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Abstract

Chronic pain is ongoing pain lasting for long periods after the initial in-
jury or disease has healed. Chronic pain is difficult to treat and can affect
the daily lives of patients. Distraction therapy is a proven way of relieving
pain for patients by taking their attention away from the pain. Virtual re-
ality is a platform for distraction therapy by immersing the user visually,
aurally, and even somewhat physically in a virtual world detached from
reality. There is little research done regarding the effects virtual reality’s
physical interactions have on pain management. This project aims to eval-
uate different types of virtual reality interactions for chronic pain patients
to determine which is most effective for pain relief. The results found that
physical and mental activities in virtual reality are equally effective as each
other at reducing pain while the patients are engaged in the content, while
the effects of observing relaxing content persists outside of virtual reality.
These results inform the design of future virtual reality games targeted at

pain management.



ii



Acknowledgments

I would like to express my gratitude and appreciation to all the people that
helped me through this project.

My supervisor, Dr Craig Anslow, for his supervision, insight, and guid-
ance over the course of this project. This entire project would not have
even started without Craig.

My co-supervisors, Dr Brian Robinson and Dr Simon McCallum, for
their input. Each helped me overcome roadblocks hindering the comple-
tion of this project.

Ms Dagmar Hempel and her wonderful team at Wellington Regional
Hospital’s Pain Management Services for allowing me to recruit partici-
pants from their patients and helping to spread the word about this project.

The chronic pain patients who gave their time to participate in the
study.

My friends and family for their support in my day-to-day life.

111



iv



Contents

1__Introduction|

2 Background|

2.2 Distraction Therapy|. . . . . ... .. ..............
2.3 Virtual Reality (VR)|. . . . ... ... ... ... ... ...
2.4 Commercial VR Products for Healthcarel . . . . ... ... ..

B__ChronicVR|

B.1 Design Requirements| . . . . .. ............. ...,
B.2 GameDesign . ...... ... . ... 0 00000,
B.21 Virtual Environmentl . . . ... ... ..........

3.2.3 Inputs and Interactions| . . . ... ... ... ... ..

v



vi

B.2.4 Physical Level . . . ... ... ..
B25 Mentallevel ...........

8.3 Usability Testing{. . . . . ... ... ...
34 Summary|. . ... .............

4 User Study]|

4.1 Study Procedure|. . . . .. ... ... ..

4.2 Data Collection and Analysis|

#4.2.1 Pain Rating Scale| . . . . ... ..
422 Analysis| . .............
4.3  Study Participants|. . . . ... ... ...
44 Summaryl. ........ ... ... ...

5__Results

p.1 Participants] . . ... ... ........
5.2 Quantitative Results] . ... ... .. ..
.3  Qualitative Results| . . . ... ... ...

6 Conclusion|

A Ethics Approval Documents|

B User Study Documents|

[Bibliography|

CONTENTS

67

............ 67
............ 68
............ 75
............ 77

83

87

91

101

103



Chapter 1
Introduction

Pain is an unpleasant experience that tells us something is wrong with
our body [85], where some part of our body is at risk of harm. Pain is
commonly divided into two categories: acute and chronic [114]. Acute
pain is caused by disease, injury, or some other form of stimulation [114],
and serves as a biological alert to prevent further damage [89]. Chronic
pain is ongoing pain that lasts well after the initial injury has healed [102].
While drugs are the primary treatment mechanisms for chronic pain, they
are not ideal for long-term treatment of chronic pain as all medications
have side-effects over long-term use [51]]. For example, opioids, a common
painkiller, carry the risk of addiction, tolerance, dependency, and with-
drawal [108]. An alternative approach is to look to non-pharmacological
treatments such as distraction therapy for the long-term management of
chronic pain. This thesis investigates using virtual reality (VR) as a distrac-
tion tool for chronic pain management.

Distraction therapy works by taking patients” attention away from the
pain and onto some other stimuli [83]. As humans have a limited cogni-
tive capacity for focusing on stimuli, distraction therapy seeks to fill that
capacity with something other than pain. By the same concept, chronic
pain can decrease productivity as the patients are less able to focus on
the task at hand. Within distraction therapy, there are two subcategories:

1



2 CHAPTER 1. INTRODUCTION

active attention-diversion, where patients perform a task, and passive
distraction, where patients simply observe an engaging stimulus [36].

Virtual reality (VR) is a platform that stimulates users’ visual, audio,
and tactile senses. By engaging all these senses, VR becomes an effective
platform for distraction therapy [81]. VR creates a virtual environment in
which users can explore and interact with virtual objects [76]. Commer-
cial headsets from 2010 onwards can track users’ head and both hands
positions, allowing users to move physically in the real world and have
the movement translate into the virtual world [6]. The physical engage-
ment engages users’ sense of orientation, which adds another stimulus to
disconnect users from their pain. However, the field of pain relief under-
utilised this feature of VR, with current uses only for the monitoring of
specific body parts [82,86].

By introducing the physical component of VR interactions, the active
attention-diversion category above can be divided into two further sub-
categories: physically active, which requires patients to move around and
engage with the virtual world physically; and mentally active, which re-
quires patients to memorise and perform logical thinking. Mentally active
distractions can also be achieved by extreme focus or emotional distrac-
tion. Physically active distractions cannot be practically used by acute
pain patients while undergoing medical procedures because it would be
extremely inconvenient for medical staff to have their patients walk around
the room while they are trying to perform the procedure on the patient.

This thesis explores what category of content delivered through VR is
more effective at managing chronic pain. The two key research questions
of this thesis are:

RQ1: Is active attention-diversion VR content more effective at

managing chronic pain than passive observation VR content?

RQ2: Within active attention-diversion VR content, is physi-
cally active or mentally active more effective at managing chronic

pain?



A game called ChronicVR was developed and evaluated with fourteen
chronic pain patients to answer these questions. Statf at Wellington Hospi-
tal’s Pain Management Services were involved in the system requirements
gathering. ChronicVR has three distinct levels of gameplay, and each level
emphasises one of the three categories - physical, mental, and passive - to
evaluate each in isolation. In addition to the three VR categories, a non-VR
distraction category was included as a control group, where patients did
what they usually do to distract themselves from the pain such as listen-
ing to music, reading, meditation, or watching videos. The control group
provides a reference point to determine whether ChronicVR was effective
in reducing users’ pain. The evaluation of ChronicVR consisted of test-
ing the analgesic effects of the three VR categories and the non-VR control
with fourteen chronic pain patients, most of whom are from the Pain Man-
agement Service. The results are presented in this thesis. The results and
findings from this research can guide and influence the future develop-
ment of VR content targeting pain to maximise the pain relief experienced
by users.

The outline of the rest of this thesis is as follows:

Chapter 2 provides explanations of chronic pain and its treatments, dis-
traction therapy, virtual reality and the extended reality spectrum,
and finally covers existing literature on virtual reality as a tool for

pain management.

Chapterintroduces ChronicVR, the software developed for user testing
to answer the research questions. Requirements for the software and

design decisions are covered.

Chapter[4 describes the user study design and procedure, participant re-

cruitment, user study tasks, and data collection.

Chapter 5 presents the results of the user study, analysis and interpreta-

tion of the results, and limitations of the study.
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Chapter [f] concludes this thesis and identifies areas of future work.



Chapter 2
Background

Pain is something everyone experiences in their lives, whether suffering a
broken arm from playing as a child or stumping a toe on some furniture.

The International Association for the Study of Pain defined pain [85] as:

“An unpleasant sensory and emotional experience associated
with actual or potential tissue damage, or described in terms of

such damage.”

We experience acute pain as a self-protection mechanism, a vital warn-
ing system to help us reduce the risk of injury [9]. People who suffer from
a condition which prevents them from feeling pain will not notice that a
hot stove is burning their hand [23]. No warnings are going off in their
brain to tell them they are in danger. On the other end of the spectrum,
extreme sensitivity to pain causes patients to feel a constant burning sen-
sation that becomes unbearable in a warm environment [84]. The same hot
stove would still not register because the burning sensation is no different
from the air around them [9]. Pain is an invaluable feature of the human
body, designed to keep us safe from harm. Sometimes, the body sends in-
correct signals to the brain, causing pain when the danger has long since
passed [102].
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2.1 Acute and Chronic Pain

Pain is commonly divided into two categories: acute and chronic [114].

Acute pain is caused by disease, injury, or some other form of stimula-
tion [114], and serves as a biological alert to prevent further damage [89].
Due to injury or some other cause (e.g. tumour, disease, ageing), acute
pain can become long term or chronic. Chronic pain is an ongoing pain
often defined by the length of time [45]. Definitions vary between pain
persisting for an amount of time past the usual time for the sources of
acute pain to recover (e.g. pain persisting more than one month after in-
jury), and pain lasting beyond a fixed amount of time (e.g. pain lasting
more than three months).

The persistence of chronic pain is associated with a variety of psy-
chosocial outcomes. Constant pain has an impact on a patient’s every-
day life caused by loss of sleep and function [12]. Pain is an attention-
demanding experience [88]. As pain primarily functions as the body’s
warning system, it is reasonable that when the warning is fired, the pain,
and possible danger, should be the primary focus of the brain. Unfortu-
nately, for chronic pain patients, these warnings are constantly interrupt-
ing their daily lives, despite the lack of any actual dangers. The constant
disruptions cause patients to lose focus and productivity in their lives [46].
Disruptions to sleep can also lead to increased pain sensitivity [91} [110],
and depression [16, 91]. These symptoms compound each other, caus-
ing the patient’s general health to deteriorate much faster. Chronic pain
patients also experience pain avoidance [97]. Patients start thinking that
performing certain tasks and activities will cause more pain, so they avoid
doing them. This avoidance strips down patients’ lives as they withdraw
from their hobbies and day-to-day life. Having patients perform physical
activities, whether it be simple exercises or therapy, is an excellent way to
help them explore their bodies and learn what they are capable of as well

as improving general health [2].
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Chronic pain is more complicated than acute pain to treat as, by defini-
tion, the pain did not respond to the treatment which resolved the original
cause of acute pain [102]. Current treatment procedures combine medica-
tion with rehabilitation and education [49]. Unfortunately, all medication
can cause side-effects [53], even over-the-counter painkillers. Non-opioids
have recognisable toxicity after long-term use [102]. Weak opioids are con-
sidered when the non-opioids are not adequate. Strong opioids are then
considered when weak opioids are also not adequate. The opioid-based
analgesia carries the risk of respiratory depression, pruritus, nausea, and
constipation. There are also concerns over substance dependency, toler-
ance, withdrawal, and even overdose [108].

Medications are useful for short-term pain management. However,
due to the nature of chronic pain, a more long-term solution is required,
which medications are not suitable for as there can be more side-effects
from long-term use [49]. Non-pharmacological treatments are another
method for chronic pain management.

Several non-pharmacological techniques for pain management exist,
covering both physical and mental techniques [22]. Examples of physical
techniques include physiotherapy, exercise, and manual therapy like mas-
sages [52]. Mental, or psychological, techniques include meditation [50,
100], bio-feedback [73]], parental participation for paediatric subjects [37],
hypnosis [96], and distraction therapy.

2.2 Distraction Therapy

Distraction therapy works by directing the attention of the patient to some
external stimulus to distract the patient from pain [36]. Pain and cognitive
function are closely linked [89, O0]. As pain and cognitive functions are
competing for a human’s limited attention, distraction therapy seeks to
aid a patient’s cognition with external, engaging, sensory stimuli so that

the patient’s main focus is not on the pain. These engaging stimuli can be
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visual, auditory, tactile [118], or a combination of the three [30].

Fernandez'’s classification of cognitive coping strategies for pain classi-
fied this as attention-diversion, with two sub-classifications passive dis-
traction and active attention-diversion [36]. The difference between the
two focuses on the medium or object of distraction. Passive distraction
requires no input or effort on the part of the patient, such as watching a
movie. Whereas active attention-diversion engages the patient more, re-
quiring them to work to complete some task actively. Examples of such
tasks include mathematical problems (which ranged from simple addi-
tion and subtraction [5, [8] to more complex problems [13]) and pursuit
rotor tasks [111].

Virtual reality engages many of the users’ senses, thus making it an

effective platform for distraction therapy.

2.3 Virtual Reality (VR)

Virtual reality (VR) systems create a virtual world (sometimes referred to
as a virtual environment) which users “enter” through various devices to
experience the sights, sounds, and other sensations of the virtual world [87].
Users can move around the virtual world and interact with their objects
and environment through the use of input devices and controllers. This
ability to move effectively makes the user feel as if they are physically in
the virtual world, otherwise known as presence. The more strongly a user
believes that they are actually inside the virtual world, the stronger their
sense of presence [104].

VR typically consists of a head-mounted display (HMD) headset in-
side which there are two displays, one for each eye. The two eyes see
two different images, giving the user a sense of depth in the virtual world.
The headset’s orientation and position are typically tracked so that when
the user looks around or moves, the displays are updated accordingly to

simulate looking around or moving in the virtual world. Headsets that
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track both orientation and position is categorised as 6 degrees of freedom
(6DOF). Headsets that only track orientation are categorised as 3 degrees
of freedom (3DOF), users can look around freely but cannot move. Head-
sets that track neither position nor orientation are categorised as 0 degrees
of freedom (0DOF). The majority of headsets blocks out light from the real
world, creating a stronger sense of immersion in the virtual world.

VR systems that do not utilise a headset also exist. For example, con-
necting several ordinary computer screens in such a way that they cover
a wide-angle of the virtual world [71]. This angle is defined as the field of
view (FoV). Another example is the Cave Automatic Virtual Environment
(CAVE), where a projector projects the virtual world onto the walls and
floor of a room-sized cube [25].

The first HMD headsets were created in the 1960s [6]. Between then
and 2010, various headsets were developed and used, but VR was mostly
a niche technology, only seeing use in specialised areas because costs for
VR setups were prohibitive beyond specialised interaction and graphics
labs. Attempts were made to create headsets for entertainment purposes,
but the headsets did not see commercial success. For example, the Sega
VR was cancelled before release [34]. Due to technical limitations at the
time, the Sega VR headsets were causing a high rate of motion sickness
and nausea among reviewers stemming from low resolution and frame
rates.

In 2010, the Oculus Rift headset was prototyped and was developed
further in the years following. By 2015 other companies such as Razer Inc[]
and HTC [32] had taken notice, and were underway in the development
of their own VR headsets. The competition marked a turning point of VR
in the commercial market as a consumer good and bought VR technology
into the mainstream and made VR ubiquitous. VR headset technology also

saw a rapid increase in specification and features, as competing companies

Thttps://press.razer.com/product-news/industry-leaders—

announce-open-platform-for-virtual-reality—-gaming/
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Figure 2.1: An HTC Vive VR headset [32] being used with two tracked
handheld controllers.

sought to overtake each other. Frame rate, latency, display resolution, and
tield of view were all drastically improved in these new devices.

VR has a wide range of uses. Early uses focused on simulation for edu-
cation and training purposes [19], which continues to the present day [4].
VR simulations are cheaper and faster to deploy than physical mock-ups,
as the virtual world can be deployed digitally. VR simulation is also cost-
efficient when compared with training with consumables [80]. As the
hardware became widespread, VR saw more use for recreation and enter-
tainment through video games, 360 movies/videos [115], and 3D virtual
art H There are also novel productivity uses such as 3D visualisation of
data or designs [119], and the focus of this thesis, healthcare.

https://www.tiltbrush.com/
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Extended Reality (XR)

Extended reality (XR) is a spectrum with VR on one end and the real world
on the other [87]. In between these two extremities exists mixed reality
(MR), where displays allow you to view both the real world and virtual
content simultaneously. It is here that augmented reality (AR) headsets
can be found. Where a device sits within MR is determined by the content
displayed and how the user views the content. For example, is the primary
focus on real objects or virtual objects? Is the real object observed through
see-through goggles or transmitted through a display? VR headsets can,
therefore, sit on the MR spectrum if video captured through a camera on
the headset is then transmitted through to the user.

With the rise of VR headsets, AR headsets have also seen commercial
releases like the Microsoft HoloLens [54] and Magic Leap [24]. Although
AR for distraction therapy is an area that is still unexplored [33], this the-
sis focuses on VR. By completely removing the user from the real world,
and placing them entirely in a virtual environment, a higher sense of pres-

ence would be achieved and thus becoming more effective at pain relief

(SE58).

2.4 Commercial VR Products for Healthcare

Several companies have created commercial products using VR in the health-
care space. Four of them will be given as examples here. Two are targeted
at medical staff for training and education purposes, and the other two are
targeted at patients for pain management.

Osso VR is a company building VR tools for training surgeons and hos-
pital staff] The aim of the tool is for surgeons to practice performing oper-
ations. By doing so in a virtual space, surgeons can practice for longer due

to the lowered operation costs and can do so in a risk-free environment.

Shttps://ossovr.com/
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Virtual Medical Coaching is a company focusing on medical simula-
tio The company is focused on the education of students by provid-
ing realistic environments for learning. Their VR tool provides interactive
environments from real-time 3D data sets. Students can interact with pa-
tients and devices in the virtual environment. In addition to VR, Virtual
Medical Coaching also specialises in Big Data and artificial intelligence.

AppliedVR is a company focusing on therapeutic VR?| Their tool helps
users relax to aid pain and anxiety. Their software has a range of content
available. There are relaxing videos, guided meditations, and games for
users to play. The software utilises a hands-free, gaze-based control so that
it is accessible for users with limited mobility.

Karuna Labs is a company focusing on treating chronic pain with VR?|
They achieve this by teaching patients about chronic pain, provide phys-
ical training based on patients’ range of motion, games to help patients
increase their range of motion, teaching patients to decrease anxiety by
placing them in calm environments, and Virtual Embodiment Training.
Virtual Embodiment Training shows a model of patient’s body in VR, and
by differing the model’s movement from the patient’s actual movement, it
presents patients an image that those movements which were once pain,
are non-threatening.

These companies demonstrate that VR for healthcare is not bound to

academic research, but have already emerged into real-world applications.

2.5 VR for Pain Management

Since 1996, many researchers conducted studies looking into VR for pain

relief with a wide variety of factors. The factors are the type of pain, cause

4https://virtualmedicalcoaching.com/
Shttps://appliedvr.io/
Shttps://karunalabs.com/


https://virtualmedicalcoaching.com/
https://appliedvr.io/
https://karunalabs.com/

2.5. VR FOR PAIN MANAGEMENT 13

of pain, patient demographic, choice of headsets, input device, the content
presented, type of distraction, and repeated /long term use. These studies
conclusively showed that VR was capable of pain management in a wide
range of types of acute pain. Only in the past decade has research explored
chronic pain [81]. This section examines the feasibility and effectiveness
of VR as a tool for chronic pain and summarises existing literature. This
section also examines the suitability of VR as a long-term solution, and
continuing the pain relief outside of VR.

In addition to pain management, VR was also used for exposure ther-
apy to treat patients with anxiety. Exposure therapy was one of the few
application areas which was not dependent on the fidelity of the equip-

ment and therefore was applied continuously throughout from the 1990’s
to today [17, 1011}

2.5.1 First Uses

A study in 1996 utilised three screens to achieve a 100-degree field of view
(FoV) for acute pain management [72]. A driving simulator and a flying
simulator were displayed while thermal pain was induced. Participants
were measured on both physiological and subjective ratings. Participants
were observed to have increased in respiration rate, exhibited higher pain
thresholds, and were subjectively more positive, suggesting that the VR
aided stress reduction and relaxation. One out of the ten participants ex-
perienced motion sickness. The 1996 study was a pilot investigation for
a 1997 study into the use of VR as a tool to aid relaxation and to provide
mental stimulation for cancer patients who are subject to long-term hospi-
talisation [94]. Although in the 1997 study, the use of VR was more focused
on relaxation and mental health through education and counselling rather
than distracting patients from pain.

A study published in 1997 investigated the use of VR headset as a dis-

"nttps://www.virtuallybetter.com/
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traction technique in a routine gastric laboratory procedure [75]. Out of
50 patients participating in the study, 41 found the VR headset improved
tolerance and would use it again.

Before these two studies, VR was used in the medical field [105] but
for other purposes. Use cases targeting medical staff were for training,
education, and visualization/analysis/diagnosis purposes [74, 94]. Pa-
tient uses were for education and visualisation of upcoming medical pro-
cedures, and therapy [17] purposes.

2.5.2 Acute Pain

Early research only focused on acute pain. VR for pain relief was studied
in a wide range of medical procedures, therapy sessions, and induced /simulated
pain, conclusively showing that VR was an effective relief for acute pain.
Common procedures in which VR was used include burn patients [20} 29,
55,157, 58], labour [39], surgery [21]], cancer [3], port access [43], and den-
tistry [56, 121].

With the use of custom VR headsets, VR was even able to be used
in situations typically unsuitable for electronics like water for hydrother-
apy [60] and was even successfully used during MRI scans with a custom
non-ferromagnetic headset [61} 62} 63].

2.5.3 Chronic Pain

In recent years, more research was conducted into using VR as a distrac-
tion tool for chronic pain.

Wiederhold et al. [120] conducted a study with 40 chronic pain patients
where participants were placed in a relaxing virtual environment for 15
minutes. Although some participants called this a “game”, the virtual en-
vironments were not interactive. The virtual environments consisted of
natural areas such as forests, beaches, and mountains. Relaxing music

was also played. Plants and trees swayed to guide breathing. Patients
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M NoonSFream VR

Figure 2.2: The COOL! virtual environment used by Jones et al. [69]

had an average pain rating of >4 (on a 0 to 10 scale, 0 being no pain and
10 being worst possible pain) for a period longer than three months. The
results showed that VR was effective at reducing pain. Participants sub-
jectively reported a 75.8% decrease in pain ratings while exploring the en-
vironment. Objective measures in the form of skin temperature and heart
rate also indicated greater relaxation. A post-study questionnaire also ad-
dresses the issue of simulator sickness. Participants were asked to rank
general discomfort, fatigue, headache, eye strain, and nausea on a scale
from 0 to 3, where 0 is “absent”, and 3 is “severe”. The average for all
five issues was below 1.5 in the rating which the authors considered to be
very low. Feedback from participants was also positive. Participants were
quoted to say “I was so busy playing the game, I forgot about my pain,”
and “even though the procedure was finished, I wanted to keep playing.”
This study investigated the general feasibility and effectiveness of using
VR to treat chronic pain. The study did not investigate any correlations
between the content presented through VR with the effectiveness of pain

management.

Jones et al. [69] conducted a study in 2016 with 30 chronic pain pa-
tients. They used an application called COOL! (Figure which saw

users move through a fantasy landscape along a set path. Users could
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control the speed at which they move and have the option to interact with
elements of the environment if they wished. Jones et al. reported that
pain ratings dropped by an average of 60% during the session and 33%
post-session when compared with the initial pre-session ratings. All par-
ticipants reported a decrease in pain during the study, with a third of par-
ticipants reported no pain felt during the session. Three participants re-
ported no change in pain ratings after the study when compared to initial
pain ratings taken before the study. Only one participant (out of 30) re-
ported nausea. This participant had a history of nausea with video games.
However, Jones et al.’s study used a short VR session of only 5 minutes,
which may not have been sufficient time to develop motion sickness. Par-
ticipants had the option of one of two VR headsets. The default option
was an Oculus Rift DK2, and the alternative is a DeepStream 3D Viewer.
The DeepStream 3D Viewer was available for anyone uncomfortable with
the Oculus Rift for any reason including head /neck/face injuries or claus-
trophobia. However, all participants chose to use the Oculus Rift despite
several participants having pain originating in the head or neck. No par-
ticipant reported any problems in using the headset.

Garrett et al. [42] conducted a study with eight chronic pain patients.
The patients used VR in their own homes for 30 minutes every other day
for a month, with pain ratings taken before and after the 30-minute ses-
sions. Participants played a commercially available game, Subnautica VR,
where players explore an underwater world. The game was played with a
keyboard, which was difficult for participants while wearing the VR head-
set. There were no significant changes between before and after pain rat-
ings. 5 out of 8 participants anecdotally reported decreases in pain while
using VR, but no pain ratings were taken during the session. Garrett et
al. had a relatively high percentage (60%) of participants reporting motion
sickness, which could be due to the elongated session time (30 minutes)
spent in VR. One participant, not included in the 8, even dropped out
partway through the study citing motion sickness as the reason.
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Jin et al. [68] conducted a study in 2016 with 20 chronic pain patients
using their own VR game called Cryoslide. The game was specifically de-
signed to distract players from pain. Players moved through an icy world
throwing snowballs at agitated creatures to calm them down. The crea-
tures were a representation of the pain, and calming them down was sym-
bolic of pain subsiding. The game was played with an Oculus Rift head-
set and a mouse. The game reduced pain intensity by 36.7% during the
session and was significantly better than the control group. However,
the analgesic effects did not last beyond the VR session. Subjective feed-
back was also positive, with patients losing track of time while playing the
game.

These four studies have all shown that VR distraction therapy is both
usable and useful for managing chronic pain. The VR sessions not only
reduced pain but was a positive experience for patients. However, a com-
mon trend found in three of the four studies is that reductions in pain did
not last past the VR session ] None of the VR content used in these four
studies allowed patients to walk around to interact with the virtual en-
vironment physically. The relaxing environment used by Wiederhold et
al. was a passive observation distraction which required no input, and
the other studies utilised a mouse or keyboard for interactions. The game
presented in this thesis, ChronicVR, utilised the 6DOF and hand-tracking
capabilities of modern headsets and investigates whether these features

assist in pain management uses.

2.5.4 Long-term Use

Due to the nature of chronic pain, a repeated and long-term use of VR
is needed to provide pain relief into the future. Current research do not
conclusively show the effects of long-term VR use. Hoffman et al. showed
early on that repeated use of VR over multiple visits did not diminish the

8Wiederhold et al. [120] did not report pain ratings after the session, only during.
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magnitude of pain reduction [58,59].

Hoffman et al. conducted a study on a burn patient during physical
therapy sessions [58]. The patient used VR on five different days, spending
half of the therapy session in VR, and the other half with no VR as a control
condition. The analgesic effects did not diminish across all five sessions.

Hoffman et al. conducted a further study on seven burn patients dur-
ing physical therapy sessions [59]. Patients participated in as many ses-
sions as possible before they were released from the hospital or under-
went surgery. All seven patients participated in at least three sessions.
There were no differences in the drop in pain between during VR and no
VR across all three sessions.

Steele et al. also conducted a study with one post-surgery patient over
six physiotherapy sessions [113], with half of each session (10 minutes)
in VR and the other half without VR. The order of VR and non-VR were
randomised, and usual pharmacological analgesia was used. Pain ratings
were lower with VR in all but one session, and the drops in pain ratings
did not decrease. The most massive difference in pain ratings between
non-VR and VR was observed in the last session.

Rutter et al. conducted a study with 28 healthy adults undergoing cold-
pressor pain over eight weekly exposures [103]. The headset used in this
2009 study did not include any head tracking features, nor does the gamef)
place the player in a 360-degrees virtual environment. The setup was a 3D
display inside a headset. However, wearing the headset achieved similar
results and consistently resulted in higher pain tolerance than the baseline.

Garrett et al. conducted a study with 20 chronic pain patients and 12
sessions throughout a month [42]. Although pain ratings were not taken
during the VR session but instead post-session, meaning the change in
pain was not significant. The change in pain fluctuated over the 12 ses-
sions but mostly stayed in the same range, meaning the effects of VR on

pain did not improve nor deteriorate.

9“Finding Nemo” (PlayStation 2)
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These studies showed that repeated use of VR does not diminish the
analgesic effects. However, the long-term effects of using VR for pain re-
lief lack research. Current literature is not conclusive due to several limita-
tions: the studies had small sample sizes of patients or sessions, the studies
only report pain once the VR session was over and not while participants
were actively using VR, or the studies did not use modern headsets.

2.5.5 Lasting Effects Outside of VR

Although the research discussed earlier has shown that the analgesic ef-
fects of VR faded once the session had finished. VR can also be used for
training and education to help patients learn to self-manage in ways that
exist past the VR session.

VR can be used as a tool to teach patients techniques like meditation for
pain management, which they can later apply without a VR headset. Gro-
mala et al. designed a system to guide and teach users through a form of
meditation called Mindfulness-Based Stress Reduction (MBSR) [47]. MBSR
is a technique that requires users (of the meditation technique) to focus on
their internal state rather than their surroundings. The purpose of VR,
in this case, is to replace the user’s surroundings with a non-distracting
environment for the users to enter their meditative state.

Similarly, Botella et al. used a virtual environment as an adjunct to
cognitive-behavioural therapies (CBT) in the treatment of fibromyalgia,
a form of chronic pain [11]. The virtual environment used in this study
consisted of six categories of content: CBT, relaxation, educational inter-
ventions, behavioural treatments, mindfulness-based programs, and other
treatments. Patients were exposed to 10 group sessions of CBT supported
by VR. Measurements of variables were taken at pretreatment, posttreat-
ment, and 6 months after. The variables measured were functional sta-
tus related to pain, depression, a negative and positive effect, and coping
skills. While the use of VR was adjunct to CBT, results showed that pa-
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tients were satisfied with the virtual environment and showed improve-
ments in the 6 months following treatment.

Physical activity, however simple, is an excellent way to help improve
the general health of chronic pain patients and help reduce pain avoid-
ance. VR can be used here to motivate patients to perform physical activ-
ities and provide feedback on performance with factors like posture and
range of motion [107].

Both education of techniques and encouraging physical activity can be
designed into engaging games, combining them with distraction therapy.

2.5.6 Optimizing VR for Pain Management

The previous sections covered the feasibility of VR for pain management,
answering the question of “does it work?” with “yes, it does”. This sec-
tion covers research that seeks to optimise the amount of pain relief ex-
perienced by patients by looking at what kind of VR to use for pain re-
lief, covering both the hardware and content. Hardware considerations
include the types of headsets used, the specification of headsets, or even
to use headsets at all. Content considerations cover what the users are

seeing and doing in VR, whether it be a game or a movie.

Presence and Hardware

One concept of virtual reality research is the illusion of presence [104]. Pres-
ence is the sense of being inside the virtual environment rather than the
real world. In more practical terms, although the user understands that
what they are seeing are merely outputs of a screen and is not real, they
respond and behave as if what they are seeing is real. How much presence
a user experience is based on several immersion factors: display frame-
rate, latency between movement and display update (essentially input
and output), head-tracking, depth-perception, field-of-view, sound, haptic

teedback, virtual body representation, and body engagement. These im-
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mersion factors may or may not lead to increased presence [106]. Many of
these factors also relate to hardware specifications.

Hoffman et al. (2004) established early on that the effect of presence
has on pain relief [65]. Hoffman et al. conducted a study with two groups
of subjects undergoing thermal pain. One group had regular VR headsets
and were considered the High-Tech group. The other group had the same
headset but with tape covering a + shape in the middle of the headset
and were considered the Low-Tech group. The High Tech group reported
a stronger sense of presence as well as more pain reduction. The pain
reduction was significantly correlated with presence (r=0.48).

Hoffman et al. (2006) [64] later compared two different headsets (High-
Tech and Low-Tech) for thermal pain. The Low-Tech headset was less im-
mersive than the High-tech as well as any of today’s VR headsets. The
Low-Tech system did not block out the real world (see-through glasses),
did not provide sound, had a narrower field-of-view, lower resolution, no
interaction with the virtual world, and finally no head tracking. The re-
sults were consistent with Hoffman et al.’s 2004 study [65]. The High-Tech
group reported more substantial pain reductions and more participants
showed a significant reduction in pain. Hoffman et al.’s studies show the
importance of using the correct hardware to optimise pain relief. Although
today’s headsets are more powerful and more affordable than the head-
sets from 2004-2006, some headsets still omit head-tracking capabilities to
reduce costs so that it can reach a wider audience. Therefore studies car-
ried out today still need to consider the correct headset for the situation in

which the study is carried out.

Dahlquist et al. (2008) compared a VR headset to a desktop PC for 41
children experiencing cold pressor pain [27]. Their results showed that the
younger children (age 6 - 10) did not experience additional benefits from
VR, whereas the older children (age 11 - 14) did. They attributed this to
the headset not fitting the younger children properly as it was designed for
adults. The novelty of the VR headset meant the younger children were
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more focused on the headset than the game, whereas the older children
could redirect their attention back to the game itself [109]. The display
on the headset was less vivid than the desktop PC monitor as the headset
available within their budget was of a low specification for the time. On
this point, Hoffman et al.’s comparison of High-Tech and Low-Tech head-
sets [64] was cited. Dahlquist et al. conducted a further study targeting
only the younger children the following year [28], but both the headset
and game used in the study had several limitations. The headset was a
3D stereoscopic head-mounted display, with no head position or orienta-
tion tracking, and the game was a third-person game with a fixed camera.
While the children playing the game saw improvements in pain tolerance
when compared to no distractions, playing the game on the computer and
headset yielded similar results. This result can be expected as the headset

used was simply a display that did not react to user movements.

Tong et al. [116] conducted a study on seven chronic pain patients. The
study had patients play games on both VR and PC in random order. Par-
ticipants were asked to rate, on an 11-point Likert scale, their interest to
play each game after they play all the games. Both quantitative and quali-
tative results suggest participants prefer VR to PC. Six out of seven partic-
ipants expressed a preference for VR over PC due to its immersive factor.
The one participant who preferred PC over VR was due to the VR headset
causing pain in their neck. However, a similar problem was reported with
PC where a participant had pain located in their hands and wrist and had

trouble using a mouse and keyboard for extended periods.

Both Dahlquist et al. [27, 28] and Tong et al. [116] compared VR and
PC, and both found participants preferred VR over PC for pain distraction
(except for young children under the age of 10). Their results showed
that although both VR and PC video games can be used for distraction,
the added layer of immersion and thus presence available through VR
allowed for better pain relief. This result motivated the study presented

in this thesis to only focus on immersive VR environments as opposed
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to a comparison between VR and desktop or AR systems. The headset
used for this project is HTC Vive, a 6DOF headset with tracked handheld
controllers which allow for users to physically move around the room to

interact with the virtual world.

Active Distraction vs Passive Observation

Inside the headset, users can be either actively working to complete some
task (active distraction) or simple observing the virtual environment around
them (passive observation).

Dahlquist et al. (2007) [26] compared active distraction and passive
observation for 40 children experiencing cold pressor pain. The active dis-
traction group played a video game in VR with a joystick. The passive
observation children watched, in VR, a pre-recorded footage of someone
else playing the game. Some children were also not given any distractions
and acted as the control group. It was found that while both active and
passive forms were effective compared to no distraction, active distrac-
tion was significantly superior to passive observation. In this study, the
VR headset used did not have head-tracking, as the game itself was a 2D
game projected into a 3D view in the headset.

Game Genre

In addition to comparing VR and PC, Tong et al. also compared the genre
of games on both PC and VR [116]. Two games were played for each sys-
tem, one game was a puzzle game (Carpe Lucem for VR and The Witness for
PC), and the other was an exploration game (Call for the Starseed for VR and
Obduction for PC) (Figure 2.3). Participant preference for the game genre
appeared to be dependent on the platform on which the game was played.
One participant preferred the puzzle game on PC but preferred the explo-
ration game on VR. Participants rated the puzzle game higher overall, but

each game appealed to different participants. However, participants in-



24 CHAPTER 2. BACKGROUND

dicated that the hardware platform (PC vs VR) was more important than
the content. This preference is possibly due to the novelty of VR to the
participant sample.

Figure 2.3: Screenshots of games used by Tong et al. [116]. From top to
bottom: Call for the Starseed (VR game); Obduction (PC game); Carpe Lucem
(VR game); The Witness (PC game).

2.6 Overview of VR Studies

The following table presents a summary overview of the studies refer-
enced in this chapter. These studies all provide novel insight into some
factor of VR for pain and how it affects the amount of pain relief expe-
rienced by the patients. The factors are the type of pain, cause of pain,
patient demographic, choice of headsets, input device, the content pre-
sented, type of distraction, and repeated /long term use.
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From this overview, it can be seen that only one study out of these 25
utilises physically active distraction. However, the study in question did
not record pain ratings, only participant preference for games [116]. Other
studies since 2010 using modern headsets did not use tracked controller
but rather mouse and keyboard. This shows that physically active distrac-
tion, which encourages patients to move and explore what they are capa-
ble of, is an area still lacking research. The study presented in this thesis
distinctly splits physically active distraction, mentally active distraction,
and passive observation and compares them against one another.

Three types of pain measures frequently appear: Visual Analogue Scale
(VAS) [18], Numerical Rating Scale (NRS) [10], and the Wong-Baker FACES
Pain Rating Scale (FACES scale) [41]. VAS, NRS, and the FACES scale share
many core elements. One end of the scale is no pain, and the other end
is the worst pain. How these scales differ is in their presentation to the
patient. VAS appears as a continuous line, usually around 100mm long,
where the patient is asked to mark along the line how bad their pain is.
The distance along the line where the patient marks are recorded as the
pain rating (0-100mm). NRS is also a line, often continuous, marked from
0 to 10 in 1 unit intervals. Discrete 0 to 10 numbers are also used, with
numbers placed in individual boxes as opposed to a number line. The
FACES scale presents the patient with images of faces, with the first face
showing a smiling face and subsequent faces showing more and more un-
happy faces. Faces are associated with a number from 0 to 10, which is

recorded as the pain rating.

Three games, Spider World, SnowWorld, and Ocean Rift, appear repeat-
edly, so they are detailed here and referred to by name in the table. Spider
World is a VR experience initially used to overcome spider phobias [17].
Users are placed in a kitchen which contains two spiders in which they
can interact (pick up) various virtual objects. Tactile augmentation was
initially part of this virtual experience, where users can feel the material

and texture of virtual objects. This physical feeling was an essential part of
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Figure 2.4: The SnowWorld virtual environment often used by Hoffman et

al. [65]

the spider phobia treatment, in which users would feel the furriness of the
virtual spider. SnowWorld (Figure 2.4) was initially used to reduce pain in
burn patients, where the burn patients flew through an icy world shooting
snowballs at snowmen and igloos. The snow and ice theme were design
to take the patient’s thoughts away from fire and burning, which were the
causes of the injury. Ocean Rift is a commercially available VR game in
which players explore underwater worlds where they can see and learn
about different marine life.

The number of participants in the studies differs significantly. Two
are case studies with only one participant each, while the highest is 80

participants.

Table Columns

The first column contains the authors and the year of publication. The
table is ordered alphabetically by the author’s name, followed by the year
of publication.
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The second column contains the type of pain participants were expe-
riencing, number of participants, how the pain was measured, and the
control or baseline against which pain was measured.

The third column contains the type of VR headset, the category of dis-
traction (physically active distraction, mentally active distraction, passive
observation), and the game used in the study. The headset is referenced
by the degrees of freedom (DOF) the headset has. 0DOF means there is
no head tracking, and the headset is merely a display. 3DOF means the
headset tracks the orientation; the user can look around freely but cannot
move. 6DOF means both the head’s position and orientation are tracked,
and users can move and look around freely. The game used describes the
type of game participants played during the study.

The fourth and last column of the table contains the results of the stud-

ies.



Author Pain type, Participants, Pain Measure, Con- | Headset, distraction type, and game used Results

trol Group
Bani Moham- | Chronic - cancer pain. 80 female cancer pa- | Unspecified headset, assumed no input. | Significant reduction in pain with VR. Sig-
mad & Ahmad | tients. VAS. Standard care Passive observation, Ocean Rift or “sitting | nificant reduction in anxiety with VR
(2019) [3] on the beach”

Chan et al
(2007) [20]

Acute - burn dressing. 8 children. Faces
scale. No distraction, baseline analgesics
applied to both

3DOF with mouse input. Mentally active
distraction with first-person rail shooter.
Scary away foxes in an ice-cream factory by
shooting them with ice-cream. Ice-cream
factory removes thoughts of burning

Not statistically significant less pain with
VR compared to without VR. Nurses ob-
served improvement in behaviour and anx-
iety levels of the children.

Chan et al
(2017) [21]

Acute - surgery. 19 (9 in VR, 10 in con-
ventional care). Amount of medication use
(Propofol, fentanyl, midazolam). Conven-
tional care

6DOF (Oculus Rift) with no input. Passive
observation, Iceland, based on SnowWorld

No significant reduction in medication use
but trend suggested less use

Dahlquist et al.
(2007) [26]

Acute - induced cold pressor. 40 children
aged 5-13. Time spent with hand in cold
water. No distraction, same game on nor-

mal computer screen

3DOF (VEX3D) with PlayStation 2 con-
troller. Mentally active distraction and
passive observation with the PlayStation 2

game Finding Nemo

Both active distraction and passive observa-
tion demonstrated better results than no dis-
traction. Active distraction was superior to
passive distraction

Dahlquist et al.
(2008) [27]

Acute - induced cold pressor. 41 children
aged 6-14. 26-item parent report, 37-item
self-report measure for children, VAS, pain
tolerance. No distraction, same game on

normal Computer screen

3DOF (VEX3D) with a joystick. Mentally
active distraction in 360 underwater en-
vironment scuba diving with marine life
while searching for treasure

Distraction ~ demonstrated  significantly
Adding VR im-

proved performance for children over the

higher pain thresholds.

age of 10 but not under 10.

Dahlquist et al.
(2009) [28]

Acute - induced cold pressor. 50 children
aged 6-10. Time spent with hand in cold
water. No distraction, same game on nor-
mal computer screen

ODOF (5DT HMD 800) with a joystick.
Mentally active distraction in a third-
person game controlling a character sliding
down a path collecting items and avoiding
obstacles

Significant improved with distraction, no
differences between computer and VR.

continued on next page
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Author Pain type, Participants, Pain Measure, Con- | Headset, distraction type, and game used Results
trol Group
Das et al | Acute - burn dressing. 9 children, 7 in- | 6DOF with mouse input. Mentally active | Statistically significant less pain in VR. Par-
(2005) [29] cluded for analysis. Faces scale. No distrac- | distraction with first-person rail shooter. | ents and nurses observed improvement in
tion, baseline analgesics applied to both Designed to be played with the small- | behaviour and anxiety levels of the children.
est possible movement during the dressing
change procedure
Frey et al | Acute-labour. 27 women in labour. NRS. | 3DOF (Samsung GearVR) with a hand con- | Pain significantly lower in VR. 82% very
(2018) [39] No distraction troller. Passive observation - patients had a | much/completely enjoyed using VR during
controller but did not interact with (merely | labour
looked around) the virtual environment or
complete any set task. Ocean Rift
Garrett et al. | Chronic. 10 patients. NRS. Desktop PC 6DOF (Oculus Rift) with a keyboard. Pas- | No significant difference between before
(2017) [42] sive observation and mentally active dis- | and after VR. Pain levels not recorded dur-
traction through various VR games ing VR but 5 participants reported positive
benefits from VR. High level of motion sick-
ness (60%). The magnitude of pain reduc-
tion did not change with repeated use of VR
over 12 sessions.
Gershon et al. | Acute - port access. 59 children. 22 had VR | Not specified (assumed to be 3DOF) with | No significant different before and after port

(2004) [43]

distraction, 15 had a non-VR distraction,
22 had no distraction. VAS (patient, par-
ent, nurse), pulse rate, CHEOPS pain scale.
Non-VR distraction (the same game but on
monitor) and no distraction

a joystick. Mentally active distraction with
a roleplaying game. Users play as a young
gorilla learning how gorillas communicate
and interact [1]

access procedure. VR and NonVR signifi-
cantly less pain during procedure

continued on next page
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Author

Pain type, Participants, Pain Measure, Con-
trol Group

Headset, distraction type, and game used

Results

Gromala et
(2015) [47]

al.

Chronic. 13 patients. NRS. Mindfulness-
based meditation audio track without VR

3DOF (DeepStream viewer) with no in-
put. Passive observation/mentally active
distraction. Patients followed along with a
guided mindfulness-based meditation au-
dio track in an immersive virtual environ-
ment

Pain reduced in VR. Patients learned
mindfulness-based stress reduction tech-

nique.

Hoffman et
(2000) [55]

al.

Acute - burn dressing. 2 male, 16 and 17
years old. VAS. Nintendo 64 game

6DOF (Division Provision 100 headset with
an external tracker) with hand tracking.
Mentally active distraction, Spider World

Considerable pain reductions in VR. The pa-
tient looked at wounds several times in the
control group, which was not possible in VR

Hoffman et
(2001) [56]

al.

Acute - dental procedure. 2 patients. NRS.
Non-VR distraction (movie) and no distrac-
tion

ODOF headset (Virtual Research Systems
V8 Head Mount Display) with a mouse.
Mentally active distraction, SnowWorld

Considerable reduction in pain for VR.

Hoffman et
(2001) [58]

al.

Acute - burn dressing. 1 patient

6DOF headset (Virtual Research Systems
V8 Head Mount Display with an external
tracker) with hand tracking. Mentally ac-
tive distraction, Spider World

Considerable reduction in pain for VR. The
magnitude of pain reduction did not dimin-
ish with repeated use of VR over 5 visits

Hoffman et
(2001) [59]

al.

Acute - physiotherapy. 7 patients. VAS. No
distraction, baseline analgesics applied to
both

6DOF (Virtual Research Systems V8 Head
Mount Display with an external tracker)
with hand tracking and keyboard. Men-
tally active distraction with Spider World
(1 participant) and SnowWorld (6 partici-
pants)

Statistically significant less pain in VR. The
magnitude of pain reduction did not dimin-
ish with repeated use of VR over 7 days

continued on next page
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Author

Pain type, Participants, Pain Measure, Con-
trol Group

Headset, distraction type, and game used

Results

Hoffman et
(2004) [60]

al.

Acute - burn hydrotherapy. 1 patient. NRS.
No distraction

0DOF, Custom water-friendly headset with
a joystick.
SnowWorld

Mentally active distraction,

Considerable reduction in pain for VR.

Hoffman et
(2006) [64]

al.

Acute - induced thermal. 77 healthy sub-
jects. 26 in high tech VR, 28 in low tech VR,
23 with no distraction. NRS. No distraction

6DOF (2 different headsets with an external
tracker) with a keyboard. Mentally active
distraction in SnowWorld

Pain reduced more in high tech VR than low
tech VR, which reduced more than no dis-
traction control group.

Hoffman et
(2006) [65]

al.

Acute - induced thermal pain. 39 healthy
NRS. Low Tech VR, ODOF, no

interaction, non-immersive, see-through,

subjects.

smalled FoV, lower image resolution

6DOF (Kaiser XL-50 with an external
tracker) with keyboard input. Mentally ac-
tive distraction in SnowWorld

Considerable reduction in pain with high
tech VR. High tech VR gave more sense of

immersion

Hoffman et
(2007) [63]

al.

Acute - induced thermal. 9 healthy sub-
jects. NRS. No analgesia, opioids

Custom nonferromagnetic headset with
trackball and button. Mentally active dis-
traction, SnowWorld

VR and VR+opioid resulted in significantly
lower pain ratings. VR+opioid resulted in
significantly lower pain ratings than opioid

along
Jin et al. | Chronic. 20 patients. VAS. Daily distrac- | 6DOF (Oculus Rift) with mouse input. | Significantly less pain during VR but not af-
(2016) [68] tion activity (meditating, reading, listening | Mentally active distraction with first- | ter.
to music etc.) person rail shooter
Jones et al. | Chronic. 30 patients. NRS. None 6DOF (Oculus Rift) with mouse input. | Reduced by 60% during VR session, re-
(2016) [69] Mentally active distraction, first-personrail | duced by 33% post-VR session
shooter
Rutter et al. | Acute - induced cold pressor. 28 healthy | ODOF (5DT 800 HMD Virtual Reality Hel- | Increased pain threshold and tolerance in
(2009) [103] subjects. Time endured in cold pressor. No | met) with PlayStation 2 controller. Men- | VR. The magnitude of pain reduction did
distraction tally active distraction with the PlayStation | not diminish with repeated use of VR over
2 game Finding Nemo 8 weeks
Steele et al. | Acute - post-surgery. 1 patient. Faces scale. | 6DOF (2 different headsets with an exter- | Less pain in VR. The magnitude of pain re-

(2003) [113]

No distraction, baseline analgesics applied
to both

nal tracker) with a joystick. Mentally active
distraction with a rail shooter. Designed to
be played with the smallest possible move-
ment

duction did not diminish with repeated use
of VR over 6 sessions. Reduction in anxiety
levels

continued on next page
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Author

Pain type, Participants, Pain Measure, Con-
trol Group

Headset, distraction type, and game used

Results

Tong et al
(2018) [116]

Chronic. 7 patients. No pain measurements
were taken. 0-10 Likert scale used for game
preference. Desktop PC

6DOF (HTC Vive) with hand controllers.
Physically active distraction and mentally
active distraction with 4 commercially
available games (Call for the Starseed, Ob-
duction, Carpe Lucem, The Witness)

6 out of 7 participants prefered VR games.
1 prefered PC as VR headset was heavy on
neck.

Wiederhold et
al. (2014) [120]

Chronic. 40 patients. 1-7 scale, tempera-
ture, heart rate. No distraction

Unspecified headset with mouse input.
Passive observation in a relaxing environ-

ment

Significant reduction in pain with VR. Skin
temperature and heart rate indicated greater

relaxation

[4%
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2.7 Summary

This chapter introduced the background to pain, distraction therapy, and
VR, as well as covering previous research on VR for pain relief. VR has
been conclusively shown to be effective against acute pain, but less re-
search has been done into chronic pain. Research has also evaluated VR
against other computer systems, as well as different types of content within
VR, to optimise the amount of pain relief experienced by patients. The
common consensus in the literature covered in this chapter is that VR
headsets with a higher level of immersion are more effective than desktop
PCs and other VR headsets that do not offer as much immersion. How-
ever, there is less research on the content delivered through VR and their
effectiveness at reducing pain. An overview of the literature examined in
this chapter has shown that physically active distraction is underutilised.
The focus of this thesis is on the content delivered through VR and its
effectiveness against chronic pain, an area currently lacking in research.
In the next chapter, ChronicVR is presented, a game for managing chronic
pain with three distinct levels of gameplay, each focusing on one of phys-
ically active distraction, mentally active distraction, and passive observa-

tion.
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Chapter 3

ChronicVR

This chapter discusses the design of an interactive game called ChronicVR.
A game is, by nature, designed to draw in the player and provides them
with an engaging activity. Gameplay elements, such as having an objec-
tive to accomplish within the session, provides participants with an incen-
tive to do well within the game, further drawing in the players’ focus and
attention.

Within ChronicVR there are three categories of gameplay, each focus-
ing on one type of distraction: physically active distraction, mentally active
distraction, and passive observation. ChronicVR is designed to isolate each
category as much as possible so that the categories can be studied. Inside
ChronicVR, the player plays the role of a magician, using a magic wand
(handheld controller) to cast various magic to interact with the world.
Players solve puzzles with these interactions and progress through the
game.

ChronicVR was developed using Unity3D version 2019.1.7]|for the HTC
Vive [92] VR headset. ChronicVR was developed to answer the two re-
search questions: “is active attention-diversion or passive observation more
effective at managing chronic pain in VR?” and “is physically active dis-

traction or mentally active distraction more effective at managing chronic

Thttps://unity.com/
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pain?”

This chapter discusses the design of ChronicVR, starting with the re-
quirements gathered from the staff at the Pain Management Service, and
followed by what was implemented and used in user studies.

3.1 Design Requirements

The design of ChronicVR was created with consultation from Welling-
ton Regional Hospital’s Pain Management Services. The Pain Manage-
ment Service advised on what chronic pain patients were capable of, what
would be beneficial for the patients, and what kinds of environment pa-
tients would enjoy. Around 6 members of staff from the Pain Management
Services were consulted. Their roles consisted of psychologists, therapists,
physiotherapists, and nurses.

Due to the pain in patients” bodies, there are limits on the amount or
extent of physical interactions they can perform. For example, a patient
with pain in their arm would not be able to perform broad, sweeping arm
movements. However, some patients underestimate their limits, leading
to pain avoidance. Pain avoidance is the situation where patients start
to think that performing tasks that they are capable of would cause more
pain, leading to them to stop performing said tasks. This avoidance strips
down their life as they avoid many activities and lose sources of excite-
ment in life. Patients should connect with their body in a better way rather
than disconnect from their body. Patients should also seek to regain their
previous excitement in life.

Education is an essential part of pain management. There is a wrong
public perception that pain is just a signal that something is wrong and
needs to be fixed, that pain is something that cannot be easily removed in
chronic pain patients, and that forceful attempts can cause further damage
to the body. Patients need to accept the pain and learn tools that help them

live with and manage the pain. Education is vital in this aspect to help
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patients manage pain on their own.

Staff at the Pain Management Services also mentioned that patients
tend to enjoy nature, bush, or underwater settings.

In summary, key design requirements gathered from the Pain Manage-

ment Services are:

Reql Encourage movement withoutbeing excessive, allowing patients to

explore their capabilities.

Req2 Bring excitement to the patient, helping them understand that they

can still enjoy activities.

Req3 Teaching pain management through techniques rather than relying

on pharmacological painkillers.

After the initial meeting with the Pain Management Services, a proto-
type was developed with basic interactions in an open environment. This
prototype was demonstrated to the Pain Management Services, and fur-
ther feedback was received on the kinds of interactions that would be fea-
sible and beneficial for chronic pain patients. This prototype was then

iterated upon following feedback from the Pain Management Services.

3.2 Game Design

This section explains the design of ChronicVR. Aspects common across
multiple levels are explained first, followed by details specific to each par-

ticular level.

3.2.1 Virtual Environment

The game has a magical theme, where the player takes on the role of a

magician. The player is in a magician training facility, where they must
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Figure 3.1: The beach that greets players when they complete every puzzle
in the level. The sky is a starry night sky.

complete a series of challenges to measure their magical skill. As the mag-
ical energy comes from nature, players are surrounded by green under an
open sky. A bright blue sky is used for the physical level, while a starry
night sky is used for the mental level. Players exit into a beach with calm-
ing waves overlooking an expansive ocean at the end of the challenge (Fig-
ure[3.1)). This setting conforms with the Pain Management Services’ advice
that the patients enjoy nature and the bush.

3.2.2 Sound

The same background music is used across all three levels. The music
used is “Weightless” by Marconi Union. Weightless is said to be the most
relaxing music in the world [95] and has been used as music medicine to
reduce anxiety in patients [44].

Instructions were provided to the players via a voice-over inside the
game. An online text-to-speech engine generated the voice-over. The
voice-over was delivered at a slow pace to both allow players sufficient
time to understand instructions and not to induce any sense of urgency

in the players. Voice-overs were used at the beginning of each level to in-
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troduce players to the level. The voice-over was also used to ask players
to rate their current pain level at the start and middle of the 10-minute
session. Asking the players to rate their pain is part of the user study con-
ducted with ChronicVR, in which the player’s pain rating is the primary
dependent variable.

Deep breathes help aid relaxation. Remembering to take deep breathes
is part of the set of tools for chronic pain patients to self manage the pain.
The voice-over reminded players to breathe at regular intervals. The re-
minders happened at the beginning of the level in the introduction and
3-minute and 7-minute marks. The voice-over asks players to take deep
breathes to fill up their magic wand with magical energy. The 3-minute
and 7-minute voice-over told players their wands have run out of en-
ergy and needed to be recharged. The breathing reminders is the result
of Requirement 3 of the design requirements, assisting patients with self-

management techniques.

3.2.3 Inputs and Interactions

Players interact with the virtual environment through a handheld con-
troller. The VR system tracks the position and orientation of the controller.
The player’s gaze was not used as an input. While two controllers are
available, only one controller was used. Using only one simplifies inputs
for players unfamiliar with video games by limiting the number of possi-
ble buttons. Only requiring one controller also provides accessibility for
players unable to use both hands. Players could hold the single controller
in whichever hand they preferred.

The system governing player interactions with virtual objects was built
by modifying the SteamVR library such that it is customised for Chron-
icVR.
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Moving in the Virtual World

Players can physically walk around as much as space constraints in the
real world allow before walking into a wall or furniture. However, each
level is laid out so that the tasks/challenges were laid out consecutively in
a straight line, resulting in the virtual world being over 100 meters long.
This linear layout prevents players from losing their sense of direction as
well as allowing them to see how much they have progressed at a quick
glance backwards. At over 100 meters long, the virtual world is many
times larger than the space available in the real world. From this arises the
problem of how players would move through the virtual world without
moving the equivalent distance in the real world.

One solution that was heavily investigated is a walking-in-place algo-
rithm, where players can walk up and down on the spot. The head move-
ments from such a motion would be detected by an algorithm to recognise
that the player is walking-in-place and thus move the player forward in
the virtual world. Walking-in-place would be the next ideal solution, as it
encourages physical movement from the players. Teleportation would re-
main available as an accessibility option to players who had trouble walk-
ing or standing.

However, implementation of the step-detection algorithm proved diffi-
cult. Several libraries and plugins for such a task were investigated, but all
were not fit for purpose. Problems included needing to touch the touch-
pad on the controller to tell the system that the player wishes to walk,
needing to point the controller in that particular direction to dictate the
direction of travel, no code or algorithm available to integrate into Chron-
icVR, or walking is done by the swinging of arms (hand tracking) rather
than moving legs up and down.

A jog-in-place algorithm presented by Lee et al. [79] was implemented
in ChronicVR. The step detection in the algorithm required large and rapid
steps. This movement cannot be reasonably expected of chronic pain pa-
tients to maintain for up to 10-minutes and would violate Requirement 1
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of the design requirements. An attempt was made to convert this algo-
rithm from jog-in-place into waddle-in-place. The side-to-side motion of
the head was used rather than the up and down motion. The side-to-side
displacement was calculated by a dot product calculation of the head’s
position vector on the head’s right axis so that “side-to-side” could be cal-
culated regardless of the direction the player was facing. However, this
caused problems should the player look in a different direction while wad-
dling, as the head’s right axis would change and thus change the “side-to-
side” displacement value. The step detection for the waddle-in-place al-
gorithm was also unreliable, reporting both false positives and false nega-
tives.

In the end, the walking-in-place functionality was unreliable and inac-
curate and was therefore discarded. Players simply teleported from place
to place in the final implementation used in the user study. Teleporting is
not a preferred solution as the ability to teleport discourages players from
physically walking around?| Due to the instantaneous timing of teleport-
ing, players would naturally opt to teleport and reach the desired desti-
nation immediately, rather than spend a few seconds walking. Slowing
down or putting time constraints on the teleporting is also undesirable, as
the players should be focusing on solving the puzzles rather than spend

time moving around.

3.2.4 Physical Level

Physically active distraction content focuses on requiring the player to per-
form physical activities within virtual reality. Excessive or large move-
ments may cause increased pain for patients. ChronicVR is designed such
that it rewards players who perform the large movements, but still doable

with small movements only. Larger or faster movements reward players

“Movement in the real world still translated directly into the virtual world. The prob-
lem arises when players need to move vast distances that would exceed the physical

space available.
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Figure 3.2: A key and the keyhole. Players must move the key near the

keyhole to open the gates.

with more distance in throwing objects which leads to faster completion
times. Smaller movements mean players will take longer to complete each
task, but not so long that they are stuck on the same task for the entire 10-
minute session. This level conforms to Requirements 1 and 2 of the design
requirements, allowing patients to explore their capabilities at their own
speed as well as providing them a sense of achievement as they progress
through the puzzles.

In the physical level, players progress by gaining access to a key some-
where in the level then moving the key into the vicinity of the keyhole
on the gate (Figure [3.2). The key only needs to be within a certain dis-
tance of the keyhole and does not need to be inserted into the keyhole
correctly. The key can be simply thrown at the keyhole to activate. The
player achieves this using magic.

In addition to the teleportation magic described above, players have
access to three other types of magic: telekinesis, fireball, and lightning
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Figure 3.3: The pop-up display indication which part of the circular touch

pad corresponds to which magic. The blue section is telekinesis, the red
section is fireball, the purple section is lightning arrow, and the centre is
teleportation. A black sphere can be seen in the blue section, indicating
where the player is currently touching.

arrow. These three types of magic are gradually introduced to the player,
individually demonstrating the mechanic to the player in the earlier parts
of the level. In the later parts of the level players must use a combination

of the magic to progress.

Players can freely swap between the three types of magic with the
touchpad on the controller. The circular touchpad is divided into three
equal arcs, one for each magic. By touching the arc on the outer edge of
the circular touchpad, the currently active magic is changed to the magic in
the corresponding arc. The centre of the circular touchpad is teleportation.
The circular touchpad is entirely mapped out inside VR with a pop-up dis-
play above the wand when the player touches the touchpad, with a black
sphere indicating where the player is currently touching (Figure 3.3).
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Telekinesis Magic

The telekinesis magic allows players to pick up objects from any distance
away (Figure 3.4). The telekinesis is the magic players use to pick up the
key and put it in the keyhole. While the telekinesis magic is the currently
active magic, a guidance pointer is projected from the tip of the wand. The
pointer is blue, turning green when the player is aiming at something that
can be picked up. The targeted object also glows with a yellow outline.
The pointer turns yellow when the object is picked up. Players can aim
at the object they wish to pick up with this pointer before activating the
magic by pulling the trigger.

The object remains in the player’s “grasp” as long as the trigger is held
down, dropping when the player releases the trigger. Upon release, the
held object maintains the velocity it had immediately before release. Play-
ers are therefore able to throw objects around with this system by releasing
the trigger while moving their hand. The concept is the same as throw-
ing an object in the real world. Telekinesis magic, therefore, encourages
players to move their arm and wrists. However, as the object is not held
directly inside the player’s palm but at some distance away with magic,
the velocity of the object becomes higher than the velocity at which the
player’s hand is moving. This increase in velocity allows for players to
throw objects a considerable distance without requiring significant move-
ments in their hand or arm.

Fireball Magic

The fireball magic allows players to create a fireball in their hand (Fig-
ure . Once created, the fireball behaves the same as an object held with
telekinesis magic. The fireball is held in the player’s hand as long as they
are holding down the trigger. Releasing the trigger releases the fireball.
The fireball can be thrown just like any other object.

When the fireball comes into contact with wooden logs, the logs burn
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(b) Picking up and holding an object with telekinesis magic.

Figure 3.4: Telekinesis magic
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away to reveal the key hidden behind it. In later parts of the level, the
wooden logs grow back once burned, so the player must retrieve the key
hidden behind the log within a certain amount of time before the log
grows back. If players do not retrieve the key in time, they must burn
the log again.

Lightning Magic

The lightning arrow magic allows players to create and shoot an arrow (as
in, bow and arrow) made of lightning (Figure 3.6). When players pull and
hold the trigger, the tip of the arrow is set where the wand is. The feather
end of the arrow following the player’s hand while the player holds down
the trigger. Players “draw” the arrow like this, and the arrow shoots off in
the direction it is facing once the trigger is released. The further back the

player “draws” the arrow, the faster the arrow moves once released.

Players use the lightning arrow to hit lightning targets in the level. All
but one target is stationary, the moving target flies across the sky and play-
ers must time the arrow correctly to hit it. Lightning targets open a par-
ticular door when hit. These could be the big gate to progress to the next
part of the level or a side door behind which the key is hidden. In the later
parts of the level, the side doors close after a certain amount of time, so
the player must retrieve the key hidden behind the door within a certain
amount of time before the door closes. If players do not retrieve the key in
time, they must hit the lightning target again.

3.2.5 Mental Level

Mentally active distraction content focuses on requiring the player to think
and memorise elements to solve puzzles. In the mental level, players

progress by solving a series of puzzles. There are four types of puzzles to-
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(b) Wooden logs burning away after being hit with fireball magic, revealing the
key hidden behind it.

Figure 3.5: Fireball magic
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Figure 3.6: Lightning arrow magic. The target is above the keyhole and

the arrow is to the right of the target.

tal: concentratiorﬁ jigsaw puzzle, flipping puzzle, and Rush Hourﬁ Con-
centration is a memory game, while the other three require logical think-
ing.

These four puzzles were selected based on several criteria:

Literacy agnostic Players may not be fluent in English, so word or spelling
puzzles were excluded

Simple rules and goal The puzzle must have simple rules and goals that
can be understood by looking at or playing with the puzzle board
without prior instructions

No complex strategy needed The puzzle must be completable without for-
mulating a complex strategy

3https://en.wikipedia.org/wiki/Concentration.(game)
4https://en.wikipedia.org/wiki/Rush_Hour._(puzzle)
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https://en.wikipedia.org/wiki/Rush_Hour_(puzzle)
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Concentration presents players with several cards floating in the air
(Figure B.7). Players flip the cards around in twos and match the pairs.
Once the player matches a pair, the pair disappears. Players can progress
in the level once all the pairs are matched. To be effective at solving the
puzzle, players must remember the position of previously flipped cards so
that they can match it when the corresponding pair appears. As players
progress through the level, more and more pairs are added, increasing the
difficulty of the puzzle. Players are not able to look behind the cards even
if they move, as the cards automatically turn to face the player with what
they should be seeing.

The second puzzle, the jigsaw puzzle, presents players with a rectangu-
lar grid puzzle board with Tetris—likdﬂ puzzle pieces (Figure . Players
need to fit the puzzle pieces into the board such that all the pieces fit onto
the board. The board will be filled by up the pieces. A reset button is next
to the board should the player make a mistake in solving the puzzle. The
reset button removes all the pieces from the board and places them back
in their original position.

The third puzzle is based on the Folding Blocks game by POPCORHY
The puzzle presents players with a rectangular grid puzzle board with
some grids filled with pieces already (Figure [3.9). The piece doubles and
flips in the dragged direction when players drag on a piece. If the puzzle
board has space in the flipped direction, the flipped piece double in size.
If another piece obstructs the flipping, the flipped piece simply flips back
as if nothing had happened. The goal of the puzzle is to cover the entire
board with pieces.

The fourth and last puzzle, Rush Hour, presents players with a rectan-
gular grid puzzle board occupied by 1 x n or n x 1 pieces (Figure [3.10).
One piece is marked with arrows to indicate that piece as the key piece.

Similar arrows are marked on a position on the board also to indicate the

Shttps://en.wikipedia.org/wiki/Tetris
%https://popcore.com/index.html
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(a) Concentration puzzle with 6 pairs. The cards are
turned to face the player.

(c) A partially solved puzzle with already matched

pairs having disappeared.

Figure 3.7: Concentration puzzle
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(@) A jigsaw puzzle in its initial state with a 4 x 4 grid and 3 pieces. The reset
button can be seen on the right.

(b) An almost solved puzzle. The player is 1 piece away from completing the

puzzle.

Figure 3.8: Jigsaw puzzle
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(a) A flip puzzle in its initial state with a 8 x 9 grid and 5 pieces. The reset button
can be seen on the right.

(b) A piece in the middle of a flip. The lime-green piece is flipping towards the
right. The purple piece has flipped right, the orange piece has flipped left, and

the lime-green piece has flipped left since the previous image.

Figure 3.9: Flipping puzzle
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target position. The goal of the puzzle is to move the key piece to the tar-
get position. Pieces can only slide around the board along its long side,
and can only move when there is no other piece blocking it. The difficulty
of this game arises from the non-key pieces on the board. The non-key
pieces must be moved out of the way to allow for the key piece to reach
the target position.

Players interact with the puzzles with the controller similar to the telekine-
sis magic from the physical level. A guidance pointer helps players aim at
the puzzle piece they wish to move, and pull the trigger to grab it. Players
cannot change magic as there is only one magic in the mental level, but

players are still able to teleport.

3.2.6 Passive Level

The passive observation level consists of players watching relaxing 360-
degree videos of natural scenery in VR. The videos are real footage recorded
with a 360-degrees camera. Players are unable to interact with any of the
virtual environment. There are seven videos total evenly divided across
10 minutes. Players are encouraged to look around and take in as much of

the scenery as possible.

3.3 Usability Testing

ChronicVR was demonstrated at a virtual reality conference. Conference
attendees had the opportunity to play with ChronicVR in an informal set-
ting with no constraints on level choice or time spent. This demonstration
helped provide feedback on the usability of the system and helped iden-
tify bugs. Around twenty conference attendees played ChronicVR. The
attendees enjoyed playing the game and had fun with the tasks and puz-
zles. As most of the attendees were from a computer science background,
they especially enjoyed solving the logic puzzles in the mental level. No
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(@) A Rush Hour puzzle in its initial state with a 5 x 5 grid and 6 pieces. The reset
button can be seen on the right. The blue piece on the left is marked with the
arrows indicating that it is the key piece.

(b) A Rush Hour puzzle about to be solved. The blue key piece is one move away
from the target position. The other pieces have been moved out of the way to
allow for the blue piece to reach this position.

Figure 3.10: Rush Hour
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changes to the design were made to ChronicVR following the feedback
received here, but the bugs identified during this conference were fixed
prior to commencing the user study with chronic pain patients. The bugs
identified were related to physics and user interactions with the virtual

environment.

3.4 Summary

ChronicVR is a game designed to distract players from chronic pain. The
game is divided into three levels: physical, mental, and passive. Each
level focuses distinctly on one type of distraction. The goal for each level
is to be engaging for the player such that they do not think about the pain.
Considerations are given to accessibility issues for players who are unable
to move about freely.

The next chapter discusses a user study conducted using ChronicVR.
The participants of the study play all three levels of ChronicVR, and the

effectiveness of each level for pain relief is measured.
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Figure 3.11: A player playing ChronicVR. The top picture shows the player
throwing a fireball. The bottom picture shows the player readying a light-

ning arrow.



Chapter 4

User Study

A study was conducted to understand the effectiveness of the ChronicVR
to support people with chronic pain. The purpose of the study is to answer
the research questions: “is active attention-diversion or passive observa-
tion more effective at managing chronic pain in VR?” and “is physically
active distraction or mentally active distraction more effective at manag-
ing chronic pain?”. This chapter explains the design of the user study and
the details of its execution. The user study evaluated differences in pain
relief between physically active distractions, mentally active distractions,
and passive observations using ChronicVR, which distinctly separates the
three conditions. The results from this study answer this thesis’s research
questions by isolating the three categories of distraction and evaluating
the analgesic effects of each.

Two healthy people were recruited to perform a pilot study. The pilot
study consisted of performing the main study in its entirety to examine
the logistics and time constraints of the study. The pilot study participants
were not in any pain, so no pain results were gathered.

The user study was approved by the Ministry of Health’s Health and
Disability Ethics Committees and Maori Partnership Board’s Research Ad-
visory Group Maori (RAG-M). Supporting documentation can be found in

Appendix

57
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The VR distraction therapy in this study was not applied against no
treatment. Participants were not withheld from their usual day-to-day
pain management techniques. This study was applied in addition to their
usual pain management techniques. Several participants scheduled their
study session immediately after their appointment with Wellington Hos-
pital’s Pain Management Services out of convenience as the study was

held at the same location.

4.1 Study Procedure

The user study started with an introduction to the study and asking the
participant to read the information sheet and sign the consent form, fol-
lowed by filling out the pre-study questionnaire. The study tasks were
then performed. After the study tasks were complete, the study finished
with the post-study questionnaire and wrap-up. The information sheet,
consent form, and questionnaires can be found in Appendix

An timeline of the entire study is as follows:

¢ Introduction and Pre-study questionnaire

¢ 10 minutes in task A - rate pain at 0-minute, 5-minute, and 10-minute

marks
* 5 minutes cooldown/rest period

¢ 10 minutes in task B - rate pain at 0-minute, 5-minute, and 10-minute

marks
¢ 5 minutes cooldown/rest period

¢ 10 minutes in task C - rate pain at 0-minute, 5-minute, and 10-minute

marks

¢ 5 minutes cooldown/rest period
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¢ 10 minutes in task D - rate pain at 0-minute, 5-minute, and 10-minute

marks

¢ Post-study questionnaire and wrap-up

The entire study took up to 90 minutes, depending on how fast partic-

ipants answered the questions.

Introduction and Pre-study Questionnaire

At the start, an explanation was given on the basic overview of the study
and what was required of the participants. Participants were asked to read
the information sheet and sign the consent form. Participants then filled
in the pre-study questionnaire which gathered participant’s background
information consisting of gender, age, ethnicity, average daily pain, where
the pain is located, what they did to self manage the pain usually, and how
familiar they were with VR.

Once participants were briefed on the study and had filled out the con-
sent form and pre-study questionnaires, a training session was given be-
fore participants started performing the study tasks.

Before the first VR task, participants were given a tutorial on wearing
the headset and were informed again that they were allowed to take off
the headset at any time should they feel motion sickness.

Before the physically active and mentally active tasks, participants were
given a tutorial on the controls and how to play the game. This tutorial
was not necessary for the passive observation level of ChronicVR as the
passive observation level required no input or interaction from the partic-

ipant.

Study Tasks

The study tasks consisted of using ChronicVR and a non-VR activity. There
were four tasks in total: physically active distraction, mentally active dis-

traction, passive observation, and non-VR distraction. The first three were



60 CHAPTER 4. USER STUDY

completed in ChronicVR, and the non-VR distraction was an activity that
the participant likes to do regularly, such as reading or listening to music.
The four tasks were completed by a within-subjects randomised crossover
study [14]. Every participant completed every task in a randomised order.

Each task lasted 10 minutes, regardless of how much of the task was
completed. A 5-minute cooldown period was given between each task.
This time was given so that participants do not spend an extended period
using VR, allowing them to rest their eyes as well as recover from any
onset of motion sickness. Participants were asked to subjectively rate their
pain at the beginning, middle, and end of each of the four tasks, resulting
in 12 pain ratings per participant. The mid-session pain rating was asked

at the 5-minute mark.

Wrap-up

At the end of the study, participants were asked about their experience
using virtual reality and playing the game through the post-study ques-
tionnaire. The post-study questionnaire consisted of four questions:

¢ Did you enjoy the VR experience?

* Would you use VR for pain relief in your daily life?
¢ Would you recommend others to use VR?

* Any other feedback/comments?

Participants were given a supermarket voucher worth NZ$10 as an hono-

rarium.

4.2 Data Collection and Analysis

Participant background information was collected in the pre-study ques-
tionnaire. During the study, participants performed four tasks and were
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asked to verbally rate their pain at the beginning, middle, and end of each
task, resulting in 12 pain ratings per participant. After the study, partici-
pants filled in a post-study questionnaire about what they thought of the
experience. All questionnaires were on paper, with the pain ratings wrote
down for the participant once they expressed their pain rating verbally.
The questionnaires used in the study can be found in Appendix

As the participants were allowed to stop using the VR headset at any
onset of discomfort from motion sickness, measurements of the severity
of motion sickness such as the Kennedy and Lane’s Simulator Sickness
Questionnaire were not used [70].

4.2.1 Pain Rating Scale

Russo and Brose [102] stated that “Nociceptive pain and suffering are all
internal to the organism and cannot be measured directly.” Meaning that
pain is subjective to each individual, and cannot be measured objectively.
Therefore, a self-report measure was used where participants were asked
to rate their pain on a scale from 0-10 [117]. This measure gave a value for
that person’s pain perception [81]. Participants were asked to rate their
pain ratings on a descriptive 0-10 scale before, during and after each task.
These ratings were the main results of the user study.

There have been arguments that using a number scale to represent pain
can be misleading [35]. Since pain is subjective, a pain rating of 7 could
mean different things for different people. Patients also do not like to distil
down their experience down to a number or a frowny face. For this study,
for each number to have different meanings for different people is not a
significant concern, as this project is more focused on the changes in pain
ratings. So an 8 reducing down to 6 is no different from a 6 down to 4.
Although there are also arguments against the use of Likert-like scales in
empirical research due the the assumption of equidistant data points [78].

Regardless, Kaiser Permanente’s 2008 “0-10 scale of pain severity” is
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used[l] In this scale, a description was provided for each number so that
that meaning would be associated with each number rather than a vague
scale. The descriptions that were given concerns the impact of the pain on
the day-to-day lives of the participant and were given in a more objectively
measurable way. This description provides a better reference point for
participants which also helps them decide on the rating. Table 4.1/ shows
the descriptions that were given.

The NASA Task Load Index (NASA-TLX), while a widely used tool for
assessing cognitive load [48], was not used in this study. The NASA-TLX
is useful for assessing how difficult it was for one to complete a given task.
It would be unsuitable for this study as both the physical and mental levels
of ChronicVR increase in difficulty as the participant progresses through
the game, the passive observation level requires no input or interaction
from the participant, and the non-VR task is an ordinary recreational ac-

tivity for the participant.

4.2.2 Analysis

The participant pain ratings were preprocessed in preparation for statisti-
cal analysis. The three pain ratings for each task (start, middle, and end)
were subtracted from each other to give three new numbers: Middle-Start,
End-Start, End-Middle. These values show the changes in pain while per-
forming the task. A positive number indicates a drop in pain, which is the
desired result.

The decreases were tested for normality with a Shapiro-Wilk test [99].
As the decreases were not normally distributed, a Friedman test was used
to determine if decreases in pain between the four tasks were significantly
different [40]. The Friedman test is used as the comparison is between
more than two matched groups (physical, mental, passive, non-VR) and
the data is not normally distributed. The Friedman test is backed up

https://healthy.kaiserpermanente.org/
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0  No Pain -  have no pain.

1 Minimal - My pain is hardly noticeable.

2 Mild - I have a low level of pain. I am aware of my pain only
when I pay attention to it.

3 Uncomfortable - My pain bothers me but I can ignore it most of

the time.

4  Moderate - I am constantly aware of my pain but I can continue

most activities.

5 Distracting - I think about my pain most of the time. I cannot do

some of the activities I need to do each day because of the pain.

6  Distressing - I think about my pain all of the time. I give up many

activities because of my pain.

7  Unmanageable - I am in pain all the time. It keeps me from doing

most activities.

8 Intense - My pain is so severe that it is hard to think of anything
else. Talking and listening is difficult.

9 Severe - My pain is all that I can think about. I can barely talk or

move because of the pain.

10 Unable to Move - I am in bed and can’t move due to my pain. I
need someone to take me to the emergency room to get help for

my pain.

Table 4.1: Descriptive Pain Scale. The description associated with each

pain rating.
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by a Wilcoxon signed-rank test [122] with p-values adjusted using the
Holm-Bonferroni method [66]. The Wilcoxon signed-rank test is a pair-
wise comparison of significant difference. As there are four groups in the
study, six pairwise comparisons are required to test every group against
another. Therefore p-values must be adjusted to mitigate the multiple
comparisons problem.

A linear mixed-effects model was also created to examine if different
aspects of participants (gender, age, etc.) had significant influences on

pain ratings.

4.3 Study Participants

Participants were recruited from chronic pain patients who were not re-
quiring medical assistance (i.e. on a typical day), having had a daily av-
erage pain intensity score of 4 or more on the 0-10 scale (Section for
the past three months or more.

As ChronicVR is an audio-visual experience, blind or hard of hearing
patients would be unable to utilise the VR headset properly and were
therefore excluded from the study. No patients fell under this category.
Participants with glasses were not excluded.

Participants were required to be physically present for the study. The
study could not be conducted remotely. This in-person requirement was
an issue with six would-be participants who were unable to attend the
study during their scheduled time. None of the six came back at a later
date.

Participant Recruitment

Recruitment was difficult due to the nature of the target group. Many
people were busy, cannot easily physically attend at the hospital, or were
having a bad day on the day of the appointment. Pain differs day by day,
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pain ratings fluctuate. This problem is not limited to this study, but the
pain clinic as a whole. Patients often do not show up for their appointment
as on the day the pain is too bad.

Recruitment was done via flyers, social media, word of mouth from the
staff at the pain clinic, and meeting patients face-to-face either in the wait-
ing room of the pain clinic as they came in for their appointment with the
clinic or as part of a group programme on pain management run by the
pain clinic. Flyers were posted in the pain clinic, outpatient department
of Wellington Hospital, and outside the university’s student health cen-
tre on campus. Flyers were also emailed to eleven physios and two pain
management services around Wellington, but few replied so it is unknown
how many were put up.

At least 120 people were spoken to face-to-face during the recruitment
period. An unknown number (minimum 30, judging from the number
of contact information slips taken from the flyers) of other patients were
made aware of the study through the other means listed above, only two
established contact but was unable to find time to participate.

Out of the 120 people spoken to face-to-face, around 50 people declined
to participate in the study. Almost all reasons for declining to participate
were one of the following: uninterested in the technology, their sched-
ule was too busy to fit in the study, concerns regarding motion sickness,
and not being able to be physically present to participate in the study. As
Pain Management Services is a regional service, many patients were from
the wider region coming into the city specifically to receive the service. It
would have been very inconvenient for them to come back again to par-
ticipate in the study. Around 50 others expressed interest and willingness
to participate in the study, and contact details were exchanged to arrange
a time for the study. However, very few participants established contact
to schedule a time. As further contact was not established with the rest,

reasons for not participating are unknown.

Eleven people scheduled a time to participate during the first face to
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face meeting. Five attended the study at their scheduled time. Six with-
drew on the day of the study. One withdrew due to external factors (called
into work), the rest were not willing or not able to go to the hospital due to
personal reasons. Five withdraws declined to reschedule, one kept contact
but was unable to find a suitable time.

Four people agreed to participate on the day of the initial meeting after
their appointment with the pain clinic.

In summary, eight participants attended a scheduled time. Four par-
ticipated on the day of the first meeting after their appointment. Two par-

ticipated on the day of an appointment on the second meeting.

44 Summary

This chapter discussed the user study that was conducted to answer the
research questions. The user study consisted of evaluating ChronicVR
with fourteen chronic pain patients. Participants played all three levels of
ChronicVR as well as a non-VR control task in a randomised order. Each
session lasted 10 minutes, with a 5-minute break in between. Participants
were asked to rate their pain at the start, middle, and end of each task.
These pain ratings form the primary results of this study. The next chapter

presents the results of this user study.



Chapter 5

Results

This chapter presents the results of the user study from Chapter {4 Par-
ticipants completed each of the four tasks in a random order, rating their
pain levels at the beginning, middle, and end of each task. These pain rat-
ings are presented in §[5.2] as the main results of this study. Results from
the post-study questionnaire as well as observations and verbal feedback
from participants are presented in §[5.3]

5.1 Participants

Fourteen participants completed the study. Fourteen was considered ade-
quate as it is greater than the most common sample size of twelve in CHI
publications [15]. Gender, age, average daily pain, pain regions, and famil-
iarity with virtual reality of participants are shown in Table Average
daily pain is rated on a scale from 0 to 10 (§[4.2.1). Pain regions are divided
into the head (H), neck (N), torso (T), upper limbs or arms and hands (U),
lower limbs or legs and feet (L).

Seven participants were female, five were male, and two were non-
binary. Twelve out of fourteen participants were under the age of 40.
Eleven out of fourteen participants daily pain rating average between 4
and 6. The other three participants had average daily pain ratings of 7,
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9, and 9.5. Five participants had pain in the head, seven participants had
pain in the neck, every participant had pain in the torso, seven partici-
pants had pain in the upper limbs, and ten participants had pain in the
lower limbs. Three participants were not at all familiar with VR, eight par-
ticipants were a little familiar with VR, and three participants were some-
what familiar with VR. No participant reported that they were very or
extremely familiar with VR.

The frequency of participants’ self-management techniques is shown
in Table Nine out of fourteen participants regularly use medication or
drugs to self manage the pain. The second highest is listening to music or
spoken media with five participants. All other techniques have three or

fewer participants utilising it.

5.2 Quantitative Results

This section presents the results of the pain ratings presented by the par-
ticipants at the start, middle, and end of each task: the four tasks being
physical, mental, passive observation, and non-VR.

Table 5.3/ shows the mean and standard deviation of pain ratings for
each task, measured at the start, middle, and end of the task. Figure
presents the Pain Rating column of Table5.3|graphically, with the first, sec-
ond, and third data point representing the average pain rating at the start,
middle, and end of each task respectively. Error bars show one standard
deviation above and below the mean. Although the pain was rated on a
0-10 scale, y-axis has been adjusted to a more suitable range to display this
data better.

The data was processed, and the decrease in pain ratings was calcu-
lated for each task. The three calculations were Middle-Start, End-Start,
and End-Middle. A larger value is better as it indicates a larger decrease
in pain. These results are the focus of the statistical analysis later in this
section. The values are provided in the last two columns of Table Fig-
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Average Pain | Familiarity
PID Gender Age . . . .
Daily Pain | Regions | with VR
01 Female 30-39 5.5 HNT -L A little
02 Male 30-39 5.5 HNTUL A little
03 Female 20-29 5 --TUL A little
04 Female 40-49 5 --T-- A little
05 Male 40-49 6 --T-L | Somewhat
06 Male 50+ 5.5 --T-- Not at all
07 Male 50+ 6 HNTUL | Somewhat
08 Female 20-29 4 --TUL | Somewhat
09 Female 20-29 4 --T-- Not at all
10 Female 30-39 4 HNTUL | Not atall
11 Female 20-29 9 -NT-L A little
12 Male 20-29 9.5 -NT - - A little
13 | Non-binary | 20-29 --TUL A little
14 | Non-binary | 20-29 6 HNTUL A little

69

Table 5.1: Participant background information. Average daily pain is on a
scale from 0 to 10 (§/4.2.1). Pain regions are divided into the head (H), neck
(N), torso (T), upper limbs or arms and hands (U), lower limbs or legs and

feet (L).
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Technique Frequency

Medication/drugs 9

Listening to music/spoken media

Physical exercise

Watching visual media

Meditation/quietness

Rest/sleep

Talking/socializing

Reading
Heat
Eat healthy
Mobility tools (wheelchair)
Mental puzzles

R =R R ==, INDNW]W|

Table 5.2: Participant self management techniques

ure 5.2 presents this data graphically.

Physical, mental, and passive observation tasks all saw a drop in pain
ratings in the middle of the task. The mean pain rating dropped by 0.750,
0.643, and 0.393, respectively. At the end of the physical and mental tasks,
the mean pain rating went back up by 0.214 for physical and 0.036 for
mental. However, in the passive observation task, the mean pain rating
decreased even further by 0.107. In the non-VR task, mean pain ratings
increase both in the middle of the task and at the end.

For the three VR tasks (physical, mental, and passive), pain rating is
lower at both the middle and end of the task when compared to the start.
Whereas for non-VR tasks, pain ratings went up at each step. This result
was affected by less than half of the participants, as 10 participants saw
no change in pain ratings between the start and middle of the non-VR
task, 7 of whom saw no change between the start and end either. This
result is illustrated in Figure where the median (and for two of them,
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Mean (SD) Mean (SD) Mean (SD)
Task | Time | Pain Rating Decrease from Start Decrease from Mid
Start | 4.250 (0.872)
Physical | Mid | 3.500 (1.271) 0.750 (0.915)
End | 3.714 (1.528) 0.536 (1.184) -0.214 (1.139)
Start | 3.857 (1.393)
Mental | Mid | 3.214 (1.369) 0.643 (0.663)
End | 3.250 (1.590) 0.607 (1.243) -0.036 (0.909)
Start | 4.321 (1.203)
Passive | Mid | 3.929 (1.269) 0.393 (0.944)
End | 3.821 (1.381) 0.500 (1.109) 0.107 (0.626)
Start | 3.679 (1.137)
NonVR | Mid | 3.714 (0.848) -0.036 (0.634)
End | 3.893 (1.147) -0.214 (0.995) -0.179 (0.504)

Table 5.3: Mean and standard deviation of pain ratings at the start, mid-
dle, and end each task. For the physical, mental, and passive observation
tasks, participants played through the respective level in ChronicVR. For
the non-VR task, participants engaged in an ordinary activity that they
liked such as reading or listening to music (§ .

interquartile range) is 0 for all three time-point comparisons. The reasons
for the increase in pain varies between participants. For some participants,
it was due to sitting down and not moving for too long of a period. For
one participant, it was due to the effects of medication, which was applied

in an appointment before participating in the study, wearing off.

For physical tasks, mean pain ratings increased between the middle
and end of the task. This result was also due to three outliers, as shown
in Figure One participant’s pain ratings increased by 2.5, while two

others increased by 2. Seven participants saw no change in pain ratings
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Figure 5.1: Mean + 1 standard deviation of pain ratings at the start, mid-
dle, and end each task.

between the middle and end of physical tasks, and four saw a decrease in
pain. The pain increased due to participants having difficulty with later
(and thus more difficult) levels in the game. Performing repeated motions
for ten continuous minutes also caused pain for some participants. The
pain was different for different participants. Some had tired arms from
using the controllers, and some had tired legs from standing for 10 min-
utes.

In the physical and non-VR tasks, pain ratings increased between the
middle and end of the task. Average pain increased by 0.214 in the physi-
cal task and 0.179 in the non-VR task. Pain also went up between the mid-
dle and end of the mental task, but not by as much as physical. The pain
increased by 0.036 between the middle and end of the mental task. Only
in the passive observation task did pain continue to decrease between the
middle and end of the task, dropping by 0.107 on average.

Statistical analysis was conducted using R version 3.5.2 [98]. A Shapiro-
Wilk test was used to see if the decreases in pain were normally distributed.
All three of Middle-Start (p < 0.001), End-Start (p < 0.01), and End-Middle
(p < 0.001) were found to be significantly different from a normal distri-

bution.
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Figure 5.2: Mean + 1 standard deviation of the decreases in pain ratings
between start and middle, start and end, and middle and end. A higher

value indicates a higher decrease in pain ratings.

As the results are not normally distributed, a Friedman test was used
to determine if decreases in pain between the four tasks were significantly
different. All three of Middle-Start (p = 0.103), End-Start (p = 0.0838),
and End-Middle (p = 0.769) were found to be not significantly different
between tasks. These results were validated by a Wilcoxon signed-rank
test with p-values adjusted using the Holm—Bonferroni method.

Although on average tasks in VR reduced more pain than non-VR, due
to the spread and range of the results, there are no statistically significant
differences between the four tasks.

A linear mixed-effects model was created using R version 3.5.2 [98] and
the Ime4_1.1-21 package [7]. Gender, age, the order of the task, participants’
average daily pain, and their familiarity with VR were set as the fixed
effects. Participants were set as a random effect. This model was used to
examine if different aspects of participants had significant influences on
pain ratings.

The car_3.0-7 package [38] was used to perform an analysis of deviance
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Figure 5.3: Boxplot of the decreases in pain ratings between start and mid-
dle, start and end, and middle and end, showing the median, quartiles,
and outliers. A higher value indicates a higher decrease in pain ratings.

using Type II Wald chi-square tests to determine which fixed factors had
a significant influence on pain ratings. None of the factors had significant
influence on the pain ratings. Age (x3 = 0.663,p = 0.415), gender (x3 =
1.464, p = 0.481), session (7 = 2.683,p = 0.101), average daily pain (x? =
0.071,p = 0.789), familiarity with VR (x? = 0.519,p = 0.471), head pain
(x3 = 0.647,p = 0.421), neck pain (x3 = 0.572, p = 0.449), upper limb pain
(x3 = 2.616,p = 0.106), lower limb pain (x? = 2.068, p = 0.150) were found
to have no significant impact on pain ratings. Torso pain was not included
in the model as every participant was reported to have torso pain, so there

are no participants without torso pain to compare against.
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5.3 Qualitative Results

This section presents a summary of the post-questionnaire responses, ob-
servations made during the studies, as well as general feedback.
Feedback on ChronicVR and Virtual Reality for Pain Management

In the post-study questionnaire, all participants reported that they enjoyed
the experience. Reoccurring concepts are novel, fun, and a good distrac-

tion. Some quotes include:
“It’s lots of fun.” —PID 01
“A great experience.” —PID 04
“A good distraction from my pain.” —PID 04
“A novel approach.” —PID 05
“I hadn’t tried it before and it was fun.” —PID 09

“The games were really fun and my pain dropped from a 6/10 to a
0.75/10.” —PID 11

Twelve of fourteen participants would use VR as part of their day to
day pain management, and all reported that they would recommend oth-
ers to use VR. However, many participants cited concerns regarding the

cost and availability of the hardware.

“If I had regular access to [VR], I'd certainly incorporate it into my
pain management routine.” —PID 01

Two participants had pain in the arms that increased due to waving the
controllers around.

No participant reported any motion sickness.
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Feedback on Headset Weight

Four participants reported that the headset was heavy, with two partici-
pants who had pain in the neck area experienced increased stress from the
weight. Participants said in the feedback at the end:

“Should have neck brace to offset [the] weight of the VR goggles, spe-
cific to neck pain.” —PID 07

“I found the headset was very heavy for my neck.” —PID 09

The weight was manageable for other participants with one participant

reporting that

“The headset is a lil heavy but the brain games made me forget about
it.” —PID 14

Feedback on ChronicVR

Two participants particularly enjoyed using the fireball magic to burn down
logs in the physical level (§3.2.4). One of them said that

“Setting things on fire is very therapeutic.” —PID 01

Two participants commented on the features of ChronicVR that was
designed for pain management. Teleporting for accessibility and remind-
ing players to take deep breathes to aid relaxation.

“Being able to ... teleport instead of being required to move around

was a great plus!” —PID 08

“I liked the reminders to breathe. Wish more games did that.” —PID
14

Two participants suggested natural sounds or meditation audio during
the passive observation tasks. The same music was played across every
level of ChronicVR to maintain consistency (§/3.2.2).
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“Nature sounds in the video section could add to the immersion.”
—PID 01

“I would [use it] if it had natural sounds ... or guided meditation for
the audio.” —PID 03

Participant preference for active distraction or passive observation was

divided. One participant reported that
“I liked the scenery part the most.” —PID 03

While other participants reported that having an activity to focus on was
most effective at pain management

“I found that during the first 2 sessions when I had to engage in the
activities that my pain was significantly less.” —PID 06

“ Ability to interact with the environment or otherwise have a purpose
or task was crucial for effectiveness.” —PID 08

5.4 Discussion

The results for physical and mental levels are consistent with previous
chronic pain research (§ in that pain decreased during VR sessions,
but after the session was over the pain revert up. However, for the pas-
sive observation level, the pain decreased between the start and middle
and decreased even further between the middle and end. The decrease
between the middle and end could be due to the relaxing nature of the
task continuing after the task was completed. Both physical and mental
are active distractions. Once the task was completed, the distraction fin-
ished. However, with a relaxing activity like the passive observation level,
the relaxation continues after the VR session. The gap between the end of
the task and when the pain is rated is minimal, merely the time it takes to
take off the headset.

The research questions of this thesis are:
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RQ1: Is active attention-diversion VR content more effective at

managing chronic pain than passive observation VR content?

RQ2: Within active attention-diversion VR content, is physi-
cally active or mentally active more effective at managing chronic

pain?

To answer RQ1, active attention-diversion VR content is more effec-
tive while the patient is actively using VR and engaging with the content.
Once the patient has taken off the headset, their pain reverts to previous
values. Whereas with passive observation VR content, if the content is re-
laxing, the relaxation experience by the patient continues after the VR ses-
sion has ended. Participant preference between active attention-diversion
and passive observation is also divided, with some participants preferring
to be actively engaged in the game while others prefer to relax and watch
videos.

To answer RQ2, physically active and mentally active distraction yielded
remarkably similar results in the 10-minute session. Should the session
have gone on for, say, 20 minutes, some participants may experience in-
creased pain and stress as they tire. Some participants did begin to tire
towards the end of the 10-minute session. Over longer sessions of 20 to 30
minutes, mentally active might prove more effective than physically active
as mentally active requires less stamina. However, it is hard to say what
the effects of long-term use on pain would be. Should a patient play phys-
ically active distraction content for 10 minutes every day, they can poten-
tially become more comfortable with their body as they explore their full
range of motion, and result in lower pain ratings even outside of VR. This
longitudinal exposure is an area worthy of further exploration as part of
future work.

Although the results between the four tasks were not significantly dif-
ferent when analysed with a Friedman test, all participants reported a

positive experience with VR. While it is a novel experience for some, pre-
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vious research has shown that repeated exposure does not diminish the
results [42, 158,159, 103|, 113].

ChronicVR divided up physically engaging content, mentally engag-
ing content, and passive observation content into their distinct level to
answer the research questions. While this division may work for players
who strongly prefer one type over the other two, the distinction introduces
a lack of variety. The three types of content should be used together co-
hesively to increase the engagement of the game. If a well-designed game
has a player performing a physical task one moment and solving a men-
tal puzzle the next, and having a relaxing break with passive observation
content from time to time, it will draw in players’ focus and attention,
making them continuously wonder what would be next. Although the
VR tasks did not significantly decrease participants” pain ratings, a better
designed, more engaging game would improve the effectiveness of VR for
pain relief.

Music was played during the passive observation task, the same music
as the physical and mental levels (§[8.2.2). Two participants reported that
they would prefer to have the natural sound of the video or a guided med-
itation. Natural sound playing as part of the video environment would
strengthen immersion and provide a stronger sense of presence. It was
established that a stronger sense of presence led to stronger pain relief
(§[2.5.6). Playing guided meditation audio would lead to increased relax-
ation in the patient. Patients would also be able to use the opportunity
to learn meditation techniques that they can apply outside of VR (§[2.5.5).
Teaching patients self-management techniques inside VR also ties back to
the design principles established with advice from the Pain Management

Services (§[8.1).

The weight of the headset was a concern for four participants. Hav-
ing such a weight sit on their head had increased pain for two partici-
pants, discomfort for one, while for one participant, the content was en-

gaging enough that they forgot about the weight. The key to alleviating
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this problem lies in the choice of headsets. As the headset includes more
and more features, the more weight there will be. There is a balance be-
tween high-tech headsets for more immersion and lightweight headsets
to reduce pressure on the head and neck. However, this is a diminishing
problem, as the hardware improves. VR headset makers are aware of the
strain the headset puts on the head and neck and are actively working to
reduce the weight of headsets [77].

No participant reported any motion sickness [112]. This is most likely
due to participant sampling, as with a sample size of fourteen, instances
of motion sickness can be expected. The short 10 minutes session times,
combined with frequent 5-minute rest, is also a contributing factor.

While participants had fun playing the game, many were unaccus-
tomed to the VR controller. This unfamiliarity with the controllers was a
source of frustration for most participants at the beginning as they learned
how to operate the controls. Although the controls were explained to
them, and time was given for them to practise using the controller, those
inexperienced with video games often pressed buttons different to their
intentions.

For most participants, the struggle with controls would last until around
the 5-minute mark, but for a small number of participants, they were un-
able to become fully accustomed to the controls. These participants strug-
gled to complete levels in the game and did not get through many levels
in the 10-minute session. On the opposite end, participants more familiar
with video games were able to quickly pick-up the controls and complete
levels as a much faster pace, completing up to the ending levels or even
every level in the 10-minute session. Although ChronicVR was designed
to introduce players to the game mechanics gradually, a more effective
tutorial system could be utilised for players to learn and familiarise them-
selves with the controls. One participant responded to “Any other feed-

back/comments?” with

“An initial guide on what the magic does such as the fire burning
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down logs — perhaps a tutorial section where you practise each magic
first with its intended purpose” —PID 03

A sampling bias arose from participant willingness. Ten out of four-
teen participants were under the age of 40, which is not reflective of the
population observed during recruitment. The population observed at the
hospital skewed towards older generations [67]. This bias arose from the
younger generations more willingness to engage with novel technologies
and elderly (aged 70+) generation’s stigma that video games are

“A waste of time.” —Elderly Person A
“Hinders the development of social skills.” —Elderly Person A

The sample size of fourteen makes accurate statistical analysis difficult.
Every participant has a noticeable impact on the numbers. Both quan-
titative and qualitative data were self-reported by the participant. Self-
reported data opens up the possibility of bias. Introducing an objective
measure would strengthen the validity of the data.

Participants only played one VR game in one sitting. The longitudinal
effects of physically engaging content were not studied.

The study was not carried out in a lab under a controlled environment,
but rather a borrowed room at Wellington Regional Hospital. Conducting
the study in a controlled environment with more observers would yield
more accurate results.

Participants activities before participating in the user study were not
controlled. Their activities could lead to fluctuations in pain ratings. Many
participants participated after their appointment with the Pain Manage-
ment Services. One participant received pain medication during this ap-
pointment, and the medication began to wear off during the user study;,
leading to increases in pain ratings. Other participants may have been
tired out either from their appointment or the effort they made to attend
the study.
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In summary, the results were consistent with the existing literature.
Pain ratings when using active attention-diversion content increased once
the session was over, and the distraction had stopped. Pain ratings when
using passive observation content decreased further after the session was
over, possibly due to continued relaxation from the content. RQ1 asked
which of active attention-diversion or passive observation was more effec-
tive at pain relief. Active attention-diversion was more effective while the
patient was actively engaged with the content, whereas the effects of pas-
sive observation continued after the session. RQ2 asked which of physi-
cally active or mentally active distraction was more effective at pain relief.
The results were similar for the 10-minute sessions in the user study. How-
ever, longer session times may see pain ratings in physically active content
increase as patients become tired. Longitudinal exposure to physically ac-

tive content should be explored in future work.



Chapter 6
Conclusion

Chronic pain is persistent pain that lasts long after the original injury or
disease has healed [114]. Medication is the most prevalent method of
managing chronic pain, but it not an ideal solution as all medications can
cause side effects [51]]. Chronic pain patients are encouraged to utilise non-
pharmacological tools to self-manage [49]. Distraction therapy is one such
tool where the patient engages in an engaging stimulus or activity. By con-
centrating on this activity, the patient has a lower cognitive load to register
the pain. Distraction therapy is categorised into active attention-diversion
where patients actively perform some task to keep them distracted, and
passive observation where patients simply observe something interest like
watching a movie. This thesis further divided active attention-diversion
into physically active and mentally active diversion, where the main task
to be performed for distraction is of a physical or mental nature respec-
tively. Virtual reality is one platform for distraction therapy [81]. VR en-
gages multiple senses to give the illusion of being in a virtual world.
Current literature on VR for pain relief is lacking evaluation of what
kind of content delivered through VR would be optimal for pain relief. Es-
pecially physically active content using VR tracking capabilities for head
and hands. In order to understand what kind of content would be most

effective for pain relief, this thesis addressed the following research ques-
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tions:

RQ1: Is active attention-diversion VR content more effective at

managing chronic pain than passive observation VR content?

RQ2: Within active attention-diversion VR content, is physi-
cally active or mentally active more effective at managing chronic

pain?

A VR game called ChronicVR was designed and developed to answer these
two research questions. Staff from Wellington Regional Hospital’s Pain
Management Services were consulted on the design of ChronicVR. The
staff there provided information on what activities would be suitable for
chronic pain patients and what patients liked in general. The game en-
couraged patients to move about physically, to bring them joy and ex-
citement, to help them understand that they can still enjoy activities, and
help teach pain management techniques such as deep breathing to relax
the body. The information provided by the staff at the Pain Management
Services formed the foundational design principles of ChronicVR.

ChronicVR was developed in Unity for the HTC Vive VR headset. The
game consisted of three distinct levels: physical interactions, mental puz-
zles, and passive observation. The distinction between the three levels was
made to evaluate each level on their own in the user study to help answer
the research questions. The physical level require players to move around
virtual objects into specific positions physically. The mental level require
players to solve puzzles using memory and logical thinking. The passive
observation level had players watching relaxing natural videos.

To evaluate the effectiveness of VR for people with chronic pain Chron-
icVR was tested in a user study with fourteen chronic pain patients, the
majority of whom were recruited from the Pain Management Services.
The study had participants play all three levels of ChronicVR as well as
a non-VR control task in a randomised order. Participants were asked to

rate their pain on a 0-10 descriptive pain scale at the start, middle, and



85

end of each level. Each level lasted for 10 minutes with a 5-minute rest in
between.

While the VR tasks; physical interactions, mental puzzles, and passive
observation; were more effective at decreasing subjective pain ratings than
the non-VR control group, the results were not statistically significant once
adjusted, and very little difference was observed between the three VR
tasks. Although ChronicVR tasks were not a significant improvement over
the non-VR control task, the results have shown that physically engaging
content, mentally engaging content, and passive observation content were
equally effective at reducing subjective pain ratings.

The results answered the two research questions:

RQ1 asked if active attention diversion content was more effective than
passive observation content at managing chronic pain. The results found
that, on average, the decreases in pain were higher in active attention
diversion content, but the decreases were not significant. However, de-
creases in pain in passive observation content persisted after the VR ses-
sion had ended, whereas with active attention diversion content the pain
ratings reverted once the patient had taken off the headset and disengaged
from the content. This is possibly due to the passive observation content
aided relaxation, and the relaxation persisted past the VR session leading
to the reduction in pain after the session had ended. Participant preference
was divided between the two. Some participants enjoyed having a task to
do while others enjoyed just relaxing and watching the passive observa-

tion videos.

RQ2 asked which of physically engaging content or mentally engaging
content was more effective at managing chronic pain. The results showed
that they were similarly effective in the 10-minute sessions. In longer ses-
sions, patients may experience increased pain and fatigue with the physi-
cally engaging content as they are moving for an extended period. How-
ever, with repeated long-term use such as 10 minutes every day, patients

may experience increased pain relief from the physically engaging con-
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tent, even outside of VR. Education is an important part of rehabilitation
for chronic pain patients, and physically moving helps them gain a better
understanding of their range of motion.

Qualitative feedback on VR as a pain management tool was positive,
and all participants enjoyed the experience. Virtual reality is effective for
pain management. Each of physically engaging content, mentally engag-
ing content, and passive observation content appealed to different people.
ChronicVR separated each of the three types of content into their distinct
levels for the sake of performing the user study, which compared them
against each other. For a more engaging game, the three aspects should
be combined, with players rapidly swapping between them all. For ex-
ample, physical interactions would be utilised to find objects necessary to
solve a mental puzzle, which requires hints that are obtained by observing
fascinating objects and events happening in the virtual world. Future de-
signs of games and other content targeting pain should not discount any
of physical, mental, or passive content, but instead, work to bring them all
together into a cohesive and thoroughly engaging experience where pain

patients can forget about their pain in the virtual world.



Appendix A

Ethics Approval Documents

This appendix contains user study approval documentation from the Min-
istry of Health’s Health and Disability Ethics Committees and Maori Partern-
ship Board’s Research Advisory Group Maori (RAG-M).
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“ Health Health and Disability Ethic;;‘._ (_:?mr?:_titetla;
Inistry of nea

' ic:l)nd bilit 133 Molesworth Street
. Isability PO Box 5013
Ethics ) Wellington
g Committees 6011
hdecs@health.govt.nz

27 August 2019

Mr Jiaheng Wang

Lower Hutt 5011

Dear Mr Wang

Re: Ethics ref: 19/CEN/88
Study title: Virtual Reality for Chronic Pain: the Effects of Content on Pain Relief

| am pleased to advise that this application has been approved by the Central Health and
Disability Ethics Committee. This decision was made through the HDEC-Expedited
Review pathway.

Conditions of HDEC approval

HDEC approval for this study is subject to the following conditions being met prior to the
commencement of the study in New Zealand. It is your responsibility, and that of the
study’s sponsor, to ensure that these conditions are met. No further review by the
Central Health and Disability Ethics Committee is required.

Standard conditions:

1. Before the study commences at any locality in New Zealand, all relevant
regulatory approvals must be obtained.

2. Before the study commences at any locality in New Zealand, it must be
registered in a clinical trials registry. This should be a WHO-approved registry
(such as the Australia New Zealand Clinical Trials Registry, www.anzctr.org.au)
or https://clinicaltrials.gov/.

3. Before the study commences at each given locality in New Zealand, it must be
authorised by that locality in Online Forms. Locality authorisation confirms that
the locality is suitable for the safe and effective conduct of the study, and that
local research governance issues have been addressed.

After HDEC review

Please refer to the Standard Operating Procedures for Health and Disability Ethics
Committees (available on www.ethics.health.govt.nz) for HDEC requirements relating to
amendments and other post-approval processes.

Your next progress report is due by 27 August 2019.

A - 19/CEN/88 — Approval of Application — 27 August 2019 Page 1 of 4



Participant access to ACC

The Central Health and Disability Ethics Committee is satisfied that your study is not a
clinical trial that is to be conducted principally for the benefit of the manufacturer or
distributor of the medicine or item being trialled. Participants injured as a result of
treatment received as part of your study may therefore be eligible for publicly-funded
compensation through the Accident Compensation Corporation (ACC).

Please don’t hesitate to contact the HDEC secretariat for further information. We wish
you all the best for your study.

Yours sincerely,

Mrs Helen Walker
Chairperson
Central Health and Disability Ethics Committee

Encl: appendix A:  documents submitted
appendix B:  statement of compliance and list of members

A - 19/CEN/88 — Approval of Application — 27 August 2019 Page 2 of 4
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Maori Partnership Board, Capital & Coast DHB
RESEARCH ADVISORY GROUP MAORI (RAG-M)

<

12 November 2019

Jiaheng Wang

Lower Hutt 5011

Tena koe Jiaheng
Re: Virtual Reality for Chronic Pain Relief
M Your application has been endorsed

RAG-M wishes you all the very best with your study.

Nga mihi
%}2/4;,
{‘\
V/

Jack Rikihana
Chairperson



Appendix B

User Study Documents

This appendix contains documents used for the user study. The docu-

ments contained here are:
¢ Information Sheet
¢ Consent Form
* Pre-study Questionnaire

¢ Mid- and Post- Study Questionnaire
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TE WHARE WANANGA O TE UPOKO O TE IKA A MAUI

ZFBVICTORIA

Virtual Reality for Chronic Pain:
the Effects of Content on Pain Relief

INFORMATION SHEET FOR PARTICIPANTS

You are invited to take part in this research. Please read this information before deciding
whether or not to take part. If you decide to participate, thank you. If you decide not to
participate, thank you for considering this request.

Who am |1?

My name is Jiaheng Wang and | am a Masters student in Computer Science at Victoria
University of Wellington. This research project is work towards my thesis.

What is the aim of the project?

This product is for testing how effective various virtual reality game mechanics are for relieving
chronic pain. It has been developed by me. Your participation will support this research by
providing the data needed to understand the effects the various game elements have on pain.
The results of this study can help us better understand what is effective for relieving pain and
aid future design and development of virtual reality content for pain relief.

This research has been approved by the Ministry of Health Health and Disability Ethics Com-
mittee reference 19/CEN/88.

How can you help?

You have been invited to participate because you are a chronic pain patient. If you agree
to take part you will be asked to use the virtual reality headset which we will provide at the
Victoria University of Wellington campus. We will make notes of your use of the headset.
You will be asked to rate your current pain before and after you use the headset. At the
conclusion of the session you will be asked to complete a questionnaire asking you about your
experience using the headset.

The research will take around one hour. You can stop the user testing at any time by letting
us know, without giving a reason. You can withdraw from the study by contacting me at any
time within two weeks of completing the study. If you withdraw, the information you provided
will be destroyed or returned to you.



Motion Sickness

Some people may experience motion sickness while participating in VR. If this occurs, removing
the headset is often enough to manage this symptom. If you have a history of intense motion
sickness when using virtual reality, simulators, computer games, and/or 3D movies, it is
advised that you do not take part in this research.

If you do choose to take part in this research and at any point feel motion sick, you are
encouraged to stop immediately and rest.

What will happen to the information you give?

This research is confidential. This means that the researchers named below will be aware of
your identity but the research data will be combined and your identity will not be revealed in
any reports, presentations, or public documentation.

Only my supervisors and | will access the notes, recording and/or transcript of the interview
and user test. The material | collect will be kept securely and destroyed on 4 Mar 2020 if it
can be used to identify you, otherwise it will be destroyed on 1 Jan 2030 (10 years).

What will the project produce?

The information from my research will be used in my Masters thesis or academic publications
and conferences.

If you accept this invitation, what are your rights as a research participant?

You do not have to accept this invitation if you don't want to. If you do decide to participate,
you have the right to:

e choose not to answer any question;

e stop the interview or test at any time;

e withdraw from the study within two weeks of completing it;
e ask any questions about the study at any time;

e receive a copy of your questionnaire;

e be able to read the final report of this research by providing your contact details/emailing
the researcher to request a copy.



If you have any questions or problems, who can you contact?

If you have any questions, either now or in the future, please feel free to contact me:
Name: Jiaheng Wang
Email: Jiaheng.Wang®ecs.vuw.ac.nz

Ministry of Health Health and Disability Ethics Committee

You can also contact the health and disability ethics committee (HDEC) that approved this
study on:

Email: hdecs@moh.govt.nz
Telephone: 0800 4 ETHICS

Independent health and disability advocate

If you want to talk to someone who isn’t involved with the study, you can contact an inde-
pendent health and disability advocate on:

Email: advocacy®@advocacy.org.nz
Telephone: 0800 555 050

Fax: 0800 2 SUPPORT (0800 2787 7678)



TE WHARE WANANGA O TE UPOKO O TE IKA A MAUI

ZFBVICTORIA

Virtual Reality for Chronic Pain:
the Effects of Content on Pain Relief

CONSENT TO PARTICIPATE IN USER TESTING

This consent form will be held for ten years.

Researcher: Jiaheng Wang, School of Engineering and Computer Science, Victoria University
of Wellington.

e | have read the Information Sheet and the project has been explained to me. My
questions have been answered to my satisfaction. | understand that | can ask further
questions at any time.

e | agree to take part in this user test.

| understand that:

e | may withdraw from this study at any point within two weeks of completing the study,
and any information that | have provided will be returned to me or destroyed.

e The identifiable information | have provided will be destroyed on 4 Mar 2020.

e Any information | provide will be included in a final report but the observation notes
kept confidential to the researcher and the supervisor.

e | understand that the results will be used for a Masters dissertation, or academic publi-
cations, or presented to conferences.

e My name will not be used in reports and utmost care will be taken not to disclose any
information that would identify me.

| would like to receive a copy of the final report and have added my email address below.
Yes [ No [l

Signature of participant:

Name of participant:

Date:

Email address:
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SFBVICTORIA

Virtual Reality for Chronic Pain:
the Effects of Content on Pain Relief

Pre-study Questionnaire

e What is your gender?

e What is your age group?:
<20 020-24 [J25-29 [130-34 [J35-39 0[J40-44 [J45-49

[J50-54 [155-59 0160-64 06569 U70-74 07579 080+

e Which ethnic group do you belong to? Mark the space or spaces which apply to you.
[J New Zealand European
[ M3ori
[J Samoan
[J Cook Islands Maori
[] Tongan
[J Niuean
[J Chinese
[ Indian
[0 Other (Please state: eg, Dutch, Japanese, Tokelauan):

(1 | don't know my ethnicity
(1 | do not want to state my ethnicity

e What is your average daily pain over the past 3 months? Please refer to the pain rating
chart (0-10):



e Where is your pain located?

e On a normal day, what do you do to self manage the pain? (eg. meditation, reading,
listening to music)

e How familiar are you with virtual reality?
[J Not at all familiar
O] A little familiar
[J Somewhat familiar
(1 Very familiar

(] Extremely familiar
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VICTORIA

UNIVERSITY OF WELLINGTON

Virtual Reality for Chronic Pain:

the Effects of Content on Pain Relief

Session A

Activity:

Pre-session pain:

Session B

Activity:

Pre-session pain:

Session C

Activity:

Pre-session pain:

Session D

Activity:

Pre-session pain:

Mid-session pain:

Mid-session pain:

Mid-session pain:

Mid-session pain:

Mid- and Post-study Questionnaire

Post-session pain:

Post-session pain:

Post-session pain:

Post-session pain:
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Virtual Reality for Chronic Pain:
the Effects of Content on Pain Relief

Mid- and Post-study Questionnaire

Did you enjoy the VR experience?

Would you use it for pain relief in your daily life?

Would you recommend others to use it?

Any other feedback/comments?
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Glossary

Definitions taken from the Oxford Dictionary of English, accessed via [93].

acute (of a disease or its symptoms) severe but of short duration.

Often contrasted with chronic.
analgesia Medication that acts to relieve pain.

chronic (of an illness) persisting for a long time or constantly recurring.

Often contrasted with acute.

opioid A compound resembling opium in addictive properties or physi-
ological effects.

pharmacological Relating to the branch of medicine concerned with the
uses, effects, and modes of action of drugs.

psychosocial Relating to the interrelation of social factors and individual
thought and behaviour.
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