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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.
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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 [5].

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 [5].

2
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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 [7] 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

3
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intensity. After the experiment, patients completed subjective pain ratings scaled

from 0 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 et al. [11] conducted the pain

4
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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.

5
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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 AI 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:

1. 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 1.1.
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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.
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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

[5]. 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.
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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 Table 2.1.
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Table 2.1: Pain Medication

Medication Note [23]

OPIOIDS

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

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

MORPHINE

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

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

KETAMINE

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

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

REMIFENT
ANIL

- Remifentanil is an extremely short-acting opioid.
- Hyperalgesia was associated with the sudden recovery

from remifentanil analgesia.

PROPOFOL

- It is most widely used for general anesthesia induction.
- It involves a fast onset of action and a rapid emergence

after prolonged infusion with little cumulative effect, but
it is painful when delivered through a peripheral vein.

NITROUS
OXIDE

- The only nonhalogenated anesthetic gas currently in clin-
ical use.

- Severe hematopoietic and neurologic toxicity may result
from repetitive exposure to higher concentrations.

BENZODIAZ
EPINES

- The most used anxiolytic agent for burns has three main
drugs, Midazolam, lorazepam, and diazepam.

- Midazolam is widely used in burn clinics since it is
a fast-acting agent appropriate for short procedures or
infusions.

ANTICONV
ULSANTS

- Anticonvulsants drugs such as Gabapentin and prega-
balin have proved beneficial in pain control.

- This type of drug is usually used as a multi-modal pain
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 [5]. 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, Ullán et 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
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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 et 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 et al. [35]

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 et 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 et 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 et 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 et 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 et 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 et 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 et 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. [5], Hoffman et al. [33], Kipping et al. [35], Hua et al.

[38], and [32] 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 0 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. [5], Das et al.[34], Chan et al. [36] 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. [45], [32] and [41], a 40-item self-

administered questionnaire that aims to assess anxiety with 20 items each.

22



Chapter 2 2.5. Pain and Anxiety Assessments

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 (0=relaxed and com-

fortable, 7–10=severe discomfort/pain) for children from 0 to 18 years old

[49][50]. It was used by Miller et al. [5], Kipping et al. [35], 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 0 (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 [53] 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 et al. [38] recorded the physiological measures

of oxygen saturations (O2) and pulse rate (PR), which are accepted as pain

indicators. While Hoffman et al. [54] and Lewis et al. [55] used fMRI

pain-related brain activity to measure pain.

An overview of the related work is summarized in Table 2.2 below.

Table 2.2: Summary of Related Studies

# Source Experimental

Conditions

Number of

Patients

Patients

Ages

VR Tool Environment

Design

Pain Measurement

Tool

Results

1 [6] During

wound care

11 Burn pa-

tients

9 to 40

years

HMD Snow

World game

Graphic Rating

Scales (GRS)

41% Pain reduction

2 [32] Wound care

session

19 burn pa-

tients

8 to 65

years

HMD Snow

World game

VAS and the state-

version of the Spiel-

berger State-Trait

Anxiety Inventory.

33% or more significant pain

reduction

3 [54] During

medical

procedures

8 Burn pa-

tients

18 to 43

years

HMD Snow

World game

fMRI pain-related

brain activity

All five brain regions of inter-

est confirmed significant pain-

related brain activity reduc-

tion.

4 [37] Physical

therapy

54 burn pa-

tients

6-19

years

HMD Snow

World game

Graphic Rating

Scales (GRS)

The results showed significant

pain reduction by 27-44% in

VR sessions compared to the

traditional session

5 [39] Wound care 48 patients 6-17

years

HMD Snow world

game

Graphic Rating

Scales (GRS)

The results reported signif-

icant pain reduction during

VR treatment and continued

to show lower pain levels af-

ter multiple sessions.

6 [33] Physical

therapy

sessions

7 Burn pa-

tients

9 to 32

years

HMD Spider

World

& Snow

World

games

The visual analog

scale of 0 to 10 (VAS)

VR does not reduce analgesic

effectiveness with three (and

possibly more) uses.
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7 [34] Changing

dressings

9 Burn pa-

tients

5 to 18

years

HMD Quake

game

Self-report Faces

Scale and interviews

with parents and

nurses.

The results showed the signif-

icant effect of VR in reduc-

ing pain during burn dressing

changes.

8 [9] Wound

Dressing

5 Burn pa-

tients

19 to 68

years

HMD Basket and

Flocker

& Ocu-

lus video

application

Interview VR was feasible and accept-

able to all patients when used

during dressing changes.

9 [35] Burn

wound care

41 Burn pa-

tients

11 to17

years

HMD Chicken

Little™

VAS and FLACC A significant reduction in

pain scores during dressing

changes was reported by the

nursed

10 [38] Dressing

change

65 patients 4-16

years

HMD Ice age

game

FACES, VAS, and

physiological mea-

sure

The results reported signifi-

cant pain reduction during the

dressing time with VR com-

pared to traditional.

11 [36] Burn

wound care

8 burn pa-

tients

Mean

age 6.54

HMD Ice-factory

Game

self-reported faces

pain scale

showed a significant pain re-

duction reported by children in

VR treatment compared to tra-

ditional treatment

12 [41] cold pressor

pain

41 children 6-14

years

HMD

videogame

and no

HMD

videogame

Free dive Revised Children’s

Manifest Anxiety

Scale and State-Trait

Anxiety Inventory

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.

13 [43] debridement 48 patients 4 chil-

dren and

44 adults

VR gog-

gles

Nature

stimuli and

snow world

Graphic Rating

Scales (GRS)

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.

14 [5] Dressing

changes

80 Burn pa-

tients

Three to

10 years

MMD-D

+ MMD-

PP

Bobby got

a Burn &

touch and

find story

FACES, VAS,

FLACC, physiologi-

cal measure

MMD significantly reduced

pain and time for dressings

(𝑝 ≤ 0.05) compared to SD

and VG.

15 [12] Burn

Dressing

Changes

One patient Four

years old

The Nin-

tendo

Wii

Go, Diego,

Go! Safari

Rescue

Observation Scale

of Behavioral Dis-

tress (OSBD) and

Post-Intervention

Interview

Distress scores were decreased

from 5.30 during the experi-

ment phase to 2.92
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16 [11] Burn

wound care

procedures

15 Burn pa-

tients

Two

months

to 10

years

Projector-

based

VR

Bubbles® FLACC scale, Mod-

ified Smith Scale,

Procedure Behavior

Check List, OCCEB-

BECCO, and (Ram-

say Sedation Scale).

The mean pain score and

the discomfort level were de-

creased.

17 [40] hydrotherapy

sessions

38 children 6 months

– 7 years

Projector-

based

hybrid

VR

Bubbles® FLACC 0-10 NRS-

obs (Numerical Rat-

ing Scale-obs)

significantly pain reduction in

pain by FLACC (p=0.026)

pain rated by the nurses us-

ing the NRS-obs were non-

significant (p=0.135)..

18 [45] Wound care 28 patients 10-17

years

Interactive

VR

Snow world

game

Spielberger’s State-

Trait Anxiety Inven-

tory for Children and

Pre/post-Procedure

The results indicated that the

VR group reported less pain

than other treatments. This

study added to the existing

knowledge that VR could ef-

fectively reduce pain without

wearing the HMD.

19 [46] Dressing

change

90 patients 6-17

years

VR-PAT The Vir-

tual River

Cruise

game

VAS and FLACC The pain was significantly re-

duced in the VR conditions

(active and passive) compared

to traditional conditions. The

active VR group also showed

more pain reduction than the

passive group.

20 [44] Home

dressing

change

35 patients 5-17

years

VR-PAT The Vir-

tual River

Cruise

game

Pain ratings 1-10

scale from patients

and caregivers

The VR group reported less

pain during dressing changes

and more fun than the other

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]

0-1 year

- Sound, vision, and touch are the primary features of this

age group.

- Large shapes, distinct patterns, and the use of contrasting

colors.

- 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.
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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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Chapter 2 2.7. Children and VR

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” [57]. 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 et al. [58] 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 [59]. 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.

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 frequency 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 5.4

Age Group frequency 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: 23.1% 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 15.9

1 Year 101 8.1

Younger than one 84 6.8
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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 [56], 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.

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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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.

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.

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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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 5.4

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 Table3.5 .
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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, nursery
rhythms
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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 3.8.

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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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

1-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 0 to 40, as seen in Table 3.6 [51].

Table 3.6: PBCL Scale

Behavioral Category Definition

Muscle Tension Displays any of the following behaviors: eyes shut

tight, clenched jaw, body stiffness, clenched fists, or

gritted teeth.

Screaming Raises voice or yells with sound or words

Crying Displays tears or sobs

Restraint Used Has to be held down by someone or have heavy tape

placed across their legs

Pain Verbalized Says “ow,” “ouch,” or comments about hurting (e.g.,

“you are hurting me”)

Anxiety Verbalized Says “I’m scared” or “I’m afraid.”

Verbal Stalling Expresses verbal delay (stop, I’m not ready, I want to

tell you something)

Physical Resistance Moves around, will not stay in position or tries to

climb off the table

★ Pain is measured using the Faces, Legs, Activity, Cry, and Consolability scale

(FLACC), a behavioral/observational pain scale from 0 to 10 (0=relaxed and

comfortable, 7–10=severe discomfort/pain) for children from 0 to 18 years

old, as shown in Table 3.7 [50].
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Table 3.7: FLACC Scale

Criteria Score 0 Score 1 Score 2

Face No particular

expression or smile

Occasional grimace or

frown, withdrawn,

uninterested

Frequent to constant

quivering chin,

clenched jaw

Legs Normal position or

relaxed

Uneasy, restless, tense Kicking or legs drawn

up

Activity Lying quietly, normal

position moves easily

Squirming, shifting,

back and forth, tense

Arched, rigid, or

jerking

Cry No cry (awake or

asleep)

Moans or whimpers;

occasional complaint

Crying steadily,

screams or sobs,

frequent complaints

Consolability Content, relaxed Reassured by

occasional touching,

hugging, or being

talked to, distractible

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 0=relaxed to 4=angry, as shown

in Figure 3.13.
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Figure 3.12: Wong-Baker Scale

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 0=no joy to 5=

Ecstatic, as displayed in Figure 3.14.

Figure 3.14: Joy Scale
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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 5=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 (0-2 y, 3-5 y)?

Table 4.1 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

Q. categorize

age

chi-square p-value0-2y 3-5y Total

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

Which of the

following de-

vices does the

child make use

of the most?

None
93

(78.2%)

26

(21.8%)

119

(9.6%)

23.900 .000**

TV
156

(37.9%)

256

(62.1%)

412

(33.2%)

Mobile

Phone

98

(26.0%)

279

(74.0%)

377

(30.4%)

Tablet (iPad,

galaxy tab,

etc.)

35

(11.3%)

276

(88.7%)

311

(25.1%)

Game

Console

0

(0.0%)

21

(100.0%)

21

(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

Q. categorize

gender

chi-square p-valueMale Female Total

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

Which of the

following de-

vices does the

child make use

of the most?

None
63

(52.9%)

56

(47.1%)

119

(9.6%)

23.900 .000**

TV
218

(52.9%)

194

(47.1%)

412

(33.2%)

Mobile

Phone

171

(45.4%)

206

(54.6%)

377

(30.4%)

Tablet (iPad,

galaxy tab,

etc.)

144

(46.3%)

167

(53.7%)

311

(25.1%)

Game

Console

20

(95.2%)

1

(4.8%)

21

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

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

Q. answer categorize

age

chi-square p-value0-2 years 3-5 years Total

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

W
hi

ch
of

th
e

fo
llo

w
in

g
ac

tiv
iti

es
do

es
th

e
ch

ild
us

e
th

e
de

vi
ce

fo
r?

Coloring in
Yes 12 (7.1%)

158

(92.9%)

170

(13.7%)
52.03 .000**

No
370

(34.6%)

700

(65.4%)

1070

(86.3%)

Listen to music

Yes
122

(40.0%)

183

(60.0%)

305

(24.5%)
16.09 .000**

No
260

(27.8%)

675

(72.2%)

935

(75.5%)

Watching

Cartoon

Yes
120

(25.4%)

352

(74.6%)

472

(38.1%)
10.85 .001**

No
264

(34.1%)

506

(65.9%)

768

(62.1%)

Watching

videos made by

other children

on YouTube

Yes
117

(21.6%)

425

(78.4%)

542

(43.7%)
39.24 .000**

No
265

(38.0%)

433

(62.0%)

698

(56.3%)

Look at pic-

tures/photo

Yes 48 (28.9%)
118

(71.1%)

166

(13.4%)
0.32 0.575\\

No
334

(31.1%)

740

(68.9%)

1074

(86.6%)

Making col-

lages

Yes 2 (6.1%) 31 (93.9%) 33 (2.7%)

9.73 .002**
No

380

(31.5%)

827

(68.5%)

1207

(97.3%)

Making videos

Yes 5 (11.6%) 38 (88.4%) 43 (3.5%)

7.67 .006**
No

377

(31.5%)

820

(68.5%)

1197

(96.5%)
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Watching video

Yes
163

(27.7%)

425

(72.3%)

588

(47.2%)
5.31 .021*

No
219

(33.6%)

433

(66.4%)

652

(52.8%)

Taking pho-

tographs

Yes 23 (20.2%) 91 (79.8%) 114 (9.2%)

6.63 .010*
No

359

(31.9%)

767

(68.1%)

1126

(90.8%)

Play with/use

apps for gaming

Yes 33 (8.1%)
373

(91.9%)

406

(32.6%)
145.23 .000**

No
349

(41.8%)

485

(58.2%)

834

(67.4%)

To help learn-

ing/education

Yes 16 (10.1%)
142

(89.9%)

158

(12.7%)
36.26 .000**

No
366

(33.8%)

716

(66.2%)

1082

(87.3%)

Watching mu-

sic videos on

YouTube

Yes
142

(40.8%)

206

(59.2%)

348

(27.9%)
21.89 .000**

No
240

(26.9%)

652

(73.1%)

892

(72.1%)

Reading stories

Yes 5 (11.1%) 40 (88.9%) 45 (3.6%)

8.48 .004**
No

377

(31.5%)

818

(68.5%)

1195

(96.4%)

Listen to sto-

ries/audio

books

Yes 17 (21.3%) 63 (78.8%) 80 (6.4%))

3.65 0.056\\
No

365

(31.5%)

795

(68.5%)

1160

(93.6%)

Voice/video

communi-

cation, e.g.

FaceTime

/Skype

Yes 23 (24.2%) 72 (75.8%) 95 (7.5%)

3.18 0.075\\

No
359

(31.4%)

786

(68.6%)

1145

(92.5%)

Play with/use

apps for social

Yes 4 (16.0%) 21 (84.0%) 25 (2.0%)

2.62 0.105\\
No

378

(31.1%)

837

(68.9%)

1215

(98.0%)

Drawing and

painting

Yes 7 (11.3%) 55 (88.7%) 62 (5.0%)

11.64 .001**
No

376

(31.8%)

803

(68.2%)

1178

(95.0%)
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Using a search

engine (e.g.

typing key

words into

Google and

searching)

Yes
1 (9.1%) 10 (90.9%) 11 (0.9%)

2.45 .117\\

No 381 (31.0%) 848 (69.0%) 1229(99.1%)

None

Yes 60 (83.3%) 12 (16.7%) 72 (5.8%)

99.02 .000**
No

322

(27.6%)

846

(72.4%)

1168

(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

Q. answer categorize

Gender

chi-square p-valueMale Female Total

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

W
hi

ch
of

th
e

fo
llo

w
in

g
ac

tiv
iti

es
do

es
th

e
ch

ild
us

e
th

e
de

vi
ce

fo
r?

Coloring in
Yes 58 (34.1%)

112

(65.9%)

170

(13.7%)
19.08 .000**

No
558

(52.1%)

512

(47.9%)

1070

(86.3%)

Listen to music

Yes
131

(43.0%)

174

(57.0%)

305

(24.5%)
7.32 .007**

No
485

(51.9%)

450

(48.1%)

935

(75.5%)

Watching

Cartoon

Yes
232

(49.2%)

240

(50.8%)

472

(38.1%)
0.08 0.772\\

No
No 384

(50.0%)

384

(50.0%)

768

(62.1%)

Watching

videos made by

other children

on YouTube

Yes
251

(46.3%)

291

(53.7%)

542

(43.7%)
4.37 .037*

No
365

(52.3%)

333

(47.7%)

698

(56.3%)

Look at pic-

tures/photo

Yes 75 (45.2%) 91 (54.8%)
166

(13.4%)
1.55 0.213\\

No
541

(50.4%)

533

(49.6%)

1074

(86.6%)

Making col-

lages

Yes 14 (42.4%) 19 (57.6%) 33 (2.7%)

0.71 0.398\\
No

602

(49.9%)

605

(50.1%)

1207

(97.3%)

Making videos

Yes 13 (30.2%) 30 (69.8%) 43 (3.5%)

6.74 .009**
No

603

(50.4%)

594

(49.6%)

1197

(96.5%)

Watching video

Yes
277

(47.1%)

311

(52.9%)

588

(47.2%)
2.95 0.086\\

No
339

(52.0%)

313

(48.0%)

652

(52.8%)

Taking pho-

tographs

Yes 43 (37.7%) 71 (62.3%) 114 (9.2%)

7.18 .007**
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No
573

(50.9%)

553

(49.1%)

1126

(90.8%)

Play with/use

apps for gaming

Yes
201

(49.5%)

205

(50.5%)

406

(32.6%)
0.01 0.933\\

No
415

(49.8%)

419

(50.2%)

834

(67.4%)

To help learn-

ing/education

Yes 70 (44.3%) 88 (55.7%)
158

(12.7%)
2.09 0.148\\

No
546

(50.5%)

536

(49.5%)

1082

(87.3%)

Watching mu-

sic videos on

YouTube

Yes
169

(48.6%)

179

(51.4%)

348

(27.9%)
0.24 0.624\\

No
447

(50.1%)

445

(49.9%)

892

(72.1%)

Reading stories

Yes 16 (35.6%) 29 (64.4%) 45 (3.6%)

3.73 0.054\\
No

600

(50.2%)

595

(49.8%)

1195

(96.4%)

Listen to sto-

ries/audio

books

Yes 35 (43.8%) 45 (56.3%) 80 (6.4%)

1.20 0.273\\
No

581

(50.1%)

579

(49.9%)

1160

(93.6%)

Voice/video

communi-

cation, e.g.

FaceTime

/Skype

Yes 40 (42.1%) 55 (57.9%) 95 (7.5%)

2.36 0.125\\

No
576

(50.3%)

569

(49.7%)

1145

(92.5%)

Play with/use

apps for social

Yes 14 (56.0%) 11 (44.0%) 25 (2.0%)

0.41 0.523\\
No

602

(49.5%)

613

(50.5%)

1215

(98.0%)

Drawing and

painting

Yes 18 (29.0%) 44 (71.0%) 62 (5.0%)

11.13 .001**
No

598

(50.8%)

580

(49.2%)

1178

(95.0%)

Using a search

engine (e.g.

typing key

words into

Google and

searching)

Yes
3 (27.3%) 8 (72.7%) 11 (0.9%)

2.23 0.135\\

No 613 (49.9%) 616 (50.1%) 1229(99.1%)
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None

Yes 38 (52.8%) 34 (47.2%) 72 (5.8%)

0.29 0.588\\
No

578

(49.5%)

590

(50.5%)

1168

(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,

3-5 y)?

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

Q. categorize

age

chi-square p-value0-2y 3-5y Total

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

Who are they

typically us-

ing the device

with?

None
60

(89.6%)

7

(10.4%)
67 (5.4%)

200.326 .000**

On their

own

31

(10.6%)

261

(89.4%)

292

(23.5%)

With me or

another

parent or

guardian

193

(38.9%)

303

(61.1%)

496

(40.0%)

With

brother(s)/

Sister(s)

30

(16.8%)

149

(83.2%)

179

(14.4%)
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With

another

family

member

54

(30.5%)

123

(69.5%)

177

(14.3%)

Other adult,

e.g. Nursery

worker,

child

minder,

school

teacher

14

(48.3%)

15

(51.7%)
29 (2.3%)

**statistical 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

Q. categorize

gender

chi-square p-valueMale Female Total

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

Who are they

typically us-

ing the device

with?

None
36

(53.7%)

31

(46.3%)
67 (5.4%)

0.70 0.983\\

On their

own

146

(50.0%)

146

(50.0%)

292

(23.5%)

With me or

another

parent or

guardian

242

(48.8%)

254

(51.2%)

496

(40.0%)

With

brother(s)/

Sister(s)

90

(50.3%)

89

(49.7%)

179

(14.4%)

With

another

family

member

87

(49.2%)

90

(50.8%)

177

(14.3%)

Other adult,

e.g. Nursery

worker,

child

minder,

school

teacher

15

(51.7%)

14

(48.3%)
29 (2.3%)

**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 (0-2 y, 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 4.7,

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

Q. answer categorize

age

chi-square p-value0-2y 3-5y Total

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

W
hi

ch
of

th
e

fo
llo

w
in

g
st

at
em

en
ts

ar
e

m
os

tt
ru

e
w

he
n

th
e

ch
ild

is
us

in
g

a
de

vi
ce

?

The device is

being used as

a social device,

e.g., co-usage

with adults or

other children

Yes 33 (29.7%) 78 (70.3%) 111 (9.0%)

0.07 0.797\\

No 349(30.9%) 780(69.1%) 1129(91.0%)

The device is

being used for

bedtime stories

Yes 10 (20.4%) 39 (79.6%) 49 (4.0%)

2.59 0.108\\
No

372

(31.2%)

819

(68.8%)

1191

(96.0%)

The device is

being used for

educational

purposes (e.g.

learning the

alphabet)

Yes 112 (26.5%) 311 (73.5%) 423 (34.1%)

5.64 .018*

No 270 (33.0%) 547 (67.0%) 817 (65.9%)

The device

is being used

to encourage

my child to be

creative and/or

play

Yes 36 (17.6%) 168 (82.4%) 204 (16.5%)

19.84 .000**

No 346(33.4%) 690(66.6%) 1036(83.5%)

The device is

providing a

sit-back ex-

perience e.g.

watching video

Yes 47 (21.6%) 171 (78.4%) 218 (17.6%)

10.61 .001**

No 335(32.8%) 687(67.2%) 1022(82.4%)

The device is

being used as

a form of dis-

traction or quiet

time, whilst I

complete other

tasks or relax

Yes 223 (30.7%) 503 (69.3%) 726 (58.5%)

0.01 0.935\\

No 159 (30.9%) 355 (69.1%) 514 (41.5%)
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None

Yes 62 (86.1%) 10 (13.9%) 72 (5.8%)

109.68 .000**
No

320

(27.4%)

848

(72.6%)

1168

(94.2%)

**statistical 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

Q. answer categorize

Gender

chi-square p-valueMale Female Total

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

W
hi

ch
of

th
e

fo
llo

w
in

g
st

at
em

en
ts

ar
e

m
os

tt
ru

e
w

he
n

th
e

ch
ild

is
us

in
g

a
de

vi
ce

?

The device is

being used as

a social device,

e.g., co-usage

with adults or

other children

Yes 54 (48.6%) 57 (51.4%) 111 (9.0%)

0.05 0.820\\

No 562 (49.8%) 567 (50.2%) 1129(91.0%)

The device is

being used for

bedtime stories

Yes 25 (51.0%) 24 (49.0%) 49 (4.0%)

0.04 0.848\\
No

591

(49.6%)

600

(50.4%)

1191

(96.0%)

The device is

being used for

educational

purposes (e.g.

learning the

alphabet)

Yes 203 (48.0%) 220 (52.0%) 423 (34.1%)

0.73 0.393\\

No 413 (50.6%) 404 (49.4%) 817 (65.9%)
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The device

is being used

to encourage

my child to be

creative and/or

play

Yes 92 (45.1%) 112 (54.9%) 204 (16.5%)

2.05 0.152\\

No 524 (50.6%) 512 (49.4%) 1036(83.5%)

The device is

providing a

sit-back ex-

perience e.g.

watching video

Yes 110 (50.5%) 108 (49.5%) 218 (17.6%)

0.06 0.799\\

No 506 (49.5%) 516 (50.5%) 1022(82.4%)

The device is

being used as

a form of dis-

traction or quiet

time, whilst I

complete other

tasks or relax

Yes 364 (50.1%) 362 (49.9%) 726 (58.5%)

0.15 0.700\\

No 252 (49.0%) 262 (51.0%) 514 (41.5%)

None

Yes 40 (55.6%) 32 (44.4%) 72 (5.8%)

1.06 0.304\\
No

576

(49.3%)

592

(50.7%)

1168

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

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

Q. categorize

age

chi-square p-value0-2y 3-5y Total

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

Who are they

typically us-

ing the device

with?

Unaware
65

(38.0%)

106

(62.0%)

171

(13.8%)

7.220 .065\\

I’ve

definitely

heard of it

130

(30.3%)

299

(69.7%)

429

(34.6%)

know

exactly what

this is

142

(30.9%)

317

(69.1%)

459

(37.0%)

have used

this I’m

familiar

with it

45

(24.9%)

136

(75.1%)

181

(14.6%)

**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 4.10.

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

Q. categorize

gender

chi-square p-valueMale Female Total

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

Who are they

typically us-

ing the device

with?

Unaware
79

(46.2%)

92

(53.8%)

171

(13.8%)

1.19 0.756\\

I’ve

definitely

heard of it

219

(51.0%)

210

(49.0%)

429

(34.6%)

know

exactly what

this is

227

(49.5%)

232

(50.5%)

459

(37.0%)

have used

this I’m

familiar

with it

91

(50.3%)

90

(49.7%)

181

(14.6%)

**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?

Q Answer Unaware

I’ve

definitely

heard of it

know

exactly

what this

is

have used

this I’m

familiar

with it

chi-square p-value

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

R
es

po
nd

en
t’s

ag
e

< 16 8 (4.8%) 24 (5.7%) 14 (3.1%) 11 (6.1%)

51.94 .000*

16-25 15 (8.9%) 51 (12.1%) 81 (17.6%) 30 (16.6%)

26-35 63 (37.5%)
215

(50.8%)

256

(55.8%)
91 (50.3%)

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%)

Total
168

(13.6%)

423

(34.4%)

459

(37.3%)

181

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

There is a statistical difference (p-value< 0.05) in children interested in experiencing

Virtual Reality due to their age. Table 4.12 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

Q. categorize

age

chi-square p-value0-2y 3-5y Total

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

Do you ex-

pect that the

child is inter-

ested in expe-

riencing Vir-

tual Reality?

Unaware
173

(47.9%)

188

(52.1%)

361

(29.1%)

76.704 .000**

Not

interested at

all

5

(13.2%)

33

(86.8%)
38 (3.1%)

Not very

interested

20

(21.7%)

72

(78.3%)
92 (7.4%)

Neither

interested

nor not

interested

57

(30.6%)

129

(69.4%)

186

(15.0%)

Fairly

interested

81

(22.4%)

281

(77.6%)

362

(29.2%)

Extremely

interested

46

(22.9%)

155

(77.1%)

201

(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 4.13 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

Q. categorize

gender

chi-square p-valueMale Female Total

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

Do you ex-

pect that the

child is inter-

ested in expe-

riencing Vir-

tual Reality?

Unaware
167

(46.3%)

194

(53.7%)

361

(29.1%)

4.53 0.476\\

Not

interested at

all

18

(47.4%)

20

(52.6%)
38 (3.1%)

Not very

interested

48

(52.2%)

44

(47.8%)
92 (7.4%)

Neither

interested

nor not

interested

91

(48.9%)

95

(51.1%)

186

(15.0%)

Fairly

interested

181

(50.0%)

181

(50.0%)

362

(29.2%)

Extremely

interested

111

(55.2%)

90

(44.8%)

201

(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 (0-2 y, 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

Q. Answer categorize

age

chi-square p-value0-2y 3-5y Total

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

W
hi

ch
of

th
e

fo
llo

w
in

g
ac

tiv
iti

es
do

es
th

e
ch

ild
us

e
th

e
de

vi
ce

fo
r?

Fly like a bird
Yes

65

(26.5%)

180

(73.5%)

245

(19.8%)
2.62 0.106\\

No
317

(31.9%)

678

(68.1%)

995

(80.2%)

Flying a plane
Yes

22

(15.8%)

117

(84.2%)

139

(11.2%)
16.48 .000**

No
360

(32.7%)

741

(67.3%)

1101

(88.8%)

Go on an ad-

venture with

animals

Yes
154

(32.0%)

328

(68.0%)

482

(38.9%)
0.48 0.487\\

No
228

(30.1% )

530

(69.9%)

758

(61.1%)

Go to virtual

theme park

Yes
113

(25.9%)

323

(74.1%)

436

(35.2%)
7.54 .006*

No
269

(33.5%)

535

(66.5%)

804

(64.8%)

Visit a fantasy

world

Yes
52

(26.5%)

144

(73.5%)

196

(15.8%)
2.00 0.158\\
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No
330

(31.6%)

714

(68.4%)

1044

(84.2%)

Snow Playing

Yes
68

(20.6%)

262

(79.4%)

330

(26.6%)
21.95 .000**

No
314

(34.5%)

596

(65.5%)

910

(73.4%)

Playing with

Cartoons

characters

Yes
149

(27.5%)

393

(72.5%)

542

(43.7%)
4.97 .026*

No
233

(33.4%)

465

(66.6%)

698

(56.3%)

Drive a Car

Yes
70

(22.4%)

243

(77.6%)

313

(25.2%)
14.00 .000**

No
312

(33.7%)

615

(66.3%)

927

(74.8%)

Visit the Sea

World

Yes
75

(24.6%)

230

(75.4%)

305

(24.6%)
7.33 .007**

No
307

(32.8%)

628

(67.2%)

935

(75.4%)

See space

Yes
56

(22.6%)

192

(77.4%)

248

(20.0%)
9.84 .002**

No
326

(32.9%)

666

(67.1%)

992

(80.0%)

Unaware

Yes
31

(77.5%)

9

(22.5%)
40 (3.2%)

42.27 0.001**

No
351

(29.3%)

849

(70.8%)

1200

(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

Q. Answer categorize

Age

chi-square p-value0-2y 3-5y Total

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

Fly like a bird
Yes

121

(49.4%)

124

(50.6%)

245

(19.8%)
0.01 0.919\\

No
495

(49.7%)

500

(50.3%)

995

(80.2%)

Flying a plane
Yes

83

(59.7%)

56

(40.3%)

139

(11.2%)
6.31 .012*

No
533

(48.4%)

568

(51.6%)

1101

(88.8%)

Go on an ad-

venture with

animals

Yes
250

(51.9%)

232

(48.1%)

482

(38.9%)
1.51 0.219\\
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No
366

(48.3%)

392

(51.7%)

758

(61.1%)

W
hi

ch
of

th
e

fo
llo

w
in

g
ac

tiv
iti

es
do

es
th

e
ch

ild
us

e
th

e
de

vi
ce

fo
r?

Go to virtual

theme park

Yes
179

(41.1%)

257

(58.9%)

436

(35.2%)
20.00 .000**

No
437

(54.4%)

367

(45.6%)

804

(64.8%)

Visit a fantasy

world

Yes
94

(48.0%)

102

(52.0%)

196

(15.8%)
0.27 0.600\\

No
522

(50.0%)

522

(50.0%)

1044

(84.2%)

Snow Playing

Yes
156

(47.3%)

174

(52.7%)

330

(26.6%)
1.04 0.308\\

No
460

(50.5%)

450

(49.5%)

910

(73.4%)

Playing with

Cartoons

characters

Yes
243

(44.8%)

299

(55.2%)

542

(43.7%)
9.04 .003**

No
373

(53.4%)

325

(46.6%)

698

(56.3%)

Drive a Car

Yes
242

(77.3%)

71

(22.7%)

313

(25.2%)
127.94 .000**

No
374

(40.3%)

553

(59.7%)

927

(74.8%)

Visit the Sea

World

Yes
160

52.5%

145

(47.5%)

305

(24.6%)
1.25 0.263\\

No
456

(48.8%)

479

(51.2%)

935

(75.4%)

See space

Yes
133

(53.6%)

115

(46.4%)

248

(20.0%)
1.94 0.164\\
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No
483

(48.7%)

509

(51.3%)

992

(80.0%)

Unaware

Yes
22

(55.0%)

18

(45.0%)
40 (3.2%)

0.47 0.494\\

No
594

(49.5%)

606

(50.5%)

1200

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

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 4.16. 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

Q. categorize

age

chi-square p-value0-2y 3-5y Total

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

Which VR

tool do you

think is more

comfortable

and suitable

for your child?

Unaware
13

(61.9%)

8

(38.1%)
21 (1.7%)

21.07 .000**

VR glasses
87

(23.5%)

283

(76.5%)

370

(29.8%)

VR screen
282

(33.2%)

567

(66.8%)

849

(68.5%)

**statistical 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

Q. categorize

gender

chi-square p-valueMale Female Total

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

Which VR

tool do you

think is more

comfortable

and suitable

for your child?

Unaware
11

(52.4%)

10

(47.6%)
21 (1.7%)

.905 .636\\
VR glasses

191

(51.6%)

179

(48.4%)

370

(29.8%)

VR screen
414

(48.8%)

435

(51.2%)

849

(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 4.18. 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

Q. categorize

age

chi-square p-value0-2y 3-5y Total

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

Do you ex-

pect that the

child is inter-

ested in expe-

riencing Vir-

tual Reality in

medical cen-

ters when they

are in pain?

Unaware
145

(46.6%)

166

(53.4%)

311

(25.1%)

51.96 .000**

Not

interested at

all

10

(17.2%)

48

(82.8%)
58 (4.7%)

Not very

interested

28

(23.0%)

94

(77.0%)

122

(9.8%)

Neither

interested

nor not

interested

59

(26.5%)

164

(73.5%)

223

(18.0%)

Fairly

interested

102

(27.6%)

267

(72.4%)

369

(29.8%)

Extremely

interested

38

(24.2%)

119

(75.8%)

157

(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 4.19.

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

Q. categorize

age

chi-square p-value0-2y 3-5y Total

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

Do you expect

that the child

is interested in

experiencing

Virtual Real-

ity in medical

centers when

he/she is in

pain?

Unaware
142

(45.7%)

169

(54.3%)

311

(25.1%)

3.45 0.632\\

Not

interested at

all

27

(46.6%)

31

(53.4%)
58 (4.7%)

Not very

interested

61

(50.0%)

61

(50.0%)

122

(9.8%)

Neither

interested

nor not

interested

117

(52.5%)

106

(47.5%)

223

(18.0%)

Fairly

interested

190

(51.5%)

179

(48.5%)

369

(29.8%)

Extremely

interested

79

(50.3%)

78

(49.7%)

157

(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 4.20. 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.

84



Chapter 4 4.1. Pre-Design Questionnaire Analysis

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?

Q. categorize Unaware

Not in-

terested

at all

Not

very in-

terested

Neither

inter-

ested

nor not

inter-

ested

Fairly

inter-

ested

Extremely

inter-

ested

chi-

square

p-

value

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

D
o

yo
u

ex
pe

ct
th

at
th

e
ch

ild
is

in
te

re
ste

d
in

ex
pe

rie
nc

in
g

V
irt

ua
lR

ea
lit

y? Unaware
214

(59.3%)

14

(3.9%)

23

(6.4%)

39

(10.8%)

53

(14.7%)

18

(5.0%)

608.395 0.001**

Not

interested

at all

6

(15.8%)

14

(36.8%)

6

(15.8%)

4

(10.5%)

5

(13.2%)
3 (7.9%)

Not very

interested

11

(12.0%)

10

(10.9%)

33

(35.9%)

10

(10.9%)

22

(23.9%)
6 (6.5%)

Neither

interested

nor not

interested

21

(11.3%)
4 (2.2%)

21

(11.3%)

66

(35.5%)

58

(31.2%)

16

(8.6%)

Fairly

interested

47

(13.0%)

11

(3.0%)

28

(7.7%)

77

(21.3%)

151

(41.7%)

48

(13.3%)

Extremely

interested

12

(6.0%)
5 (2.5%)

11

(5.5%)

27

(13.4%)

80

(39.8%)

66

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

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

Q. categorize

age

chi-square p-value0-2y 3-5y Total

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

Do you believe

that having VR

technology in

medical centers

and hospitals will

help distract the

children from

pain and anxiety?

I don’t know
49

(26.8%)

134

(73.2%)

183

(14.8%)

6.07 0.194\\

I strongly

disbelieve

8

(57.1%)

6

(42.9%)

14

(1.1%)

I disbelieve
20

(29.9%)

47

(70.1%)

67

(5.4%)

Yes I believe
186

(31.3%)

408

(68.7%)

594

(47.9%)

I Strongly

believe

119

(31.2%)

263

(68.8%)

382

(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 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 4.22.
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Table 4.22: The result of chi-square of VR technology in medical centers due to
gender

Q. categorize

gender

chi-square p-valueMale Female Total

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

Do you believe

that having VR

technology in

medical centers

and hospitals will

help distract the

children from

pain and anxiety?

I don’t know
83

(45.4%)

100

(54.6%)

183

(14.8%)

4.26 0.372\\

I strongly

disbelieve

9

(64.3%)

5

(35.7%)

14

(1.1%)

I disbelieve
31

(46.3%)

36

(53.7%)

67

(5.4%)

Yes I believe
292

(49.2%)

302

(50.8%)

594

(47.9%)

I Strongly

believe

201

(52.6%)

181

(47.4%)

382

(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?

Q Answer
I don’t

know

I strongly

disbelieve

I

disbelieve

Yes I

believe

I Strongly

believe
chi-square p-value

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

R
es

po
nd

en
t’s

ag
e

< 16 8 (14.0%) 0 (0.0%) 4 (7.0%) 28 (4.1%) 17 (29.8%)

36.88 .012*

16-25 18 (10.2%) 1 (0.6%) 6 (3.4%) 77 (43.5%) 75 (42.4%)

26-35 87 (13.9%) 8 (1.3%) 30 (4.8%)
302

(48.3%)

198

(31.7%)

36-45 46 (17.8%) 3 (1.2%) 16 (6.2%)
122

(47.3%)
71 (27.5%)

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%)

Total
183

(14.9%)
14 (1.1%) 65 (5.3%)

590

(47.9%)

379

(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 coefficients 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

Item Dimension
Person

Correlation
p-value

1

Do you expect that the child is in-

terested in playing Virtual Reality

Game?

0.74 0.001**

2

Do you expect that the child is inter-

ested in experiencing Virtual Reality

in medical centers when he/she is in

pain?

0.77 0.001**

3

Do you believe the VR Game will help

distract your child during a painful

procedure

0.80 0.001**

4
the virtual reality game is adapted/-

suitable to the age group of children
0.68 0.001**

5

Virtual reality is an intervention worth

implementing to distract children dur-

ing medical procedures

0.78 0.001**

**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 4.25. The value of Alpha is 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 < 16 y, 6.0% aged 16- 25 y, 62.3%

aged 26- 35 y, 15.2% aged 36- 45 y, 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 %

What is your relationship

with kids?

Parent 96 63.6%

Sibling 11 7.3%

Grandparent 7 4.6%

Aunt or Uncle 29 19.2%

Teacher 6 4.0%

Children’s specialist 2 1.3%

Total 151 100.0%

Your Gender?

Male 8 5.3%

Female 143 94.7%

Total 151 100.0%

Choose your age group

16 8 5.3%

16-25 9 6.0%

26-35 94 62.3%

36-45 23 15.2%

46-55 12 7.9%

55 5 3.3%

Total 151 100.0%

Gender of the child?

Male 71 47.0%

Female 80 53.0%

Total 151 100.0%

How old is the child?

Younger than one 4 2.6%

1 year 8 5.3%

2 year 15 9.9%

3 year 22 14.6%

4 year 27 17.9%

5 year 24 15.9%
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Older than 5 51 33.8%

Total 151 100.0%

The child age group

2 years less 27 17.9%

3-5 years 73 48.3%

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 5 years)?

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

Child age group

Q categorize
2 years &

less
3-5 years

more than

5 years
Total chi-square p-value

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

Do you

expect that

the child is

interested

in playing

Virtual

Reality

Game?

Not

interested

at all

0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

5.55 0.476\\

Not very

interested
1(9.1%) 6 (54.5%) 4 (36.4%) 11 (7.3%)

Neither

interested

nor not

interested

4 (25.0%) 10 (62.5%) 2 (12.5%) 16 (10.6%)

Fairly

interested
13 (21.7%) 27 (45.0%) 20 (33.3%) 60 (39.7%)

Extremely

interested
9 (14.1%) 30 (46.9%) 25 (39.1%) 64 (42.4%)

**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 5 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

Q categorize
2 years &

less
3-5 years

more than

5 years
Total chi-square p-value

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

Do you

expect that

the child is

interested

in playing

Virtual

Reality

Game in

medical

centers

when

he/she is in

pain

Not

interested

at all

0 (0.0%) 0 (0.0%) 4 (100.0) 4 (2.6%)

11.70 0.165\\

Not very

interested
2 (22.2%) 6 (66.7%) 1 (11.1%) 9 (6.0%)

Neither

interested

nor not

interested

7 (25.0%) 13 (46.4%) 8 (28.6%) 28 (18.5%)

Fairly

interested
13 (17.3%) 35 (46.7%) 27 (36.0%) 75 (49.7%)

Extremely

interested
5 (14.3%) 19 (54.3%) 11 (31.4%) 35 (23.2%)

**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

Q categorize
2 years &

less
3-5 years

more than

5 years
Total chi-square p-value

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

Do you

believe the

VR Game

will help

distract

your child

during a

painful

procedure

I don’t

know
4 (12.9%) 16 (51.6%) 11 (35.5%) 31 (20.5%)

5.79 0.67\\

I strongly

disbelieve
0 (0%) 0 (0.0%) 1 (100.0%) 1 (0.7%)

I

disbelieve
4 (22.2%) 10 (55.6%) 4 (22.2%) 18 (11.9%)

Yes I

believe
15 (22.4%) 31 (46.3%) 21 (31.3%) 67 (44.4%)

I Strongly

believe
4 (11.8%) 16 (47.1%) 14 (41.2%) 34 (22.5%)

**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 5 years)?

Table 4.30 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.

95



Chapter 4 4.2. System Testing Results

Table 4.30: The result of chi-square of VR game suitable due to age

Child age group

Q categorize
2 years &

less
3-5 years

more than

5 years
Total chi-square p-value

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

the virtual

reality

game is

adapted/-

suitable

to the

age-group

of children

Totally

Disagree
0 (0%) 1 (100.0%) 0 (0%) 1 (0.7%)

6.39 0.603\\

Disagree 3 (21.4%) 4 (28.6%) 7 (50.0%) 14 (9.3%)

Neutral 4 (12.5%) 16 (50.0%) 12 (37.5%) 32 (21.3%)

Agree 10 (15.4%) 34 (52.3%) 21 (32.3%) 65 (43.3%)

Totally

Agree
10 (26.3%) 17 (44.7%) 11 (28.9%) 38 (25.3%)

**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 5 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

Q categorize
2 years &

less
3-5 years

more than

5 years
Total chi-square p-value

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

Virtual reality is

an intervention

worth implement-

ing to distract

children during

medical proce-

dures

Totally

Disagree
0 (0%) 0 (0%) 0 (0%) 0 (0%)

2.44 0.875\\

Disagree 1 (25.0%) 2 (50.0%) 1 (25.0%) 4 (2.7%)

Neutral 4 (17.4%) 10 (43.5%) 9 (39.1%) 23 (15.3%)

Agree 10 (15.9%) 35 (55.6%) 18 (28.6%) 63 (42.0%)

Totally

Agree
12 (20.0%) 26 (43.3%) 22 (36.7%) 60 (40.0%)

**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

Q categorize Disagree Neutral Agree
Totally

Agree
chi-square p-value

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

What is your

relationship

with kids?

Parent 4 (4.2%)
16

(16.8%)

43

(45.3%)

32

(33.7%)

19.882 .177\\

Sibling 0 (0.0%) 1 (9.1%) 3 (27.3%) 7 (63.6%)

Grandparent 0 (0.0%) 2 (28.6%) 2 (28.6%) 3 (42.9%)

Aunt or

Uncle
0 (0.0%) 1 (3.4%)

12

(41.4%)

16

(55.2%)

Teacher 0 (0.0%) 3 (50.0%) 1 (16.7%) 2 (33.3%)

Children’s

specialist
0 (0.0%) 0 (0.0%)

2

(100.0%)
0 (0.0%)

**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?

Q categorize
Not very

interested

Neither

interested

nor not

interested

Fairly

interested

Extremely

interested
chi-square p-value

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

Do you

expect that

the child is

interested

in playing

Virtual

Reality

Game in

medical

centers

when

he/she is in

pain?

Not

interested at

all

3 (27.3%) 0 (0%) 0 (0%) 1 (1.6%)

78.76 .000*
Not very

interested
4 (36.4%) 0 (0%) 5 (8.3%) 0 (0%)

Neither

interested

nor not

interested

1 (9.1%) 9 (56.3%) 11 (18.3%) 7 (10.9%)

Fairly

interested
3 (27.3%) 7 (43.8%) 33 (55.0%) 32 (50.0%)

Extremely

interested
0 (0%) 0 (0%) 11 (18.3%) 24 (37.5%)

**statistical 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 35.4 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

Source
Type III Sum

of Squares
df Mean Square F Sig.

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

Factor Mean Std. d
Post hoc

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

Pressure
30.7 1.4 - - 1

**statistical 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 4.37. 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

VR Pressure
2-6 Years 23 32.5 9.2

-2.21 0.033*
6-10 Years 17 39.4 10.6

No VR Pressure
2-6 Years 23 22.3 7.1

-3.48 0.001**
6-10 Years 17 30.3 7.3

Color game Pres-

sure

2-6 Years 23 26.0 7.7
-3.40 0.002**

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

Interactivity
2-6 Years 23 252.8 103.4

0.90 0.372\\
6-10 Years 17 225.4 81.8

**statistical 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.

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, IV, 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

Gender
Male 3 30.0%

Female 7 70.0%

Hospitalised
Yes 8 80.0%

No (Clinic) 2 20.0%

Cause of Injury

Thermal (Scaled)

Burn
9 90.0%

Injury *not Burn 1 10.0%

Hospital
King Abdulaziz 4 40.0%

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-

gree)

1 10.0%

Superficial thickness (second degree), deep thickness (second de-

gree)

2 20.0%

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 4.42 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 4.2. While anxiety shows a non-significant

reduction in VR treatment compared to traditional treatment, As illustrated in Figure

4.3. As for time, also a non-significant reduction in VR treatment compared to

traditional treatment, as shown in Figure 4.4. 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

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

Traditional 10 5.40 ± 4.88 10.50 105.00

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

Traditional 10 12.10 ± 3.76 13.00 130.00

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

Traditional 10 2.60 ± 2.37 10.40 104.00

During Pain
VR 10 3.80 ± 2.20 7.75 77.50 0.035*

Traditional 10 6.20 ± 2.74 13.25 132.50

After Pain
VR 10 1.40 ± 1.17 7.85 78.50 0.043*

Traditional 10 3.00 ± 1.94 13.15 131.50

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

Traditional 10 7.10 ± 7.22 10.80 108.00

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

Traditional 10 19.20 ± 9.15 12.60 126.00

After Anxiety
VR 10 2.10 ± 1.85 8.30 83.00 0.105//

Traditional 10 5.50 ± 4.84 12.70 127.00

*significance at 0.05 level // no statistical significance
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Figure 4.2: FLACC Scale Results

Figure 4.3: PBCL Scale Results
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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 4.6 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

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

Traditional 10 2.00 ± 1.05 10.85 108.50

During Pain
VR 10 2.40 ± 1.08 7.60 76.00 0.029*

Traditional 10 3.80 ± 1.23 13.40 134.00

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

Traditional 10 2.40 ± 1.35 12.30 123.00

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

Traditional 10 2.70 ± 1.83 10.30 103.00
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During Anxitey
VR 10 2.70 ± 1.42 6.95 69.50 0.005**

Traditional 10 4.50 ± 0.85 14.05 140.50

After Anxiety
VR 10 1.50 ± 0.85 7.85 78.50 0.043*

Traditional 10 2.90 ± 1.52 13.15 131.50

Satisfaction
VR 10 5.00 ± 0.00 11.50 115.00 0.481//

Traditional 10 4.50 ± 1.08 9.50 95.00

*significance at 0.05 level **significance at 0.01 level // no statistical significance

Figure 4.5: Results of Parents’ Pain Rating
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Figure 4.6: Results of Parents’ Anxiety Rating

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
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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 P-value

Joy
VR 8 2.38 ± 1.06 12.13 97.00 0.001**

Traditional 8 0.25 ± 0.71 4.88 39.00

**significance at 0.01 level

Figure 4.8: Results of Joy Scale

4.3.5 Children’s Self-Reporting Results

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 Mean ± Std.D Mean Rank Sum of Ranks P-value

Pain
VR 2 3.00 ± 0.00 2.25 4.50 0.667//

Traditional 2 5.00 ± 0.00 2.75 5.50

Anxiety
VR 2 0.00 ± 0.00 1.50 3.00 0.333//

Traditional 2 2.50 ± 0.71 3.50 7.00

// no statistical significance

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 4.10 and Figure 4.11. 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 4.10: A Patient during Screen VR Treatment

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.

Figure 4.12: VR helped the child control their pain
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Figure 4.13: VR helped the child to cooperate during the medical procedure

Figure 4.14: Use of VR delayed the wound care process related to the procedure
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Figure 4.15: I would use VR again to distract children during a painful procedure

Figure 4.16: The VR game was adapted/suitable to the age group of children
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Figure 4.17: The VR device was adapted/suitable to the clinic’s environment
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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.

Case1: 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: Case1 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 4.21. 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

Case4: 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 4.22, 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

Case5: 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 4.25.
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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 4.26, 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

Case10: 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: Case10 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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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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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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• 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
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We would like you to complete this survey on behalf of one of the children. This
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12. What sorts of experiences would the child you like to have in virtual reality?
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13. Do you expect that the child is interested in experiencing Virtual Reality in
medical centers when he/she is in pain?
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14. Which VR tool you think is more comfortable and suitable to your child?
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15. Do you believe that having VR technology in medical centers and hospitals
will help distract the children from pain and anxiety?
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Appendix B

Post-Design Questionnaire

1. What is your relation with kids? ? ÈA
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• Female/ ú �æ 	K @

• Male/ Q» 	X

5. How old is the child? É
	
®¢Ë@ QÔ« ñëAÓ

• Younger than one �
é
	
J� 	áÓ Q

	
ª�@

• 1 �
é
	
J�

• 2 	
àA
�
J
	
��

• 3 �
H@ñ

	
J�

• 4 �
H@ñ

	
J�

• 5 �
H@ñ

	
J�

• Older than 5 �
H@ñ

	
J� �Ô

	
g 	áÓ Q�.» @

6. Do you expect that the child is interested in playing Virtual Reality Game?
? ú


æ
	
�@Q

�
�
	
¯B@ ©

�
¯@ñË@

�
éJ.ªË

�
éK. Qm.

�
�
' �K. A

�
Ò
�
JêÓ É

	
®¢Ë@

	
àñºK


	
à

@ ©

�
¯ñ
�
J
�
K Éë

• Extremely interested �
éK
A

	
ªÊË Õ

�
æêÓ

• Fairly interested AÓ Yg úÍ@ Õ
�
æêÓ

• Neither interested nor not interested YK
Am
×

• Not very interested @Yg. Õ
�
æêÓ Q�


	
«

• Not interested at all �
�C£B@ úÎ« Õ

�
æêÓ Q�


	
«
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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?
ú



	
¯ ú
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�@Q

�
�
	
¯B@ ©

�
¯@ñË@

�
éJ.ªË

�
éK. Qm.
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�
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�
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�
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�
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J
�
K Éë

? ÕË

BAK. Qª

�
��
 ñëð ú

�
æk

�
HAJ


	
®
�
�
�
��ÖÏ @ ð@

�
éJ
J.¢Ë@

	Q» @QÖÏ @

• Extremely interested �
éK
A

	
ªÊË Õ

�
æêÓ

• Fairly interested AÓ Yg úÍ@ Õ
�
æêÓ

• Neither interested nor not interested YK
Am
×

• Not very interested @Yg. Õ
�
æêÓ Q�


	
«

• Not interested at all �
�C£B@ úÎ« Õ

�
æêÓ Q�


	
«

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

ñÖÏ @

�
HAJ
ÊÒªË@ ZA

	
J
�
K

@ ½Ê

	
®£ èAJ.

�
�
	
K @

�
IJ


�
�
�
�
�
� ú




	
¯ Y«A�

�
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�@Q

�
�
	
¯B@ ©

�
¯@ñË@

�
éJ.ªË

	
à

@ Y

�
®
�
Jª
�
K Éë

• I Strongly believe �
èY

�
��. ð Y

�
®
�
J«@

• Yes I believe Y
�
®
�
J«@ Ñª

	
K

• I don’t know ÕÎ«@ B

• I disbelieve Y
�
®
�
J«@ B

• I strongly disbelieve �
èY

�
��. ð Y

�
®
�
J«@ B

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

�
éK
QÒªË@

�
é

J
	
®ÊË

�
éJ.�A

	
JÓ

�
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�@Q
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¯B@ ©

�
¯@ñË@

�
éJ.ªË

• Totally Agree �
èY

�
��.

�
�
	
®
�
K @

• Agree �
�
	
®
�
K @

• Neutral YK
Am×

• Disagree �
�
	
®
�
K @ B

• Totally Disagree �
èY

�
��.

�
�
	
®
�
K @ B
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10. Virtual reality is an intervention worth implementing to distract children
during medical procedures
�
éJ
J.¢Ë@
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H@Z@Qk. B
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• Neutral YK
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Appendix C

Feasibility and Acceptability of the
Intervention
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Appendix D

Ethical Approvals (IRB)
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Appendix E

Informed Consent and Media
Release Form
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P�lm��

�y� ,T�dOl� Tbbsm�� �AfV±� �A�A}� r��� �� �AfV±� «d� �¤r��� �A�A}� d`�

���w�� ºAh�� �Aynq� �CAJ� .¨fVA`�� 
A¡r��¤ ©ds��� ��±� �� �AfV±� ¨�A`§

TybW�� ��º�r�³� ºAn�� �¤r��� YRr� �¯� �ylq� ¨� Tmh� �¶At� Y�� ¨R�rt�¯�

CA�O�� �AfV°� �A`� ºAh�� TF�C �t� �� �k�¤ , (¨`ybW�� �®`�� ,�¤r��A� T§An`��)

���¤ T·y� �ymO� Ty�A`� �yyqt� ��b�� �@¡ �A� .�F�¤ �AW� Yl� (��wnF 6 �� ���)

�q� �§@��) �¤r��A� �y�AOm�� CA�O�� �AfV°� Tb¡r��¤ ��±� ºAh�� ¨� ¨R�rt��
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�� r�}±� �AfV°� ��±A� xAs�¯� �� ryb� �kK� ¨R�rt�¯� ���w�� �l� .ºA�}�
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 A§E m� ,��Ð Y�� T�AR³A� .¨R�rt�¯� ���w�� �®� ºAn�� %04 Tbsn� �lq�� �ylq�¤

.©dylqt�� �®`�A� T�CAq� %5.98 Tbsn� ¨R�rt�¯� ���w�� �®� ºAn�� �AfV±� �AtmtF�

�¯� ytK� ¨� ¾¯A`�  A� An§d� �mOm�� ¨R�rt�¯� ���w��  � Y�� �¶Atn�� £@¡ ryK�

.�AfV±� «d� Tb¡r��¤

2



Tb¡r�� ytK� ,��±� ytK� ,�AfV±� ,�¤r��� ,¨R�rt�¯� ���w�� : Ty�Atfm�� �Amlk��

3


	Copyright
	Dedication
	Acknowledgments
	Abstract
	List of Tables
	List of Figures
	Chapter Introduction
	Problem Overview 
	Problem Statement 
	Importance of the Study
	Research Objectives
	Research Questions
	Methodology
	Thesis Organization

	Chapter Literature Review 
	Traditional Management of Pain
	Alternative Management of Pain
	VR Management of Pain
	VR Distraction for Pain and Anxiety 
	Fully-immersive VR Distraction 
	Semi-immersive VR Distraction
	Non-immersive VR Distraction

	Pain and Anxiety Assessments
	Children and Technology 
	Children and VR 
	Summary and Limitations

	Chapter Research Methodology
	Pre-Design Questionnaire
	Part 1: Basic Background Information 
	Part 2: Children and Technology
	Part 3: Virtual Reality
	Part 4: Virtual Reality in Medical Field 

	The Development of the Proposed VR Design
	The Design 
	Software and Materials 
	The VE Flowchart 
	The System Architecture

	System Testing 
	Post-Design Questionnaire
	Pressure Pain Simulation

	The Clinical Study
	Participants
	Measurements
	Data Collection
	System Testing 

	Data Analysis and Evaluation 

	Chapter Results and Discussion
	Pre-Design Questionnaire Analysis 
	Children and Technology 
	Virtual Reality 
	Virtual Reality in Medical Field

	System Testing Results 
	Post-Design Questionnaire Analysis
	Pressure Pain Simulation Results

	The Clinical Results 
	Participants
	Observational Scales of Pain and Anxiety Results 
	Parents’ Ratings of Pain and Anxiety Results
	Joy Scale Results
	Children’s Self-Reporting Results
	VR Tools
	Feasibility and Acceptability of the Intervention

	Children Experience
	Discussion of the Findings 

	Chapter Conclusion and Future Work
	Conclusion
	Limitation
	Challenges
	Future Work

	Appendix Pre-Design Questionnaire
	Appendix Post-Design Questionnaire
	Appendix Feasibility and Acceptability of the Intervention 
	Appendix Ethical Approvals (IRB)
	Appendix Informed Consent and Media Release Form

