

The Plis expected to submit a fnal repart at the end of the sty

s
4
1

T - King Abul Auiz Ciy

corfirm the the P1 s st part oftheethics comestie.

Professor Hasan Alzahrani
1
Chairman of the Research Ethics Committee

/o
Med, Etics.
Rehab T Halawani (Relernnce No 571-20)

e Wargin)
Fax. | 6400

VAR Gur AP Y18 e
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T

Kingdom of Saudi Arabia m A gacdl] Ay all ASlaal)

daali 5,03y
Ministry of Health ’m ap Uillaey Lanal) (13l 4y e
ier Gy G| YY1l deaall

Institutional Review Board

National Registration Number with NCBE-KACST, KSA: [H-02-)-002)

5. All researchers are required to have a valid research ethics certificate on protecting
human research participants.

6. The research team is not allowed to disclose personally identifiable data of the
participants to any other party.
7. The Plis required to keep the study data securely for at least three years after the
completion of the study.
The collected data should only be used for this research.
9. Itis required to collect three copies of informed consent forms (unless waived) as follow:
I.  One copy to be kept with the Pl
1. One copy to be kept with the study participant
IIl.  One copy for the IRB committee OR to be kept in the participant file in case of
clinical research
10. The Pl is required to submit a progress report every six months
11. The Pl must ensure adequate close-out of the study.
12. Publication by any means is not allowed except afier getting an approval letter from the IRB
and MOH research department.

Sincerely yours,

Spnatino
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Appendix E

Informed Consent and Media
Release Form

Kingdom of Saudi Arabia
King AbdulAziz University

Faculty of Computing and Information Technology
Faculty of Medicine

Ay Shalad) A0€ 5 ol agle s (eanl) 2aal sbes) iaalall Adla (8 (e Sgea i [ 5 a o

Olgie Sl cilagladl
el plg ol £gadl Aliad) Gluds VA g all Crbead) JULH (52l S ly oY) il

"Byl Ll ad 5 g 53

. s il
s - Ggalls Cupmall Aecalid) e g0 JYY (s Apaly o1 il ol 1 Bl Al Al g ) 13 e )
e e ] A gl sy Al Al da 8 Vel Y Bl st IS 1) L il

EWRE- [ WL, ETIS PO, S S K C R P, PO

sl D e dpgtleadl JasY) [ el !
gl Al s Bl caell Y1 AS el

el el Lapas iy dupll degend e JakD G gtien ald ey

s ol A8l Taglaall S 50

ATl 3l (13 e R Samall gl uliall Sk A

(Ol i o) gl Y Lle Al ol ) a0 il € e 2L ) SR i e
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