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Abstract  

Virtual reality (VR) research has shown it has the potential to improve mental health 

treatments in healthcare. Its immersive nature has demonstrated a compatibility with existing 

treatments for conditions such as anxiety. Besides research focusing on specific conditions, there is 

little research that looks at VRs influence on general wellbeing.  While VR research has increased in 

recent years, there is still a need for research that is not confined to the lab and to explore how VR may 

be integrated into existing healthcare settings. 

The research presented in this thesis takes you on a journey, starting with the idea of using VR to 

improve mental health and wellbeing. It follows a process of evidence gathering, software design and 

user testing which together lead to an eventual VR intervention in a secondary care setting.  

This thesis works towards four key objectives:  

A) Design and implement a VR intervention. 

B) Explore how people interact with a specific VR experience.  

C) Determine whether the VR experience has an influence on mental health and  wellbeing.  

D) Explore whether presence may affect VRs potential to improve mental health and wellbeing.   

Elements of co-production are featured in a methodology that features focus groups, stakeholder 

consultation and user testing. Together these methodologies inform the design of a VR intervention to 

be tested in a secondary care setting. Whilst designing the VR software for used in testing, I engage in 

digital creative practice to document what I learned from designing and implementing a VR 

intervention. A diabetes clinic was used for the intervention setting. Anxiety and depression are linked 

to living with diabetes. With this in mind the study looks to determine whether VR can have a positive 

influence on the mental health and wellbeing of diabetes patients attending a diabetes clinic. Patient 

case studies are carried out to determine this.  

Whilst the number of cases presented in the research isn’t enough to draw definitive conclusions on 

the interventions influence on mental health and wellbeing, the trends detected point to a positive 

influence on mental health and wellbeing. Future research should explore further areas of secondary 

care, explore the relationship between mindfulness and virtual presence and prepare guidelines for 

new VR users. This research demonstrates a compatibility between secondary care and VR in the 

context of patient mental health and wellbeing.  
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Chapter 1  

        Introduction 

 

1.1 Background 

In an increasingly digitised society, the potential for new forms of care, treatment, 

communication and interventions in the healthcare sector is vast. Digital health has become 

an increasingly important aspect of the wider healthcare industry and while it has brought 

numerous advantages it also raises theories and questions for researchers as they decipher 

the best way to approach healthcare. Digital health is a broad topic with multiple categories 

within it such as mHealth, telehealth, digital medicine, personalised medicine and health 

information technology. The technologized used within digital health are aimed to empower 

consumers to make more informed decisions about their own health as well as  assist with 

the prevention, early diagnoses and management of health conditions outside the traditional 

healthcare settings (1). Selecting what technologies to use for certain problems or to improve 

existing processes requires a rigorous period of trial and research. One of the more recent 

emerging technologies that has been increasingly trialled in the field of healthcare is virtual 

reality (VR). Typically experienced through a head mounted device (HMD) VR allows users to 

immerse themselves via interaction with computer generated images, a digital three-

dimensional world replaces the user’s natural sensory perceptions (2). VR is characterised by 

the participation in this synthetic environment, rather than the external observation of this 

environment (3). Its origins can be traced back to the 1960s, with Ivan Sutherland’s “Sword 

of Damocles” (4), known to be the first head mounted display system. VR as we know it today 

was realised in the 1980’s (5). Since the 1980s digital tracking has been developed (6), the 

video game industry has accelerated improvements in computer generated graphics, 

improved computer processors are now able to update images in real time, HMDs have 

become increasingly accessible and lightweight (7), and increasingly reduced cost has added 

to the technologies appeal (8). Combined, these improvements have allowed VR to become 

a tool not just for entertainment but as a medium that can simulate the real world and 

transport us to new worlds that extend beyond our immediate imagination. It has also 

strengthened the feeling of virtual presence, In the context of VR, presence is the degree to 
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which the user feels situated in that VR environment over the real world (9). For example, a 

user in a VR environment whose hand movements are visible and accurately tracked should 

feel a greater level of presence compared to someone who does not have their hands tracked 

in the environment. 

Subsequently VR has opened itself as a potential compatible tool for health and social care. 

Healthcare is a huge industry and VRs suitability in some areas of the field may be greater 

than in other areas, thus research is required to assess this suitability and to ensure we are 

not using a technology for the novel sake of using it. VR in research is still in a relatively early 

period, but a body of research has emerged already. As I have just acknowledged, VR can 

convincingly simulate the real world. Simulation marked the first time the worlds of VR and 

healthcare would collide, in the 1990’s VR was used a simulation tool in medical education 

(10). However, when you can simulate a medical procedure you can also simulate a medical 

problem. For example, recreating troubling scenarios for a patient suffering with PTSD. 

Researchers or clinicians can generate VR content with the patient in mind, this means stimuli 

can be controlled and changed to tailor for a specific problem or event. As I previously stated 

VR is able to not just simulate but to generate new realities beyond our immediate 

imagination, new immersive realities can take up all of our attention, making VR suitable for 

pain management and distraction techniques, new realities move us into the realm of 

therapeutic care, relaxing worlds can potentially reduce stress and make users feel at ease. 

Technical developments, and practice based research are progressing quickly, which lead to 

substantial challenges, this is highlighted by Garrett et al. (11) in which they state, “Substantial 

challenges remain with theoretical ambiguity and immaturity, a lack of technical standards, 

problems of media versus medium, practical in vivo issues, and economic feasibility.” This 

notion serves as a reminder of VRs infancy in healthcare, but also as a rallying call to 

researchers like me, who are excited yet grounded over VRs uses, and through rigorous 

practical research, hope to provide answers to some of these challenges.  

To help guide that process the research will follow guidelines for VR research set by Birckhead 

et al. (12) in which they set out a three step plan towards the development and validity of VR 

therapy research: Step one focuses on content development, by working with potential 

patient and provider end users, through the principles of human centred design; step two 

involves conducting early testing with a focus on feasibility, acceptability, tolerability, and 
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initial clinical efficacy; and step three which sees the roll out of randomised control trials 

where clinically important outcomes are tested against control conditions. Whilst step three 

is out with the scope of this piece of research, the first two steps are followed, with the aim 

of informing step three in future research.  

1.2  Statement of the Problem 

VR research with a focus on positive psychology or positive stimuli is scant, moreover 

its influence on general wellbeing is still relatively unknown. Mental Health services under the 

NHS in the UK are often accused of not having the same level of parity as physical health 

service (13). Therefore, this current piece of research focuses on whether VR being used as a 

tool for positive change in subjective wellbeing could be considered a legitimate tool for 

improved mental health services in the future. Wellbeing is defined as feeling good and 

functioning positively with regards to an individual persons experiences of their life (14). 

Current approaches to mental health have a high cost per person as they require face to face 

contact with highly qualified and expensive staff, in contrast digital health approaches, such 

as the one pursued in this project, offer the opportunity to bring down the cost per person 

and provide a wider public health intervention that could be delivered to a much larger 

number of individuals for the same financial investment. However, to be clear, this research 

does not look to replace current mental health services. Instead, it looks to question whether 

VR could be used as a tool to enhance and sit alongside current mental health treatments, or 

in some cases offer new novel treatments or self-management.  

1.3 Research Objective and Questions  

 The primary purpose of this study is to determine whether VR has a positive influence 

on mental health and wellbeing. I lay out four clear objectives to help work towards the 

study’s purpose.  

A) Design and implement a VR intervention. 

B) Explore how people interact with a specific VR experience.  

C) Determine whether the VR experience has an influence on mental health and  wellbeing.  

D) Explore whether presence may affect VRs potential to improve mental health and wellbeing.   
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 To fulfil these objectives five research questions are presented:  

Questions: 

1) Is it feasible to design a VR intervention from the ground up with no prior experience?  

2) Using ethnographic methodology, how do patients interact with a specific VR 

experience? What themes are consistent across patients’? 

3) Using quantitative quest do levels of anxiety, depression and wellbeing improve from 

baseline responses?  

4) Do ethnographic observations provide any more insight to changes in mental health 

and wellbeing? 

5) Using quantitative questionnaires do higher levels of presence correspond with 

improved mental health and wellbeing as answered by the two previous questions? 

1.4 Rationale of the Study  

 In providing a rationale for this research I’d like to firstly highlight a notion raised by 

Professor Mel Slater in which he states, “If we recognise that VR aims at the production of 

illusions rather than at reproducing reality then we can explicitly set out to exploit the 

amazing capabilities of the brain” (8). VR cannot explicitly change a patient’s reality, for 

example a patient with a chronic condition using VR will still have that chronic condition when 

they come out of VR. However, that period of illusion may just be potent enough to give the 

patient the respite necessary to make living with a chronic condition more manageable.  

Another example lies in the management of pain, VR cannot directly aid an area of bodily 

pain, but it can trick the brain into making it forget about the pain (15). Finally these illusions 

help us simulate reality, which in the case of fears and anxieties can allow patients to 

approach their fears in safe and controlled manner, VR provides us with a sense of ‘place 

illusion’, the strong sense of illusion of being in a place despite our brain knowing we are not 

there (16).  

Reviews of VR applications in mental health have already started to point to its strengths in 

certain areas of psychology. VR has been shown to be effective in eliciting fears for various 

aspects of anxiety (2,17) with the majority of studies demonstrating clinical efficacy (18), 

particular against comparison conditions such as imaginal exposure (19), with other reviews 
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concluding VR therapy demonstrates similar effectiveness to conventional treatments (20). 

There is support for the idea of VR as a new promising form of psychological treatment (21), 

whilst an acknowledgement of the need for controlled studies outside the laboratory (11) and 

exploration into further areas of mental health such as depression and wellbeing (2,22).  

A sense of ‘presence’ is a key factor in VR.  A focus presence has been noted as playing a major 

role in creating the illusion necessary for VR (16). This illusion of being there is what separates 

it from other digital mediums and makes it a unique feature in clinical psychology (23) and 

subsequently mental health. Presence questionnaires have been developed (24) allowing 

researchers to measure levels of presence and to contextualise its wider implications in their 

research. Presence and feelings of fear in VR have previously been associated (25), while this 

may illustrate presence as a catalyst to allow real emotions to take place in a VR environment, 

research to date has not provided the clarity needed to make a meaningful connection 

between presence and emotional experience in VR (17). If fear as a negative emotion can be 

associated with presence, this research asks the question of positive emotions; do aspects of 

positive psychology become more meaningful to patients who feel higher levels of presence 

in a VR environment?   

1.5 Organisation of the Thesis  

 This thesis is split up into eight Chapters. Following this introductory chapter, chapter two will 

look to review three areas that this study is concerned with when planning, designing and 

implementing VR for an intervention aimed at improving mental health and wellbeing. Firstly, it will 

review VRs use across a range of mental health conditions, to identify its strengths, weaknesses and 

areas that warrant further research. Secondly it will look into some of the key themes around VR, I 

expect this to be around immersion and presence although it may include other themes. And finally, I 

have looked at some of the more technical aspects of VR to understand where the technology is today, 

– including limitations and comments on ethics when using VR - this should help inform what kind of 

VR to use in this thesis.  

Chapter three will lay out the methodology and methods to be used in this thesis, this will provide an 

opportunity to talk about the connection between social research methods and human computer 

interaction (HCI) and detail why they complement each other.  

After discussing methodology, chapter four will act as the first major study in the thesis. Here I will 

carry out focus groups and collect information from stakeholder consultations, combined these - along 
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with background research in chapter two - will aim to pinpoint the setting and sample of the 

intervention.  

Chapter five will catalogue the design process in making a VR intervention using video game 

development software. This will involve a reflective process to better understand the choosing of 

software and hardware, provide learning and software resources, and provide an oversight of the 

designed intervention.  

Once a working beta of the intervention has been made, it will have to go through a period of usability 

testing, to find technical issues and ensure that it works for its intended purpose, this will be covered 

in chapter six.  

Chapter seven will provide results from the intervention, and layout the data collected during the 

intervention. This will include highlighting key notes from individual patient VR sessions and displaying 

results from questionnaire data.  

Chapter eight will act as the discussion chapter, here I will analyse the findings from the intervention 

and reflect on learning from the thesis.  

Throughout this thesis I have chosen to talk in the first person. Coming from a sociological background 

I am familiar with taking an auto-ethnographic approach, it will allow me to reflect on the experience 

of designing and implementing a VR intervention and connect it to the wider challenges of digital 

health research with VR. For a more thorough explanation of autoethnography, refer to 4.1 in the 

methodology chapter.  
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Chapter 2 

A VR Narrative Review: Mental Health Uses and Technical 

Concepts.  

 

The following chapter provides a series of short narrative reviews (26) in which I 

describe and discuss the current state of scientific literature around VR.  

Firstly, I focus on VRs specific uses for mental health, what conditions have been researched, 

in what context is VR used to treat conditions and how it compares to conventional 

treatments. The aim of this first review is to understand where mental health research is 

plentiful, where there are potential gaps that warrant further exploration, and in what form 

do VR interventions take shape.  

Secondly, I take a more focused look at some of non-health related concepts that have 

developed as VR has been increasingly used in health and wider research, particularly 

concepts of presence and immersion as well as dissecting some jargon in VR specifications.  

Finally, when using any new technology in healthcare, it is important to identify any potential 

side effects and any ethical considerations that are pertinent to this form of technology. I 

provide a short discussion for each section that reiterates and interprets some of the key 

findings in each area. Combined these reviews act as the first line of considerations to take 

into account when designing a mental health intervention using VR.  

 

     VR and Mental Health Literature   

2.1.1 Introduction 

Before undertaking any review, I would like build upon the definition of VR provided 

in this thesis’ background. It is necessary to do so with a technology such as VR, the rapid 

development of the technology and it’s uses can blur previous recognised definitions. Precise 

definitions of VR are needed as varied uses of the term engenders confusion (27). For 
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example, in 1992, Steuer (28) described VR as being, “A real or simulated environment in 

which a perceiver experiences telepresence”. However, as known today, telepresence is 

associated not with just VR but with a wide range of digital technologies, particularly video 

conferencing. Further definitions in the 90’s include “A computer-generated display that 

allows or compels the user (or users) to have a sense of being present in an environment 

other than the one they are actually in and to interact with that environment” (27). Schroeder 

acknowledges the computer generation element of VR but unlike later definitions doesn’t 

specifically describe these as being 3D. In contrast Riza et al (29), account for the 3D features 

of VR, “A collection of technologies that allow people to interact efficiently with 3D 

computerised databases in real time using their natural senses and skills”.  This definition 

brings us closer, but both miss one important element of a VR experience, one that surrounds 

the experience, it is this that separates VR presence from telepresence. Mel Slater (2018) 

acknowledges this, “The fundamental element of any VR system must include a computer-

generated world of course, but ideally one that perceptually surrounds the participant.” What 

definition defines the VR described in this review and thesis? The definitions agree on the 

existence of an environment, separate from the real world. It is computer-generated, 3D and 

allows users to utilise their senses and skills through active participation (3). Finally, I concur 

with the point made by Mel Slater, in that a fundamental element of VR today is one that 

surrounds the participant. Therefore, it must allow the user to look around the environment 

with 360-degree rotation. HMDs today and in the past allow for this feature, as do some VR 

systems that do not utilise a HMD, see CAVE system, described later in the chapter. VR 

environments made up of monitors and screens that do not completely surround the user are 

not characterised as VR in this thesis and review.  

Prior to the adoption of VR as a potential tool to treat mental health conditions, VR 

first emerged in healthcare as a medical education tool, providing a safe and controlled 

environment for practicing medical professionals, early examples include it being used for 

colonoscopy and upper gastrointestinal tract endoscopy simulation in the 1990’s (10). It 

continues to be used in this field today, providing education in spine anatomy (30), forearm 

musculoskeletal anatomy (31), educating medical students (32), to teach empathy (33), 

radiography (34), and further areas of surgical training (35). When you have a tool that can 

offer a flexible experience to improve/adapt/practice a procedure or encounter you can also 
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use it similarly for behaviour change in a patient population. This opens up the technology to 

different avenues of mental health. Established mental health treatments such as CBT have 

the potential to be improved, environments can be adapted to cater for individual 

experiences, and I can allow patients to practice their response to troubling stimuli, whether 

it be a social encounter, an addictive substance or a specific phobia. It is this level of control 

that virtual reality offers that makes it an attractive tool for mental health research. For 

Valmaggia et al. this ability to control stimuli has allowed VR ecological validity in its 

assessment of behaviours, emotions, and cognitions. I have identified 7 key areas of VR 

mental health research which are reviewed in further detail.  

2.1.2 Anxiety  

When looking at VR mental health literature, the depth of research carried out around 

anxiety makes it a natural starting point. Anxiety is defined – for the purpose of this review 

and the thesis - as an emotion distinguished by tension, worry and physical changes such as 

increased blood pressure (36). People with anxiety often experience intrusive thoughts or 

concerns which can lead to avoiding situations out of worry. Excessive levels of anxiety can 

lead to deterioration in mental health. Anxiety disorders are most common form of mental 

disorder, and during the course of their lives can affect nearly 30% of adults (37). The anxiety 

can cause muscle tension and avoidance behaviour (37). This can lead to individuals avoiding 

situations that they fear may cause them anxiety, this avoidance can hinder an individual to 

function normally. Types of anxiety disorders include generalised anxiety disorder (GAD), 

panic disorder, specific phobias, social anxiety disorder or agoraphobia (37).  The causes of 

these disorders can include a combination of factors, genetic, environmental, psychological 

and developmental factors (37). This research is concerned with GAD, however, to best give 

an overview of VRs applications more specific anxieties are included in this review.  

An example of the depth of anxiety related research I provide examples drawn from the 

conclusions of two recent published reviews. The first review was carried out by myself and 

my supervisory team (4) where we reviewed VRs uses in mental health over a five year period 

(2012-2017) under some specific inclusion criteria, we identified 82 studies of which 42 were 

concerned with anxiety. The second review is a much larger study in scope carried out by 

Freeman et al. (2) which did not use any constraints for publication date. Instead, they 
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identified 285 studies up to the end of 2016, of the that total there was 192 (67%) studies in 

relation to anxiety, 127 studies were intervention reports, 46 were assessments – typically to 

validate VR environments for treatment – and 19 were concerned with the causes of anxiety. 

Anxiety comes in many forms and again this is reflected in variety of VR studies that have 

covered different areas of the condition. Anxiety studies have focused on social anxiety 

disorder (SAD), (38–41) varying post-traumatic stress disorder (PTSD) focuses including 

combat veterans (42–45), assault victims (46,47), victims of terrorist attacks (48,49) first 

responders at the World Trade Centre (WTC) (50,51), and diverse trauma (52,53). Anxiety can 

be general with stress induced by a wide range of events, alternatively it can be very specific. 

VR has been used in both cases, with some studies focusing on generalised anxiety disorder 

(GAD) (54) or obsessive compulsive disorder (OCD) (55–57) and others focusing on specific 

phobias that cause anxiety, these have included public speaking (58,59), fear of spiders (60–

64), fear of flying (65,66), claustrophobia (67), fear of heights (68,69), fear of dogs (70–72) 

and fear of cockroaches (73–75). As highlighted VRs uses for anxiety are vast and well 

distributed.  

The most common form of intervention for anxiety involved VR exposure therapy (VRET). 

Exposure therapy is a type of cognitive-behavioural psychotherapy technique (76). It is 

intended to allow patients to face their fears and gain control of their fears and distress. 

Commonly used for PTSD and specific phobias, exposure therapy has in the past 

demonstrated the greatest empirical evidence for the treatment of PTSD (51). Therapists take 

care as they trigger traumatic memories or reminders through imaginary imagery, this can be 

done either all at once with a ‘flooding’ of events or as part of a gradual build-up of events 

with each progression working towards the most severe trauma (76). In VRET the VR 

substitutes for imaginal exposure. Imaginal exposure involves a patient imagining feared 

situations, or objects with the aim of evoking fear and anxiety (77). An example of the build-

up of traumatic events carried out in VR comes from (78) where disaster workers from the 

WTC attacks suffering from PTSD were exposed to increasingly traumatic scenarios around 

the WTC. The first scene would have participants exposed to a plane flying over New York 

without crashing into buildings, the second has the place crash into the WTC without an 

explosion, and these scenarios becoming increasingly traumatic until the final version where 

the attacks are recreated in VR.  
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A number of studies have looked to compare imagined exposure therapy with VRET 

(40,79,80). Similarly, VRET has been assessed with and against cognitive behaviour therapy 

(CBT). CBT is a talking therapy where patients talk to a therapist about their problems in an 

attempt to manage and change the way they think about their anxieties (81). Therapists break 

down problems into separate parts and they then work with the patient to change the way 

they think about each part. In the treatment of SAD Bouchard et al. (82) found CBT using VR 

was more effective than normal CBT, alternatively Malbos et al. (83) found VR with CBT to 

reduce anxiety but it did not wield any greater results compared with CBT on its own. Penate-

Castro et al. (84) highlighted similar improvements for VRET and VRET combined with CBT, 

however they found that VR groups had the least amount of drop outs.  

There is a pattern of results that demonstrate at least a comparable level of improvements 

for VRET with traditional therapies. This conclusion is reiterated by Freeman et al. (2) who 

concluded that for anxiety, VR interventions perform comparably with face to face 

alternatives. Evidence around improved dropout rates and having VR as an option for patients 

who struggle with imaginal exposure justify its uses for anxiety.  Finally research has 

suggested that VRET has real life impact and it is capable of sustaining levels of improvements 

in patient anxiety parallel to existing therapies (85). To conclude on anxiety, VR is a capable 

form of treatment, either on its own or mixed with traditional therapies.  

2.1.3 Addiction  

Behaviours associated with addiction disorders often stem from a need to escape 

eternal discomfort, leading to a loss of control which can spiral into further negative 

consequences (86). Similarly, compared with anxiety studies, VR has utilised forms of 

exposure therapy in the treatment of addiction. VR cue exposure therapy (VR-CET) which 

involves participants being repeatedly exposed to stimuli associated with substance abuse to 

trigger craving responses (87).  

The majority of research involving VR and addiction has been concerned with tobacco 

addiction. VR has proved successful by triggering craving in smokers (88,89). Pericot-Valverde 

(87) concluded that VR-CET may improve current treatments for smoking cessation. Bordnick 

et al. (90) combined VR-CET with CBT as part of a skills training course which resulted in a 
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reduction in cravings, and an increase self-confidence and coping skills among nicotine 

dependent participants.   

Beyond smoking VR has been used in studies involving addiction towards gambling (91,92), it 

has triggered cravings towards alcohol in alcohol dependent participants (93), as well as crack 

cocaine (94) and opioids (95). Addiction studies have shown that the reactions to stimuli in 

VR that cause cravings are similar to what you would expect in real life, adding to ecological 

validity – accurately replicating responses to real life situations - that VR brings to many 

studies. Moreover VR-CET combined with CBT has shown potential to improve existing 

treatments for addiction. 

2.1.4 Psychosis  

 Psychosis is clinically a more complex problem compared to anxiety or addiction which 

is reflected in the diverse nature of VR studies with different perspectives taken towards 

understanding and diagnosing psychosis (2). Simulating problematic scenarios in VR 

environments provides an avenue to assess paranoid thinking. A good example of this type of 

research comes from Atherton et al. (96) who took a sample of males who reported paranoid 

thinking and placed them in an HMD which simulated an underground train journey. This 

particular study assessed how levels of self-esteem contribute to the causes of paranoia, but 

it reflects how VR can be used as a tool to carry out this type of research. Being able to create 

a diverse range of environments makes VR suitable for assessing how environmental factors 

relate to psychosis (97,98). Avatars – a computer graphical representation of a character or 

ego – are a good way to assess social functioning in paranoid thinkers (47,99) and could be 

beneficial for training patients to become more comfortable with social interaction (100). 

Avatars in VR environments have also been used to assess paranoia towards ethnicity 

(101,102) and towards height as in indicator of social status (103). Other notable VR studies 

include measuring levels of distortion in reality perception (104), investigating cognitive 

flexibility (105), assessing the effect of social deprivation on psychosis (106) and whether THC 

– the main psychoactive ingredient in the drug cannabis – causes paranoia (107). This body of 

literature points to VR being suitable with more clinically complex mental health problems, 

particular as researchers/clinicians are able to make specific content that caters to specific 



 
27 

 

problems, whether it being manipulating the height and ethnicity of realistic avatars or as a 

platform to deliver social skills training in a specific context.   

 

2.1.5 Eating Disorders 

 Similarly, to addiction studies, VR can trigger cravings towards food following cue 

exposure (108). Responses to food cues in VR is comparable with responses to real food (109). 

Gutierrez-Maldonado et al. (110) found that exposure to food related cravings in VR was more 

effective at reducing cravings compared with a laptop. However, when treating eating 

disorders, for many the concern is around body image as opposed to food cravings. This opens 

up avenues into treating anorexia, a serious mental health condition where people try to keep 

their weight as low as possible (111). When discussing psychosis, I introduced the idea of 

avatars being used to assess social interaction in different contexts. In the treatment of 

anorexia rather than viewing an avatar as somebody else, it is possible to take ownership over 

a particular avatar, allowing the participant to substitute their real body for a virtual one with 

realistic features, it is essential to view this virtual body from a first person perspective like 

we do with our own body (112). Patients who embodied a VR body reduced their 

misjudgements of their body size in a study carried out by (113), this is consistent with a 

previous study that embodying a virtual body can be effective at producing changes in body 

representation towards a larger belly size (114). Finally, VR has again been merged with CBT, 

this time to help improve body image (115,116).  For eating disorders VR has again highlighted 

the advantages of having a technology that is flexible in it uses, body illusion treatment is 

unique to anorexia, different to any prior novel treatments I have discussed, but still wielding 

positive results that may enhance future treatments.  

2.1.6 Pain Management  

 Patients who suffer from chronic pain often report associated problems such as 

fatigue and difficulties sleeping, this in turn can lead to a number of emotional problems such 

as pain related fear, depression and an increase in phobic responses (117). In a previous 

review I identified 22 pain management studies from 2012 to 2017, with the majority of 

evidence suggesting VR is an effective method to distract from pain, and performed well in 

relation to controls (4). While the literature previously has seen VR being used to simulate or 
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replicate scenarios, conditions or bodies, for pain management the content is not as 

concerned with realism. Instead the distraction from pain is of primary concern, examples of 

distractions include, coastal and meditative walks (118,119) target aiming tasks (120) or a 

sonic video game (121). VR has been used in pain studies in relation to burn wounds 

(122,123), phantom limb (124,125) cold pressor (121,126), dental (119,127), the neck and 

back (128–130), and cystoscopy (131), moreover it has been used in the assessment of 

analgesia (121,126) and kinesiophobia (120).  

The conditions discussed so far have received varying levels of research interest to date in 

theory, assessment or treatment. These have been carried out via pilot work, randomised 

controlled trials (RCTs) or smaller case studies. The conditions I discuss in the next part of the 

review have been researched to a much lesser degree. This however gives an opportunity to 

look at the research in more detail and opens up avenues for potential research areas that 

merit further interest.  

2.1.7 Depression  

 A surprising finding from my recent review into head mounted VR uses in mental 

health was the lack of research into depression; at the time I uncovered one relevant study 

published between 2012-2017. The one study uncovered used embodiment, delivered in a 

similar manner to that which I discussed in some eating disorder studies. Falconer et al. (132), 

targeted levels of self-compassion among participants who had previously reported levels of 

depression. Participants were asked to deliver a compassionate message to a crying baby, 

following this they were embodied as the baby avatar as the message from themselves were 

played. A significant reduction in depression levels was reported.  Since then studies that 

recruited participants living with depression have used 360 degrees immersive VR videos – 

360 degrees videos wrap the video around the user’s line of sight, allowing them to rotate 

360 degrees and continue to take in the video from different angles - followed by talking 

about personal experiences out-loud (133), this study wanted to assess VRs ability to promote 

health seeking behaviour. A further study used a game called FlowVR, the game was also 

played on a tablet, and a third control condition was incorporated into the study. The VR 

group had significantly better results than the control group and marginal improvements over 

the tablet for improving positive affectivity, negative affectivity and acute feeling of 
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depression (134). Liao et al. (135) have designed and personalised a VR depression diagnoses 

scene and interactive model for depression assessment. Further models that adopt VR as a 

medicine tool have been developed to with the aim of improving depression and obesity 

levels in patients with chronic diseases (136), however the results of these studies have yet 

to be published. There are further studies that target depression with ‘virtual reality’ but use 

non-immersive forms of VR (137,138). Evidently there is room for further exploration in the 

field of depression, Falconer et al. (132) have demonstrated the potential for clinical 

improvement when using VR for improving levels of depression, using the methods 

(embodiment) discussed for eating disorders. Some of the methods used in the next section 

(stress) may be applicable for use in future research targeting depression.  

2.1.8 Stress 

 Stress studies are also slight in quantity but highlight the potential for VR to be an 

effective mediator of stress. Shah et al. (139) delivered a face to face stress management 

course that used psycho-education to provide techniques to manage stress, the techniques 

that were taught to participants were then practiced in VR. The results revealed a reduction 

in stress and significantly depression as a secondary measure. A VR-TSST induced stress in 

participants (140), this is an unsurprising result considering VRs use as part of exposure 

therapy in anxiety. The role of nature in effective stress recovery has also been highlighted in 

the literature.  A VR TSST was also used to induce stress by Annerstedt et al. (141) however, 

following this VR nature recovery was used to facilitate stress recovery. The study compared 

levels of stress recovery between a virtual nature environment with sound and without 

sound, the group with sound and nature had the greatest level of stress recovery. Exposure 

to nature in real life has been shown to be an effective therapy for stress reduction. These 

results indicate nature viewed in VR can also have a similar effect. Cikajlo et al. (142) adopted 

a virtual reality tele-mindfulness app to deliver a stress reduction mindfulness course. Nature 

scenes were used as part of the course, which was delivered remotely to a group by a 

therapist. Satisfaction with life and mindfulness scores improved in patients after taking the 

course. Overall, evidence around stress is low, VR can induce stress, as noted in PTSD studies, 

and the ability to induce stress here is confirmed. Further exploration into nature as way to 

reduce stress and potentially depression certainly warrants further research. The evidence 

uncovered in the literature points to nature VR being an effective tool for changing moods 
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and thus having an influence on someone’s mental health and wellbeing. Moreover, direct 

stress recovery comparisons between real nature and virtual nature would be a useful 

addition to the literature. VR as a platform to deliver and experience mindfulness training 

may also prove to be a useful tool for stress reduction and wider improvements in mental 

health outcomes. More research is needed to assess the potential benefits and feasibility of 

VR being used in this manner.  

VR is certainly an effective tool to trigger stress, whether it be as part of VRET or in more 

general stress scenarios as shown by the VR-TSST, the use of negative stimuli in this sense is 

one that triggers real life reactions in participants.  

2.1.9 Wellbeing 

 Wellbeing is a broad concept that can be interpreted as how people feel, function and 

evaluate their lives as a whole. The National Economic Forum state that the ‘feel’ refers to 

emotions such as anxiety or happiness. Function refers to a sense of competence and being 

connected to those around you, whilst the ‘evaluate’ component refers to how assess their 

overall satisfaction with their live (143). Potential drivers of wellbeing can be housing, income, 

education, social networks, as well as more reflective factors and resources such as health, 

optimism, resilience and self-esteem. Being physically active, connecting with others, learning 

new skills, giving go others and mindfulness have all been linked with good levels of wellbeing 

(144).  

A range of VR and wellbeing studies have started to emerge in recent years. One such study 

looked to assess the motivations and engagement of VR exercise, aimed at improving health 

and wellbeing(145). Moreover, exploring virtual landscapes has demonstrated a decrease in 

feelings of hopelessness and negative mood when looking at the relationship between VR and 

virtual nature (146). There have been positive responses to VR workplace interventions 

designed to improve levels of wellbeing in the workplace (147). A critical review looked the 

use of VR to enhance wellbeing in older adults (148). The review found that most studies had 

looked to improve levels of physical wellbeing, however psychological interventions were also 

starting to become common place. The authors noted that the appropriate content to assist 

with issues such as social isolation was lacking. Espinoza et al (149) looked at the use of VR in 

oncology inpatients and found positive results for VRs potential to improve wellbeing during 
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hospitalisation. A further study which focused on the health and wellbeing of military 

personal found that VR landscapes (nature) have the capacity to foster social connection, 

health and wellbeing in a similar manner to real life landscapes.  

2.1.10 Discussion of VR and Mental Health Literature  

 As expected, this review confirms the findings of previous reviews that anxiety is the 

most researched area in VR mental health. Generalised anxiety appeared less than more 

specific phobias or PTSD, perhaps as it is easier to recreate specific stimuli rather than creating 

an intervention that tackles the root of general anxiety. This is not to say that VR cannot be 

used in this way. The use of the Depression, Anxiety, Stress Scale (150) in Shah et al. (139) VR 

stress management course highlights anxiety can be improved when trying to improve 

general levels of anxiety. Research into anxiety suggests that VR can be as effective as 

established therapies such as CBT and in vivo exposure, in the case of the exposure therapy 

VR arguably improves the treatment and is certainly a suitable alternative for people who 

struggle with imaginal exposure. There was some overlap in treatments across conditions, 

forms of exposure therapy was useful for anxiety and addiction, highlighting VRs ability to 

effectively present stimuli that patients have an emotional connection to. Exposure was more 

often than not related to troubling stimuli, which points to VR perhaps being more effective 

at creating emotional responses to negative stimuli instead of positive. This was reiterated in 

stress studies, VR was shown to induce stress effectively (140,141). This also points to why 

VRET is used commonly in research, as inducing stress to get to the cause of specific anxiety 

is easy to do in VR. However, research could be placed on the use of positive stimuli, results 

for nature recovery was positive, as was the use of mindfulness in VR. This leads to the 

question of whether exposure to positive stimuli has the same level of psychological impact 

on people that negative stimuli has, this may be uncovered later in this chapter when looking 

closer at presence and immersion. This warrants further research, based on the findings so 

far in this review. Further crossovers in treatment emerged, notably the concept of 

embodiment which was used in very different ways to improve body size mis-estimation in 

participants with anorexia (113), and to improve levels of self-compassion in participants with 

depression (132). The success of VR interventions for pain management may be explained by 

the freedom offered in creating content in this area. In many of the other conditions discussed 

there is a need to centre interventions around conventional treatments, whether it be CBT, 
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exposure therapy, or psychoeducation. Pain management interventions distractions can be 

created simply by using engaging content, as the literature showed with the use of sonic and 

Disney games (121,151), coastal walks (119), and snow worlds (152,153). As highlighted, there 

was little research into depression, with only a couple of studies focusing on the condition. 

Depression can be more chronic and resistant to treatment than other mental health illnesses 

such as anxiety (154), this may explain the lack of VR studies for the condition, a condition 

that takes longer to resolve is difficult to treat efficiently in a lab based study. Finally, there 

were no studies that looked at wellbeing, more research is needed to uncover whether 

positive stimuli can have the same impact on wellbeing that exposure to negative stimuli has 

on treating anxiety. 

The emerging use of virtual nature could provide opportunities to improve levels of mental 

health and wellbeing which was demonstrated in the literature. This avenue of research is 

supported by recent exploration into the effect nature and landscapes can have on our health 

and wellbeing. The World Health Organisation has highlighted the positive impact urban 

green spaces such as parks, gardens and playgrounds can have on promoting mental and 

physical health (155). These green spaces can act as ‘restorative environments’, which 

promote the restoration of our health and wellbeing which is necessary to meet the demands 

of everyday life (156). Emfield and Neider (157) highlight emerging findings on the topic of 

nature and wellbeing, they highlight that spending time in natural environments has tangible 

positive effects on wellbeing. This may be explained by the Attention Restoration Theory 

(ART) (158), which states natural environments are suitable to replenish our attentional 

capacity. The sounds and visuals of nature take enough of our attention, whilst leaving 

enough for positive reflection (159). This link between health and nature has led to an interest 

in virtual nature and whether any benefits can be comparable to real nature. White et al (160) 

state the benefits of nature exposure in VR, they include: pain management, alleviation of 

neurological disorders, mental health, relaxation and cognitive rehabilitation. These findings 

are consistent with some of the findings of this review, nature was featured in studies on 

stress, pain management and general wellbeing. This review provided support for utilising 

virtual nature in an intervention to improve levels of wellbeing. However, as highlighted by a 

meta-analysis by Browning et al (161), exposure to virtual nature does not provide the same 

benefit to a person’s mood that its real counterpart provides. As the technical capabilities of 
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VR continue to improve, further research may look to determine whether the difference 

between real and virtual nature can be closed, moreover, if this is not possible, how can I 

maximise the positive effect of virtual nature? Finally, the flexibility of virtual environments 

means it can be manipulated in a manner that real nature cannot. For example, if it is found 

that certain nature sounds allow for a greater level of restoration, these can be emphasised 

in a virtual environment, in a way that cannot be replicated in the real world. This may help 

virtual environments have the same level of positive influence on wellbeing that real nature 

currently provides.  

 Overall, the research to date confirms VRs compatibility for the treatment of mental health 

conditions whether combined or as a platform to deliver traditional therapies or being used 

in a more novel approach to offer unique treatments. Future research will help reveal if VR 

interventions can be become more effective as the technology continues to develop, in the 

next part of this chapter  some of the more technical concepts that may help to maximise VRs 

capabilities as a tool for mental health treatment are explored.  

 

Emerging Concepts and Considerations for VR: Definitions and 

Evidence from the Literature  

 

2.2.1 Introduction  

  The next section of the review takes a more detailed look at some of the 

technical themes that have emerged from the literature, they can be related to the usability 

and feasibility of VR interventions and are a feature of the user’s overall experience. The first 

area of concern is the technical specifications of the VR equipment used in the studies I have 

discussed so far. Experiences of using VR vary, using a technology that is developing at the 

speed VR is means the experience of VR can differ greatly from one piece of equipment to the 

next. It also provides an opportunity to break down some of the jargon related to VR 

specifications. Following on from this themes of presence and immersion are introduced, two 

important aspects of a user’s experience and one that can make or break the illusion VR 

attempts to provide. The usability of equipment is particularly important as participants 
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wanted to get the most from the content/treatment VR provides. As I have just concluded in 

the last section, future research may help as understand if there is a link between the 

capabilities of a VR system and the efficacy of mental health treatment. With this in mind I 

review current research that looks to identify links between the concepts of 

presence/immersion and mental health outcomes.  

2.2.2 VR Specifications  

 In the recent marketing of VR HMDs, manufacturers such Oculus or HTC have started 

talking increasingly about the screen resolution, the field of view (FoV) and the refresh rate 

(Hz) of their devices. Screen resolution refers to the number of pixels per image that make up 

a computer-generated image. This is reported as the number of horizontal and vertical pixels 

(H x V). If we consider a television that presents its images at 1080p, the number of pixels is 

1920 x 1080, many PC monitors now have a marketed resolution of 1440p which is typically 

2560 x 1440 pixels. Screen resolution is important because it affects how clear and crisp 

images are presented in VR, a lower resolution can make images look fuzzy and less life like, 

it can also make text harder to read in VR. FoV refers to how much of an image we can see 

without moving our head in a HMD, this is measured in degrees. The human eye has a FoV of 

around 200-220̊, this combines the monocular FoV of each eye, the area where the monocular 

FoV merge is called the stereoscopic binocular field of view, this is the area that allows us to 

perceive things in 3D and covers an area of 114̊  as shown in figure 1 

 

 

 

 

 

    

    

                 Figure 1: Human FoV  
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Finally, Hz refers to how many frames per second (FPS) a VR device can show, this is also 

known as the refresh rate. This is important because it affects the fluidity of a VR 

environment, this means there are more images (frames) displayed every second making the 

experience seem more fluid or natural+. FPS can have an influence on motion sickness which 

is explained later in this chapter.  FPS has become an increasingly important part of video 

games as the hardware becomes more powerful, figure 2 shows the shows the difference 

between 24 and 60 frames/images being generated in a one second period. 

 

 

 

 

 

 Figure 2. Number of frames displayed in one second. From TechSmith. (162) 

If one looks at the specifications for the two most sold computer connected VR HMDs as of 

early 2019 you can get an idea of where the technology is right now and compare that with 

what has been used in mental health research. The Oculus Rift and HTC Vive are the most 

used VR headsets according to a survey of users by the video game platform steam, which 

provides a library, store and community for computer-based video games. Between April – 

December 2018 combined they account for 87.27% of VR headsets (Oculus Rift 46.45%, HTC 

Vive 40.82%) used on the platform, this notably doesn’t include PSVR, the flagship Play Station 

VR headset that is only useable on the Sony game console. Both HMDs have a display 

resolution of 2160 x 1200 a refresh rate of 90Hz and a FoV of 110 ֯. The biggest difference 

between the headsets is how they track the user’s movements via sensors, and differences in 

the touch censored controllers. In my previous review (4) I chose an inclusion timeframe of 

the past five years to try and include the most up to date equipment, thus excluding some of 

the earlier HMDs used in research. However, a large amount of research has been conducted 

with HMDs that in terms of specs and user experience, are vastly different to what is being 

sold now. I excluded studies if they did not specify which HMD they used, and also forms of 

VR that did not make use of a HMD which are described. The most commonly used HMD was 
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the eMagin z800, of the 81 studies identified, 34 studies used this HMD. Manufactured in 

2005 the z800 has a screen resolution of 800 x 600, a refresh rate of 60Hz and a FoV of 40̊. 

While there are not any studies comparing the efficacy of an intervention using a new HMD 

and an old, from these specifications alone you get two very different experiences of VR. The 

two HMDs can be seen in figure 4. Could VRET be enhanced further by using the latest HMDs? 

It is hard to draw conclusions when there is no evidence to support this, although a FoV that 

is almost three times as big for a new HMD compared with the z800 would suggest perhaps 

it could.  

 

 

 

 

 

 

 

 

Figure 3. The eMagin z800 (Left) and the Oculus Rift (Right) 

In some cases, participants did not experience VR through a HMD. The VR-TSST delivered by 

Annerstedet et al. (141) used a Cave automatic virtual environment (CAVE) (163) system 

which uses projected walls to deliver an immersive environment to participants. Systems like 

the CAVE and the computer assisted rehabilitation environment (CAREN) occasionally 

appeared in literature. Earlier in the chapter I stated CAVE systems met the requirement to 

be included when reviewing VR and mental health literature. The CAVE system was first 

demonstrated in 1992 (164), similarly to HMDs it uses 3D graphics, sensors track movements, 

it is powered by a PC and the walls of the system (pictured below) allow the user to look 

around the environment 360 degrees like you would with a HMD. These similarities make a 

CAVE VR system similar enough to a VR experience with a HMD, meaning any conclusions 

from literature using CAVE applicable to this research.  
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     (Figure 4 VisCube C4 CAVE VR System (163)) 

The practicalities of such a system have to be considered, however. This is not a VR experience 

that can be easily set up in a person’s home, the space required is greater. Such a VR 

experience is more suited to experiments in large labs as opposed to self-management in the 

home.   

Research conducted using the latest VR HMDs has started to become more frequent, recent 

depression studies are using the Oculus Rift (133) and the HTC Vive (134), as smartphone 

based mobile VR (142). The z800 is no longer available to buy and its uses in research should 

not be discredited. However,  to move away from the lab-based VR research setting and get 

a clearer idea of the usability of HMDs then it is important to include consumer versions of 

HMDs that are readily available to buy. More advanced HMDs may also help achieve a greater 

feeling of immersion and presence, which is discussed in greater detail.  

2.2.3 Immersion 

Immersion, depending on the context of its use, can have varying definitions. It is not 

something that is unique to VR, for example if I consider a film that has a griping story line, I 

may consider myself immersed in the story of the film. Immersion is sought after in the 
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production of video games, it has been related to the realism of the game world and the 

atmospheric sounds produce in the game (165) other definitions include immersion as the 

essence – core experience - of a game (166).  

One concept tied closely to immersion is ‘flow’ (167), the “sensation that people feel when 

they act with total involvement”, Csikszentmihalyi (168) focused on flow in relation to the 

behaviours of artists, musicians and sport and chess players. Flow is achieved when the game 

player experiences a loss of context with the real world, for example time can pass by quicker 

than the user predicts due to the total immersion experienced. Nacke and Lindley (169), 

measured levels of boredom, flow and immersion is participants playing the video game half-

life 2 to ‘show how physiological responses can be an indicator of psychological states of 

gameplay experience’. This study illustrates how the difficulty of tasks in a game can be linked 

to immersion, which moves away from earlier descriptions of immersion as highlighted by 

Brown and Cairns (165). When you introduce VR in the context of immersion there are some 

new factors to consider. Firstly, the interactive nature of VR, some authors use the term 

‘immersive virtual reality’ (16) which separates it from other forms of ‘virtual reality’. For 

example, Falconer et al. describe two separate pieces of research titled ‘Innovations in 

Practice: Avatar-based virtual reality in CAMHS talking therapy: two exploratory case studies’ 

(170) and ‘Embodying self-compassion within virtual reality and its effects on patients with 

depression’ (132). In the former study the use of ‘virtual reality’ in the title describes a 

laptop/desktop-based programme, whereas the latter describes an experience that uses a 

HMD. The same key words used by the same lead author but two very different 

interpretations of VR. This is something worth remembering when being clear on immersive 

and non-immersive virtual reality. For the purpose of clarity when this PhD describes VR it is 

the form of VR that replaces the user’s sensorimotor contingencies. Sensorimotor 

contingencies refer to the actions a person performs to help them perceive the world around. 

For example, moving our head and eyes, or feeling the surface of an object with our hands.  

When discussing immersion in relation to games I described how authors highlighted features 

of the software as an indicator of immersion (sounds, visuals, difficulty, story) however when 

you introduce immersion to VR, the hardware starts to take precedent in literature. This 

moves us away from subjective feelings of engagement with connotations of ‘flow’ and 

instead moves our definition of immersion as one tied to technical capabilities. Some VR 
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systems are better at creating an illusion than others as described by Slater and Sanchez-Vives 

(5). The authors describe how different VR systems are more immersive than others, if system 

A (Oculus Rift) can produce the same illusions that system B can (CAVE) but not vice versa 

then system A is more immersive. In this case system B the (CAVE) despite allowing users to 

navigate a virtual environment by rotating your body 360 degrees, it does not make use of a 

HMD therefore it does not substitute your body entirely. In an HMD like system A, you have 

virtual feet, however in system B when you look down you still see your normal feet, therefore 

system B cannot replicate the illusion that system A can, making it less immersive. But what 

technical characteristics/features of a VR system help enhance the illusion? 

Early concepts of VR immersion emerged in the 1990’s and were tied to the specifications 

that I discussed earlier (resolution, refresh rate, FoV). Slater & Wilbur (171) stated one system 

would be more ‘immersive’ if the specifications I listed were greater than another system. 

Previously I stated the eMagin z800 featured heavily in research, and I compared the 

resolution of the z800 (800x600) to that of the Oculus Rift and HTC Vive (2160x1200), 

according to this definition of immersion, the later HMDs would be more ‘immersive’ than 

the z800. More recently, further conceptual ideas for classifying immersion have emerged.  

As demonstrated the role of VR is to replace the user’s sensorimotor contingencies, when 

wearing a HMD our normal visual FoV is replaced by that of the VR system. In this instance 

our visual senses are supported by the HMD. Slater (16) states that the degree to which a VR 

system is immersive can be characterised by the number of sensorimotor contingencies they 

support. Referring back to my example of vision, when - using an HMD - I move my head or 

eyes in another direction I expect the VR system to replicate these actions as I’d expect to 

happen in real life. If I move my head under a table in a VR environment I expect to see under 

the table, like I would in real life, this is defined as a valid action. If a VR system did not have 

head tracking, the action of moving your head would not be fulfilled, making the system less 

immersive. Slater (16) also uses the example of haptic senses (the process of recognising 

objects via touch), imagine that a user is wearing a HMD and has his head and hands 

accurately tracked within the VR environment, the head movements are valid actions. 

However, if the user reaches out with their hand to touch a virtual object but feels nothing 

because their haptic senses have not been triggered, this highlights an instance when a user’s 

haptic sensorimotor contingencies have not been replaced. The physics of a system help the 
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user perceive their natural body movements and do so in a way that is consistent with that 

they are perceiving in a virtual environment (5). These physics add to the illusion of being in 

that VR environment, this leads us to presence, a subjective correlation of immersion.  

2.2.4 Presence 

Presence is the subjective illusion of “being there” in a virtual environment portrayed 

by the VR system (5). Similarly to immersion, presence can have meaning outside of VR 

literature, previously it has been used to describe the feeling when embodying a remote 

robotic device in a tele operator system (172) for example operating a robot remotely via a 

tablet. To distinguish VR presence from other meanings, the term “place illusion” has been 

used (16). Place illusion can occur when a VR user is static in a virtual environment but able 

to look around the VR environment when nothing is happening. Nothing is happening but 

despite that they feel present in the virtual environment despite knowing for sure that they 

are not actually there (16). Moreover, in a non-static environment if the environment acts 

according to our real world expectations, (an avatar approaches you and waves at you, and 

you wave back) then this leads to a further level of illusion called “plausibility illusion” (5). 

These definitions are in line with that of Wirth et al. (173) who again ascribes a two-step 

model of presence. The authors state’s the user must draw upon spatial cues that allow the 

user to perceive the environment as a plausible space, and secondly the users must also locate 

themselves within the perceived space. These are useful indicators of how one can 

subjectively feel present in a VR environment. Mel Slater (174) summarises the concept of 

presence by stating it is the “extent to which the unification of simulated sensory data and 

perceptual processing produces a coherent ‘place’ that you are ‘in’ and in which there may 

be the potential for you to act.” For the purpose of this thesis I refer to presence as a 

subjective feeling of being located and able to act in a virtual environment, rather than acting 

in the real world.   

To summarise the differences between immersion and presence, I point to the definitions 

used by Cummings and Bailenson (174) in an analysis of the correlation between immersion 

and presence, Immersion is the “technological quality of the media” and presence is the 

“psychological experience of “being there”. In the same study effect sizes were aggregated 

from 83 studies, the authors found that increased levels of user-tracking, the use of 



 
41 

 

stereoscopic imaging and wider FoV were significantly more impactful on levels of presence 

than further improvements to systems such as quality of visual and auditory content. Further 

studies have looked to compare the prevalence of presence in different systems that offer 

varying levels of immersion. The literature points to higher levels of presence in more 

immersive systems. For example both HMDs and stereoscopic projection screens have been 

found to provide higher levels of presence compared with computer monitors (175,176). 

Comparisons have also been made between a VR CAVE system vs. HMD (177,178). The CAVE 

system was found to give higher levels of presence, however when analysing the HMDs used 

in the studies, they are not comparable with today’s consumer HMDs in terms of 

specifications and tracking. Freeman et al. (179) concluded that VR systems that allow users 

to navigate the environment give a greater degree of presence than a VR system that does 

not allow navigation. This further supports the correlation between immersion and presence 

and points to researchers taking these considerations into account before choosing hardware 

for VR studies.  

2.2.5 Presence in mental health literature 

 Similarly to mental health and VR literature in general, insights into the link between 

presence and mental health come largely from studies related to anxiety and more specifically 

exposure therapy (17). The results point to varying factors in the relationship between 

presence and anxiety. During exposure to potentially stressful and non-stressful 

environments Alisna-Junret et al. (180) found that presence was not related to non-stressful 

environments. The study also reported that the relationship between presence and anxiety 

in students was stronger for students who demonstrated higher levels of anxiety. This finding 

was previously found by Bouchard et al. (181) who found that anxiety increases the feeling of 

presence in VR. Price et al. (25) looked closer at the theorised components of presence which 

they detailed as spatial presence, involvement and realness. Fear levels were measured in 

participants with social anxiety. Results from the study suggested that peak levels of fear 

experienced by participants were linked to realness scores, moreover only involvement was 

a predictor for treatment response. These notable studies confirm what previous studies have 

suggested, there is a link between emotional experience and presence in VR (182,183). In 

studies that have specifically looked at exposure therapy in VR, presence and fear appear to 

be linked (184). A further example linking fear and presence is in the study of perceptual cues 
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to trigger spider phobic reactions in VR (185). More than linking fear and presence, the 

authors reiterated the findings on realness stated by Price et al. (25), by arguing their results 

pointed to presence in VR being associated to comparability with real life simulation. 

Peperkorn and Muhlberger (185) used visual cues to trigger phobic responses which were 

related to presence, in contrast Bouchard et al. (181) in their study informed participants with 

snake phobia that snakes were in the VR environment when in fact they were not. This 

information still enhanced levels of presence which points to a causal link between 

information and presence and again reiterates the link between emotion and presence. The 

literature indicates a link between fear and presence, which can be utilised in the treatment 

of anxiety via exposure therapy. The realness of exposure therapy can make the feeling of 

being situated in the VR environment more vivid. This links back to immersion – the technical 

capabilities of the VR system – with more sophisticated HMDs potentially being more capable 

at making exposure appear real. However, the content being displayed in HMDs should not 

be discounted in this equation, without the content, VR equipment is useless. Beyond fear 

the link between other emotions is far less studied and a lot more unclear. Researchers have 

explored avenues towards inducing emotion in VR (53,175,186), links between emotion and 

presence were then studied. Correlations were found between presence and sadness (175), 

joy (186) and relaxation (186) in healthy controls. Felnhofer et al. (187) found no difference 

in levels of presence in different emotional states (joy, sadness, boredom, anger and anxiety). 

In the presence literature I have discussed so far, self-report questionnaires have been used 

to determine levels of presence, most notably the Igroup presence questionnaire (24) which 

uses three subscales (Spatial presence, involvement and experienced realism) and the ITC 

sense of presence inventory (188). However, in a more recent study, a qualitative approach 

was used to uncover factors determining levels of presence (189). A social environment 

designed for psychological assessment was used by 76 participants who took part in semi 

structured interviews following the experience. The following emotions emerged as part of 

the key themes when discussing the VR environment: emotions of the self – anxiety, paranoid 

ideation and detachment – and emotions about others – loneliness, retrospective emotions, 

and recognition of the self-, further factors included physiological reactions such as anxiety 

and motion sickness and interaction with avatars and the environment. The interviews also 

revealed that presence decreased when participants experienced physical impediments, from 
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body movement, sickness and awareness of apparatus (being aware of the HMD on your face) 

, moreover diminished agency was also associated with a decrease in presence. 

2.2.6 Discussion 

 To confirm a previous finding, the specifications of VR HMDs used in mental health 

literature differ greatly from what is marketed today as consumer VR. The tracking, 

resolution, FoV and refresh rate of the eMagin z800 is considerably different to that of the 

Oculus Rift or HTC Vive, the difference this may have on the efficacy of mental health 

outcomes is unknown. Comparative studies that reveal different levels of presence and 

immersion do not give us any proper insights to whether this might affect health outcomes. 

Moro et al. (30) compared a mobile GearVR HMD with the Oculus Rift the study compared 

and found comparable results using different HMDs on the suitability for health education. 

However, it could be argued the difference between these HMDs is not as great as comparing 

them with the eMagin z800 which is now 14 years old. With increased presence being linked 

with feelings of fear, more immersive systems could provide greater quality to VRET or CBT 

for anxiety, again whether this has any influence on the overall outcomes of interventions is 

unknown. Does this discount earlier findings from VR study that used older HMDs? In my 

opinion it does not. There are enough similarities between systems such as the eMagin and 

todays Rift. Both display 3D images, allow the user to operate with 360-degree rotation, the 

environment updates as the person moves and the feeling of wearing a HMD is the same. 

Moreover, the content is as important than the equipment used. It is known from earlier 

studies using HMDs that exposure to negative stimuli in a 3D environment can be an effective 

technique when confronting anxieties. To discount these findings based on the use of an older 

HMD would be counter-productive to this field of research and would slow its development. 

VR research in mental health continues because of the findings from earlier research using 

HMDs such as the eMagin, were the findings not applicable today, the continued interest in 

the research area would have declined.  

Specifications such as FoV, refresh rate and resolution were discussed frequently in the 

literature, however other issues such as ease of use, the time needed to set up a VR 

experience or cable management was not discussed with the same rigour. Based on my own 

experiences I believe there is an advantage to ease of use that, similarly, to improved 
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resolution, FoV and refresh rate, provides a better experience. In my experience with PC 

based VR (Oculus Rift) early mobile (Samsung GearVR) and the most recent mobile HMDs 

(Oculus Quest 2), there is a trade-off between technical capabilities and ease of use. For 

example, the time needed to set up and put yourself into a VR experience was similar between 

the GearVR and Quest 2. In contrast, to set up the PC VR, I needed to set up multiple sensors, 

attach the HMD to the PC via USB and HDMI. Due to the GearVR’s inferior tracking, lower 

resolution and a lack of accurate hand tracking, the advantage of its mobility was more than 

cancelled out. However, the Quest 2 which has a similar resolution, tracking and FoV to the 

PC VR, made it easier to get into a VR experience and get the same level of quality as expected 

in PC VR. This, for me, made it a superior product and I have spent more time in VR due to the 

Quest 2’s ease of use, mobility and reduced time to set up. The setup and space needed for 

PC VR in my experience, was a barrier towards using it. Therefore, I consider ease of use, and 

setup time an equally important factor of a VR experience when compared with the technical 

specifications discussed.  

 As stated, presence certainly seems to have an impact on the emotion fear, the link between 

presence and other emotions is far less known due to a lack of research in the area.  I know 

from my own experience from playing video games that stress caused from a horror game is 

very notable, I can feel the physiological responses, and these responses are not as evident 

when getting joy from playing a game, although this is not to say that I am not feeling 

emotions of joy. A recent play through of a remade release of the popular horror series 

Resident Evil 2 (190) brought out numerous feelings of fear, and this was played on a non VR 

PC monitor, I would actively avoid a VR version of this game. There is little debate around 

immersion as a subjective correlate of presence, the definition of ‘immersive’ systems that 

are more or less immersive based on how well they replace our sensorimotor contingencies 

is consistent with advances in VR equipment and experiences. I would however add that in 

the literature the connection made between the technological capabilities of a VR system and 

immersion does not account for props that add to the level of immersion that are not a 

property of a VR system. One example would be from a plank walk experience (191), in which 

a real wooden plank can be used to walk on to further replicate the illusion of walk on a virtual 

plank 80 stories high on top of a building in a crowded city. This particular paid experience 

claims “Richie’s Plank is the only VR experience that lets you clone any real-world plank into 
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the virtual world for 2X the immersion”. The plank is separate to the VR system but connected 

to the content. Similarly, if I reflect on my own experiences in VR, and having varying senses 

triggered I would agree with the notion that the more sensorimotor contingencies that are 

triggered the more immersive the experience is. For example, a hobby of mine is simulator 

racing, which see’s motor racing carried out virtually via a games console or PC. Recently VR 

has been introduced to various motor racing games, if I were to use an HMD and control the 

car with my Xbox controller, yes I am inside the car via the HMD and I can look around the 

cockpit like in real life. However, my hands are not steering, and my legs are not pushing the 

pedals of the car as they would do if they appeared to be virtual. However, when replacing 

the controller with a replica of a car steering wheel and pedals, my haptic senses are triggered 

as I fight against the force of the car via the wheel, and I can feel the pressure of my foot 

pushing down an accelerator pedal. This is a far more immersive experience than using a 

controller without any haptic feedback, it is also consistent with a conclusion on immersion 

by Slater and Sanchez-vivez (5), in which they highlight that immersion, “describes the 

technical capabilities of a system, it is the physics of the system”. The technical capabilities 

point to the features of the equipment and the physics refers to the way the systems 

capabilities are able to realise our expectations when imitating real life. However, as noted 

the physics of a system can be enhanced through props and add on-s to a particular VR 

system. When considering the potential avenues of mental health research, early insights into 

virtual nature recovery has shown it may be beneficial as a therapeutic treatment, fans 

connected via USB could be used to simulate a gentle breeze that may prove to add a layer of 

immersion for nature or beach VR environments.  

To conclude on this part of the chapter I summarise some of the main findings. Immersion 

describes the technical capabilities of a VR system, the concept has evolved from one that 

describes the specifications of a VR system such as FoV, display resolution and refresh rate, 

to new ideas of how well a VR system replaces one’s sensorimotor contingencies, it is the 

physics of a VR system. Presence describes a person’s subjective feeling of “being there” in a 

VR environment over the real world. Presence in a VR environment has a greater chance of 

being achieved when using a more immersive VR system. The literature revealed a vast 

technical difference between HMDs used commonly in prior research (eMagin z800) and 

today’s consumer HMDs that are likely to appear more and more in research. Whether this 
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affects the efficacy of outcomes in VR mental health studies is unknown. Presence was 

associated with increased fear emotions in VR anxiety studies, the influence of presence on 

other emotions is less studied and unclear.  
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 Chapter 3 

Side Effects and Ethics 

3.1 Introduction  

As a growing number of health conditions become the focus of VR research, from anxiety 

and phobias to pain relief and anorexia, it is important to remain reflective and critical over 

what is undoubtedly an exciting new technology. With a number of applications becoming a 

viable alternative for healthcare one could be forgiven for assuming VR will evolve into an all-

conquering revolutionary health product used both therapeutically and clinically. There has 

been suggestions that VR may provide patients with a sense of false hope (192) and as a result 

their lies a duty with researchers to avoid language that gives false hope when reporting on 

the efficacy of VR treatment. VR in its current form is not a replacement for traditional 

therapies and communicating that to the public is important. In order to improve its uses and 

get the most from the current generation of VR products, it is necessary to give an honest and 

critical overview of the technology. This section of the chapter continues reviewing relevant 

VR literature, this time with a focus on physical side effects, as well as ethical considerations 

for VR research.  

3.2 VR Induced Sickness  

VRs most well-documented limitation is its ability induce sickness in its users.  

Symptoms include nausea, eyestrain, dizziness and vomiting. Sharples et al. (193) obtained 

data from 200 participants and found 80% of users experienced some form of VR induced 

symptoms. For many these experiences are short lived but for 5% these symptoms can 

become too severe. This should not come as a surprise as it is estimated that around 25-40% 

of people suffer from motion sickness when using varying forms of transport (194). This 

discrepancy between a stationary user in a moving virtual scene has been called cyber 

sickness (195), this definition is different from that of motion sickness which we associate 

with transport and simulator sickness which occurs when discrepancies occur between 

perceived and actual motion (195). For example, it is not untoward to feel this kind motion 

sickness when reading in a moving car. The difference between the movement of the car 

whilst focusing on the words being read causes this motion sickness to occur.  Furthermore, 
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cyber sickness caused by HMDs has been associated with changes in cutaneous 

thermoregulatory vascular tone (heat loss in the arteries). The individual under pinning’s of 

VR induced sickness can be both complex and simple. This makes it harder to make any 

general conclusions as to what causes VR induced sickness, and it has resulted in research 

exploring a wide array of variables. 

A finding by (196), in a study that looked at seated participants playing VR games was 

significant difference in levels of motion sickness was detected between male and female 

users. Motion sickness was reported by 56%, but the rate was higher for females (77.78%) 

than for men (33.33%). This study required VR users to be seated which has shown a tendency 

to induce symptoms further. The apparent prejudiced tendency of VR induced sickness was 

not the only noteworthy conclusion from Munafo (196) et al’s study into VR induced motion 

sickness with a HMD. The difference between genders may have been part explained by 

postural sway. Postural sway is the horizontal movement of the body around the centre of 

gravity. The research supported the findings of Kosloucher et al. (197) who had acknowledged 

differences in postural sway between men and women, both studies stated that control of 

posture are ‘precursors’ in the gendered differences for motion sickness susceptibility. 

Postural stability is closely correlated with severity of cyber sickness (198). In another study 

that explored cybersickness generated by an Oculus Rift HMD Palmisano et al. (199) looked 

at the relationship between vection – the visual illusion of self-motion induced in a stationary 

observer - and cyber sickness. Participants were put into a compensated group that tracked 

head motions, an uncompensated group where optic flow (the flow of objects and surfaces 

in an individual’s visual environment) was aligned with the user’s nose position) and an 

inversely compensated group (reversed head tracking). Unsurprisingly the reverse head 

tracking produced the largest amount of sickness symptoms from a simulator sickness 

questionnaire (SSQ). This highlights the importance of tracking and any lag associated with it 

that may create a difference between the amounts of physical movement by a user and how 

accurate this movement was depicted in the virtual environment.  A further study to focus on 

vection was carried out by Riecke and Jordan (200), in multiple experiments they looked at 

the vection rates between a 3D TV, a 3D projection screen and a HMD. Furthermore, they 

looked at whether differences in HMD (nVisor SX111 vs Oculus Rift DK) in terms of quality of 

display resolution and FoV allowed for varying levels of vection. They excluded any notion of 
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FoV as a significant influencer in vection severity (providing the FoV is kept large), furthermore 

more participants experienced vection in a HMD over viewing a 3D TV. Finally, no difference 

in vection was found between the two HMDs with varying quality of resolution.  

We have noted that movements in a VR environment (particularly as a passive observer) that 

are not synced with the physical movements of the user can produce symptoms of sickness, 

and as a result of this we can see that levels of vection are correlated to this VR induced 

sickness. This naturally leads us onto display lag/latency (the delay between a user’s input in 

the real world and the output witnessed in VR) and FPS, to determine their relationship with 

VR induced sickness. The sensory conflict theory (201) which encompasses mismatches 

between the visual system, vestibular system and non-vestibular system is of particular 

concern to latency and FPS’ relationship with VR sickness. Any delay between system and the 

user may create the conditions for conflict to occur. Ash et al. (202) looked at whether latency 

has an effect on level of vection. They hypothesised that increasing the amount of display lag 

would impair levels of vection, this proved partly correct as both 50ms and 100ms impaired 

vection over 0ms lag. This was contradicted by a reduction in vection impairment at 200ms 

lag. Buker et al. (201) tested whether varying levels of latency were detectable amongst HMD 

users. They found a latency of 78.33ms to be detectable by users, as was 18.09ms but this 

was less noticeable. An association between decreased latency was made with a decreased 

level of simulator sickness. This association however was not found in other studies (203,204). 

No studies have looked for any correlation between FPS and VR sickness. However useful 

information was available from grey literature (205) and VR internet forum pages. In house 

testing by MTech Games (206) found improved frame rate showed a ‘dramatic’ reduction in 

reported simulator sickness. They discuss the problem of ‘frame rate judder’ which depicts 

the flickering of an environment as a result of a frame rate dropping below 75fps. They 

recommended the removal of problematic 3D models that are prone to flickering. Other 

sources claim users should be aiming for 90fps (207). This 90fps benchmark is backed up by 

VR users, under an online VR community thread ‘Is this 90fps target really that important?’ 

on the social website reddit (208), users expressed the following: “100%, really ruins the 

experience if it starts dipping below. I always prefer lower graphics with a solid 90fps in VR.”, 

“The screens refresh at 90hz. We need higher actually. Low frames = pukefest”, “Maybe if it's 

possible to reduce the refresh rate of the Vive to 75hz then running at 75fps would be just 
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fine, though I would not recommend going much lower than that”. Keeping frame rate 

consistent can prove challenging in VR, changes in environments can instantly reduce the 

frame rate, changing a smooth experience into a more nauseous one.  

3.3 Eye Fatigue  

 The relationship between screens and increased eye strain/fatigue is well 

documented (209). Eye specialists such as companies like SpecSavers offer advice on how to 

tell if you are being affected by eye strain including a list of symptoms which include, eye 

discomfort, headaches, burning or itchy eyes, difficulty focusing, dry eyes, watery eyes, 

blurred or double vision and increased sensitivity to light, moreover they also offer advice on 

how best to reduce symptoms (210).  In its current form, VR places lenses between the users’ 

eyes and the screen (stereoscopic imaging) and has been the subject of research in relation 

to eye fatigue. Ukai et al. (211) stated a possible explanation for eye fatigue in stereoscopic 

motion images is from a discrepancy between accommodative and convergence stimuli. The 

vergence refers to the simultaneous movements of both eyes in towards or away from each 

other (212), it us used to maintain single binocular vision. Accommodation refers to the 

process in which an eye changes optical power to maintain a clear focus (213).  A discrepancy 

would make sense particularly as the accommodation process is being conducted for a 

stimulus that does not have the depth that we perceive normally while in a HMD. There are 

no long-term studies that look at the effect of stereoscopic imaging on eye fatigue. For that 

reason, the long-term eye effects of VR are unknown, some authors have pleaded caution 

when viewing stereoscopic images for long durations as visual fatigue may be accumulated. 

Peter Howarth an optometrist and senior lecturer in visual ergonomics at Loughborough 

University reiterates concerns over eye fatigue and VR, stating that there is good evidence 

that those who already have weak eye movement and control were likely to experience 

adverse effects such as eye strain and headaches (214). On the topic of age,  Stephen Lipsky 

MD a paediatric ophthalmologist stated  “Age limitations for VR technology might make sense 

for content, but as far as we know this technology poses no threat to the eyes,” (215). This 

hasn’t stopped further optical developments in an attempt to reduce any possible eye fatigue. 

A new optical mapping 3D display in the Optical society journal by Gao and Wei Cui is 

supposed to increase viewing comfort by producing depth cues that are perceived in much 

the same way we see depth in the real world (216). Long term effects of VR on eye fatigue 
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are unknown, although with screens being an increasing part of our lives, the concern has led 

to The Royal College of Paediatrics and Child Health to publish findings that suggest that there 

is a lack of evidence that screen time is actually detrimental to your child’s health. However, 

it is worth noting that evidence suggests people with eye conditions may experience fatigue. 

Individuals who have amblyopia or other conditions that inhibit depth perception and focus 

may not experience the full benefit of VR (215) and those with weak control are likely to be 

at risk of fatigue. It is hoped that with further optic developments many of these challenges 

will be overcome.  

3.4 Unintended Behavioural Changes  

 In 2016 Michael Mandary and Thomas Metzinger released a philosophical piece of 

work titled ‘Real Virtuality: A Code of Ethical Conduct. Recommendations for Good Scientific 

Practice and the Consumers of VR-Technology’ (192). It remains the most comprehensive 

consideration of ethical questions and dilemmas that should be considered by researchers 

when working with VR. At the heart of it is a reminder of the power researchers have over 

someone using VR, as the authors argue, with this power comes responsibility. Their 

motivations lie behind the strong illusions of embodiment (which have noted to be positive 

for anorexia and depression) that VR gives and the risks that brings. The extended 

psychological illusions created by embodiment are best emphasised by some of the following 

studies which Mandary and Metzinger draw upon, some of which draw from famous 

psychological experiments. A virtual pit was created by Meehan et al. (217)  in which 

participants stand on a wooden platform that is meant to replicate a cliff looking over the 

edge into a pit in the VR environment. Asked to drop bean bags off the cliff participant’s 

demonstrated signs of fear, through heart rate and changes in skin conductance (ibid). This 

study reminds us of the “Visual Cliff” study (218) in which it was first shown that depth 

perception is inherent rather than learned. Even though Gibson and Walk conducted their 

study with babies, the reaction to the visual cliff is similar in a virtual environment. Recreating 

the famous Milgram obedience experiments, Slater et al. (219) demonstrated that subjects 

responded as if the electric shocks they were giving people were real, despite being 

administered in VR. More contemporary examples include a (temporary) decrease in racial 

bias among subjects who embodied a dark-skinned avatar over lighter skin, purple skin or no 

body (220). Participants who embodied a taller avatar over a shorter avatar negotiated tasks 
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more aggressively (221). Finally, participants who embodied older avatars allocated more 

money towards retirement after leaving a virtual environment (222). Yee and Bailenson call 

this the Proteus effect in which people act in accordance with how they expect the person 

they embodying to behave (192). The proteus effect becomes problematic when unintended 

changes in behaviour are continued post study, when it results in changes related to financial 

spending then it is understandable why there is concern over the profound illusion of 

embodiment. If we can push participants in the direction of money saving, it is possible for 

companies to turn the tables around and do the same to promote products, adding subtle 

marketing that can be part of a VE. Mandary and Metzinger recommend informed consent 

for VR experiments that can have lasting psychological impacts. Out of respect for the 

autonomy of participants, they insist researchers must disclose information making 

participants aware that unintended behaviour changes may take place.  

2.3.5 Dissociation and Derealisation  

 The relatively short nature of VR studies has meant that long term analysis of eye 

fatigue is unknown. Similarly, the same concerns are raised when discussing the topic of 

dissociation and derealisation. What happens when the virtual world becomes more 

appealing than the real world? Will the two blur together causing confusion and 

disorientation for the user? Will I become addicted to the platform? Aardema et al. (223) offer 

the best theoretical explanation of dissociation in which they state it is a sense of detachment 

and unreality towards oneself in the real world. This can be seen thorough imagination 

inflation, and fantasy proneness. This is reiterated by Mandary and Metzinger who state that 

individuals experience unreality of the bodily self, and in the case of derealisation, the 

external world is seen as unreal. Whilst the technology may not look life like or photo realistic, 

it has developed enough to create plausibility in the human brain. This environment seems 

real, and it is responding as if it were real (16). The notion of addiction is perhaps the easier 

question to address. Dissociation with the real world is likely to bring about virtual 

environments as safe places where fantasies can continue to be lived and used as a form of 

escapism. As of 2018 the 11th International Classification of Diseases (ICD) will include the 

condition “gaming disorder” (224). Its justification is based around gaming behaviour 

becoming so severe that it takes “precedence over other life interests”. Symptoms include 

continuation or escalation of gaming despite negative consequences, impaired control over 
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gaming and will be classified as a mental health condition (224). Another useful consideration 

from Mandary and Metzinger is how VR addiction may be different to the diagnostic criteria 

used for internet addiction (or gaming) which continues to be of relevance and concern (225). 

This added layer of immersion though embodiment highlights the potential 

neurophysiological differences in VR addiction over other technological addictions. Increases 

in immersion has been touted before as problematic, because of the realism it gives 

potentially traumatic or violent events. The Nintendo Wii’s motion tracked controller added 

a new level of realism to video games when it was released in 2006, the game replicated the 

movements of the users arms, raising concerns that ‘hack and slash games’ would make the 

violence more real (226). VR today draws upon the same technology (touch controllers) while 

offering the experience in 3D which naturally raises concerns. Arriaga et al. (227) argues 

higher involvement and immersion which creates an identification with game characters has 

been associated with increases in aggression. However, in their own study they did not find 

any link between playing a video game in VR and internal states of aggression, hostility or 

physiological arousal. The authors believed however that they were unable to create the level 

of immersion required, a similar study could be replicated with newer equipment. Overall 

recent literature on VR induced dissociation is scarce. Aardema et al. (223) carried out a study 

in which levels of dissociate symptoms were measured before and after exposure to a VR 

environment. The results illustrated an increase in depersonalisation and derealisation 

following VR exposure, furthermore a sense of presence in the real objective world had 

decreased. This remains a key original study on VR dissociation and continues to be quoted 

by online articles today, which suggests little evidence has been discovered since. Madary and 

Metzinger liken this loss of presence in the real world with the disembodied social interactions 

on Facebook today, these interactions are given priority over face-to-face relationships that 

are not situated online.  While on Facebook the relationships still remain with real people, in 

VR the concern is relationships are forged with unconscious AI and complex software used to 

simulate social interaction, a ‘social hallucination’ (192).  

3.6 Privacy  

 Some aspects of privacy are self-explanatory, making sure to check whether a virtual 

environment is part of a public or private domain. Therapeutic VR strategies are not going to 

be as effective if other users can drop in on the same environment. For lab-based 
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interventions this will not be an issue, however a number of health improvement related 

studies were carried out in the non-VR virtual environment Second Life where it is possible to 

meet other users unless you specifically choose a private location. Another concern of privacy 

is through targeted advertising (192) in virtual environments. A number of successful 

mindfulness app on the Oculus store are downloadable for free. Whilst offering great value 

many free apps for phones use advertising to generate revenue and the same should be 

expected for VR apps. As VR uses body tracking, companies have the potential to analyse what 

advertisements individuals spend more time looking at. This poses a risk to the autonomy of 

people who use VR (192). Whilst marketing may not be a concern for health improvement 

research; researchers should take care to ensure virtual environments are not designed in a 

way that may benefit the funders though subtle manipulative marketing. Where this intrusion 

may be beneficial, is in the analysis of a user’s behaviour towards specific health/research 

related stimuli.  

3.7 Discussion  

 The first thing that immediately stands out when looking at literature around side 

effects is the lack of long-term studies. This makes sense for issues such motion sickness, this 

is as immediate effect with no longer term complications, just as you would motion sickness 

from a car journey to stop after soon after the journey had finished. However, there for issues 

such as eye strain, or more importantly from a psychological perspective, the possible sense 

of dissociation and derealisation. One of the issues with creating long term studies in VR – 

this comment extends into mental health research as well – is the rapid development of 

technical capabilities. I have previously noted that some researchers have continued to carry 

out VR research with outdated equipment, would the level of derealisation be the same for 

an older HMD such as the eMagin z800 compared with market HMDs today? It’s a debatable 

question, for issues such as eye strain as well, it is worth remembering the development of 

clearer screens and higher refresh rates. If eye strain was noted in a long-term study with an 

older HMD over a two-year study, yes the researchers might be able to make comments about 

the likelihood of eye strain when operating a HMD on certain settings, but the overall 

warnings might be put aside when the next wave of HMDs solve that issue. This makes 

findings in long term studies that look at side effects limited because of the ever-changing 

circumstances of VR capabilities. In defending the use of older HMDs in the discussed 
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research, it is worth noting that a brand-new HMD released today will not solve the problem 

of depression or anxiety. Rather new HMDs need to follow the body of research and 

guidelines generated using older technology. However, a new HMD could completely solve 

the issue of eye strain in VR. This marks the difference between the two areas and why we do 

not see long term studies that look at side effects.  

Ethics with VR is an interesting topic. On the one hand, researchers working with VR are more 

likely to have their intentions scrutinised by ethics boards in greater detail that other work 

areas. However, as we are focused on behaviour change, researchers should ensure their 

methods are valid and reliable, to ensure we are making positive changes in behaviour and 

not causing unintended behaviour changes. An issue with new immersive technologies such 

as VR is there is little consideration about longer implications of continuous use of these 

products by the public. Naturally, transparency and an awareness of the known are ethical 

considerations that need to be at the forefront of any researchers mind across fields. The 

same applies in the context of VR research. I wanted to draw upon a comparison with online 

marketing to highlight being aware of the unknown. When marketing algorithms were pushed 

on the internet to give individuals personalised advertisements, there was no consideration 

about the potential repercussions of algorithms that learned about the people behind the 

screen. These marketing algorithms have been blamed for the increasing polarisation in 

western politics, with social media users being increasingly pushed towards extreme content 

of the either side of the political debate. Had the algorithms been through a vetting phase like 

a drug is before being made available to the public then there may have been changes or 

warnings before its release. With this in mind, we as VR researchers must be mindful of the 

product of tomorrow. There is a desire for increased immersion and presence as I have shown 

in this chapter. However, what happens when we reach a level of immersion and presence 

that has a detrimental effect on dissociation or derealisation? Researchers who work with the 

technology should voice concerns when they start to see negative effects, even if it has 

initially had a positive impact on an area such as wellbeing. It is expected that one of the next 

developments in VR will be eye tracking, giving companies the opportunity to collect data on 

what we look at and for how long, the same can be applied for researchers, we will be able 

to gauge what has caught the users eye. This has ramifications for some of the issues 

discussed such as privacy. It is unlikely that a company such as Oculus who it is worth 
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remembering are owned by Facebook – a company that has been scrutinised heavily and 

criticised for the misuse of users data and at the time of writing faces calls to ban targeted 

political advertisement on its site – is unlikely to tell it’s users before releasing a product that 

they will be specifically gathering data on everything their eyes focus on, but we as 

researchers need to be upfront with our participants and patients on issues such as this, it’s 

our ethical duty to do so.  
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Chapter 4 

     Methodology 

  

This chapter provides an overview and description of the methodology and methods 

used in this research. This includes the methodological underpinnings of the research, the 

methods used in each phase of the research and a description of the analysis used.  

To describe the methodological approach taken in this thesis, it requires me to revisit the 

overall research question again, break down the key parts of the thesis that work towards the 

research question and apply these parts into a wider methodological framework. The 

research questions were to assess whether virtual reality can improve the mental health and 

wellbeing of patients in secondary care. This question comes with four different but 

connected objectives:  

A) Design and implement a VR intervention. 

B) Explore how people interact with a specific VR experience.  

C) Determine whether the VR experience has an influence on mental health and wellbeing.  

D) Explore whether presence may affect VRs potential to improve mental health and wellbeing.  

 These objectives are achieved by answering the following questions:  

1) Is it feasible to design a VR intervention from the ground up with no prior experience?  

2) Using ethnographic questionnaires and through discussion with patients, how do patients 

interact with a specific VR experience? What themes are consistent across patients? 

3) Using quantitative questionnaires do levels of anxiety, depression and wellbeing improve from 

baseline responses?  

4) Do ethnographic observations provide any more insight to changes in mental health and 

wellbeing? 

5) Using quantitative questionnaires do higher levels of presence correspond with improved 

mental health and wellbeing as answered by the two previous questions? 
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4.1 Researcher Positionality 

  During this research I adopt the principles of action research (AR). AR has been 

developed to provide the field of human-computer interaction (HCI) with the scientific rigour 

needed for meaningful social change (228). AR is postmodern in its approach as it takes a 

collaborative approach to research, which aims to contribute to the practical concerns of 

people In problematic situations and to the academic goals of science (229). It conducts 

research ‘with’ people rather than ‘ for’. The researcher is put in. a partnership with the 

research participants, who are put in the centre of inquiry (228). By including people 

experiencing real problems, the research is democratic and inclusive. From a methodological 

perspective AR is open-ended and iterative. Actions – policy or process changes, introduction 

of technology or interventions  - are implemented iteratively and measured by the quality of 

research and feasibility of the solutions provided (228).  

 

4.2 Auto-ethnography  

 Auto-ethnography described as the combination of ethnography and autobiography. 

Ellis, Adams and Bochner (230) state that authors ‘retroactively’ and ‘selectively’ write about 

prior experiences. There are some variations in the definition of auto-ethnography. Mendez  

(231) argues it can vary from research about a personal experience of a research process or 

of parallel exploration of the researcher and participants experiences. It enables a researcher 

to apply their own world of experience in an effort to generate critical self-reflection. 

Examples of autoethnography have in the past included accounts of emotional, highly 

personal experiences such as stories of living with bulimia (232) or childhood sexual abuse 

(233). An example that relates closer to this research is from Dickie (234), an occupational 

therapist who studied self-employed people who made crafts. Being a crafter maker herself 

she applied her own experience further the ideas and data interpretations. Similarly, as 

someone who has experience with immersive experiences, 3D graphics via video games and 

VR, I am applying my own experiences  to better findings that come from this research. When, 

introducing the thesis, I stated I would take an auto-ethnographic approach and write in the 

first person. This was to allow reflection on the research process. I also intended to use 
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ethnography when conducting research with patients to find out more about how the 

patients interacted with VR. Auto-ethnography allowed me to reflect on some of that 

interaction from my own experiences, and to grasp some of the meanings in the relationship 

between participant and the technology used.  

 

4.3 Human-Computer Interaction    

 We are exploring the relationship between people and a piece of hardware technology 

and we are exploring the relationship between people and a piece of software. It then 

becomes apparent that at the centre of our research and methodology is HCI. HCI is a 

relatively new field of research, but in its short span has changed and widened its focus and 

direction. In its infancy in the 1980s, it was often interested in the interaction between people 

and office automation programs, such as statistical software and word processing (235). If we 

consider some of the significant technological advances, such as the rise of the internet in the 

1990s, the last 15 years have seen the adoption of tablets and smartphones and rise of social 

media and user-generated content, because technology changes, the trends of HCI research 

topics follow suit. Today we have gesture computing, wearable technology, big data (236) and 

immersive technologies such as VR. Technological developments, societal needs, funding 

priorities and user frustrations all affect the change topics of HCI (235).  What remains 

constant is the study of what people can do (or cannot) with these varying technologies, this 

means drawing from multiple fields to explore how they learn, communicate or think. To do 

this HCI require all of the research methods used in the social sciences as well as some from 

the engineering and medical disciplines (235). Practical methods have been used to answer 

theoretical questions. It must be practical and relevant to organisations, to people and to 

design (235). In this thesis the people are secondary care users, the organisation is the NHS 

and the design is the VR software at the centre of the research.  

 

4.4 Macro and Micro HCI 

 Ben Shneiderman (237) describes the differences between micro and macro HCI. The 

differences are important because they can affect the type of methods involved when 
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researching a technology. The micro-HCI researcher/developer looks to build inventive 

interfaces for a range of devices that come with validated user guidelines. This means 

accounting for user skill levels, age differences, whether they have a disability, differences in 

gender, personality and motivation. They need to do this whilst dealing with rapidly changing 

technologies. To do this, researchers can use clear benchmark tests, human performance 

measures or predictive models (237). Conversely the macro-HCI researcher/developer looks 

to build interfaces that address new opportunities across a range of human experiences. 

These include health and wellness, creative arts, community relationships, politics, conflict 

resolution, law and policy negotiation. The challenges for macro-HCI researchers are, facing 

more open tasks with unanticipated user goals, which require new measures of efficacy. 

Relating this to my own research, there is a crossover between macro and micro-HCI. On the 

micro level applying VR in secondary care should look to make recommendations for user 

guidelines. For a new technology like VR I particularly wanted to do this in the context of 

varying skill levels, age, motivation, and disabilities. Guidelines for users with visual 

impairments is especially relevant for VR. On the macro level addressing the human 

experiences of health and wellness is the most obvious challenge for this study.  

 

4.5 HCI Research Contributions  

The way in which HCI contributes to research is laid out by Wobbrock and Kientz  (238). 

They have produced a list of 7 research contribution types in HCI which are, empirical, 

methodological, artefact, theoretical, survey, opinion, and dataset contributions. This study 

has aimed to make contributions in the first four examples (empirical, methodological, 

artefact and theoretical). Empirical contributions are made from findings from objectives b c 

and d, looking at how people interact with a specific VR experience, and whether that 

experience has an influence on mental health, wellbeing and presence. Methodological 

contributions are made from objective a – how we design and build our unique intervention 

– and from the very application of a VR experience in secondary care. The Artefact 

contribution comes from the VR experience itself, Wobbrock and Kientz describe artefacts as 

often being prototypes, new systems, architectures, tools, techniques, and environments that 

reveal new possibilities, new knowledge is embedded in the artefact (238). This description 
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of the artefact’s contribution is connected closely to the design process described in this 

research. The software I created for the VR platform is  the creative artefact in this case, 

insights are generated through the process of developing it, reflecting on my own influence 

on the design as well as the important insights from stakeholders and users that affect 

artefact outcome. If the generation of knowledge through the artefact is a research 

contribution in HCI, then a reflective design process is a method to achieve this.  

4.6 User-Centred Design 

I have alluded to the importance of the user in HCI, whether they are guiding the 

design process or being used in product testing. User centred design is a philosophy and 

methodological approach to design for and involving users when designing computerised 

systems (239). The term was first coined by Donald Norman is a co-authored book titled: User-

Centred System Design: New Perspectives on Human-Computer Interaction (240) which was 

followed by The Psychology of Everyday Things (POET) (241). In the latter he makes 

recommendations that place the user at the centre of the design. Designers must look to 

ensure the user is able to use a product as intended with minimal effort required in learning 

how to use it. The involvement of users can vary, they can either be used lightly, via 

consultations on their needs, or being observed during user testing. Conversely, they can be 

involved as a partner throughout the entire design (239). Involving users can mean the time 

needed to produce a product takes longer. However failure to involve them can risk ill-

thought-out designs leading to frustrated users, products not being used as intended or worse 

products not being used at all. One of the findings on ethics from the previous chapter was 

the need to be aware of any unintended behaviour changes. Allowing users to be involved in 

the design process is a more transparent approach to design. It should help mitigate against 

this concern as users are allowed to express any concerns during the design process. 

4.7 Methods 

 When describing the methods used in this thesis, I do so in the context of the 

objectives they are trying to meet.  These objectives have been laid out at the start of the 

chapter. To address the objectives three phases are distinguished, each using either a singular 

or multiple method. The majority of these methods are qualitative; however, some 

quantitative data is required for the latter two phases.  
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4.8 Methods in Phase One  

 Phase one is split into two parts. Firstly there is background research via a literature 

review and secondly focus group and stakeholder discussion. Both parts look to inform the 

design and build of the VR intervention.  

The literature review takes the form of a narrative review. It uses narrative syntheses (242) 

to explore three key areas of VR research. These areas are VRs uses for mental health, 

emerging technical concepts and finally a review of side effects and ethical considerations. 

Narrative reviews discuss the state of the science on any specific topic. They do not list 

database searches, or the methodological approach used to present, discuss and evaluate 

articles or books (26). A qualitative narrative review should critically analyse published 

literature. The format for the three topics in my narrative review are as followed: An 

introduction to each area, a presentation of recent relevant research/themes/topics and a 

discussion that analyses the current state of published research.  

Focus group and stakeholder discussions then build on the evidence gathered from the 

narrative review. Focus groups are used to understand the needs, concerns, attitudes, 

preferences and practices of people who may currently or in the future interact with a specific 

computer system (235). The primary aim of the focus groups was to get VR into the hands of 

potential users, to test my own assumptions on how people feel about VR. The focus groups 

took three different groups of people (public health staff and you and elderly citizens) and 

engage them in discussion around the VR experience they are trying. Utilising the difference 

between the groups required different research objectives for each. For example, a focus 

group with public health staff would incorporate more of a macro HCI approach, as we discuss 

health and wellness. Conversely, a focus group with elderly participants was more concerned 

with micro HCI as I explore how age and disability needs need to be catered for. 

Complementing the focus groups was discussions the stakeholders which took place after 

focus groups. The reason behind this is after carrying out focus groups and background 

research I should have an idea for an initial design of the intervention. This means that 

discussions with stakeholders should involve exposure to an early alpha build (the first phase 

of the release cycle to go through testing in software development) of the intervention. I 
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particularly wanted to get the views from psychologists and diabetes staff at this stage. This 

was due to the psychological nature of the study and due to a convenience sample of diabetes 

patients being available within the Centre for Health Science where the research was based. 

It must be stressed however that the stakeholder consultations that took place were not 

representative of the disciplines each stakeholder represented. Nor can their insights be 

generalised, in the same way one patient’s insights into their time in VR should not be used 

to generalise the experience as a whole. However, their contribution to the study are still 

important. Combined, all stakeholders assisted in evaluating the direction of the research and 

provided me with critical feedback. A discussion with one group of stakeholders may result in 

direct changes to the intervention, meaning that the next discussion involved a slightly 

different prototype. For this reason, it is important to be fluid with my approach to 

stakeholder discussion and have a clear idea of what I wanted to gain from each meeting.  

Combined, the results from studying evidence from literature, focus groups, and further 

stakeholder discussions informed the initial design of the VR intervention. The building of the 

intervention took place midway through phase one. And the results of this helped direct this 

build process. By being reflective during this build period, a chapter of the thesis was written 

about that process. However, phase two could not take place before a developed beta – the 

software phase following alpha - of the intervention has been completed. 

4.9  Methods in Phase 2  

 A beta build of the software is needed to progress to phase 2 of the study. The aim of 

a beta is to test performance and identify issues known as bugs. Beta testers are recruited to 

give the program some real-world experience (243). To test the beta, I conducted usability 

testing, using mixed methods. Usability testing revealed any problems that then allowed us 

to continue with the final build of the intervention, and secondly, we can get an initial idea of 

how people interact with the VR environment. To do this Nigel Bevans two model approach 

of usability testing was deployed. The ‘bottom up’ approach assesses the software’s ease of 

use – this is where I looked for bugs, and how long it takes the user to learn how to navigate 

the software – and secondly the ‘top down’ approach – where usability is interpreted as the 

ability to use the software for its intended purpose – to explore how people interact with the 

experience (244). This also presented an opportunity to test the research process, specifically 
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the time taken to conduct the VR session and to administer questionnaires. Three forms of 

data collection were primarily used. 

Questionnaires were used to gain an initial idea of the sense of virtual presence people 

experience in this VR experience. The questionnaires explored different aspects of presence. 

The concept of presence was researched during the secondary research stage and I reported 

on it in chapter 8. At this stage we are not as concerned with mental health and wellbeing 

outcomes, so questionnaires were largely restricted to the concept of presence. Exceptions 

were made for sessions where I am testing the time to administer and complete all 

questionnaires. 

Ethnography – the act of understanding complex human contexts and practices (235) – 

required me to engage directly with users as they adapt to the software and hardware, as 

well as taking observational notes on that process. I am simulating the environment and 

context patients used the software in, so I wanted to immerse myself in this environment, 

and thus immersing myself in their problems with the software/hardware. In carrying out 

ethnography I remained reflective as to whether patients use the software as intended and 

how the patient learns to use the software, what difficulties arose and, what patterns of 

learning developed. In doing so I found solutions to improve how people adapt to the 

technology, this was something technical and non-technical. 

Interviewing was also be carried out with users, once the session was finished. The interviews 

were open ended, based around the patient’s subjective experience in the VR intervention. 

They did not aim to be long, or heavily analysed, the interviews are a method that 

compliments other methods all working towards the same objectives during this phase. 

Primarily I’d sought to assess whether participants had any difficulties in the environment, 

whether they saw anything as unexpected and whether there were any technical issues that 

they were aware of. The interviews are not designed to bring up topics around the users own 

mental health wellbeing. Instead I wanted to explore whether they could see this experience 

as having potential for improved wellbeing. Referring back to Bevan’s top down approach, I 

wanted to determine whether the users would use the intervention for its intended purpose. 

 Usability testing was carried out with health participants and recruitment was different to 

that of the main intervention. HCI in health settings  can be difficult at times, and  the real life 
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contexts of the patient have to be considered  (245). Patient wellbeing, ethical and risk 

mitigation have to be considered at this stage. With this in mind, no diabetes patients were 

recruited at this stage. 

To summaries the methods used in phase two, I believe it’s important to again reiterate the 

two objectives phase two is working towards, and how usability testing helps achieve this. 

Questionnaires around presence, ethnography and interviewing all helped me to initially 

gauge how people interacted with the VR environment, offering initial data on one of the 

study’s main objectives. The ‘bottom up’ approach of usability testing here lets me 

understand whether users were using the experience for its intended purpose, or were they 

interacting with the environment in an unintended manner. The methods also let me explore 

some more micro HCI considerations, particularly around learning to use the software and 

how this experience differs for people with different experience. Ethnography and 

interviewing allow me to find technical bugs or find certain visual/interactive elements of the 

environment that could be approved. Moreover, it can also show me what does work well. 

This ‘top down’ approach to usability should provide me with vital insights to better improve 

the build of the VR intervention, one of the key objectives outlined in figures 1 and 2.  

4.10 Methods in Phase 3  

 The methods in phase three provided data on three of the key objectives. It should 

also enable me to answer questions 2-5 as set out at the start of the chapter.  Building on 

from some initial findings in phase two, this phase of the study should offer further data on 

how people interact with the experience. Secondly it offered key data on whether the 

experience may have the potential to improve mental health and wellbeing outcomes, this 

being the most important objective in answering the study’s over-arching research question.  

Phase three centered around embedded case studies. The methodology of embedded cases 

studies allows for the integration of quantitative and qualitative methods into the study of 

each case (246). The use of case studies meant a large amount of data on a small number of 

cases could be gathered.  Case studies in the context of HCI usually fall into four categories, 

exploration, explanation, description and demonstration (247). My case study exploreed the 

use of VR in a novel situation in the hope of informing new designs. It explained a developing 

model that can be used to understand a context of VRs use. A description of the context of its 
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use and finally it should demonstrate how VR was successfully used. Ethnography and 

questionnaires were used in the case studies.  

The questionnaires administered were done in the same way as the usability testing. The 

same presence questionnaire was used with the addition of mental health questionnaires. 

Pre-testing was carried out before the study starts, with follow up questionnaires used to 

compare.  Conducting a tutorial session before the sessions commenced allowed time to 

conduct pre-tests. Once the sessions had started properly, regular questionnaire testing was 

conducted at each session. Two mental health questionnaires were used during phase 3, the 

Warwick and Edinburgh Mental Wellbeing Scale (WEMWBS) (248) and the Hospital and 

Anxiety Depression Scale (HADS) (249). Both have been verified for internal reliability. 

WEMWBS has demonstrated high levels of internal consistency against accepted criterion. It 

has been acknowledged as short, and meaningful to general population groups whilst 

remaining relatively unsusceptible to bias. HADS has also been verified internal consistency 

reliability, “assessed with original alpha, was 0.92 for HADS anxiety and 0.88 for HADS 

depression. The corresponding internal consistency measured with traditional Cronbach’s 

was 0.87 and 0.81. respectively.” (250).  

Ethnography was carried out, again, similar to the usability testing. An added layer of data 

collection was added to the ethnography here. During the usability testing, interviewing and 

ethnography were two separate forms of data collection. In the case studies formal interviews 

were not conducted, however as part of the ethnography I spoke to patients informally, 

asking them questions about their experience of VR as the study progresses. This gave me an 

added layer of ethnographic immersion. The process of going from ethnographic observation 

to descriptive case studies was done in four steps. The first step was to take notes during the 

session, observations started when I met the patient in the wating room and continued until 

the session was over. I was able to take notes as the patient was in VR. Once the patient left 

the session I added further notes on anything that was relevant during the time I interacted 

with the patient before they put the HMD on and anything that may have been said verbally 

and non-verbally once they took the HMD off. Step two took place immediately after, this 

involved reviewing the notes and writing up a more detailed chronological summary of the 

session. Step three involved reviewing the detailed summary, highlighting themes that 

emerged, allowing me to make connections between sessions. For example, any observations 
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around learning how to use the VR equipment was highlighted in one colour. The final step 

was to write up the case studies as presented in this thesis. By using mixed methods there is 

an added layer of assurance when carrying out the ethnography. Should something occur that 

is unexpected or needs further explanation, having the quantitative data to supplement 

would  add further insight or explanation. Finally, had I become concerned with the reliability 

of the qualitative data I was collecting then there was an opportunity to speak with DSNs to 

get some reassurances. For example if I suspected the patient – due to my presence - was 

being overly complementary about the experience and its benefits, I could ask their nurse 

whether they had noticed any changes in the patient’s body language for example.  

Recruitment was carried out with assistance from DSNs. They would identify patients they 

see on a weekly basis who they felt may benefit from an intervention aimed at improving 

wellbeing. When a patient was identified I was contacted and invited to join their 

consultation. Here I would show them the user guide and manual (see appendix) and give 

some background information on VR. If they were interested, a tutorial session was arranged 

for them. This recruitment strategy expanded to diabetes group support sessions. These were 

weekly support groups for patients to learn more about their condition, receive diet and 

weight support. The process of recruitment was the same as it was individuals, potential 

recruits were identified by DSNs. A snowballing technique was used for groups, when one 

individual joined the study, this would lead to others in the group signing up.  

4.11 Analysis  

 The primary form of analysis used in this research was framework analysis. The 

framework method has become increasingly popular in medical and health research (251). 

Data is gathered, sifted and sorted in the order of the most important issues (252). During the 

discussion chapter discussed the most key and important findings first. Framework analysis is 

a flexible approach to analysing qualitative data (251), its flexibility makes it suitable for this 

type of research which is exploratory in nature.  

For the quantitative data gathered during the case studies, as I had a low number of cases 

and avoided  analysing the data statistically. The analysis looked to identify any potential 

trends in the data and was approached descriptively. 

4.12 Conclusion 
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The methodology and methods laid out in this chapter afford a degree of flexibility 

that suit the objects of this research, to design test and explore VR in secondary care. It 

allows me collect a varied and large amount of data without seeking statistical validity. It 

does so whilst allowing me to remain reflective and critical. These methods are deployed 

over the following chapters, starting first with focus groups and stakeholder consultations. 
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Chapter 5  

Focus Groups and Stakeholder Consultations  

  This chapter guides you through the research undertaken to provide the 

direction and features of the VR intervention. It will also mark the first time I conducted 

research with VR, as I carry out focus groups and stakeholder consultations with the public 

and with professionals. The chapter starts with a description and analysis of focus groups 

before moving on to stakeholders. By the end of this chapter an indication of the intervention 

setting, and sample are realised, as well as important considerations to be made when 

designing the intervention. This builds  upon the lessons already learned in the previous 

literature chapters.  

5.1 Focus Groups 

The focus groups mark an important stage in the process of designing the VR 

intervention. The findings from this stage were used to inform the design. The focus groups 

served a further purpose and mark an important milestone in this study. This was the first 

time I shared a VR experience with individuals, it is the first time I placed an individual into a 

HMD which opened up a new sphere of learning in terms of HCI in this study. There are some 

limitations to consider, particularly around the VR that was used, at this stage.  Mobile VR 

was used, and it was my intention to use PC VR – a VR HMD powered by a desktop computer 

- for the intervention. But there is still a large area of overlap in experiencing VR whether it 

be mobile or PC. Going into this part of the study the biggest questions lay around 

acceptability towards VR and to ask participants how they would design an experience for 

themselves.  

A semi-structed format was used for the focus group questions. This was to keep some degree 

of consistency between the demographically different groups and to allow key questions to 

be consistent throughout, i.e, have you experienced VR before? However, as the discussion 

is likely to be different due to the different needs of the groups having a semi-structed format 

allowed me to pursue different avenues of discussion and assess different assumptions 

between the groups.  
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90 minutes was allocated for each focus group, this allowed time to test VR and then a follow-

up discussion. Each group was audio recorded, on the completion of each focus group, I 

created a detailed page of notes, summarising key quotes, ideas, concerns and positives. If 

there was a lack of clarity in the notes on a certain topic, the audio recording was available to 

provide clarification. Framework analysis was used to analyse focus group data, allowing key 

themes to be drawn from the data (253). From each session’s detailed notes, I colour coded 

themes that allowed me to step back and see what issues were re-occurring between 

sessions.  

5.1.1 Focus Group with NHS Public Health Staff 

The first focus group as designed to elicit initial impressions of VR with NHS public health staff. 

Public health staff were seen as potential users of VR, firstly as a form of stress management 

that could be used at home or at the workplace. Secondly, as public health specialists they 

may be see the potential application of VR in their own specialist areas of work. This was the 

first time in the study that participants were asked to try out a VR experience and to gather 

their perceptions of it. We had limited resources and only one HMD was available for the 

group. I looked to carry out further activities with the other members of the group, based 

around their thoughts around relaxation and other potential uses for VR. I have a particular 

interest in finding out opinions on VRs use for staff wellbeing as well as other potential health 

uses for the technology. I was accompanied by an assistant who helped facilitate discussions 

when I was assisting participants with the VR.  

5.1.2 Participants and Setting 

Four female members of NHS Highland public health department at Larch House, Inverness 

15th December 2017.  

5.1.3 Hardware and Software 

The HMD used is a Samsung GearVR (254) powered by a Samsung Galaxy S6 smartphone 

(255). The software trialled by participants was Guided Meditation VR (256) available for 

multiple VR HMDs. 
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5.1.4 Procedure 

Participants were thanked for attending, the group started with a description of the study, 

explaining why VR is becoming an increasingly researched tool within healthcare. Once an 

explanation had been given, I informed participants why they have been asked to speak after 

doing so. Participant information sheets and consent forms were given to the participants. 

Once consent had been given, an overview of the software used during the focus group 

(Guided meditationVR) was given. Participants would have to choose to play the experience 

from the user menu – a user interface allowing the user to operate the software (start the 

experience, exit the experience and access options) - whilst in the HMD. Some brief 

instructions on how to do so were given. For those not using the HMD I post-it notes (three 

for each participant) were handed out. These were used as prompts for discussion. On the 

first post-it participants were asked to write down three ways in which they choose to relax 

at home. On the second note they were asked to write down three ways in which they choose 

to relax at work and finally on the third, they were asked to write down three relaxing places. 

When each user had spent some time in VR, they then joined the discussion. Once the 

participants had written their responses, they were asked to think about whether it may be 

possible to recreate some of their chosen relaxation methods and places in VR and secondly 

whether there was any overlap between activities chosen to relax at home and at work. Each 

user was asked about how they felt using the VR and whether they might choose to add it 

technology as a personal way to relax.  

5.1.5 Areas of interest  

The assumptions I wanted to test were:  

• There would be a diverse number of preferences towards the personalisation of a VR 

environment.  

• People would consider nature VR as relaxing making it a good match for mindfulness 

meditation 

Finally, whilst I acknowledged that any intervention that looked to improve staff wellbeing is 

appropriate and a worthwhile area of research. I wanted to explore further would staff make 

time to use such a piece of technology at work or at home or were there any barriers towards 

using VR, owing to their regular habits.  



 
72 

 

5.1.6 Findings  

The difficulty to instruct participants how to navigate the menus within the VR headset 

when I could not see the screen became immediately apparent. The menu asked some 

questions which would dictate the type of meditation played in the VR experience. This in-

turn would be frustrating for the user as in some cases I had to put the HMD on quickly to 

start the experience. With this particular version of the GearVR the button used to select 

options in the experience is located on the side of the HMD, the button is not obvious and 

trying to get participants to press it whilst they were in the HMD was not user friendly. This 

was an argument for choosing a PC based HMD for research as the instruction process would 

be much easier if the researcher could see that user was struggling. In a focus group setting 

being able to see what the user of the VR is experiencing would also be more beneficial for 

generating discussion points and allow the participants to share the experience with the 

individual user of the VR.  

There was some obvious apprehension for some participants before putting the VR HMD on. 

One participant stated that her first experience of VR had been at Christmas. A family member 

had let her try a VR experience which appeared innocent at first, but it turned out to involve 

‘jump scares’.  A jump scare is a technique used in horror films and games that involves an 

abrupt change in event or image typically with loud audio to immediately scare a viewer (257). 

This first experience was still on the mind of the participant when trying out the guided 

meditation. She was worried that something would come from behind and give her a freight 

despite my assurances that nothing would happen. This was not the only case anxiety towards 

using VR. Another participant expressed mistrust towards VR, highlighting the trick it plays on 

your brain by making you think you are somewhere you are not.  

When asked about places that people find most relaxing, a number of participants’ answers 

were personal. Not simply because they had highlighted a specific or unique part of the world 

but because they chose places that belonged to them, their garden or the home, for example. 

These are places I cannot recreate in VR for one specific person. I had to have a larger cohort 

in mind. Creating multiple VR experiences to cater for each individual would be time 

consuming and would take away from the data collection and analysis that I set out in the 

previous chapter. There were however some answers that could be re-produced in VR, 
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Scottish beaches for example. The ideas generated for relaxation were not just evident for 

places but also for relaxing activities. Answers such as reading a book or knitting were given 

which again as explained, generating such individual content would on mass scale would take 

away from data collection and analysis.  There was a consensus that it may be easier to re-

produce relaxing places in VR than relaxing activities that were discussed by the group.  

There was a favourable consensus towards the use of VR for health promotion. The group 

discussed its potential use for staff wellbeing and for promoting health in the general public. 

One user noted that she would have enjoyed using the meditation VR app previously after 

seeing patients in secondary care but also now after long meetings with other staff. There 

was an acknowledgement that workers in the NHS often need to be reminded to take breaks 

and that the very act of taking a break in the first place would have a positive influence on 

wellbeing as much as using something like VR. In terms of how an NHS worker might use VR 

during a break and how I might go about assessing its use, it was suggested it may be more 

appropriate to trial it with NHS staff who work night shifts during the working week as they 

often have periods of reduced work where there would be time to trial VRs influence on 

wellbeing. Moreover, one user added that often breaks can be cut short due to the 

unpredictable nature of working on the frontline in the NHS, the recent outbreak of Covid-19 

best highlights this comment  

Opinions towards the VR mediation app were generally positive, there was an agreement that 

the locations used during the meditation were relaxing and that having a choice of different 

locations was a good addition and would stop users getting bored of the same place. There 

was an indication that the choice of words used during meditation in VR would need to be 

considered carefully as some of the narrative written for this app wasn’t relatable for some 

of the participants. One participant took off her glasses to put on the HMD but did not find 

any difficulties when viewing the environment.  

5.2.1 Focus Group at the Men’s Shed 

Focus Group two was designed to assess the acceptance and usability for elderly 

citizens towards VR. The set-up for this group would be different from the first. There were a 

number of differences between the group, firstly gender, the previous group was all female 

and the second was all male. Secondly, the objective is not to gather the opinions of health 



 
74 

 

professionals but rather the general public. Finally, as this group are older and less familiar 

with not just VR but smartphones and game controllers, I wanted to try more accessible VR 

experiences with varying levels of skill required. New apps were trialled in this group, due to 

the age and disabilities of some of the participants I did not want to use experiences that 

required users to navigate menus or press buttons on the side of the HMD and instead 

allowed them to experience VR without difficulties. Instead, experiences were used that 

enabled the participants to engage directly with the content instead of having to spend time 

navigating menus. 

5.2.2 Participants and Setting 

The group was carried out at a social enterprise in Inverness called the Men’s Shed on the 

17th of April 2018. The men’s shed has an aim to “address the social, health and wellbeing 

needs of men of all ages and backgrounds living in Inverness”. The group I addressed were all 

over the age of 65. There were 10 men at the group, with two HMDs I was able to split them 

into two groups of 5.  

5.2.3 Hardware and Software 

Two HMDs were used, the gearVR from the first focus group was used, again powered by a 

Samsung Galaxy S6 smartphone. A second HMD the Destek V4 Virtual Reality Headset (258) 

was used and powered by a Samsung Galaxy S8 smartphone (259). Two apps were used, on 

the Samsung GearVR I used ‘Relax River’ VR by Polyrawdevelopment (260). The app takes 

users on a relaxing boat journey down various river scenarios, the river scenarios are not a 

360 degrees video experience using real life pictures but instead is made from computer 

generated graphics. The second app used is ‘Sites in VR’ by Ercan Gigi (261). The app gives 

users a chance to take virtual tours of landmarks with 360 degrees panoramic images from 

famous sites across the world.  

5.2.4 Procedure  

For this group I wanted to take more time to talk about VR at the start of the session and give 

a brief presentation about what VR is. My assumption was that the participants would have 

less knowledge about VR than the first group. Taking more time to explain the nature of the 

technology was beneficial. I then discussed further its potential benefits for health and 
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wellbeing and what my own research interest is in relation to VR. Once this has been done, I 

gathered consent from the participants. Before handing the VR headsets out to participants I 

split the participants into two groups and got them to pass the HMD around their individual 

group after testing. Once completed I swapped the HMDs over between groups. The group 

using the boat journey would require more supervision for technical issues as users are still 

required to press play within the HMD to start the experience. The other app which displays 

the panoramic photos is simple to use and I was confident the participants would be able to 

use the app without any issues. Whilst the two groups experienced VR, I generated 

discussions between the groups about what they thought of VR, would they use it at home 

and what would be there ideal virtual experience if allowed to do anything.  

5.2.5 Areas of  Interest  

I wanted to test the following assumptions: 

• Age is a barrier towards the acceptability of VR. 

• Ailments associated with increased age such as poor eyesight and mobility 

limits the usability of VR 

Moreover, I was interested in whether they seen VR as something they would use if they had 

access to a HMD and finally I was again interested in personal preferences when making a VR 

experience.  

5.2.6 Findings 

It became evident early on during the focus group that the participants in this group 

were more eager and active in wanting to try VR. Whilst in the previous group there was signs 

of apprehension or fear about putting on the HMDs, this was not the case in this group. My 

feeling is that this is not down to gender differences but age and the context of the Men’s 

Shed where trying new things is encouraged as well as talking about wellbeing. This openness 

towards the VR went against my assumptions coming into the group that age might be a 

barrier towards acceptance towards VR, if anything it was the opposite.  

What was particular useful in conveying to participants how users work was showing taking 

the Samsung Galaxy S8 out of the HMD and showing the left and right images split on the 

phone while explaining stereoscopy, the term virtual reality can be confusing to newcomers, 
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but this explanation simplified the learning. Another useful finding from a researcher’s 

perspective was the flexibility of switching between experiences in the Destek VR HMD. The 

GearVR requires the user to attach the phones USB charging port to the HMD like someone 

would if they were charging their phone, this then secures the phone in the HMD and 

activates the VR interface. The Destek was simpler and only required you to place the HMD 

and balance it within the HMD and close the lid of the HMD to secure it. This was an easier 

way to switch between experiences, I was able to quickly take the phone out of the HMD and 

change to a new 360 photo whilst still engaging in discussion with participants.  

The apps used were passive, particular the 360 photos, there is not urgency about the 

experience, and it allows the user to look around a setting without moving anywhere. The 

same can be said to a lesser extent about the river boat experience which despite passive, it 

is still a moving experience with more to take in. In hindsight I could have trialled something 

more challenging, as much as the pictures were a good way to take in a VR image, the 

experience did not last long and there was a tendency for users to want to move on to the 

next thing. In the previous focus group, the user interface which required users to select 

options relating to the experience from a menu caused confusion and slowed down the 

process of getting a user into a VR experience. Here, this was not an issue, with no menu’s in 

the photo VR experience, multiple users were able to have a shot of the HMD in a short period 

of time. Moreover, the reduced menu in the river VR experience was also notably easier for 

users to navigate.  

We discussed what the participants would like to do with a VR experience. Three of the 

participants asked about the possibility of watching football in VR, and how that would work. 

The interest wasn’t just about being able to watch well known teams from across the UK but 

also local matches in the Highlands with much smaller teams. One participant who had limited 

mobility and used a chair to support him stated if he could do anything in VR it would be to 

fly. I reflected that this kind of experience would be liberating for the participant. There were 

evidently motivations for using VR, these were specific to individuals’ hobbies and interests.  

Two of the participants had HMDs, similar in specification to that of the Destek, these had 

been gifted to them for a birthday or Christmas. Again, this was against my expectation as I 

did not expect any participants of this age to own any VR equipment. There was confusion on 
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how to acquire apps for the HMDs, with a couple of the participants asking how I had acquired 

the apps used during the session. There was a discussion about the price of equipment not 

just for themselves but for the NHS if they were to use them. This conjured up issues of 

acceptability and accessibility.  Initially we discussed the price of the HMDs used in the 

session, those with less knowledge about VR were surprised at the low cost of them, I went 

on to add that the apps we had used in the session were free. However, there was a sense of 

scepticism from some of the participants about how one would go about being prescribed a 

VR therapy. Some dismissed the idea of getting this through the NHS due financial issues. This 

led me to think that for some VR is not a health necessity but still a luxury that can bring 

unnecessary costs. It highlighted the digital divide that exists in our society today. When 

discussing prescribed VR therapy further, many participants were keen to know if a health 

professional would be present if they were using an HMD in a hospital. There appeared to be 

an anxiety around firstly, using the HMDs themselves and secondly, VR therapies being used 

to replace face to face interaction with health professionals.  

5.3 Key Findings from the Focus Groups  

 Overall attitudes towards VR were positive, there was an acceptance towards its 

potential benefits for health and wellbeing, offering escapism and new experiences. The idea 

of meditating or relaxing in a pleasant virtual environment was seen as favourable. My 

assumptions about acceptability towards VR were challenged in contradictory ways. On the 

one hand the older participants in group two were very keen to try VR and displayed little 

signs of mistrust towards the technology. Age did not appear to be a barrier towards 

acceptability. However, in the first group there was more mistrust, in fact it seemed that more 

knowledge of what VR is, and previous experiences in VR added to the mistrust.   

I was less inclined to consider researching VRs use for staff wellbeing, some of the feedback 

that often staff have their own personal way to relax and take breaks at work and adding a 

VR intervention would break their routine in a negative way. Moreover, the challenge of 

getting NHS staff to take the necessary time for a break was evident. Conversely the benefit 

of applying it to secondary care is that we are applying it in a context where one does not 

associate taking a break to relax, allowing us to add something new to a patient’s expectation 

in secondary care.   
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For me – using a researcher’s perspective interested in human-computer interaction - the 

biggest argument against using mobile VR in the future was my inability to see how people 

were navigating the user interface. When problems arose navigating menus particularly in the 

first group, trying to visualise and communicate with the participant was difficult. Having a 

monitor where I can see what the participant is seeing – like in PC VR – would be a big 

advantage, alternatively a passive VR experience that does not require menu navigation may 

also work. Because many people who try VR are doing so for the first time, educating and 

supporting someone navigate a VR user interface is especially important, this was evident in 

the groups. I should note that software does exist now to mirror what is happening within a 

non-PC HMD such as the Oculus Quest on a mobile device such as a smartphone or laptop. 

Such software was not available for the hardware I used in this study.  

In terms of personalisation in environment design, I am unlikely to cater to everyone’s 

personal idea of a relaxing place. Catering for everyone’s individual needs in terms of VR 

experiences is beyond the scope of this research. There is some experiences that exist which 

could point to a solution. The Lab (262) is a VR experience available to purchase which 

presents one room with a number of different experiences available to try. The user can 

choose an experience and be transported to this specific experience, then return to the initial 

room at a time of their chosen. It highlights how many different experiences can be place in 

one app, catering to many different interests. At the time of the app had a 10/10 rating and 

is free to try. However, there was enough support for nature environment used across the 

two groups to follow that route in the intervention design. Moreover, the option to choose 

different environments like in the Guided meditationVR used in focus group one was seen as 

a positive thing. The focus groups had assumed me that there was good reason to continue 

with the design of a wellbeing VR experience, the meditation was reacted to positively as was 

the idea of VR offering escapism. Designing the experience, myself allowed me to remove 

some of the interface barriers that were notable during the participant’s interactions with the 

VR apps.  

One concern from the focus groups was the small and not very diverse sample population. 

The next stage of this chapter hopes to rectify some of this concern. Stakeholder consolations 

were conducted to specifically help develop the intervention, however naturally in a 

consultation about VR, those involved discussed VR more widely and not just in the context 
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of this specific piece of research. Moreover, given the objectives of this research, taking more 

time to conduct further focus groups would jeopardise other parts of the research, 

particularly development and testing. The scope of this research is beyond just gathering data 

on people’s attitudes towards VR. The user testing and intervention phases of the research 

would act as further opportunities to gather data on attitudes towards VR.  

 

5.4 Stakeholder Consultations  

 The second part of this chapter describes the key stakeholder consultations that 

helped shape the direction of the research study and the development of the intervention. 

All of the consultations described took place after the focus groups. Each consultation 

involved the stakeholders trying the VR software I had made at its current stage of 

development. This means that typically there were different versions of the software used at 

each consultation and that the versions used in the first and last consultations would be 

unrecognisable next to each other. In the next chapter reported on how some of these 

consultations would lead to technical changes in the software design. Here I am concerned 

about how they helped shape the direction of the research and not how they led to a specific 

technical change in the design process. The line between the two areas can be hazy at times 

but this is to be expected with a study of this kind. Future research may choose to merge the 

two. This could be done by using stakeholders during the user testing phase.  

5.4.1 Secondary Care  

 By using PC VR, I was limited to an area of secondary care that is close to our research 

building. The Centre for Health Science in Inverness where the research took place is located 

next to Raigmore Hospital – the biggest hospital in the Scottish Highlands – therefore this 

wasn’t too much of a limitation. Gate keepers were identified in areas of cardiology, diabetes 

and cancer care. Stakeholder consultations were held with diabetes and cancer nurses.  

 

5.4.2 Cancer 

A consultation was arranged with a consultant cancer nurse who was exploring 

avenues into improving the wellbeing of patients attending the cancer ward at Raigmore, 
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particularly patients who routinely visited the ward for chemotherapy. This consultation took 

place later in the development process and therefore the version of the software tried by the 

nurse was close to what I wanted to use for usability testing. The nurse stated having patients 

receiving chemotherapy experiencing such a VR experience would be a welcome relief over 

sitting in the same hospital room for multiple hours across visits to the ward. This wasn’t the 

first-time escapism – the need to seek relief and distraction from an unpleasant reality - from 

a hospital setting was something that had been deemed a potentially worthwhile research 

avenue. The consultation took place initially at the Centre for Health Science where I had the 

VR set up, after this we walked to the chemotherapy area at Raigmore hospital, approximately 

a five-minute walk from the Centre. We talked further about the space available in the 

chemotherapy area, and the logistics of setting up something such as VR station.  

Reflecting on the consultation I felt the use of a VR wellbeing experience for cancer patients 

in secondary care was certainly warranted. There was little doubt that the escapism it could 

offer would be of benefit to patients. However, there was some barriers in the way of me 

conducting research in that setting. The primary issue for me was the space available to set 

up a PC VR experience. The chemotherapy room hosted multiple patients making space 

limited. The VR we chose to use – the VR hardware decisions are explained in detail in the 

next chapter – required space for a PC desktop, a monitor, and two VR sensors. On top of this 

the cable space required to connect all the components together takes up further room, 

connected to the rear of the desktop would be one alternate current (AC) cable to power the 

desktop, a second AC cable to power the monitor, two USB cables to connect the VR sensors 

to the desktop, one HDMI to connect the monitor to the desktop and an additional USB and 

HDMI to connect the HMD. Moreover, I still need to connect a mouse and keyboard via USB 

to the front of the desktop. The desktop monitor and sensors would likely need to be propped 

up on a table and placed somewhere near an electrical socket to insert the two AC cables. 

There is a risk that the space and cable management needed to effectively deploy the VR set 

up within the chemotherapy area would become a hindrance not just to patients but for NHS 

staff, a patient’s concern is to get the treatment they require and if the research set up has 

any chance of becoming a barrier to care then its necessity is caused into question. Secondly 

transporting VR equipment from one building to another, moving between car parks, 

members of the public and potentially having to do so whilst raining also concerned me. If the 
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equipment was to be damaged the research would not be able to be conducted. However, 

with advances in VR HMDs particularly higher quality mobile HMDS that do not require PC 

space or cable management, there is no reason why research with cancer patient in such a 

space cannot be conducted in the future.  

5.4.3 Diabetes  

 One reason that became evident for the use of VR with diabetes patients attending 

secondary care was the link between diabetes and poorer mental health and wellbeing. Low 

mood is reported to affect 3 in five people with diabetes due to the effects of living with the 

condition (263), depression, anxiety and emotional wellbeing are all linked to living with 

diabetes (264).  After I had built one of the initial versions of the software, I arranged a 

meeting with a professor of clinical diabetes who also worked within the University of the 

Highlands and Islands. Impressed with what had been built and agreeing with the idea that 

an intervention that targeting wellbeing in diabetes patients would be a welcome and 

relevant one, she put me in contact with a diabetes nurse operating at an NHS diabetes clinic 

operating within the Centre of Health Science.  

The consultation with the nurse revealed that she would often see patients who she felt 

struggled with their mental health and wellbeing and were themselves not diagnosed with 

any mental health problems despite this. I was interested whether she would see some 

individuals regularly enough for a continuous weekly intervention to take place. She stated 

she did, and that some individuals who were going through a particularly difficult period with 

their condition would come to the clinic on a weekly basis to try and regain some control over 

their diabetes. Moreover, she stated she would often see a number of younger people, it was 

remarked that younger people often knew the least about their condition and would struggle 

with coming to terms with long term effects of living with diabetes. We discussed the 

possibility of adding some educational components to the experience alongside the relaxing 

features. I proposed the idea of implementing an intervention that would take place prior to 

a nurses’ appointment with a patient. This would replace sitting in the regular waiting room 

for the patient. The nurse thought that this was a good idea and one that might not just prove 

beneficial for the patient’s wellbeing but also may benefit the nurses as patients may get 

more from their consultations when they are relaxed rather than worked up. She stated there 
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would be a dedicated clinical room for me to use if I wanted to do the intervention in the 

clinic. The clinic itself was directly two floors below my own workstation making trips to move 

equipment to the clinic a short distance and I could be there instantly when trying to recruit 

patients.  

 

5.4.4 Consultation with Psychologists  

 Two separate consultations were held with three psychologists who worked at New 

Craigs Psychiatric hospital in Inverness operated by the NHS. This was an opportunity to get 

feedback from a psychologist perspective about the proposed wellbeing intervention, and to 

ask what they may or may not include in such an experience. I was concerned that the 

intervention may be lacking form a psychological perspective, and a consultation at this stage 

would look to add theoretical and evidence-based rigour to my intervention areas within the 

environment. Following the focus groups, I had proposed three key areas within my proposed 

VR intervention, again these have been explained in further detail in the next chapter 

however as I received feedback on them at this stage I have briefly list them. I wanted an area 

for mindfulness practice, incorporating some meditation techniques, based on the positive 

remarks from the focus groups towards meditation in VR. Secondly to add some degree of 

personalisation, I wanted one area where patients could add their favourite music and a 

second area where people could view pictures – chosen by themselves - within the 

environment. These areas would be set in an open world nature area, combining a woodland 

area and a beach area for patients to explore.  

At this stage I had an early version of the software prepared and could let each of the 

psychologist try out VR. The first consultation was held with one clinical psychologist, after 

exposure to the VR environment he re-assured me that a VR experience in line with my 

intervention design would have potential benefits for patients in secondary care. I was more 

confident now that the planned intervention had theoretical and evidence-based merit. It as 

was confirmed to me that I was taking aspects of cognitive behavioural therapy – something 

that had shown research promise in this projects’ literature review - and putting them in a 

non-therapist led VR experience. The element of personalisation to the environment was 

praised, although it was suggested I add further contextual instructions to a photo selection 
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form for patients. The pictures should have a positive context to them, such as family, friends, 

happy memories or something inspirational. 

 I was given ideas for further features within the experience. Ideas such as hopeful statistic 

within the environment, this was in light of recent research showing the effects of type 2 

diabetes being put into remission in some cases (265) there was further statistics that could 

also be used in the context of diabetes. These statistics could be backed up alongside profiles 

of well-known successful individuals who live with diabetes, such as Tom Hanks or Theresa 

May. There was also a suggestion of normalising negative thoughts, if I was able to implement 

something within the experience that could highlight for patients that having negative 

thoughts when living with a condition such as diabetes is a completely normal thing to 

experience. The Psychologist remarked that he could see a benefit for nurses having an 

appointment with a patient who had spent time in this VR experience, the calming effect 

making them more engaged during consultation. He further added that we could implement 

something that gives patients a small profile of the nurse they are due to see, with relatable 

information. This is something done in some televised police documentaries, where they 

show a profile of the office with some information such as favourite movie or food for 

example. Finally, I was given a source of potential guided meditation from an NHS Greater 

Glasgow and Clyde website called Well-being Glasgow (266). It featured some meditation as 

well as wellbeing cards that could be incorporated into the environment.  

The second consultation with two cognitive behavioural psychotherapists, the consultation 

started in the same manner as the first with me explaining the scope of the intervention and 

then allowing both of psychologists to demo the experience at its current build level. Similarly, 

to the previous meeting, the experience was complimented and was given evidence-based 

merit for what it is trying to achieve. Both attendees complimented the visuals of the 

environment, specifically commented on how the waves and flowers added to the visual 

experience and gave the experience a very pleasant and relaxing feeling. In this session we 

talked in more length about the incorporation of meditation into the experience. I explained 

that could use audio clips in the same way I would enable patients to play their own personally 

chosen music. One of the psychologists agreed to send me some audio guided mindfulness 

recordings that they use as part of a mindfulness course at New Craigs Hospital, I was given 

permission to use these clips in my experience if I chose to do so.  
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5.4.5 Young Ambassadors  

 Towards the end of the development phase I was invited to give a demo of my VR 

experience to a group of NHS young ambassadors, aged between 12-24 and who were 

mentored by the NHS Highland chief executive officer. The focus groups had piloted some VR 

experiences with older members of the public, this young ambassador’s group was a chance 

to do the same with young people. My expectations were that the group would be able to 

come to terms with the controller method very quickly, this proved to be correct. A quick 

verbal explanation of how to operate the VR controllers was enough, all of the users were 

able to navigate instantly. Feedback was very positive with the group stating they would 

prefer to use such an experience before a hospital appointment as opposed to sitting in a 

waiting room. I noticed there was a tendency to test the boundaries of the experience, after 

quickly exploring the area some users would aim to get into the water at the beach as far as 

they could, attempts were also made to scale the cliffs that marked the edges of the 

environment. All of the young ambassadors had played video games to some degree and were 

familiar with game environments and navigating them, I thought this may be a reason for the 

users being quick to test the boundaries of the environment, having a greater awareness of 

the artificial nature of the experience.  

5.4.6 Internal Discussions 

 Towards the end of the software development phase, the environment area was ready 

for the next stage of the study, based on feedback from stakeholder consultations I was happy 

with the size and the realism of the environment. Questions remained about the content of 

the experience, based on feedback from the diabetes and psychologist consultations there 

was an argument for placing diabetes related information within the environment. During the 

diabetes consultation it was stated that a number of young people who attend the clinic could 

benefit from diabetes related information to help them understand in greater detail the 

specifics of the condition. During the consultations with psychologists, it was suggested 

positive statistics or information about well-known people with diabetes might be beneficial. 

In the woodland section of the environment, I had arranged an information hub, with a 

selection of diabetes related information, some content that you might find in a leaflet in a 

waiting room, mixed with more interactive stuff via videos. I had further information for local 
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activities to encourage social interactions and improved physical health both aimed at 

enhancing general wellbeing. Moreover, I trialled the introduction of an interactive notice 

board at the beach area which incorporated some wellbeing cards inspired by the Wellbeing 

Glasgow site highlighted to me during the first psychologist consultation.  

My own thoughts towards this content were that text-based information was there was a lot 

to take in, more importantly I found it hard to read large bodies of text, anyone with less than 

perfect eyesight would struggle to read the text. The interactive notice board also added a 

further layer of learning to operate it correctly. I brought this up with digital health 

researchers within my department and asked for feedback on the new features. Our 

discussions revolved around the appropriate use of VR and whether reading text from an 

information sheet is an appropriate use of VR, if people spent time reading this information, 

is it distracting from the more potent elements of the experience such as the mindfulness 

beach area. The idea of replacing the waiting room with a VR experience was meant to take 

users away from a typical waiting room experience, having waiting room information goes 

against this. Finally, I wanted to make a VR intervention that could be used across conditions 

and not just something that was specific to diabetes. By focusing on the mindfulness 

components of the experience and improving them it could be possible to create something 

that can be used in its current form for cancer or other areas of secondary care. Based on the 

discussions around these topics, and the difficulties of reading large bodies of text, it was 

decided to remove all condition specific information and to keep the wellbeing focus on the 

audio mindfulness area, as opposed to flooding it with text information. 

5.4.7 Stakeholder Conclusions 

 Whilst the focus groups were a valuable insight into people’s attitude, the usability 

and learning process of operating a VR experience, the stakeholder consultations were more 

valuable in directing the interventions focus. The focus groups gave me an idea of what areas 

might be suitable for a VR intervention, but it was the consultations that followed that 

confirmed the intervention design, setting and sample. During the stakeholder discussions, 

those involved were aware of my role as the content creator and that the direction of the 

research was at my discretion, backed up by evidence I had collected. It was my impression 

that those I spoke to in areas of secondary care were excited about the prospect of a VR study 
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and that there may be a risk of over playing the potential they envisioned, should a study be 

conducted in their departments. Therefore, it was necessary for me to step back and decide 

what approach/area would best allow me to conduct and importantly complete the intended 

study.  

It became apparent during the stakeholder discussions that the intervention would be aimed 

at an area of secondary care. Whilst designing the focus groups it was not evident that the 

intervention would be one that was carried out in secondary care which was the primary 

reason for not carrying out focus groups with secondary care patients. At that stage of the 

research, I was more concerned with testing the general sentiment towards VR. However, 

during the stakeholder consultations I had spoken to people who worked in these areas and 

who had contact with patients. There is an argument for taking a step back and re-doing focus 

groups with secondary care patients who the intervention is aimed at. However, the case 

studies outlined in the methods section allowed those in secondary care a chance to voice 

their opinions and experiences of using VR and in more detail. This allows the research to 

progress whilst given those the intervention is aimed at a chance to be heard, whilst getting 

a broad range of opinions from different groups of people.  
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    Chapter 6  

Designing and Building a VR intervention 

 In this design chapter, I provide an explanation of the design process. This marks the 

area between phases one and two of the research. Phase two could not commence without 

a piece of built software. It describes and reflects on the initial development of the VR 

intervention. I review the evidence gathered so far that would assist the direction of 

development. As highlighted in the methodology chapter one of the key objectives and 

questions of this project is to design and build an intervention. 

Objective: 

A) Design and implement a VR intervention. 

Question: 

1) Is it feasible to design a VR intervention from the ground up with no prior experience?  

 Phase one of the study helped inform this objective so I have reviewed what was learned and 

its importance in the design of this intervention. I have reflected on the hardware and 

software choices and describe the educational tools and resources I used to make the 

intervention. As I learned how to make a VR intervention, I developed a couple of 

environments which would act as a test of my development skills, some of which were tested 

by stakeholders. Some of the testing would be quite significant and would lead to significant 

shifts in the development of the intervention. Finally, I shall reflect on these meetings and 

their importance in the overall development of the intervention. 

6.1 Introduction 

 The decision to make the VR experience myself largely came down to two reasons. 

Firstly, resources, due to budget limitations, making the VR experience myself would allow 

extra resources to be spent on hardware. This means I can utilise newer HMDs powered by a 

PC, allowing me to add to the new literature that is using this new wave of VR products. 

Secondly, when I explored software options to make the VR environment (this is discussed in 
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greater detail later in the chapter) I realised that making a nature VR environment was not as 

technically challenging as I expected. The literature revealed the potential benefits (mindful 

and restorative effects) of virtual nature. Generating an environment that appeared and 

sounded like a relaxing natural environment was achievable, this incentivised me to make the 

VR experience myself.  

There are two main reasons for documenting the design and building process. Firstly, in VR 

studies there is an emphasis on research methods and methodology like you would find in 

any piece of original academic research. However, when they describe the software they 

used, it is often just given its name and there is little reference of the process involved in the 

creation of an artefact that is central to the research. Often one piece of software can be used 

over several individual pieces of published research, but there appears rarely to be any 

indication to whether the software was exactly the same or whether it actually had some 

minor changes and was a different version of the software. Secondly, I hope that chapters like 

this contribute to a field of knowledge that lies between the scientific and creative research 

fields. This chapter should inform why I built the environment the way I did, what I used to 

build it and how I built it. The why, what and how generates knowledge around my creative 

artefact – the VR intervention – and by documenting the answers to these questions I am 

reflecting on the design process and making an artefact contribution in HCI research. At the 

end of this chapter have given a presentation of the finished initial build.  

6.2 Reflecting on Phase 1  

 Below is a list of findings from the first phase of the research. They are split into two 

lists, one from the background research carried out via the narrative review in chapter two 

and secondly from the focus groups and stakeholder discussions. Evidence gathered from the 

narrative review in this thesis and my published critical review found in appendices led to the 

following considerations that should be made when designing the intervention. These 

considerations were chosen based on a combination of dominant themes that re-emerged 

(the success of anxiety, research outside the lab for example) and themes that showed the 

potential for exploration (nature, wellbeing and depression). These were also chosen with the 

research objectives in mind. A number of considerations were rejected due to their 

complexity or specific focus, for example the idea of virtual embodiment showed promise in 
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the literature however, these were novel interventions with specific aims (anorexia) and to 

help achieve the research objectives I wanted to keep considerations broad in scope. 

• VR has found a degree of success in its treatment of anxieties 

• This success has typically featured exposure to negative stimuli 

• Wellbeing has been under researched and depression studies are also scarce  

• A large portion of research has used HMDs that are not marketed today 

• There is a need to carry out VR research outside the lab 

• Nature VR has demonstrated potential to reduce stress, although evidence is limited 

• Virtual presence is liked to fear but there are no known agreed links to other feelings 

• Immersion and presence play a role of the subjective feeling of being located within a 

VR environment over the real world 

The following findings from focus groups and stakeholder discussions should also be 

considered. These findings were identified after review and were chosen based on their link 

to the literature (nature) and  practical insights that would benefit the planned intervention 

(ease of use, expectations, sample). Similar to the considerations that emerged from the 

literature, I wanted them to remain broad in scope to allow flexibility as the research 

progressed.  

• People’s expectations of VR are often moulded from their first experience of it 

• The very act of using VR can create anxiety for new users 

• Age does not appear to be a barrier to use VR  

• Participants responded positively to passive meditation in VR 

• People like to get out in nature to relax, whether it is walking or being in a garden.  

• To get the most out of VR it must be deployed in a way that achieves something other 

technologies cannot.  

• Age may be a factor in the time taken to learn how to operate a VR experience 

• It is hard to direct and instruct new users in mobile VR 

6.3 Hardware choice 

 The choice of hardware for the intervention is both simple - when looking at the 

current VR technology - and at the same time difficult when trying to predict in what direction 
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a rapidly developing technology may lead. If we were to use pre-made apps available to buy 

from an online distributor then they may have some limitations to what HMD they are 

compatible with. For example, some of the experiences used during focus groups were limited 

to HMDs connected to a smartphone whilst the GuidedVR meditation (256) can be used both 

by a mobile HMD and a more powerful PC based HMD. If we were to software made by a 

company allowing us set parameters to make a VR environment, it is likely they would 

accommodate a large number of HMDs on the market today. If I were to use video game 

development software to build an experience from the ground up, then I am afforded the 

freedom to design it with any HMD in mind. The decision of what hardware to use was made 

in winter 2017. At the time the choice was between going for a mobile experience, such as 

Samsung Gear VR (254) or Google Cardboard (267), the release of Oculus’ first non PC HMD 

the Go (268) was also imminent at this stage. The second choice was to use more powerful 

PC based VR, with more accurate tracking of not just the head but the hands via hand 

controllers. There were two obvious choices of what PC HMD to use, the Oculus Rift (269) or 

the HTC (270). The decision was made to go with PC based VR. I expected what was achievable 

at that point from PC based VR would likely be achievable for mobile VR in the near future, 

and that I could create a higher level of presence and immersion with PC based VR. We used 

the Oculus Rift touch bundle. The HMD was cheaper than the HTC alternative with 

comparable specifications, it was also according to the video game digital distributor Steam 

(271) the most commonly used VR HMD on their platform (still is as of December 2019) (272). 

The PC purchased to run the VR had the following specifications: the process is an Intel Core 

i7-7700 CPU @ 3.60GHz (273), 16GB of Random Access Memory (RAM), a Nvidia GeForce GTX 

1080 graphical processing unit (GPU) (274) and a Windows 10 operating system.  

6.4 Software Choice 

 The focus groups revealed I was unlikely to get the level of personalisation I desired 

from pre-made apps already on the market, it was for this reason the objective of designing 

and building a VR Intervention was propelled to one of the significant milestones this 

projected looked to achieve. Further issues with using paid content, is the potential limitation 

of compatible HMDs, software updates to the apps can leave research struggling to be 

reproduced, having used to different versions of the same software on the one study. 

Consumer protection – the safe-guarding of a person’s goods - is not as rigorous when it 
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comes to buying digital content over physical, I would be powerless to prevent a company 

pulling a piece of paid software off the market pulling all support for it for it, or from Oculus 

getting into dispute with a developer and stopping their app from being used on the Oculus 

platform. With pre-made apps now dismissed, the question was whether to use software 

made by a company. That comes with limited control over customisation, or to make the 

intervention from the ground up with game development software, and have full control over 

customisation, but with a bigger learning curve. The benefit of having full control is it reduces 

the risk of outcomes generated from patient and stakeholder consultations being lost in the 

communication between myself and a software developer. I can directly apply the outcomes 

when in control of the development. It also means I can apply any fixes to the software 

instantly without waiting on someone else. Initially I tried two different software from smaller 

companies, firstly I tried Fieldscapes by Daden Limited (275). Fieldscapes allows students and 

teachers to author their own VR experiences and to share them with their institution or the 

world. Whilst demonstrating the potential to be used for a number of different health 

purposes I felt that it did not give me full customisation level or resources I was looking for. 

The second software platform I tried was Sansar (276) a follow up to the successful non VR 

social platform Second Life. Second life has been used for a number of different health 

research studies (277). Sansar allows you to create virtual spaces, and avatars to create social 

areas for yourself and friends to meet up. Similar to Fieldscapes it did not offer the flexibility 

– less customisation - I was looking for when creating a virtual environment.  

My next avenue of exploration was game development software. I trialled the two of the most 

popular and accessible platforms for new developers, Unity (278) and Unreal Engine (279). 

Both platforms offer ways of making a 2d 3d or VR experience without writing code. Unity 

offers visual programming through add on’s from its asset store, such as uScript or Adventure 

Creator. UE has a blueprint method built into its program. Using the logic behind coding, 

blueprints are connected together to create prototypes of games. Both use a visual method 

of learning, making it easier for non-programmers. The actual making of an environment – 

with minimal exceptions – did not require coding knowledge. Using the software’s interfaces 

you are able to add 3d assets, effects, materials and textures – these are explained in more 

detail during learning the software - into the space where you make your environment and 

construct everything manually. For building an environment choosing which software to use 
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is can be personal, what platform feels more comfortable and what you believe leaves you 

with the best-looking outcome. This can depend on the scope of your project, whether the 

target hardware be a smartphone or a high powered PC. I preferred the layout of UE and in 

my limited time spent on both platforms I was able to learn more in UE during a shorter period 

of time. Both platforms are well supported, each with large communities of developers 

supporting each other. Both platforms have forums dedicated to helping each other, either 

on specialist sites or on social sites such as Reddit. A large number of tutorials exists for both 

platforms, whether via paid resources from companies such as Udemy (280) or from 

individuals creating tutorials on YouTube. Both sites offer free content to help new developers 

create environments and experiences. However, there appeared to be a lot more free content 

for UE. I felt I had enough free content available to me to create the kind of environment I 

was looking to make - in light of what evidence had emerged in the literature and was starting 

to come from focus groups and consultations - this would result in reduced costs. Moreover, 

since using UE, the parent company Epic Games (281) have produced the consistently most 

played video game – Fortnite  – in recent years and as a result have a large revenue source to 

promote their other products such as UE (282). Recently Epic Games have been given away 

new additional content for developers using UE, meaning in a short period of time I have been 

able to accumulate a large number of resources to make various VR experiences. Finally, there 

was one final major benefit of choosing UE. The software came with VR blueprints or ‘code’ 

already pre-made. Implementing a VR character into any given environment was as simple as 

dragging a folder into the environment that I was creating, then when I hit the play button I 

had a fully functional VR setup, including the touch controller hands I was using with the 

Oculus Rift. To summaries, UE provided the flexibility I was looking for in making a VR 

environment with the ability to change anything about the experience, it gave me enough 

starter content and premade blueprints to be able to create a VR environment and implement 

VR with little difficulty.  

I have now provided an account of the reason behind what I chose to use to design and 

implement the VR intervention, choosing to use the Oculus Rift and UE. The process of making 

the environment was not as instant as perhaps I have made it seem in this chapter so far with 

free content and premade blueprints. In fact, a lot of time was spent learning how to use the 

software efficiently and to improve the overall experience, this has now be described.  
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6.5 Learning the software 

 Before going into detail on the process of learning how to use UE, it Is important to 

understand some of the terms around building an experience using game development 

software. I have already mentioned terms such as 3D assets, effects and materials and have 

now described them in more detial. Table 2 below provides details of some of the key assets 

used to make an environment or level. There are more but these are the ones featured in my 

intervention. 

TERM  DEFINITION  EXAMPLE  

Static Mesh A piece of geometry that is built up of polygons, they are 

cached in video memory and rendered by graphics cards. 

They are the basic unit used to create levels in Unreal 

Engine. (283) 

Most 3D objects in an 

environment, rocks, 

trees, stairs, walls, 

furniture.  

Particle Effects  Used to create visual effects, particle systems 

demonstrate various environmental and elemental 

effects. (284) 

Fire, Explosions, 

waterfall, shooting star, 

snow.  

Materials Easiest to think of as the paint that is applied to an 

object (Mesh). Controls the visual look of a scene. More 

technically it can control the way light interacts with the 

surface of an object. Materials can be shiny, solid, see 

through. (285) 

The painted colour on 

any static mesh, a bark 

material to colour a 

tree trunk.  

Textures Images used to make materials, usually created 

externally then imported into UE. One material may use 

several textures combined. It may have a base texture 

colour, a specular texture, there may also be emissive 

and roughness stored in textures. (286) 

Four different sand 

coloured textures 

combined can make a 

material that imitates 

beach sand.  

Lighting  UE has four types of lights: Directional are used as 

primary outdoor light or any light that needs to be cast 

from extreme distance; Point are used as light bulb 

lights; spot lights emit light from a single point, but use 

Examples give in 

definition. 
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parameters to limit the light; Sky light captures the 

background of your level/scene. (287) 

Post Process 

Effects 

Allows designers to tweak the overall look and feel of the 

scene. (288) 

Lens flare, Depth of 

field, Vignette, bloom, 

colour grading, anti-

aliasing and more.  

Trigger Actors  Box, Capsule or Sphere triggers are used to cause an 

event when interacted with by another object in the 

level. (289) 

A trigger can be used to 

turn a light on or off 

when interacted with 

by the player 

Foliage Tool  A mode within UE to render static meshes or foliage on 

the surface of other geometry for the use as ground 

cover effects. (290) 

Covering large areas of 

ground with grass, 

tree’, rocks, flowers 

etc.  

 

I have now outlined the process and key resources used to learn how to make an experience 

in UE. The majority of learning came from online video tutorials. All were free to access, and 

on the video streaming website YouTube. The most important resource was one video tutorial 

by Game Dev Academy, titled ‘Unreal Engine 4 Tutorial for Beginners |Free UE4 Training’ 

(291). At 4 hours and 26 minutes long, the tutorial offered a comprehensive guide to starting 

development in UE. The video focused on creating a scene/environment and covered a 

number of important topics such as: getting to know materials, importing textures, landscape 

sculpting, importing and inserting static meshes, lighting, particle and post processing effects 

and a number of further hints and tips. After the first playthrough of the tutorial, I started to 

feel confident that I would be able to create a workable environment, presented in a way I 

was happy with, for use in secondary care. The tutorial guided users in making a forest scene, 

complete with tree’s, grass, paths and cabin. I followed the tutorial to completion 3 times – I 

revisited some topics on further occasions – with each follow through I applied my own 

personal design to the environment, straying further away from the direct instructions of the 

tutorial. The tutorials producer supplied assets to complete the tutorial. On the attempt I used 

these assets but on the following attempts I started to use assets intended to use in the the 
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test build. Repeating the tutorial was valuable experience in learning UE’s interface. I became 

confident working with the software. Despite covering a lot of different topics, I needed 

further instruction on certain topics.  

Lighting is an important aspect in game development. Changes in lighting can affect the style 

of an environment and help create a realistic environment. Having accurate lighting is as 

important as an object having a shadow: we have expectations based our lived experiences.  

I engaged with two further online video tutorials around the topic of lighting in UE. The first 

video was created by UE and uploaded on their YouTube channel. Titled, ‘Lightning with 

Unreal Engine Masterclass’ (292) at almost 50 minutes long the video acted like a taught 

lecture, if the previous tutorial I used was a practical lesson then this was more of a theory 

lesson. The second video titled ‘Volumetric Fog and Lighting in Unreal Engine 4’ (293) 

demonstrated how different lighting tools can change the way a scene looks.  The two videos 

were sufficient enough for me to set up a lighting system that I was happy with for my 

intervention.  

In some of the focus groups we implemented passive VR meditation apps, where users 

listened to the sound of someone guiding them through a meditation technique. If I was to 

implement a similar feature in my own intervention, I would need users to be able to trigger 

audio on or off. I had learned from a video tutorial that trigger boxes can be used to trigger 

events (294). An example of a trigger box being used would be if I wanted users to hear the 

sound of ocean waves as they approached a beach, as they move towards the beach, I would 

have them directed through a trigger box that would trigger the sound of the waves. Up until 

this point I had not had to make blueprints myself, the VR character was pre-made inside UE 

and the environment building only required blueprints for painting the landscape (which I 

received instruction on how to do so from the first tutorial). I was able to activate music in 

blueprints but not stop it after activation. I was able to find the solution on UE’s ‘Answer Hub’ 

section of their website. In a thread posted by another user (295), below in figure 5 is the 

blueprints found on the answer hub and my own. I already had nature sounds in the 

environment – the potency of nature audio to reduce stress had been documented in the 

literature (141) -  these were not interactive and could not be turned off. Now I had the option 

to implement audio clips that users can interact with.  
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Figure 5. Above: Solution from Answer Hub (295). Below: My own solution 

How will users navigate the environment? This was a particularly important concern. As I 

described in the narrative review motion sickness can be an issue when using VR, and how 

one moves – or doesn’t – plays a central role in the occurrence of motion sickness. I had two 

options: UE comes with pre-made VR ‘teleportation’ blueprints; these allow developers to 

insert a method of movement that involves teleporting from one location to the next. Put 

simply, a user holds down a button to bring up a teleporter, points it at an area of the map 

they want to move to and when the button is released, they move to that position. The trickier 

part of teleportation comes in choosing when direction you face when you have teleported. 

Whilst holding the thumbstick users must angle in the direction they wish to face after 

teleporting, they are able to see what direction that would be via a pointer at the end of the 

teleportation beam. Figure 6 below shows the teleporter being used in the environment. The 

second option for navigation is not uncommon for VR apps,  
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Figure 6. The teleporter for navigation being used in the environment 

it is a simpler method that simply requires pushing the thumbstick in the direction you wish 

to move. A video tutorial was found that demonstrated how to change the original navigation 

blueprints and adapt them to allow for this kind of movement (296). Using the teleporting 

feels more like you a refreshing your position, the movement you have made – whilst not 

moving in the real world – is less noticeable and moreover pointing your hand in the direction 

you are moving helps to anticipate your next movement. Alternatively, the second method is 

a lot easier to learn but the disparity between your movement in the virtual and real words is 

a lot more noticeable. In my own experiences with VR, I have been able to overcome varying 

uneasy experiences such as zero gravity, motorsport, and flying and have generally felt ok. I 

found using the second method to be slightly uneasy, especially when stopping after 

movement. My fear was that if somebody like myself who has a lot of VR experience is 

struggling with motion disparity using this method, then someone who is new VR is likely to 

feel worse and as a result may not be comfortable enough to take part in the study. For this 

reason, I chose to use the original teleportation mode of navigation.  

One final area of learning was how to change the default VR hands. The ones that came as 

standard with UE appeared non-human like and were white in colour. This is something I 

wasn’t immediately concerned about, however when I was exploring different secondary care 

settings to apply the intervention to, during a stakeholder discussion cancer research nurse 

picked up on the ‘robotic’ look of the hands. I purchased static meshes for human hands from 
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the UE marketplace (297) and then followed an online tutorial (298) to change the default VR 

hands to the ones I had purchased.  

That summaries some of the key online tutorials I used to make the intervention, a list of 

resources used can be found in the appendices. Video tutorials were not the only resource I 

used, as I stated, I got assistance from the UE answer hub on one occasion. Similar to the 

Answer Hub, the UE dedicated page on the social website Reddit (299) also provides a lot of 

information and can be used to ask for assistance or to see what is possible with the platform. 

Moreover, the UE documentation (300) proved to be useful, particularly with reading around 

the topic of blueprints.  

6.6 Stakeholder Influence  

 When previously describing the resources, I used in development I alluded to changing 

the appearance of the VR hands.  This decision to change the hands came after a meeting 

with a stakeholder. This was not the only influence, before describing the initial build I wanted 

to cover some of the important decisions that were made on route to creating a final alpha 

build of the intervention.  

Two decisions were made after two separate meetings with 3 psychologists from New Craigs 

Psychiatric Hospital. The first was a decision to keep the navigation as I had set out with 

teleportation. One of the psychologists stated he was very susceptible to motion sickness, 

including occasionally feeling nauseous during car journeys. For this reason, he was 

apprehensive about trying out the VR for the first time, however after spending just under 10 

minutes in VR using the teleporter, he reported no feelings of sickness. This confirmed to me 

that using the teleporter – despite the steeper learning curve – was the right option for the 

planned intervention. The second was concerned with the size of the environment. Before 

the meeting I had a relatively small environment for people to try, using most of the assets 

featured in the final build. The response from those who spent time in that environment was 

complimentary. They approved of the setting - a small beach and wooded area – and felt it 

was an appropriate setting based on the influence of nature recovery. However, I did note 

that the environment seemed small. Nobody made a specific remark about the size of the 

environment, but I felt that after a small period of time in the environment they had seen 

everything and some of the magic of exploration and novelty had been lost. I did have some 
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reservations about the size of the map before these meetings, but it wasn’t until I had seen 

someone else interact with it that I knew for definite that it needed to be bigger. I decided to 

remake the environment on a bigger scale, I was still cautious over making the environment 

too big, there still needed to be a focus on the content within the environment rather than 

the environment itself.  

 I trialled the use of condition related information in the environment, similar information to 

what you might find in leaflets in a waiting room. Text images were made, applied to notice 

board like static meshes and put in the environment. More interactive diabetes content, via 

video was also placed in the environment. Upon review of their use with an academic 

stakeholder in digital health, concerns were raised about the content of these texts deflecting 

from other content in the environment which is more related to mental health and wellbeing. 

The outcomes measured in this study were based around mental health and wellbeing rather 

than awareness of diabetes. Further issues with text images for example were that despite 

VRs technological leap in visual quality, the reading of large bodies of text can still be difficult, 

particular for those with poor eyesight. Upon review of diabetes related information in the 

intervention, the decision was made to remove it.  

6.7 The Initial Build 

 So far, I have reviewed some key considerations from my background research, 

described the hardware and software choices made for the intervention, explained how I 

learned to use the software and highlighted some of the important decisions made with 

stakeholders. With the build process covered I can now describe the intervention which was 

built and readied the next phase of the study. The environment is split between a wooded 

section, with tree’s, grass, rocks and paths. The wooded area leads to a beach area, with sand, 

tropical trees, rocks and waves from the sea. Below in figure 7 is an aerial screenshot of the 

environment. Cliffs are used to mark the  
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Figure 7. An aerial photo of the map highlighting the wooded and beach areas 

 border of the environment, these cannot be scaled or walked through. The woodland area 

contains two interactive and personal areas. Area 1 (as shown in figure 7) is a personal music 

corner. Patients are able to fill out a personal content form and request for their own 

favourite music to be placed in this area. Similar to this – in section 2 – is a personal photo 

area. Patients are able to insert pictures here of anything that provokes positive feelings, 

whether it be family, memories, or pets. In the focus groups people’s personal comforts were 

important to them for relaxation. The two personal areas were an attempt to account for this. 

Area 3 is the mindfulness area of the beach. Here I placed two meditation of the breath audio 

clips, one at 5 minutes long and the second at 12 minutes. These were given to me by 

psychologists from New Craig’s Hospital, Inverness and were used as part of a mindfulness 

course by staff at the hospital. Paths are used to connect the areas, acting as a directional 

hint. To separate the beach area sits higher than the wooded area with a notable gradient 

change, rocks and trees are used to separate the two sections. Users can cross over the two 

areas at any point – rocks can be walked over – however a staircase has been added which 

marks an obvious passage between the two areas. Next to the stairs is a clock with the time 

1 

3 
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in the real world. A number of existing relaxation VR apps use different settings for users to 

choose from, whether it be a beach area, woodland area, an autumn setting, snowy mountain 

or space scene. As we are using an open word setting with one environment it is harder to 

implement multiple scenes into the one environment. However, a beach and woodland area 

seemed the most natural to blend together.  

 

 

               Figure 8. path leading to stairs and rocks between the wooded and beach areas. 

The waves and sea move in an expected manner with waves gradually approaching and 

leaving the beach, this was a purchased asset (301), although a number of free assets became 

available later in the development phase. The purchased sea asset gave the best-looking 

effects. To compliment the waves, audio was added to give the sounds of a beach with waves 

hitting the sand and the occasional sounds of birds above. Further audio is used in the 

woodland area to give the audio effect of wind. The two sound effects are automatic and do 

not to be triggered by users to activate them.  

Two types of animals are used in the environment, both cannot be interacted with and viewed 

up close. Firstly, I have added two deer at the end of the woodland area. The deer are meshes 

that have basic animations implemented that shows them eating from the ground. Secondly, 
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I have added birds that fly over the beach. Animals were added to give ‘life’ to the 

environment, birds flying in the sky – like clouds floating across the sky – are a good way to 

add plausibility illusion to the experience (16) These have been implemented in a different 

manner to the deer and are not made up of a static mesh, instead they are just a particle 

effect. Another particle effect used is fire on the beach to imitate a beach campfire, the hope 

is that some users may find it a useful area to meditate.  

 

 

 

  

 

Figure 9.  Left: Deer standing up right in woodland area. Right: Particle effects used to create fire. 

To add further life to the environment a cabin has been added – uploaded as part of the first 

comprehensive tutorial – complete with interior lights and cabin smoke. This is again an 

attempt to add life to the environment, in the pursuit of increased levels of presence. Without 

any animals, effects like fire or smoke coming from a cabin the environment is at risk of feeling 

empty. These features described are minor but together I believe they give users enough 

novel features to discover whilst not taking the focus away from the more important content 

related to mental health and wellbeing.  

Finally, I have applied navigational boundaries to the environment. As stated previously, they 

have been applied next to the cliffs that make up the edges of the environment, but they have 

been used further. Users are able to move into the water at the beach to a certain point 

before they are prevented from moving any further. At the opposite end of the environment 

in the wooded area, there is a break between the cliffs and a path that flows through the gap. 

This was inserted to give the impression of a way in and out of the environment, I wanted to 

give logic as to how one might arrive in this environment. Navigational boundaries are also 

placed here to prevent users from following the path out of the environment.   
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6.8 Technical Limitations  

 Having researched, learned, designed and built a virtual environment for use with VR 

it was expected there would be some technical limitations. To do all of the things described 

during the one study means due to time restraints there would be some shortfalls. In the next 

phase users have un-earthed some problems with software that may or may not be fixable. 

However, there are some of the technical limitations that I do not think would affect the 

overall user experience.  

The functionality of the Oculus Touch controllers is not being fully utilised. I have used an 

explanation from a pre-print i authored about the design of the intervention, in it I stated: 

“Each Oculus touch controller has two triggers, one for the index finger and one for the ring 

finger, the face of the controller also has a motion sensor for detecting the user’s thumbs. This 

allows the controller to track five types of hand movements.  It is capable of pointing at 

something via the index trigger, giving a ‘thumbs up’ gesture via the surface sensor, the 

secondary trigger for the ring finger allows a grabbing motion, if all of these are in use the 

hand will clench and if none are triggered the hand gives an open motion. However, these are 

not programmed into our inputs, we only have one grabbing motion via the index trigger” 

(302) 

The UE available blueprints can be restrictive, using code would give a greater degree of 

freedom. This is outside my skill level and there are no tutorials on how to do this at present.  

In light of this, the hand tracking from the Oculus Sensors is executed well enough for this to 

not be a huge issue and moreover the usability of the virtual hands is not a core component 

of this experience.  

To mitigate against any motion sickness, I wanted to try and keep as a high a frame rate as 

possible when manoeuvring in the environment. The more detailed an environment is, the 

more a computer has to process, resulting in a loss of performance and for video games a 

drop-in frame rate. A well optimised game keeps as much detail as possible without losing 

performance. To do so I had to make some compromises with shadows and foliage density. 

After applying new meshes like trees or rocks UE asks you to rebuild the lighting in the 

environment. This means the lighting renders the new objects placed in the environment and 

allows the light to react to it as you would expect with the placed objects, resulting in 
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shadows. This means that a computer not only has to process an object and its textures but 

also the way the light reacts with it. To reduce the computing power required to process the 

environment without losing FPS I reduced the number of trees in the woodland area. In 

addition to this I chose to have the grass meshes not to cast shadows. Without this decision 

every piece of grass would cast shadows resulting in a lot of time spent waiting for lighting to 

be built in the building process and more graphical power required to display the 

environment.  

Finally, the deer animations are limited, swapping between standing up right and eating. They 

do not move across the environment and remains static. To account for their limitations, I 

kept them at a distance from the navigational boundaries of the user.  

6.9 Design Discussion 

 With the completion of an initial build of the VR intervention the study could now 

move onto the next phase of the research, usability testing. Before describing the next phase 

I have concluded with some further personal reflections after building the intervention. The 

question I set out to answer at the start of this chapter was whether it was possible to design 

a VR intervention from the ground up with no prior experience? The answer to that is yes, I 

shall now offer insights into how that was possible. These insights I believe are particularly 

relevant to those who work in digital health whose roles are centered around the social 

science and research element of the field as opposed to those on the computer science.  

The ultimate goal of the research is to assess VRs ability to improve the mental health and 

wellbeing of patients in secondary care, could I have done this with a premade app ready for 

use on a marketed VR HMD? Yes. However, the ability to properly assess an apps usability for 

mental health and wellbeing Is reduced, any usability testing is limited because we are not in 

a position to make changes to that app. What was built isn’t particularly complex. The 

navigation for example is pre-made and the most complex code behind it is the triggering of 

audio which has been implemented via a basic group of blueprints. Designing from the ground 

up allows you to cut out elements that users would have to navigate in a purchased app. For 

example, there is no user interface, no menu’s or options, there is only the experience itself. 

The experience doesn’t require any gimmicks, it is a virtual place that removes the user from 

the hospital setting they are in. With this in mind, one of the most important components is 
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the visuals and audio of the experience, building an environment that looks realistic, makes 

the user believe they are at a beach. Having experience of using other pre-made apps that try 

do something similar, I believe that what has been made here is something that comes closer 

to achieving that, its simplicity is also its strength. If the study was less exploratory and with 

a more direct hypothesis then making such an experience may have been outside the realm 

of possibility for my skillset. I am reminded of the VR study looking at depression by Falconer 

et al. (132) where patients delivered compassion in a virtual body then experienced receiving 

it from themselves in an alternative virtual body, this is a very specific experience and 

something that I would not be able to design and build myself. Moreover, I was greatly aided 

by the generous contribution from NHS psychologists who allowed me to use their 

mindfulness meditation clips. If I had to write and record something similar myself, the 

research required to achieve would be equal to the time I spent making the environment 

itself. I am not trying to downplay the achievement in making the intervention from the 

ground up, I am trying to highlight that the very nature of the research project allowed me to 

make it myself, in other circumstances this might not have been possible. The process of 

learning how to use a software like UE means that once you have built something that is ready 

for use, you have learned more skills during that time and there can be a tendency to want to 

start over again and use what you have learned on the journey to make something that you 

believe is better.  

By demonstrating someone can design and build a VR intervention with no prior experience 

it further confirms the development of VR as an accessible medium. When I documented my 

findings from the literature, I remarked that much of the research had been conducted on VR 

that is not marketed today. It is not just the technology that has changed but also the access 

to tools and guides to help you make a VR experience. 20 years ago, to learn the required 

skills someone would need to look up textbooks, take a course in software development or 

read software documentation. Today the resources are more readily available and more 

digestible to a beginner. For example, the majority of my initial learning came from one 

YouTube video, underneath the video is a comment section where questions are shared and 

answered, not just by the author of the video but by multiple people. Moreover, had this 

video not been made, there was several alternatives each presented in their own style which 

I could have used instead. The economy around content creators means you can effectively 
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pick and choose the content that best caters to your learning style. I am confident in saying 

that this piece of research conducted 20 years would have struggled to have conducted the 

design and build given the timeframe available. Finding answers to software conundrums can 

be answered by a stranger on the internet in minutes, there is dedicated communities outside 

the realms of academia and education that are there primarily to help others when taking up 

tasks such as the one described in this research. For academics there is a lot to be learned 

from this form of distributing content. Sharing how software was made for studies is no longer 

best suited to written journals and instead publication in academic video journals is far more 

appropriate. This I believe is particularly relevant for those in the field of digital health. A field 

of research which is using new technologies and developing novel interventions should 

attempt to take new approaches to sharing the knowledge that their research gains. There is 

much to be learned from the content creators who’s refreshing approach to sharing insights 

and knowledge around development made this VR intervention possible.  

Another strength of building the experience was the ability to make changes and adapt to the 

challenges that implementing an exploratory intervention of this nature brings. As I describe 

in the subsequent chapters there was moments where participants needed further support 

when first using the VR experience. When I realised this, I was able to make a new tutorial 

area on the same day. This would not necessarily be possible when relying on an external 

expert who is supporting multiple projects.  From the literature I   had identified the potential 

for virtual nature to be used to have a positive effect on mental health and wellbeing. 

Something that became clear early in the development was that once I had become familiar 

with adding elements of nature into the experience, placing trees, grass, water, flowers etc 

all that was left to have a functioning VR nature experience was to add the VR element into 

it. As UE had pre-made blueprints for VR ready to be dropped into the experience, it was 

similar to dragging a file into a folder on a computer. The ease at which this was able to be 

done instantly took away any need to contract an external expert. This would not have been 

revealed had I contacted an external expert to do the design. 
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CHAPTER 7  

Testing the Build 

 

7.1.1 Introduction  

This chapter shall focus on testing the intervention described in the previous chapter. 

I shall describe the methods of the usability testing, describe findings from each test session 

and finally provide an overview of and discuss the changes made as a direct result of the 

usability testing.  

Having achieved the build of a VR experience that was almost ready for use in public research, 

a final stage of software testing was required before it can be applied. Testing provides direct 

information on how people use software and any problems that may arise during this 

interaction (210). Such testing can be called usability testing, acceptance testing, end user 

testing or beta testing, I have referred to it as usability testing. To define usability I draw upon 

the definition given by Nigel Bevan (244) in which he distinguishes two approaches to 

usability. Firstly there is a ‘bottom-up’ approach which see’s usability as simply the ease of 

use, secondly there is the ‘top-down’ approach where the concept of usability is interpreted 

as the ability to use the software for its intended purpose (244). The bottom-up approach is 

important because I wanted participants to be able to get the most from the intervention as 

quickly as possible. Any potentially successful intervention have its impact lessened if the user 

spends a substantial amount of time struggling with the usability. I highlighted the importance 

of the content in VR interventions during the review chapter, a user’s full focus can only be 

placed on the content if the usability feels instinctive. The top-down approach is important 

for the same reasons validity in research is valued. When measuring outcomes in research, 

validity refers to the extent that an instrument measures what it claims to measure (304). An 

example of this could be a questionnaire that looks to measure levels of depression. If the 

questionnaire focuses on one component of depression,  stress for instance, then the 

questionnaire does not achieve measurement validity as it does not measure depression as a 

whole and instead just one component of it. The top-down approach to usability is similar. 

For example in my intervention the software has being designed to improve mental health 
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outcomes in a nature setting. This approach to usability would not be fulfilled if the user came 

away from the experience thinking it was an educational piece of software about beaches. 

The goal of this usability study was to identify the changes needed to make to the software  

before it was implemented it into a secondary care setting with real patients.  

 

7.1.2 Design: 

As stated, this phase acts as a pre study for the implementation of a VR intervention into 

secondary care. This would entail taking the research design and process planned for use in 

the intervention, testing it, timing it and refining the intervention if necessary. Real patients 

would not be used in this study and instead staff and students would be used as mock 

patients. The content and exposure time would be the same as intended for the third study, 

unless changes were made as a direct consequence of this study. Each participant in this study 

would have one session, expected to last one hour, as time would be needed to introduce 

participants to the VR equipment.  

7.1.3 Data Collection: 

The data collection for the user testing used quantitative and qualitative methods. As I am 

able to see the participant’s interactions in the VR environment via a PC monitor, I have 

observed the participants to detect any issues that may arise as they become accustomed the 

hardware/software. 

Ethnographic observations were made which included, anything spoken by the participant, 

non-verbal communication, interactions with the equipment/environment and anything else 

pertinent to the study. 

 A single questionnaire was used, the Igroup presence questionnaire (305) was used to get 

some initial indications of subjective feelings of presence that participants experienced in the 

planned intervention. 

Finally after exposure to the VR environment participants were asked some questions about 

their experience in a semi-structured interview format. Similarly to the focus 

groups./stakeholder discussions, due to the varying backgrounds of participants, a semi-

structured approach was deemed the most appropriate for this study.  
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7.1.4 Sample:  

Participants would be recruited for the Centre for Health Science Inverness, which houses 

staff from the NHS Highland and The University of the Highlands and Islands. A purposive 

sampling technique would be used to recruit participants from different academic and 

professional backgrounds. This technique would also allow me to recruit a mix of participants 

who have experience of VR or using a video game controller and conversely participants who 

do not have this experience.  

7.1.5 Inclusion and Exclusion:  

Participants had to work or study at the Centre for Health Science Inverness to be included. 

The only exclusion criteria was anybody who had epilepsy. This was done to reduce any risk 

of harm, the lighting in the environment can flicker when appearing through trees for 

example. 

7.1.6 Procedure: 

Prior to starting participants were giving a content form to personalise their environment, this 

was optional as it was also intended to be optional in later studies with patients. Upon arrival 

to the study, participants were given a consent form and participant information sheet. Once 

participants had given consent to take part in the study, I gave participants an overview of 

the reasons behind conducting this study. I explained that this was to test an early version of 

a VR intervention and to potentially make improvements as a result of their involvement in 

the study to the VR software.  I then verbally explained how the VR hand touch controllers 

worked, referring to the actual controllers as I did and to a manual with button information 

on it. To familiarise participants with the VR environment before putting on the HMD, a map 

of the environment (see appendices for manual with map and controller layout) is shown to 

them which highlighted their starting position and some of interactive areas. Participants then 

had 20 minutes to experience the VR intervention. After the 20 minutes participants were 

given questionnaires to fill in which is timed by me. Finally, a 15 minute interview takes place, 

where I discuss in more detail their experience with the VR intervention. Participants are then 

thanked for their participation.  
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7.1.7 Equipment: 

Equipment details are listed in the interest of the replicability of the research. A HP Elitedesk 

PC would be used to power the HMD, this PC uses an Intel i7-7700 CPU (273) and an Nvidia 

GeForce GTX 1080 GPU (274). The specifications of the PC means VR can be run at a high 

consistent frame rate, this in turn will prevent any judder that can cause motion sickness 

(265). The HMD used is the consumer version of the Oculus Rift, with touch controllers (269). 

The virtual environment has been created, customised and built with Unreal Engine 4 (300). 

7.2 Findings 

7.2.1 Session 1 

 In writing up this phase of the research I intend to keep the results learned from this 

phase and the subsequent software changes separate. This allows me more time to discuss 

the ‘top-down’ implications, before looking closer at the ‘bottom-up’ implications which are 

more in line with specific software changes. However, in the first session one particular 

software problem had to be amended immediately after in order properly assess usability in 

the following sessions. Session one was with a PhD student who had spent all their life playing 

video games, they had experience using different forms of joypads, whether it be console or 

PC. However, this was their first-time using VR. The user immediately became accustomed 

with the controller layout. It became apparent that later sessions would reveal more about 

the ease of use for newcomers to VR and games controllers. The participant stated “I will see 

if I can break this”, referring to finding technical bugs that would highlight flaws in the 

software design. He chose to walk around the limits of the map (where the cliffs are), 

attempting to break out of the area and into undersigned areas of the map. However, he was 

unable to do so which gave a good indication that the set navigation limits had done their 

intended job. This participant would have had the most experience of finding – intentionally 

or unintentionally - technical glitches in video game software, so this acted as a good test for 

usability in this context. Patient one had chosen to provide five personal song choices to be 

added to his version of the experience. These as explained in the design chapter are triggered 

to play in the same way as the guided meditation audio clips. It quickly became apparent that 

triggering the audio was not working as expected. None of the music clips would work and 

only one of the meditation clips worked. The participant revealed that he thought he had 
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triggered one meditation clip not by walking into the audio circle as instructed but by waving 

his hand over the surface of it. This problem was addressed immediately after the session 

ended. When the user was eventually able to trigger the five-minute meditation he chose to 

sit by the beach campfire while listening to it. The user stated that he liked the inclusion of 

animals in the environment and that the ambient wind sounds were ‘quite peaceful’. I had 

applied post processing affects to the environment (this is the blurring and lowering the level 

of detail of faraway objects, to limit the amount of processing power needed and maximise 

graphical efficiency). The user stated that he thought it had a detrimental effect on realism 

but did not affect immersion.  Finally, after taking the VR HMD off, the user stated he felt a 

little disorientated after coming out of the environment. This was a user who was accustomed 

to spending time navigating virtual environments in video games, this disorientation 

highlights the extent to which VR removes someone from the real world, more so than a non-

immersive virtual environment.  

7.2.2 Session 2 

Participant two was a University of the Highlands post doctorate staff member. They 

also had experience of playing video games and had some limited with VR. Again, with a 

participant who had prior experience of video game controllers, the time spent learning the 

control method for this experience was quick with the participant becoming comfortable with 

movements instantly. Another similarity with the first session was the priority put on 

exploration and specifically exploring the boundaries of the environment, this was the first 

thing the participant chose to do. This points to users wanting to familiarise themselves with 

a new environment, something that you would do in real life.  Next the participant chose to 

interact with the music they had chosen as part of their personalisation, five songs were 

chosen and triggered by the participant. While doing this the user triggered multiple songs at 

once which made them feel uncomfortable due to the noise it made. This session took place 

just one hour after the first one finished, the changes made to the audio triggering in this time 

had a positive affect as there was a clear improvement in the number of successful trigger 

rates, although still not perfect. The user interacted with the 12-minute meditation clip. After 

triggering the clip, they continued exploring while the meditation played. This was to be 

expected with the limited time spent on the changes. Some technical glitches did emerge, 

first of in the wooded section of the map there is a cabin, which lies next to a well and some 
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tree’s. Users have to follow a small path which moves away from the main path to the beach 

to find this area. The cabin is there for presentation. Real time smoke implemented via a 

particle effect comes from the chimney of the cabin, creating the illusion that someone lives 

in this cabin in an attempt to increase experienced levels of realism. However, the user cannot 

interact with the cabin, they cannot open the door and walk in as it has no interior. The user 

teleported inside the cabin and was stuck in there for a minute before being able to teleport 

back out.  When inside the user can still the rest of the environment as well as the outer 

frames of the cabin. The same problem happened with a tree next to the cabin. Using video 

game jargon this would be described as poor ‘physics’. The participant noted the deer’s in the 

environment and expressed a desire to get closer to them but was unable to, which 

demonstrated the navigation boundaries were working as expected in this area. This is also 

important as it adjusts the user’s expectation of what is possible in the environment and 

reverts their attention to the main intervention area.  Moreover, the participant stated that 

the experience met their expectations of VR based on previous experiences (paid content on 

the Oculus rift). The user went on to state that the personal music and pictures was a 

worthwhile addition, and that people might prefer more distractions in the environment. An 

example of a distraction given was to throw objects using the VR hands. To conclude this 

session the participant did not find the experience disorientating and enjoyed exploring the 

map most.  

7.2.3 Session 3 

The next participant – a PhD student at the university – was new to VR, this was her 

first experience of using the technology. Her experience of playing video games was also very 

limited. The first step of using the teleporter came easy to the user, holding down the thumb 

stick and releasing it to move was achieved with ease. The difficulty for the user was whilst 

holding the thumb stick, directing it in the direction they wished to face after teleporting. As 

a result, the user gradually moved in a 360 degree’s circle as the pointer was facing 90 

degree’s right. I spent a minute to explain again how the directional pointer on the teleporter 

worked. After this, the user was able to navigate easier. Navigation is important because it is 

essential to allowing users to roam the environment freely and thus access the parts of the 

intervention that may influence wellbeing, it should also allow for a higher degree of 

immersion if the user does not need to consciously think about how to navigate. The user 
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moved forwards towards the beach, taking care to stick to the path and follow it. The user 

moved to look at the picture area before moving to the beach. Whilst moving between the 

wooded area and beach which is separated by a line of rocks, the user was hesitant to climb 

over the rocks and instead walked back along the path and up the steps to the beach. When 

at the beach the user initially needed some direction to find the mindfulness audio area. The 

user triggered the 5-minute audio and expressed the feeling that it was ‘easy to pick up’ the 

triggering of audio, unlike the previous participant this user decided to remain still for the 

entirety of the meditation clip. The participant described the cabin as discussed in the 

previous session as “quite Christmassy”. At the end of the session the participant stated they 

enjoyed the experience and that the beach and meditation was relaxing. My own impression 

was that for someone’s first experience of VR with little experience of playing games this was 

a quick learning curve, and that with the time given the participant was already comfortable 

with using the equipment. Finally, thus far no one had expressed any discomfort or feelings 

of motion sickness, my expectation was that if it were to happen it would more likely occur in 

someone who was using it for the first time, but this had not happened in this session. This 

was a relief as the literature had been vocal about the occurrence of motion sickness in VR. I 

was hopeful this positive trend would continue.  

7.2.4 Session 4 

The next session was also carried out with a PhD student, with a master’s degree in 

public health. The first major point to take from this session was again the issues in 

understanding how the pointer works whilst teleporting, similar to the previous session. 

Understanding how the pointer worked would allow navigation to be picked up easier, which 

as I have stated should make the experience easier to move around in and more immersive.  

Like the previous participant this was a user who did not have a great deal of experience with 

playing video games. Moreover, they had not used the Oculus Rift touch controllers before. 

The problem of moving slowly in a big circle like the previous session happened again, with 

the user not moving the pointer in any direction and was therefore always turning in the same 

direction. Rather than intervening straight away like the previous session I wanted to see if 

the participant could interpret the controller issue for themselves. Doing so would help me 

understand whether this was an issue that could be overcome by the user with time or if 

explanation and tutorial needed to be changed. However, this did not happen, once I 
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explained again how the pointer worked the user was able to navigate the environment 

easier. There was still some slight struggle, however as the session went on the user became 

evidently more comfortable with the controls. The participant spent some time trying to 

locate the meditation area at the beach, once there they chose to listen to the five-minute 

meditation.  As the meditation clip started the participant removed the Oculus touch 

controllers from their hands and placed them on the desk away from them. The participant 

then placed their hands on their lap, with one holding the other. This was the first time a 

participant had removed the controllers from their hands at any point during the testing so 

far.  Towards the end of the meditation the participant was completely still, for two minutes 

they made no movement, my initial thought was that the participant had fallen asleep during 

the meditation, but they eventually picked up the touch controllers again. Following the 

session, the participant discussed the choice of words used in the meditation clip they stated 

meditation used in this way could be useful for improving mental health, but different 

wording could be used to push people further into meditation. Finally, the participant stated 

that he struggled to locate the meditation area and that it could be made more visible. This 

was consistent with my own impressions whilst watching the session on the monitor.  

7.2.5 Session 5 

Session five was held with a qualified psychologist who works at a clinical psychology 

practice, as well as carrying out research at the University of the Highlands and Islands. The 

user is not someone who plays video games and has had some brief but limited VR experience. 

The user was able to pick up the controls quickly and showed no real difficulty in negotiating 

the environment. The user interacted with the meditation clips, with no difficulty in triggering 

the audio. Whilst listening to the meditation the user chose to move into the water at the 

beachfront, similar to the previous session the user put down the Oculus touch controller 

when they started to listen to the audio meditation. However, during the meditation the user 

moved across the beach towards the fireplace that sits on the opposite side of the beach. 

During this session I felt that sitting down may impede some users. More freedom to move 

would allow users to turn around and look around the environment easier, it would place less 

emphasis on using the teleporter correctly. Previous users have remained very still when 

using VR and chosen to use the touch controls for the majority of their movements. In this 

case the user was using their head more, maximising the use of the HMDs 360 degrees 
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rotation. Following the VR exposure, the user stated that he could see tree’s in the 

background ‘flickering’, which from my interpretation could become distracting as this was 

not the first time the effects on far away objects had been brought up by a user. This, like 

issues with navigation, could lead to a decrease in immersion and presence. Following the 

session, the user discussed the choice of narrative used in the meditation clips. The user 

stated that the current meditation which focuses on breathing techniques may make users 

want to close their eyes, in doing so it would take away from the benefits of the nature 

environment that VR utilises. Meditation that instead focuses on being grounded – 

connecting the body to earth (the environment you are in) - may be more suitable for this VR 

experience. Finally, the participant considered the advantages of applying this intervention 

before or after a secondary care appointment. The participant acknowledged the calming 

affect this might have for a patient anxious about an appointment, however they argued that 

the affect might also be as great for calming down a patient following a secondary care 

appointment.  Whilst this insight from a psychologist may not be generalisable as it was from 

one participant; the insights were noted and would be considered in the context of all the 

data gathered from all the participants used.  

7.2.6 Session 6 

Session six was carried out with two members of staff from the Centre for Health 

Sciences diabetes clinic. User one – a diabetes specialist nurse -, I had previously contacted 

about using the clinic to trial the use of VR in secondary care. User two has delivered wellbeing 

courses to diabetes patients and works as a dietician in the clinic. Both had no prior 

experience of VR and were not familiar with using game controllers. User one expressed 

several comments about the realism of the environment, which included the immersive 

sounds of the environment (wind and waves), the feeling of heat from the beach log fire, and 

the warmth from the sun. These comments were consistent with the user’s score on the mock 

presence questionnaire which was scored the highest of all test users so far. The user tested 

the five-minute meditation clip but stated “i think I prefer the sounds of the beach”. User two 

joined the room just as the user one had finished their time in the environment, this meant 

that I was in discussion with user one as user two was using the meditation clip in the 

environment. Initially user two struggled with the teleport direction control, and like previous 

users was moving continuously in the same direction. This recurring issue pointed to a need 
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to change the tutorial process for the environment, which would focus greater on the 

different aspects to teleportation.  At this point user one offered some advice from her own 

experience using it and this, along with me repeating how the teleport directions work helped 

the user.  Following the exposure, user two stated it nerved her being able to hear real world 

sounds as well as the meditation sounds, particularly as the clip was talking about non-

judgements. She expressed that her nervousness came from not knowing what world she was 

trying to be judged in, the virtual or real. This largely came from the voices of myself and user 

one, stopping user two from letting herself become fully immersed. User two went on to state 

she may have let herself become fully immersed had she not been able to hear voices from 

the real world. This highlights an apparent connection between the participant letting herself 

accept her virtual environment and increased immersion. Following both users’ test period, 

we discussed its potential use for patients in secondary care and particularly in the diabetes 

clinic. Both stated they were currently seeing patients that they felt could benefit from this. 

The patients were people who had not been formally diagnosed with a mental health 

condition but in their own interpretations from seeing them in the diabetes clinic, felt they 

were perhaps struggling with their mental health. Moreover, they felt that having the 

intervention take place before an appointment would be of benefit to themselves as the 

quality of interaction between patient and nurse may be greater with a patient who was 

calmer. User two felt that the inclusion of meditation as a component of mindfulness was a 

worthy one as many patients with diabetes can spend a lot of time worrying in their head 

about their condition and how it was affecting them in the present and the future. She added 

that mindfulness could be a good method for pulling these patients back to reality and out of 

that ‘head space’. Finally, user two stated she felt beach area was particularly relaxing and 

that staff would benefit from spending time there as much as patients.  

7.2.7 Session 7  

This session was carried out one individual who works as a neurologist in NHS 

Highland, and as a research student at the University of Aberdeen. The user had previous 

experience of using VR including the Oculus Rift and it’s touch controllers. However, they did 

not casually play video games or use video game controllers. The user had no problems 

picking up the control scheme, she stated that she had used a navigation technique similar to 

this during a prior experience in VR. The user stated she found the beach particularly relaxing, 
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especially the sounds of the waves. She stated she could imagine the therapeutic benefits of 

spending time in the environment on a regular basis. This session did not bring up anything 

new that hadn’t already been uncovered in previous sessions, indicating that the majority of 

usability issues had been so far been detected.  

7.2.8 Discussion of user testing 

An expected disparity became apparent in learning how to navigate between those 

with previous experience of using a video game controller and those who did not. Those who 

were used to using video game remote’s and particularly thumbsticks were able to 

comfortably navigate the environment within minutes. This is important when referring back 

to the question of how people interact with the VR intervention. It is apparent that the initial 

interaction is different for those who are comfortable with game controllers and those who 

are not. There is a need to account – via tutorial methods - for this, to reduce the skill gap.  In 

sessions one and two this learning time was instant; the users knew what to do immediately. 

In comparison, participants without this experience took a lot longer to become comfortable 

with navigation. The learning process had two parts, the first phase – triggering the teleporter, 

aiming it at a location and moving to the location – caused no real problems for inexperienced 

users. However, the second phase – pointing the thumbstick whilst holding it down to dictate 

which direction to land – caused a lot of problems. Thumbsticks are a distinctive feature of 

modern video game controllers and not something that you would find on a computer mouse. 

My own instructions of how the controller worked was not enough on its own, when a second 

attempt at an explanation was given during the session this was enough for users to start 

becoming comfortable with all elements of navigation. A more thorough tutorial would be 

needed before starting the next phase of the research. A video tutorial or simplified map for 

practice may be useful. An alternative solution could be to change the controller layout and 

use a form of navigation that does not use teleportation. The reason for choosing the 

teleporting method was that it was believed to be a viable form of navigating a VR 

environment that does not cause motion sickness. None of the users reported any sickness, 

including those that had just had their first experience of VR. For this reason, I have remained 

with teleporting for the next phase.  
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As I explained during session one, the triggering of the audio needed to be immediately 

addressed to continue the user testing. The solution which has been described in the next 

section of the thesis still needs some amending as it is still not perfect. Typically, a user's first 

attempt at triggering audio was unsuccessful, on the second attempt it would usually work 

with some exceptions. Initially I presumed to trigger the audio users would need to walk into 

the audio circle to activate the trigger but session one revealed it was possible to do so one 

with waving your hand over the circle providing it made contact with the trigger area (the 

trigger area/box is only visible during development and users cannot see it in the usable 

version). This was a valuable insight as it means future users will have two ways to trigger the 

audio. This is important as it offers more flexibility in how people interact with the 

environment, flexibility and varied choice was an important issue during the focus groups. 

What has developed is a need for a choice not just in relation to the content of the experience 

but in how you interact with that content.  

The remaining technical issue that needed to be addressed is assets that have a glitch that 

allows users to walk into them and become temporary stuck in them. The assets were the 

cabin as described in session 2, one type of tree and two large rocks in the forest area.    

Some users reported a glitch in the trees (flickering) and one user noticed the blurring of 

distant objects. These are not technical problems as they were deliberate choices to optimise 

performance and keep the frame rate as consistent as possible. As a result, easy fixes can be 

implemented easily, providing it does not affect performance.  

Responses to the meditation clips were positive, from judging people’s non-verbal 

communication the users were focused on the meditation instructions. Some users would put 

the Oculus controllers down and lay their arms in a comfortable position (as instructed in the 

audio), others would find a place of preference to listen to the audio, the beach fire, and 

water proved to be popular choices. Choosing to place the meditation clips on the beach was 

the most appropriate place. Users spent more time at the beach compared with the forest, 

the sound of waves was also a popular feature, therefore having the sound of waves play after 

the meditation finished acts as continuation of an area appropriate for mindfulness. Some 

conflicting views arose over the choice of meditation audio, this clip uses meditation of the 

breath and some users (session 5) believed a choice of meditation that maximises the visuals 
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of VR and the relaxing setting might be more appropriate. Others familiar with meditation 

stated the meditation was appropriate, and in the context of diabetes was suitable as it would 

allow patients to ease their minds, centre them and “let go of angst” (Session 6). Users who 

were less familiar with meditation did not have any strong feelings for or against the choice 

of audio, the general feeling was that it provided relaxation and was a useful point of 

interaction in an environment that was aiming to boost mental health and wellbeing. Some 

users did struggle to locate the meditation clips at first and needed directions to find the area. 

Moreover, even after visiting the audio meditation area, moving away from them whilst still 

being on the beach could still be enough to raise problems finding them again. Making the 

area easier to locate needs to be addressed before the next phase of the study. 

Following feedback, I was happy with the size, visuals and arrangement of the environment. 

Some users wanted the environment to be bigger (session 2 and 8). However, the 

environment has already been made larger than previous versions that were trialled in the 

previous phase. Moreover, if the map becomes too big users may prioritise exploration over 

the content.  

7.3 Software Changes 

The usability testing phase of the study uncovered some important issues that needed 

to be addressed before the software can be considered for use with patients in secondary 

care. Many of the issues were technical or ‘bugs’ that could be quickly addressed in the Unreal 

Engine editor. However, some issues required further thought and needed a solution outside 

of software development. I have now accounted for the changes that were made following 

the usability testing, these changes marked the end of the beta stage in the software 

development and move it to the next phase, ready for public use as part of an intervention. 

However, should some issues be uncovered during the software’s exposure to patients then 

further changes would need to be made before the software could be used in such a study. 

The changes described below are written in order of importance.  

As I described in session 1 of the usability testing, a technical problem was uncovered that 

had to be addressed immediately before further testing could continue. The user who – who 

was very experienced with video game controllers and software – was unable to trigger audio 

at the mindfulness beach or at the music area. One successful trigger was implemented across 
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the session, but all other attempts failed. To be able to properly assess the content of audio 

such as the meditation during usability testing, triggering audio events needed to be fixed. I 

went back to look at the trigger area – the area that users would have to move into or collide 

with to activate the audio – with fresh knowledge that the user’s VR hands could also be used 

to trigger the audio The user did not have to directly move into the trigger area, they could 

stand next to it and put their hand into it. However, I still wanted to give users the ability to 

use either their hands or to simply walk into the trigger area. Figure 10 below shows how the 

trigger area works, using the stone circles that were used in the intervention environment, I 

have used a default UE scene to better highlight the trigger box lines.  

 

 

 

 

 

 

                        Figure 10. Left: trigger box before session 1. Right: trigger box after session 1 

 The main difference is moving from a trigger box that is short and narrow to one that is 

shorter and wider. My main concern with the change was that moving to a shorter trigger 

box, would make it less likely for users to trigger the audio with their hands, unless they were 

crouched down. Any obstacle towards ease of use may have a negative impact on immersion, 

therefore it was important to make interaction points feel natural. However, as the users are 

seated, they are lower to the ground than when standing which meant that this was not an 

issue, users could still trigger the music with their hands or by walking into the area. This 

change was a clear improvement in trigger audio, and in the following sessions users were 

able to trigger music with less complications. However, the triggering still wasn’t ideal, and 

there seemed to be a pattern of users unable to trigger the audio on the first attempt, then 

successfully managing it on the second attempt. I looked over the blueprints for the audio 

activation and found that the flip flop node that triggers play on audio and then stop on the 

next trigger was set to stop first. Users were stopping audio – that wasn’t playing – then on 
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the second attempt they were playing the audio. Figure 11 below shows the change in 

blueprints that further addressed complications with audio triggering.  

 

 

 

 

 

 

   

             

Figure 11. Left: Blueprint at the start of usability testing. Right: Blueprint after fix 

The A node coming from ‘FlipFlop’ represents the first interaction, the B represents the 

second interaction before resetting to A again. It operates in the exact same way a light switch 

within a house. There are only ever two outcomes on and off, one outcome cannot happen 

twice in a row. As can be seen in the left picture the A is connected to stop first, whereas the 

fixed blueprint connects A with play. Combined the two fixes addressed the problem of 

triggering audio clips. The first problem had to be addressed immediately and was done so in 

the hour between the end of session 1 and the start of session 2. This allowed users to test 

the audio clips in the following sessions, even if there were still some slight problems around 

triggering on the first attempt. The second fix made after the user testing further improved 

the usability of this one feature, I was now confident now that it would work as intended 

when implemented in secondary care.  

The next immediate concern was making the learning process easier and clearer for 

inexperienced VR users. This is important because I wanted to ensure users of all experience 

could have the same experience and could interact with the content in a similar manner.  It 

was assumed that the majority of patients to take part in the intervention would be 

inexperienced with VR and using a videogame like controller. With this in mind the majority 

of the usability testing sessions was done again with inexperienced users. The testing found 
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that most people (6 out of 8) were immediately comfortable with moving from one location 

to the next using the teleporter. Difficulties arose when patients had to combine the initial 

movement technique with pointing the teleporter to dictate which direction they wanted to 

face after they had moved. The difficult learning curve often meant that users would move in 

a big circle in the environment, unable to dictate which direction they wanted to face. To help 

users learn how to use the teleporter a user guide manual was given to them, alongside a 

verbal explanation using pictures from the guide as a prop to help them visualise the 

teleporting process. When patients arrived at difficulties, I was required to give further verbal 

explanations, reiterating the process of using the pointer. To help the user with the learning 

process, and to better help them visualise the teleporter and its pointer, two video tutorials 

were made. The first video - an overview of the navigation - was a screen recording of me 

navigating the environment from the woodland area towards the beach. I was slow with 

navigation initially, exaggerating the turning of the pointer to make it clear how it worked. As 

the tutorial continued my movements became quicker. Two thirds of the video space is made 

up of the screen recording in the VR environment and the final third is how I am using the 

Oculus Touch controller in synchronisation with the screen recording as seen in figure 12 

below. The full video can  

 

 

 

 

 

       

 

 Figure 12. Video tutorial showing how to navigate the environment 

be found in appendices additional material. Nvidia GeForce Experience software was used to 

screen record my navigation in the VR environment, at the same time a volunteer filmed my 

hand using the touch controller with a Samsung Galaxy S8 smart phone. The second video - 
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which did not feature my hand using the controller - was a more focused look at audio 

triggering. In the video I show the hand gesture require for triggering the audio with your 

virtual hands and how you can walk into the trigger area. Both of these videos do not have 

sound activated, they are to be shown as I verbally explain how to navigate and trigger audio. 

The intention was having a clearer visual explanation of how the software works that it would 

allow users to pick up the controller method quicker and require less further explanation from 

myself after the patient has started in VR. To accompany this a small tutorial map has been 

created allowing patients to get used to the controls in a smaller area, whilst not being 

exposed to the content in the intervention. The tutorial map is shown below in figure 13 

 

 

 

 

 

 

 

 

 

  

 

 Figure 13. Pictures of the tutorial map showing a ground and aerial shot 

The tutorial map features an audio triggering practice area. Patients would be able to learn 

how audio triggering works by turning the sound of the ocean waves on and off. This tutorial 

map would be trialled with some initial patients. It may be the case that exposure to the main 

intervention area is more beneficial for the tutorial session. Overall, these changes aimed to 

make the learning experience easier for patients, reduce the time taken to understand how 

the controls work and to make it easier to convey to patients how to navigate in the VR 
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environment. The emphasis here is to allow patients to access content quicker, and to make 

navigation and interactions happen without thought, as it does in the real world.  

Finding the mindfulness area of the beach which contained the audio for the meditation was 

a struggle for some users. The map shown as part of the user guide gave patients a good idea 

of where the area was, but actually finding it when VR was more of struggle. Patients who use 

the VR weekly may be in a better position to remember where the area is after a session. 

However, I wanted patients to be able to find it instantly, thus giving them the option to 

interact with the audio as quickly as possible. For the user testing the audio circles which 

signalled a place to trigger audio was on ground level, sat on top of the sand at the beach. 

Due to the camber and height changes of the beach area, at times it would not be possible to 

see the audio circles, even if you knew where they were. To further complicate locating the 

circles the terrain texture used to give the beach its sand colour is one consistent colour across 

the beach, with the exception of shadows on top of the sand. This means that a lot of the 

beach can look the same. The solution was to re-arrange the mindfulness area, to prop it up 

above eye level and make it visible from different areas of the beach.  shows the mindfulness 

area before and after cosmetic changes as a result of user testing. 

 

  

 

 

 

Figure 14. Left: The audio circles on ground level. Right: audio circles are propped up on brick work 

and accessible via stairs. 

 The added area also features small potted plans, stones around the brick work and a different 

label for each of the audio clips used. The assets used to create the area were already 

available and downloaded on my system, making this a small and enjoyable task, but also a 

practical fix to a user problem.  
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As visible in figure 14 there was an additional audio clip added to the mindfulness area. This 

was not something that was requested specifically from patients but from my own 

interpretation of user responses. During the sessions it became apparent that some users 

specifically preferred the sound of the environment over guided meditation, whilst some 

users talking about the benefit of having the meditation in the environment. With this in mind 

I wanted a further option, something in between guided meditation and nature sounds. I 

decided to use an 8-minute relaxing instrumental music clip. The song titled Weightless by 

Marconi Union has shown to reduce anxiety in people according to recent research (306), it 

topped a list of music designed to relax listeners. At 8 minutes long it fits between the 5- and 

15-minute meditation and also offers patients a new option in the environment.  

The remaining changes were small technical tweaks. Users were able to walk into certain 

static assets such as the cabin, one type of tree and two large rocks. Navigational boundaries 

were implemented under the cabin which stopped users from being able to enter it. 

Repeating this for the trees and rocks was more complicated and as a result they were 

removed.  

Finally, to optimise computer performance I had turned on some post processing effects to 

lower the graphic performance required from the PC powering the VR. Some trees had their 

level of detail lowered when at a set distance from the user. This meant some users could see 

trees flickering as their level of detail changed. Some distance trees and objects were also 

blurred at a faraway distance which again was noticed by some users. Both of the effects were 

removed, at no cost to computer performance.  

7.4 Conclusion 

  In total 7 notable changes were made to the beta following user testing. Without a 

period of user testing these problems would have been noted in the early work with patients, 

compromising their sessions in VR. This is not to say further changes may be necessary. 

Problems such as the audio triggering that were uncovered in session 1 would have prevented 

a patient from having access to the full experience, by conducting user testing I have avoided 

this. A limitation of the user testing was we only carried out one off sessions for each 

participant, repeating the sessions as we intend to do with patients may have revealed further 

issues. Time constraints meant I could not conduct user testing to that level, however with 
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different user testing samples suggested, finding the right balance of user testing with set 

time constraints is often about getting the most from the time you have available to you. 

Likewise, the video tutorials created may not accommodate a rapid learning time for new 

users like I would hope for, but it is the best solution with the time available to me. With extra 

time I may have incorporated a guided tutorial in VR itself, but realistically this is not possible 

for the scope of this project. Only by testing the video tutorials in the next phase can I 

potentially suggest a more interactive tutorial in VR or conclude that a video tutorial was 

sufficient. What is important to remember at this point is that an improvement has been 

made from the first solution (user guide) to the current (video tutorial). It must also be noted 

that some areas of concern are only prevalent because they prevent other issues. For 

example, the learning of controls could be a lot easier with an alternative method compared 

to teleporting. I have used teleporting because I believe it to be the most likely form of 

navigation to prevent motion sickness, during the user testing no sickness was reported 

meaning this form of navigation is preventing other potential issues. Creating software that 

is perfect for every user is unrealistic but solving problems that are recurrent among different 

users can greatly improve its usability, I believe these changes have achieved that. Whilst the 

user testing did throw up a number of ‘bottom up’ usability problems, in terms of the ‘top 

down’ there was nothing that needed amended. Users understood the software’s purpose 

and all testers used it for its intended purpose. This gives me confidence that the context of 

this VR experience is appropriate for its intended use in secondary care. The software could 

be one of the most user-friendly experiences in technology today, however if it’s not being 

used for its intended purpose then that benefit is redundant. 
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              Chapter 8  

Findings from Case Studies 

8.1 Introduction  

  This chapter reports findings from the patient case studies. 8 patients were recruited. 

One patient dropped out of the study after the tutorial session, however enough data were 

collected for 7 patients. The format for presenting each patient’s sessions is as followed: a 

brief background on the patient providing information on diabetes type, how they were 

recruited and their previous experience of VR; key ethnographic findings from the sessions 

will then be presented; I have then present the results from the questionnaires on mental 

health and wellbeing and acknowledge any trends; finally, I  have provided a brief summary 

of key findings.   

To reiterate on the choice of sample for the case studies, rather than taking a similar sample 

to the focus group the decision was made to use a different sample. Prior to commencing the 

focus groups and stakeholder consultations it was not clear what sample would be chosen for 

an intervention. However, the design of the research means anyone involved in an 

intervention has had the same opportunity to voice opinions and experiences of VR in the 

same manner they would have in a focus group or interview. To this end the current case 

study acts as an extension of the collection of data that took place in the focus groups.  

The case studies took place within the diabetes clinic inside a consultation room. I would meet 

patients in the wating room and take them to a consultation room in the same manner as 

they would meet with diabetes staff. Should a designated space be reserved for VR within 

secondary care in the future it is likely the process would be similar to how it was conducted 

here. However, a roll out to secondary care may see patients become more independent with 

VR once a period of learning has been completed. Patients could be left to operate the VR on 

their own in a designated space or within a free consultation room. Moreover, with the newer 

mobile HMDs, patients could self-manage with VR. At this early stage my presence is required 

to assess the ease of use, feelings towards VR and its impact on mood.   
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The individual patient results from the presence questionnaires can be found in the 

appendices. Findings from presence have been presented in the discussion chapter that 

follows this.  

 

8.2.1 Patient 1 - Information 

The first patient, a middle-aged female was referred to me by one of the DSNs who 

had arranged weekly appointments for the patient. I was emailed by the nurse to meet the 

patient during an appointment at the clinic to talk to the patient about the study and to try 

and recruit them. During this we arranged to have the first session the following week, 30 

minutes before her arranged appointment with the DSN. The patient had type 2 diabetes, 

struggled with her weight and had a diagnoses of personality disorder. The DSN stated she 

hoped the VR sessions might relax the patient before consultations. The patient stated they 

had a mobile VR HMD at home but never used it as they did not know how to. 

8.2.2 Patient 1 – Research Observations and Notes 

  

                 Session one, the tutorial was my first time using the video tutorial I had made 

following the results of earlier pilot testing. I felt that on the evidence of this one session 

that it had helped me communicate the information necessary for movements to the 

patient. It was easier for me to talk about a ‘teleporter’ if the patient could visualise it and 

see it in action. Initially the patient tended to stay still and take in the views. This slowed 

down the process of learning slightly. It was also the first use of the tutorial map – a small 

island – where the patient can practice movements and audio triggering by turning on the 

sound of the waves. There were no technical issues with the new tutorial map on the basis 

of this session. After 5 minutes the patient seemed to have picked up the basics of 

movement. However, the patient had developed  a habit of clicking the stick at the angle of 

the direction she wanted to move, rather than clicking the stick, holding it down and then 

moving the pointer direction. This made approaching audio circles trickier for the patient 

which persisted for the duration of the session. I told the patient to not worry about getting 

the audio triggering perfected and that it would come with more practice, at the moment it 

was more important to get the basics of navigation. I noted it might be useful to move the 
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patient’s chair further away from the desk the equipment was stationed at. At times the 

patient seemed a little restricted for physical movement, particularly her arms which she 

wanted to extend to help her navigate the environment. Overall the tutorial was a success, 

as noted there was still some learning to be done, particularly with audio triggering, I 

considered if these problems persisted that it may be useful to have a different audio track 

automatically play at the start of each session, to ensure the patient gets exposure to the 

content with the environment. I was however confident that with more practice the patient 

would be able to operate the equipment with ease.  

The first post tutorial session happened the following week as planned. The DSN had double 

booked appointments so asked rather than me seeing the patient 30 mins before their 

consultation as planned, would I see her after. Within the first five minutes, on two occasions 

the patient had some slight problems with moving in circles, something that was reported in 

the pilot work. I intervened to give the patient a reminder to focus on the pointer to help 

dictate the direction they wanted to move in, this solved the problem as it did not re-occur. 

Session had started at the back of the map in the forest area which was a little disorientating 

for the patient, I made a note to start the patient next to the direction sign the next week. 

Once out of the VR the patient said they found the experience relaxing, particularly the sound 

of the waves, the patient stated once she had triggered the meditation she tried to drown out 

the sound of it by focusing on the waves. When asked if it felt like she had been in the VR for 

20 minutes she stated “it felt quick, felt like less time”. The patient was a little drowsy after 

coming out of VR, “I’m a bit tired today” she stated. This may be have been a result of having 

to concentrate at the consultation first today before the VR, my own interpretation was she 

hadn’t appeared drowsy at the start of the session and that it had occurred during the session.  

I was unable to get any screen recordings for session three due to an administrative issues. 

Instead, whilst doing notes I recorded minute by minute note on the patient’s movements. 

Similar to the previous session, the patient seemed to take the first 10 minutes of the session 

to re-adjust to the controllers and navigation. In the second half of the session the patient’s 

movements in VR were more fluid. One noteworthy occurrence in this session was 

interruptions from diabetes staff on two occasions, I had an occupied sign on the door of the 

clinic room, however based on conversations with DSNs staff are used to this room being 

vacant. I decided I would stick up a notice on the door stating research in progress at the next 
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session. The patient did state that they found these interruptions distracting. The patient 

commented favourably on the relaxing sounds of the beach, she stated she found the sound 

of wind in the forest distracting as she preferred to hear the sound of beach even when not 

at that area. The patient avoided triggering audio clips, my impression was that maybe the 

difficulty of doing so was preventing her from trying, although she has stated on multiple 

occasions, she enjoys the sounds of the waves. 

To prompt interaction with the meditation and gain feedback I set the longer meditation to 

auto activate at the start of the fourth session. After finishing the patient stated they felt 

sleepy after listening to the recording, more she stated she preferred the sound of the waves 

over the meditation. 

Session five started with the mindfulness music. The patient stated they found the mix of the 

music and the sound of the beach “very soothing”, when asked how she found it at the end 

of the session. The patient expressed a preference towards the music over the guided 

meditation. The patient seen the deer in the forest section for the first time today, she made 

an attempt to get closer to the deer but the navigation limits prevented her from doing so, “I 

got stuck”. The patient also stated she got stuck at the beach area, whilst listening to music, 

something I would need to check the video for as I was not aware of it happening, this could 

have been the corners of the beach where more navigation constraints are used.  

In the final week the patient chose to trigger the music over meditation, which was expected 

after her comments in the previous session. In a pattern similar to the previous weeks the 

patient spent the duration of her time around the beach. At the end of the session I stated to 

the patient that this was the final session, she appeared surprised and disappointed at this. 

In her appointment after with the DSN the patient the patient had a hypo –hypoglycaemia – 

which is triggered when blood glucose levels are too low. The timing of this, immediately after 

finding out this session was the last was noteworthy, in my opinion a coincidence but 

something to look out for in the future. 

8.2.3 Patient 1 - Questionnaire Data 

 Results from the questionnaire data show an improvement in all outcomes that were 

assessed when compared to the pre-test data. Figure 15 shows anxiety ratings from the HADS 

questionnaire. 
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The pre-score number of 11 is classified as abnormal. In the following sessions the lowest 

score was 6 and the highest 9, all move away from an abnormal classification, moving 

between normal and borderline abnormal. The median anxiety score following pre-test is 7.2.  

Figure 16 shows depression scores from the same HADS questionnaire. The pre-score of 6 is 

classified as normal. All following ratings were all classified as normal.  
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Patient 1 WEMWBS

 

  

 

 

The highest depression score was 7 after session number two, the lowest score of 3 came 

after the final session. The median score excluding pre-test is 5.  

The scores from the WEMWBS questionnaire as seen in figure 1C shows a small increase in 

subjective wellbeing. Studies that have looked to interpret WEMWBS scores state that a score 

of 40 or below constitutes someone being a high risk of major depression (248), the pre-score 

of 41 places that just above that classification. The median wellbeing score was 48.7 with the 

highest score coming after session 3 with a score of 53.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The lowest wellbeing score excluding the pre-test came during week five with a score of 45, 

week five was also the highest score for anxiety after the pre-test score. The trendline in figure 

18 shows little change in wellbeing scores across the sessions.  
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8.2.4 Patient 1 - Summary  

 The patient having pre-arranged once a week appointment with her DSN helped for 

the patient’s continued participation in the study. Having 6 sessions allowed me to get a 

clearer picture of the interventions potential influence on mental health via the 

questionnaires. There are notable improvements in anxiety and depression scores as well as 

some slight improvements in general wellbeing. The patient benefited most from the sound 

of the waves, there was a pattern of preference expressed towards the beach sounds over 

the meditation. Music was also preferred over the meditation. By the end of the third session 

the patient was fully competent at navigating in the environment. The period of learning all 

aspects of movement in the previous session did not prevent the patient from getting any 

benefit, as she was still able to interact with the environment. Both I and the DSN felt she 

benefited from the intervention. 

8.3.1 Patient 2 - information 

I was emailed by one of the DSN’s asking if I would come down to talk to a patient, who had 

expressed interest in the study. I went down with the VR guide to give the patient a better 

idea of what was involved. The patient, an elderly female had up until now had regular contact 

with her DSN via email but was to now go through a period of weekly appointments. The 

patient had type 1 diabetes. Unlike the previous patient there was no suggestion from the 

DSN that this intervention was something the patient needed or would directly benefit from 

the interest came from the patient herself.  

8.3.2 Patient 2 - Research Observations and Notes 

 The patient arrived ten minutes late for the tutorial session, giving us twenty minutes 

to do pre-test questionnaires and a brief tutorial of the navigation method. The patient had 

missed her first arranged tutorial session with illness. Her DSN had emailed me about this in 

advance. The patient expressed concern her eyesight, telling me it was poor and might affect 

the VR experience. We trialled loosening the HMD to fit over her glasses. This worked out 

well, her visual experience wasn’t adversely affected, and she did not complain about any 

discomfort from wearing the HMD over glasses. During the tutorial the patient talked about 

previous experiences in VR, particularly as she first started using the system. She talked about 

a dinosaur experience her son had set up for her and her daughter to try, her son would 
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handle the controls while she viewed through the HMD. This was her first experience of 

having full control of a VR experience/game. “I’m used to using a mouse” she stated, 

comparing it to using the controls in the intervention. She then went on to explain she thought 

it would be easy for the younger generation to use which she included herself in, she joked 

about including herself in this age bracket. Learning the controls came easy to the patient, 

even though we had less time to learn the controls, it was still enough time for her to get used 

to everything. At one point I told the patient to take more time holding down the stick, to 

keep the teleporter activated before moving to try and slow down movements and give her 

more control, this helped. The patient seemed in a hurry, asked “can I take these off now?”, 

this may be due to her being initially late, I made a note to reiterate next time that I will ensure 

she is on time for her consultation. Finally, before she left, I asked how did the experience 

feel and did she feel uneasy at all. She replied she had no issues. 

At the start of session two I again had issues with the screen recording so therefore recorded 

movements whilst taking further notes. The first two minutes the patient spent trying to 

locate the beach, “where is the direction sign?” she was aware of a direction sign as I had not 

told her prior to going in that direction in the environment. Her first interactions with audio 

clips were made as she tried to trigger the music to get used to audio interactions. She made 

an attempt to trigger the five-minute meditation and accidently turned it off, after two 

attempts it worked fine. I did talk to her at this point to reiterate some instructions to help 

with turning audio on and off. The chair being used by patients during the intervention is an 

office chair that rotates 360 degrees. The patient spent a lot of time spinning around on the 

chair to help her navigate, this was different to the previous patient who did not move around 

on the chair at all. As a result of using the chair, during the audio meditation she spent the 

duration of it facing away from me, I could not tell if this was deliberate or accidental. The 

patient stated the five-minute meditation was a very quick five minutes, “I’ll do the 12-minute 

clip next week”. Whilst navigating the beach the patient said, “this was very well made”. She 

moved to the picture areas and asked, “these are pictures of the highlands?”, she then 

proceeded to talk about her son’s picture taking of Inverness and the surrounding countryside 

from onboard a helicopter. To finish the session the patient listened to the 8-minute relaxing 

music. After the session I explained that the patient could move away from the talking 



 
135 

 

meditation as it played – she had remained next to it whilst listening to it – she replied “ok, I 

did not know this, I was enjoying listening to the sound of the waves over the meditation”.  

At the start of the third session the patient as I met the patient in the waiting room, she told 

me “I need this today!”, she then went on to say she was having “one of those weeks”, as 

she’d had problems with a leaking ceiling at home and her mother was having problems with 

sickness and diarrhoea. She chose to start the five-minute audio meditation, there was a slight 

issue with triggering as she accidently turned it off after turning it on. After the meditation 

she stated, “God, I needed that this morning”. When asked if she wanted new pictures placed 

in the picture area she said “aye”, and again talked about taking pictures in Inverness with 

her son. She found the waves deceiving, thought they did not move and had to check whether 

they moved. More time was spent exploring the map today, the patient was ‘amazed’ she did 

not see the deer last week. More time was spent at the picture area towards the end of the 

session.  

Session four would be the final session. The patient arrived one minute late and appeared 

very rushed. She said that her blood sugar levels were low and hadn’t taken insulin this 

morning, “I should not hypo on you”. The outside temperate was over 20 degrees, making 

the clinical room very warm, the PC itself adds to the heat inside the room. I asked if the 

patient would like a motorised fan on next to her while using the VR which she did. The fan 

makes a noise while operating, I wondered whether the patient would be noticeably aware 

of it while in the virtual environment. The patient went straight to the beach, turned on the 

12-minute meditation. For the 12-minute meditation she had moved next to the fire she 

remained still and did not walk about for the duration of it. She had some slight issues 

triggering the music on and off, this remains the biggest issue with the software, something 

that I am going to re-visit before the next patient starts the study. After the patient finished, 

she said “really enjoyed that today, I kept my eyes open during the meditation and 

concentrated on the fire and the beach, I feel really relaxed”. I asked if the patient could hear 

the fan, “no, I could feel the heat from the fire, and at the same time the breeze from the fan 

which felt like the wind, was really nice”. I felt a notable change in the patient’s body language 

and behaviour from when she first arrived compared to finishing the meditation, she was a 

lot calmer and did not appear as rushed about things. She did also add that she was “less 

worked up this week” which was contrary to her body language at the start. I stated to the 
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Figure 18

Patient 2 HADS Anxiety

patient that they had now reached the minimum number of sessions required and it was 

entirely up to them if they wanted to do more, she also added “my boss wants to and do this, 

but unfortunately she doesn’t have diabetes”, however she was due to go on holiday and did 

not have any further appointments arranged immediately with the DSN. 

8.3.3 Patient 2 - Questionnaire data  

 The patient demonstrated improvements in all mental health scales. The biggest 

change from pre-score results was for the HADS anxiety questionnaire. The patient score 9 in 

the in the pre-score, all following up results moved her back into the normal range.   

 

 

 

 

 

 

 

 

 

 

 

The lowest anxiety rating was recorded in the final session with a score of 4. The highest score 

excluding the pre-test came in session three with a score of 7.  

The patient’s depression scores did show a small reduction; however, the low pre-score 

means no real conclusions to be drawn from the results. The pre score of 3 was the second 

highest depression score across all the session. The highest depressions score was recorded 

on week three at 4 and   
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Patient 2 WEMWBS

 

 

 

 

 

 

 

 

the lowest similar to the anxiety scores came on the final week with a score of 1.  

Wellbeing scores also seen a minor improvement, the pre score of 52 was the second highest 

wellbeing score recorded of all patients. The lowest score came on the second session at 47. 

Similar to  

 

 

 

 

 

 

 

 

the HADS scores the highest rating for wellbeing was scored on the final session, with a rating 

of 60. The scores in the wellbeing questionnaires would suggest she was not at risk of 

depression; this was consistent with the HADS depressions scores.  
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Patient 2 HADS Depression 
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8.3.4 Patient 2 - Summary  

 There were notable improvements in all patient questionnaire outcomes. Anxiety 

scores showed the most improvement, although the pre-test scores showed this was the area 

with most potential for improvement. Both HADS depression and WMWBS scores were 

positive from the outset. There was a quick period of learning for the patient, she was 

proficient in navigation by the end of the tutorial which sustained in the following weeks. The 

patient responded positively to the longer meditation clip and based on our conversations 

used this time to de-stress from family and work life. I frequently noticed a difference in her 

body language from the start of the session to the end as she became calmer. There was also 

a positive response to the default nature pictures used in the environment, she used them to 

reminisce about her family. Overall, I feel the patient benefited from the intervention and she 

expressed an appreciation towards the virtual setting.  

8.4.1 Patient 3 - Information 

This patient is one of three participants who were involved in the same group support classes 

around diet and weight loss, held at the diabetes clinic and instructed by a DSN dietician. The 

DSN had told the group of three about my study, as some of them had took part in 

mindfulness courses in the past. I gave a brief presentation about the study and all three 

individuals expressed interest. The patient was male, 78 years old, had developed type 2 

diabetes later in his life and lived on his own. He had never tried VR and stated he ‘wasn’t 

great’ with any technology.  

8.4.2 Patient 3 - Research Observations and Notes  

 The tutorial session happened on the same day I recruited the patients from the 

group, this came after a suggestion from the DSN. 

The participant managed to pick up the basics of the navigation via teleportation successfully. 

After a couple of movements, the teleporter wasn’t working properly on the tutorial map, I 

exited the program and restarted it, the issue did not re-occur. The patient was worried he 

had broken something when this happened, “oh no I’ve broken it already”. The patient had 

some issues with using the arrow pointer. I tried to explain again the purpose of the pointer 

and how this helps with navigating the virtual environment. As I had to do the tutorials with 
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three people before the end of the group class my main concern was getting each person 

comfortable with teleporting and basic navigation. Triggering audio is something that I was 

confident could be picked up from the patient at the first post tutorial session. The patient 

was impressed with the VR. He stated it was like something he had never experienced and 

was looking forward to using it more. 

Session two took place half an hour before the group class with a DSN, before the session 

started the patient said sincerely “If I won the lottery, I would buy one of these, something to 

stop me being bored all the time”. As we did not have the time to properly practice turning 

audio clips on and off, I set the 5-minute meditation to auto activate. This gave the patient a 

chance to try the meditation and then try and trigger any further audio clips after if they chose 

to. Once the 5-minute meditation started the patient said, “Oh gosh I will be going to sleep in 

a minute”. The patient chose to sit in the water to the front left of the beach, the nearest 

position to the sunlight. I could clearly hear the patient change his breathing, slowing it down 

as instructed in the audio. Rather than using the thumbstick to teleport the patient used the 

‘a’ button and to change his face of direction he used the computer chair to spin in the 

direction of choice. I was a little worried I was going to run out of cable – from PC to HMD – 

as he continued to spin on the chair. The participant spent a lot of time at the side of the 

beach he chose when listening to the meditation, he added, “can I go here on holiday? It’s 

really peaceful”. As the user moved along the beach, he approached the campfire, moved into 

and laughed as he said, “I’m in the middle of the fire but there’s no heat”. When the user seen 

the picture area, he moved towards it, he was hesitant to go over the rocks that separated 

the beach and picture area, but when he realised it was possible, he proceeded to do so. He 

seemed very interested in the landscape pictures, identifying each one, talking about islands 

he had visited, and talking about past memories and reminiscing. Only one controller was 

used by the patient, a trend now in all the patients, he shakes his virtual hand (right) with his 

real one (left) and laughed. I noticed the user was rushed in his movements, not without 

control, but he moved from one area of the map to the other with haste. The patient used a 

stick to help him walk and acknowledged he had slowed down a lot in recent years. I 

wondered whether the freedom to move at what pace he wished was part of the reason for 

moving so swiftly in the virtual environment.  
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I met the patient as he entered the waiting room before session three, he greeted me by 

saying it was his ‘groundhog day’ the day he got to do something different. Today’s session 

started with the 8-minute music, similar to the previous week the patient moved to the front 

left of the beach towards the sunlight and water. The patient seems to be finding navigation 

easier this week, becoming more confident with the pointer. However, he still frequently uses 

the chair to spin and look around in the environment. Also similar to the was previous week 

was amusement at the campfire, laughing as he put his hand through the flames and the 

patient’s quick movements, again moving from one area to the other swiftly, with the 

exception of getting stuck at the edges of the map (cliffs by the beach) at one point. For the 

first half of the session the user was quiet however he started to talk more in the second half, 

when he was facing away from the beach, he stated “I can hear the waves behind me, it’s 

amazing”. Shortly after he added, “I cannot  get up this tree, maybe that’s too much to ask”. 

There was a suggestion of disorientation, the patient seemed sure the sun had moved 

position, “sun is not staying in the same place, one minute it’s here then it’s round there”. 

The sun stays in the same position during the experience. The patient seen the deer for the 

first time today, “once I hit a deer with my car, made me sad, man’s inventions killing nature.” 

He then joked “right get the rifle out”. At the end of the session, I asked would he change 

anything about the experience? “I’d do something other than the beach, maybe on a boat, 

like a cruise or a place”.  

Session four started with the 12-minute meditation, the first time the patient would try it. At 

the start of the clip, he had the odd laugh and responded to the instructions saying “ok”. 

Similar to the 5-minute meditation during the previous session, I could hear the patients clear 

and slowed breathing. For the duration of the meditation the patient made no movements, 

either with his head or with the teleporter. I wondered if the patient had perhaps fallen 

asleep, these thoughts were continued when there were no further movements after the 

meditation had finished. It was a warm day and I thought that the patient could be drowsy. 

After 17 minutes had passed the patient was looking around more but with no movements 

via the teleporter. In previous weeks the patient had spoken to me during the session, but 

this week he had said nothing. The patient had hay fever, which was troubling him during the 

session, his sniffing helped me to determine if he was awake. The session ended with the 

patient making no movements in the session, he had remained in the same position. After 
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taking the HMD off, before I could ask how the session went, he stated “that was amazing”, 

and asked “Can you get a CD of that? I’ll pay for it. I can use that to get me to sleep every 

night”.  

Session five would be the last for this patient. The session was similar to the previous one. 

The 12-minute meditation was used and like the previous session the patient remained still 

not just for the meditation but the whole session, looking out to sea across the water as he 

did. The patient used the chair to look around, up at the sky and across the beach. After the 

session he remarked that during this period he had noticed the birds flying across the beach 

for the first time. Again, I suspected the patient may have fallen asleep towards the end of 

the meditation, a door banging from outside the clinical room seemed to jolt him into some 

more head movements. The session ended with no teleporter movements, the patient had 

gone to and remained in the same spot as he had during the previous week’s session.  

8.4.3 Patient 3 - Questionnaire Data 

The questionnaires revealed mixed results, with no improvements for anxiety or wellbeing, 

but a very noticeable improvement in depression scores. The pre-score of 9 was the joint  
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Patient 3 HADS Anxiety
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Patient 3 HADS Depression

lowest anxiety score recorded along with week two. The highest anxiety score was recorded 

on week four, with  

 

 

 

 

 

 

 

 

 

a score of 11. The trendline shows a small increase in anxiety across the sessions. 

The pre-score for the HADS depression rating was 14, this was the highest anyone had score 

on any of the HADS scores for both anxiety and depression. There was weekly drop in 

depression scores, until it reached its lowest score in session four with a score of 8, a small 

increase from this was recorded in the final session at 9. 

The depression scores were not consistent with the wellbeing scores seen in figure 3C, and 

interestingly the HADS depression score was at it’s lowest across sessions when the anxiety 

score was at it’s highest.  

The pre-score for wellbeing was 34, a score of less than 40 could indicate a high risk of major 

depression. None of the scores across sessions were above this threshold number. 

Contradictory to   
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the HADS depression scores, as depression improved, wellbeing declined. The lowest 

wellbeing score was recorded on the final week at 31.  

8.4.4 Patient 3 – Patient Summary  

The patient had a high depression score at pre-testing, however there was a 

noticeable gradual drop in depression scores as the study went on, which was contrary to the 

trend in wellbeing scores. The patient looked forward to the sessions and appeared to get 

direct benefit from it during his time in the environment, particularly when doing the longer 

meditation. For being the oldest patient in the study and no prior experience of VR and games, 

the time taken to learn the controls was promising. Using the swivel chair to navigate in the 

environment was valuable. What was particularly noteworthy was the lack of movement in 

the last two sessions, during both the patient did not move at all once the meditation had 

started, he perhaps would have had the same level of benefit from the intervention had it 

been more passive experience.  

8.5.1 Patient 4 - Information  

Patient 4 was recruited from the same dietary group class that patient 3 was. The patient was 

female, had type 2 diabetes and had no previous experience of using VR or video games. The 

patient had previous experience of mindfulness courses and meditation. 
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Patient 3 WEMWBS
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8.5.2 Patient 4 - Research notes and Observations  

The patient had her tutorial immediately after patient 3 during the dietary class. She 

was the most comfortable with navigation, picked up teleportation and directing the pointer 

with ease. The patient also managed to trigger the audio in the tutorial map. After coming 

out she stated it was ‘pretty weird’ but was still interested in continuing the study. 

The patient had not been wearing glasses in the tutorial session but was on this session, as 

she normally does. We tried putting the HMD over the glasses which the patient was fine 

with. The session started with a five-minute meditation. As the meditation started, she moved 

to the front left of the beach, towards the sunlight and at the end of the water. The patient 

then remained here for the rest of the meditation, keeping very still, both on the chair and in 

the virtual environment. After the meditation had finished, she started to make slow 

movement, slowly using the chair to look around. The patient then triggered the audio music, 

moved from the audio triggering area to the beach looking outward at the water. For the next 

8 minutes the patient remained still, listening to the waves and the music, initially I thought 

she may be sleeping. After the session I asked the user if she preferred listening to waves or 

meditation, she replied “I have done mindfulness before, so I can see how people might think 

it’s strange being talked to like that if you haven’t done it before”. She then went on to say 

mindfulness has helped her in the past during periods of feeling down. During the 8-minute 

music she said she watched the waves until her eyes shut, “I did not want to move”. Finally, 

she added that she liked the music as she often prefers radio over TV as it requires less 

concentration.  

The next session the patient started by attempting to trigger the music by teleporting into the 

audio stone, this did not trigger the music, on the second attempt she waved her hand over 

the audio stone and it worked. She picked the same spot as the previous week to remain still 

and listen to the music while watching the water. During this session she was starting to move 

around more on the chair this week, although not to the extent of the previous patient. I 

wondered if we would see two types of movements by patients, those that actively use the 

chair to help them navigate and those that keep to using the pointer to change directions. 

The patient seemed to have a reluctance to leave the beach.  She moved towards the wooded 

area, but as she approached it turned around and head back towards the water. Whilst 
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heading back to water, she stopped at the campfire for a couple of minutes to look at it, she 

moved to another vantage point of the fire and did the same. She wasn’t the first person to 

take a noteworthy interest in the campfire, I decided to ask what appealed about it once the 

session was over. When discussing it she stated she could feel heat from it despite there not 

being any. She went on to speculate that the reason she and other users liked the fire was 

because of the memories it invoked and that  an outdoor fire is something you remember 

from your younger days. Making a fire with friends and on outdoor holidays, it’s something 

to reminisce about. We then discussed what might she change about the experience, “it’s 

very real, except maybe the palm trees”, The patient said because she has never been to a 

tropical beach or seen palm trees that she has a hard time relating to palm trees and would 

prefer something more in line with Scottish nature.  

On our fourth meeting I had further issues with screen recording, a pending update had taken 

away the option to screen record. I took a minute by minute written description of the 

patient’s movements which turned out to be quite limited during this session. The patient 

started with the 12-minute meditation, while doing so she moved to the front left of the 

beach facing the sun at the edge of the water, this was a repetition of her initial movements 

in session two, the first post tutorial session. The patient remained at this area for the 

duration of the 12-minute meditation. Following the meditation, the patient did not move far 

from this corner of the map, she used the chair to turn around away from the corner of the 

beach however this movement was reserved, and the user remained still. At the end of the 

session she stated that she had spent the time after the meditation listening to the sound of 

the waves. She gave no explanation to why there was a preference to this one corner of the 

beach. After completing the questionnaires for the session, I told the patient that she had 

now reached the minimum number of sessions require for the research study and asked 

would she be interested in doing any further sessions. She was not interested in doing any 

more sessions.   

8.5.3 Patient 4 - Questionnaire Data   

The questionnaire data revealed there was a very marginal improvements in anxiety and 

depression scores, and a marginal decline in wellbeing scores. Across the outcomes however, 

there was not enough change and a variance in score that means nothing conclusive can be 
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Patient 4 HADS Deprsssion 

taken from the results. Anxiety scores were at their highest for the first two weeks, during the 

pre-test and session 2. The lowest score across sessions was recorded after session three at 

8.  

 

 

 

 

 

 

 

 

 

Looking at the trend line the depression scores also show a minor decline but over difference 

is minimal.  The pre-score of 7 was the highest recorded, the following sessions scores of 5, 6 

and 6 reveal little change. All scores indicate normal levels for depression.  
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The wellbeing pre score was recorded at 38 which indicate signs of major depression. There 

was however a drop again in the scores on the final week, in session 4 a score of 35 would be 

the lowest score recorded across the sessions. 

 

 

 

 

 

 

 

 

 

 The trendline shows a decrease in wellbeing levels, despite the improvements in session 2 

and 3. Due to the mixed scores it is hard to draw any conclusions on the interventions 

influence on the patient’s wellbeing.  

8.5.4 Patient 4 - Summary  

 Having the music as an extra option at the mindfulness beach was well received by 

the patient. The option to play something relaxing that did not require as much of her 

attention appeared to be beneficial. The patient picked up the controls very quickly and was 

able to navigate freely by the end of the tutorial. Some components of the environment were 

unfamiliar to the patient, such as tropical themed trees, having something she could relate to 

more may have been a better option. The intervention did not seem to have any influence on 

mental health outcomes based on the questionnaire data, no overall improvement was 

recorded for anxiety, depression or wellbeing. The patient’s prior exposure to mindfulness 
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programs may have reduced its potency in VR. This points to mindfulness being equally or if 

not more important towards improved wellbeing when combined with VR and highlights the 

need for well-designed content.  

 

8.6.1 Patient 5 - Information 

Patient five was the third and final participant to be recruited from the one diabetes support 

class based on diet and weight loss. The patient was female and had type 2 diabetes. She had 

previously taken part in a mindfulness course provided by the NHS. This was her first-time 

trying VR, and she had no experience of playing video games.  

 

8.6.2 Patient 5 - Research Notes and Observations 

As with patients 3 and 4, this patient did her tutorial session on the same day as being 

recruited at the group class. She was hesitant in her initial movements in the environment, 

instead choosing time to look around with her head, studying the beach area, sky and waves. 

Basic movements with the teleporter were picked up instantly, while slightly startling her in 

the first few instances. I did have to re-explain how to use the pointer on the teleporter, and 

after this some problems remained with using it. Given the circumstances and slightly reduced 

time of the tutorial, the patient managed to pick up the basics well. I was confident with some 

more practice in the next proper session she would be able to navigate the environment 

efficiently.  

Session two started with the patient being slightly confused of her location in the 

environment, “oh I’m lost”. However, she found the direction of the water and the session 

started with the five-minute meditation. To listen to the clip, she moved to the front left of 

the beach - repeating the movements of patient 3 and 4 in their sessions prior to this – moved 

to the edge of the water facing the sunlight. Whilst remaining there she stated, “This is dead 

relaxing, I could just go to sleep at this spot”. In line with her comments she chose to stay at 

this part of the environment for a while. The patient then started to use the swivel chair to 

gradually look around, this then led to more movements with the teleporter. It was apparent 

that she was now becoming more confident with the controls. When the patient moved away 
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from the corner of the beach she had become comfortable at, she moved across the beach 

towards the and from there back to the water line. Her movements in the chair had reduced 

again during this process and she was only occasionally making head movements. At the 

water she stated, “this is making me dead dry Shaun, I want to drink water”.  This was 

followed by a remark of “I could just sleep here all day”. Towards the end of the session the 

patient moved to the start of the beach in the direction of the picture corner. When at the 

rocky area separating the picture area and beach, she was very hesitant in teleporting over 

the rocks. She ended the session by briefly looking at the pictures but did not appear to show 

any real interest in them.  

Session three started with the patient listening to the 8-minute music. For the duration of the 

audio she made no movements, occasionally looking around, particularly in the direction of 

the sun. When the music had finished, she started to make movements in the environment. 

There was still a period of learning the controls in the last session but in this session, it was 

obvious that she was now comfortable with the controls and could move without having to 

put her full concentration towards it. For the first time the user made movements towards 

the woodland area, as she approached the area between the beach and woodland. After a 

period of looking around – using the swivel chair – she then decided to turn around and move 

back into the main part of the beach where she had been previously. For 16 minutes now she 

had spent her time in the environment in the same part of the map. However, towards the 

end of the session she started using the teleporter more quickly and swiftly moved from the 

beach area towards the rear of the map in the woodland area. The user became aware of the 

deer for the first time, tried to move as close to as she could, then when she got as close as 

she could, turned around and moved away. There was a quick loss of interest in it when she 

realised, she could not get up close to it. After the session had finished the user stated she 

thought she had seen a wolf, she was sure she had seen the head or ears of a wolf. My 

thoughts were that it may have been the deer from a certain viewpoint or perhaps a shadow. 

I asked the patient if she would change anything about the experience. She replied, “no, 

nothing, it’s relaxing as it is”. I also asked how she felt about the music she had listened to 

today, “it’s great, it just takes you away with it, along with the waves”. I tried to arrange one 

more session with the patient, however she had just gone from unemployment into 
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employment and we were unable to arrange a further session during the week. For this 

reason, no more sessions were carried out. 

 

8.6.3 Patient 5 - Questionnaire Data 

Due to the patient being unable to do a fourth session because of new work 

commitments it is hard to draw any conclusions from the questionnaire data. Added to this 

the outcome scores fluctuate in between the pre-score and final session. There is a change 

from the pre score results in session two which goes in the opposite direction in session three 

for all outcomes.   

 

 

 

 

 

 

 

 

 

 

The HADS anxiety scores vary from borderline abnormal in the pre-score (8), to abnormal in 

session one (11) and normal in session three (7) highlighting the variance in scores. This trend 

is repeated for depression in the opposite direction. For anxiety the highest score was 

recorded after session two, whereas for depression the lowest score was during this session. 

The pre-score for depression was a score of 9, this drops down to 5 in session two, down to a 

normal score. However, this score is double in week three as it climbs up to 10 for the highest 

depression score across the sessions.  
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The wellbeing scores show very little variance and appear consistent. The scores may suggest 

that the patient could be at risk of depression as they all fall between 40-45.  

 

 

 

 

 

 

 

 

 

The highest recorded score came in the pre-test (45), the lowest came in the following session 

at 42, and there was a very marginal increase in scores for the final session (43).  
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8.6.4 Patient 5 - Summary  

 A number of patients have had higher anxiety scores in the pre-test which may point 

towards some anxious feelings about using VR, patient 5 did not follow this trend.  The lack 

of a 4th session prevents me from making any general comments on trends in her mental 

health and wellbeing outcomes. This highlights the risk of recruiting a patient whose 

attendance for the sessions does not also rely on attending a follow up consultation. The 

patient was one the most vocally supportive of the intervention so far, she would regularly 

make comments about the relaxing nature of the experience and how she could spend a lot 

of her time there. This vocal support was not reiterated in the results from the questionnaires, 

however.  

8.7 Note on Patient 6  

 Patient number 6 was an elderly female, who was recruited from a diabetes group 

class. This class was different from the one previous patient had been recruited from. The 

patient completed the tutorial session, despite having never tried VR or video games before 

she became acquainted with the controls in a short period of time. The patient phoned the 

diabetes reception on the morning of her next session to say she would not be attending this 

or any following sessions. The patient had just finished her group classes at the clinic and lived 

in a town outside of Inverness. The time spent travelling to Inverness for the study may have 

been a factor in her decision to leave the study.  

8.8.1 Patient 7 - Information 

Patient number 7 was recruited from a diabetes support ground at the clinic. She was 

recruited during the penultimate session meaning we would only be able to do one session – 

the tutorial – to coincide with the group support meetings, the rest of the sessions would 

have to be carried out as the sole reason for the patients visit to the clinic. This was the first 

of two patients to be recruited from the group. The patient was female, elderly (Late 70s) and 

had type 2 diabetes.  

8.8.1 Patient 7 - Observations and Notes 

 The tutorial session was carried out prior to her final group support class at the clinic. 

This was a new experience, her first experience of virtual reality. Despite hearing of it she had 
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never understood what it was until now. Due to her complete inexperience I chose to carry 

out the tutorial session in the main intervention environment. My hope was that the following 

week she would not have to spend time finding her away in the area whilst coming to terms 

with the controls again, as a result she could get associated with the content quicker. After a 

couple of minutes in the environment she told me she had never played a video game in her 

life. I remarked that considering this she was picking the controls well. This was not just a 

supportive comment, considering her age and experience of using similar controllers I was 

pleasantly surprised at how well she was picking up the controls. Moving from one place to 

the next via teleporting was picked up with ease, there was however some issues with the 

pointer. The patient tended to pull back on the stick too much which meant when she was 

holding down the thumbstick it was always facing backwards and as a result she would often 

face the opposite direction she intended to face. I made an attempt to help her with this, but 

the problem reoccurred. She did, however, manage to successfully trigger the 5-minute audio 

which I considered a significant milestone in this tutorial for her. I was confident that in future 

sessions her confidence and familiarity with the controls would continue to grow. The patient 

asked if she could have a CD recording of the audio clips used at the mindfulness beach.  

The first post tutorial session started with the 12-minute meditation. During this meditation 

she remained very still, only making slight head movement after the meditation had finished. 

Once a minute had passed after the meditation had finished, she asked for instructions on 

what to do next. I told her she was free to do as she wished, she could explore the 

environment or continue in the mindfulness area of the environment. She chose then to play 

the music at the beach, this took three attempts, but she was unable to trigger it. Reiterating 

that the light on the audio stone would turn from red to green helped this process. 

Nevertheless, her grasp of the controls seemed good, the problem of pulling the thumbstick 

backwards as had happened in the tutorial was occurring less this week. After she came out 

of the VR, we talked a little about the session. She said she could not hear any of the noises 

from the clinic whilst in VR, her full attention was in the environment. Moreover, she 

expressed a preference towards the 5-minute meditation she had tried last week compared 

with the 12 this week. Meditation wasn’t something new to her, she had once taught her to 

her students when she used to teach. She went onto state that she can often be anxious in 

her normal life, she would rather pay for her son to visit her by train that make the drive 
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because it worries her in case of an accident, her son was due to soon be driving abroad soon 

and she predicted she would worry a lot about it. To try and help with this she tries to dedicate 

time to relaxing at home. However she reported being frequently disturbed by things such as 

the telephone or someone at the door. Finally, she added that here at the clinic she does not 

have to worry about such disruptions.  

The patient was eager to start the next session and wasted no time in sitting in the seat by 

the PC and putting the headset on. After expressing a preference for the 5-minute meditation 

the previous week she chose to start with this. For the duration of the 5-minute meditation 

the patient remained still. She continued to remain still after the 5-minute meditation had 

finished, a further 6 minutes passed with no movement. After this time had passed the patient 

asked, “it’s not doing anything else, is that the way it’s meant to be?” This was consistent with 

the previous week with the patient asking for guidance on what to do next, I considered she 

may benefit from a VR experience with more structure. I responded by stating she was now 

free to do as she wished. The user then spent another four minutes with little movements, 

and said “it’s strange, I’m not managing today”, she then added “the lady stopped speaking, 

some time ago, it’s just the sound of the waves”. There was clear confusion between the 

sound of the meditation and the sound of waves being the same thing. The patient had not 

experienced something like this before and had stated previously she had associated waves 

with meditation, with this previous experience I think she thought the waves were part of the 

meditation. After the session we talked more about the meditation, she stated she preferred 

meditation she had previously used where they talk about imagining a beach or a country 

walk. She added that she thought the meditation talked about sinking ships which confused 

her. I made a note to re-listen to the meditation to check this. Unlike the previous week the 

patient was aware of sounds in the clinic today, particularly doors banging. At the point it was 

the warmest week of the summer, I left the window open to let some fresh air in, the air may 

have tribute to the clinic door rattling thus distracting the patient. I said I would shut the 

window next time, at which point the patient did acknowledge how warm it was. Interestingly 

she noted that she was not aware of the noises during the meditation, it was only once it had 

stopped, she could hear it. This may point to a higher degree of virtual presence during the 

meditation.   
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The patient started the session by handing me the CD I had previously given her with the 

audio from the mindfulness beach, the CD did not work on her player but had on her 

daughter’s car. We arranged for the audio to be emailed to her, allowing her daughter to put 

the clips onto her phone for her. After sorting this, the patient stated, “I want to be relaxed 

today”. The patient chose the five-minute meditation, in a repeat of the previous week the 

patient expressed some confusion with the words chosen in the meditation (sinking ship). 

Following the 5-minute meditation the patient then moved on to the 12-minute one. It was 

not typical for a patient to do both meditations in the one session. When asked about it 

afterwards she stated she much prefers the meditation over the music. Before starting the 

12-minute meditation she asked if she had enough time to complete it, showing she was still 

conscious of time in the real world. For the duration of the audio she remained still in the 

environment. There were no problems with triggering audio today, nor were there any issues 

with movements. The confusion from the previous week seems to have been cleared up as 

well. The patient told me she had closed her eyes during the meditation and was very relaxed 

during it. Finally, when asked if she was aware of the sounds from the clinic like the previous 

week, she said she had heard nothing. At the end of the session I stated she had reached the 

minimum number of sessions required to take part in the study, when asked if she would like 

to take part in some more sessions she said she did not want to.  

8.8.3 Patient 7 - Questionnaire Data 

 Improvements were recorded in anxiety and wellbeing outcomes from the patient’s 

questionnaire, results from the depression questionnaire were mixed. There was a notable 

decline in all outcomes in session two, the first session after the tutorial. According to the 

questionnaire data, anxiety levels were usually around the level of borderline abnormal, in 

session two the recorded level was classified as abnormal.  
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The highest score was recorded in session two (11), after this there was a gradual 

improvement in the remaining two sessions with scores of 9 and 8 respectively.  

Pre-score results for depression were recorded as normal with a score of 6. There was two 

scores recorded higher than this in session two and session 4 with scores of 8 and 9. These 

would push the patient into a borderline abnormal classification. However, there was a score 

of 6 recorded 
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again, in session three. The results which fluctuate do not reveal whether the intervention 

had any effect on depression.  

Wellbeing scores were generally positive for the patient, the pre-score of 46 would indicate 

she was just above the level of 45 used to suggest a person may be at risk to depression. The 

drop in session two to 43 was consistent with the score drops from the HADS questionnaire. 

After session two there was  gradual rises in wellbeing scores in session three and four, with 

the highest score coming in the latter session at 49. 

 

 

 

 

 

 

 

 

 

 

The trendline shows an improvement in wellbeing scores from pre-test to the final session.  

 

8.8.4 Patient 7 - Summary  

 The patient was able to learn the controls in a short period of time considering her 

inexperience with VR and game controllers, she was proficient by the end of the tutorial. 

However, there was a degree of relapse and she struggled during a later session. The patient 

may have benefited from a more linear and structured experience, having the freedom to do 

as she wished was at times confusing, and she would ask for instructions on what to do next. 

The patient preferred the shorter meditation, despite some complaints about its content. 
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There were times where she could hear the sounds of the clinic during the session, but this 

did not happen during the meditation, indicating there may be increased virtual presence 

during meditation. There were some slight improvements in anxiety scores and wellbeing, 

however depression scores declined.  

8.9.1 Patient 8 Information 

               Patient 8 – female with type 2 diabetes - was the second of two patients to be 

recruited from an educational diabetes group support class. She was recruited on the final 

week of the group classes, therefore the patient would be coming to the clinic to take part in 

the study, without any parallel diabetes care. The patient had no previous experience of using 

VR and stated she had never played video games before. 

8.9.2 Patient 8 - Research notes and observations 

                Before we started the patient told me she would be unable to take part in the study 

next week due to being on holiday and as a result we would have to wait until the following 

week to continue the study. I was also due to go on holiday in the coming weeks and with the 

patient being unable to make one week we would not get to the minimum number of sessions 

before I left. To account for this, I decided we would conduct the tutorial in the main map 

area rather, in the hope that the patient would have interaction with the audio components 

used in the mindfulness area. The patient picked up the controls easily. Basic movements 

using the teleportation was picked up instantly, confidence with the pointer followed shortly. 

The patient was slow with her movements to begin with, she would take her time to release 

the thumbstick, choosing carefully where to go, when the teleporter was activated. I felt that 

this helped her learn the controls quicker than previous patients. Previous patients have 

shown signs of frustration when learning movements due to not holding down the thumbstick 

long enough to properly dictate where they wanted to go. This results in the moving 

somewhere before they have had the time to point in the direction they wished to move to. 

The extent to which the patient was fixated on the teleporter and how it worked was 

emphasised when after 10 minutes in the environment she realised her virtual hands, until 

then she had only noticed the teleporter beam and not the hand it was coming from. The only 

thing that took time for her to grasp was the result of the teleporter movements which seems 

contradictory to the speed at which she learned how to use the controls. She had started on 
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the beach and after releasing the thumbstick she was not sure whether she had moved or 

not. With the sand remaining the same colour across the beach (excluding shadows), the 

colour of the terrain did not necessarily change when moving, making it harder to tell how far 

the patient had moved. However, as she approached the trees at the edge of the beach, she 

was able to distinguish how far she was moving. There was some further disorientation on 

the beach, “you can find it hard to tell where you are, I’m looking for the fire”. This was the 

last time she had any problems finding areas of the map, the familiarisation process was not 

long. The patient triggered the 8-minute music, there was not issues with the triggering of the 

audio. For the duration of the tutorial the patient remained at the beach. The patient did 

express some anxiety about using the VR, “I’m feeling tense, I’m concentrating so hard”. This 

was confirmed when I spoke to the patient’s regular diabetes nurse the next day, she had told 

her that she was a bit nervous about coming to the session. I did however feel that the patient 

was enthusiastic about more sessions and would continue with the study.  

 For the first post tutorial session I asked if the patient wanted a quick reminder of the controls 

as it had been 14 days since our tutorial session.  The session started with a 12-minute 

meditation, for the duration of the meditation the patient remained still, with no body or 

head movements. She also remained next to the audio meditation stones whilst listening to 

the meditation. This continued once the meditation had finished with the occasional head 

movement. After a couple of minutes, she asked “do you want me to move around?”, I replied 

saying it was up to her, she could if she wanted to but she did not have to. She replied, “I’m 

quite happy looking at the waves”. This kind of question, asking for further instruction had 

now happened for two patients in a row, the open-world setting can perhaps make some 

users uncertain of what to do. After the session had finished the patient said, “I think I was 

doing it wrong”, she explained how she kept her eyes open and then at the end of the 

meditation the audio clip “now open your eyes”, she said she closed her eyes after the 

meditation while remaining still next to the waves and she found that really peaceful. I told 

her there was not a wrong way of doing it, and she could keep her eyes open or closed 

depending on what she preferred. The desire to do the meditation as instructed and not 

‘doing it wrong’ may explain the patient also asking for further instructions after the 

meditation had ended, some patients such as this one may suit a more linear VR experience 

with more direct instructions.  
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The patient started her third session moving around the beach area towards the mindfulness 

area. In the first two sessions, the patient remained in the beach area without venturing 

through the woodland area. The patient was given a brief reminder of how the controls 

worked but it was apparent that she was comfortable with the controls and displayed no signs 

of problems with navigation. The patient moved to trigger the 12-minute meditation. Before 

she started, I told her she was free to move away from the audio triggering area once she had 

started the audio (in past sessions she had remained next to the audio stone). Realising now 

she could move away, she moved towards the centre of the beach, before doing so she asked 

if she could jump down from the audio area (propped up by brick work) down to the sandy 

beach, “Can I jump down?”. The patient displayed a compliance with real life norms, as seen 

here. There was further evidence of this later in the session when exploring the woodland 

area, the patient remained on the paths at all times, not taking short cuts across grass or over 

rocks. While listening to the audio meditation the patient moved to the centre of the beach 

and looked out towards the water, once there she spent the duration of the meditation clip 

at this place. After a period of exploring the woodland area the patient returned to the beach 

to trigger the relaxing music, “Have I got time to do the music?”. I had no further patients 

after this session and the patient did not have an appointment after at the clinic, so I allowed 

her extra time to finish the music. The patient chose to move to the same area of the beach 

that she had listened to the meditation at. After the session she stated that she eventually 

became more relaxed not but initially at the start. Eventually with the combination of doing 

both meditation and music she felt relaxed. She went on to say she preferred the meditation, 

and that the music was too loud. She had asked at the start of the session for the volume to 

be turned up, there could be a disparity between the volume of the meditation and music, 

however this was the first time this problem had been raised.  

8.9.3 Patient 8 - Questionnaire Data 

Results from the questionnaires showed a noticeable improvement in anxiety scores, with 

mixed results for depression and wellbeing. Unfortunately, as we were unable to get a 4th 

session with the patient we are missing an extra week of data that could give us a clearer idea 

of the interventions influence on outcomes. This is particularly true for the anxiety scores, the 

data gained shows a weekly decline in anxiety scores another week would have been valuable 

to confirm or deny this trend. The HADS anxiety pre-score of 9 indicated the patient may have 
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a borderline abnormal level of anxiety at the start of the research. However, follow up scores 

of 7 then 6 on week three both put the patient back to normal levels, the patient did state 

she felt a bit anxious about trying the VR which may account for a higher pre-score number.  

 

 

 

 

 

 

 

 

 

The trendline shows a decrease in anxiety from session one to three.  

Contrary to the HADS anxiety score, the depression trendline moves in the opposite direction.  

The final score of 8 was higher than the pre-score and session two, again a further session 

with the patient would have helped to uncover whether this was a one week increase or if it 

was sustained for the following week.  
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The scores from wellbeing were inconclusive, a substantial increase in scores was noted 

between the pre-test score and the second session. An increase of 36 to 49 was the biggest 

weekly change for WEMWBS recorded in the study across all patients. This dropped 10 points 

in week three down to  

 

 

39, which despite the drop was still higher than the pre-score. The wellbeing levels were 

perhaps lower than expected in relation to the HADS scores which remained relatively 

consistent and any changes in scores were not as dramatic as seen in the WEMWBS scores.  

8.9.4 Patient 8 - Summary 

                       The patient was nervous initially, having to put effort into concentration whilst 

being apprehensive did not make for a relaxing experience in the first session, however the 

patient did overcome this in later sessions. Carrying out the tutorial in the main environment 

and not the tutorial was a good decision, as it exposed the patient to the content, and 

environment earlier, which slightly mitigated our inability to get a final session arranged. 

Having one less session was costly as it may have given us more clearer answers regarding the 

questionnaire data. There was some improvement in anxiety scores, wellbeing remained the 

same overall and depression levels got higher on the final week. The open world setting took 
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time to adjust to, the patient at times looked for instructions on what to do. Finally, she was 

at her most relaxed when she was interacted with both meditation and the instrumental 

music during the one session.  

Result Table 

                    A list of results can be found below in tables 2.3 and 4. Patient 11006 is not 

included as they left the study after the pre-test questionnaires.  

Table 2. Hospital Depression and Anxiety Scale (Anxiety Results), higher scores denotes higher levels of 

subjective anxiety.  

 

Table 3. Hospital Depression and Anxiety Scale (Depression Results), higher score denotes higher levels 

of subjective depression.  

 

Patient ID HADS A 
(Pre) 

HADS A 1 HADS A 2 HADS A 3 HADS A 4 HADS A 5  

11001 11 7 7 6 9 7 
11002 9 5 7 4 - - 
11003 9 9 10 11 10 - 
11004 10 11 8 9 - - 
11005 8 11 7 - - - 
11007 10 11 9 8 - - 
11008 9 7 6 - - - 

Patient ID HADS D 
(Pre) 

HADS D 1 HADS D 2 HADS D 3 HADS D 4 HADS D 5 

11001 6 7 5 6 4 3 
11002 3 2 4 1 - - 
11003 14 13 11 8 10 - 
11004 7 5 6 6 - - 
11005 9 5 10 - - - 
11007 6 8 6 8 - - 
11008 6 6 8 - - - 
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Table 4. Warwick and Edinburgh Mental Wellbeing Scale. Higher score denotes improved levels of 

wellbeing.  

The next section of the chapter looks at the findings of the questionnaires as a cohort. Firstly, 

the wellbeing findings are documented, before virtual presence. 

8.10 Cohort Wellbeing Findings 

The graphs for both HADS and WEMWBS stop at session 4. This is because this is the minimum 

number of sessions, we asked patients to do and signified an end point for patients, unless 

they wished to continue. An additional patient completed session 5 and another patient made 

it to session 6. For the reasons stated, the two following sessions have not been included in 

the graph. The points in the line graph consider patient averages – a word I wanted to avoid 

using when discussing results with a small number of cases – which allows us to look at the 

scores before the VR intervention (session 1) and the last session (Session 4). The most 

obvious consideration to take when looking at this graph is the  

  

 

 

 

 

 

 

         

 

Patient ID WEMWBS 
(Pre) 

WEMWBS 
1 

WEMWBS 
2 

WEMWBS 
3  

WEMWBS 
4 

WEMWBS 
5 

11001 41 49 53 46 45 50 
11002 52 47 51 60 - - 
11003 34 33 35 33 31 - 
11004 38 38 41 35 - - 
11005 45 42 43 - - - 
11007 46 43 46 49 - - 
11008 36 49 39 - - - 
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Figure 36. Trend line showing changes in patient anxiety and depression scores 

 

change in case numbers after session three. In sessions one to three we are considering the 

scores of 7 patients, after session three this number drops to 5. For depression we see an 

initial scoring of 7.29 then at the final stage of recording this score drops to 6. Similarly, a drop 

is recorded for anxiety, initial scores average 9.43 and after session four this has dropped to 

7.6. These results do point to a decline in rates of anxiety or depression, as stated with a small 

number of cases, we are unable to make any conclusive conclusions about the VRs influence 

on mental health and wellbeing outcomes, however with the results we have, they do indicate 

a positive change and certainly argue the case for a similar intervention as part a larger study 

in secondary care. The trend in anxiety scores moves the categorisation of depression results 

from borderline abnormal to normal which is worth noting.  

The trend for general wellbeing scores was similar, again a small positive change was noted 

for wellbeing scores as noted below in figure 8.6. The same considerations must be applied 

here that were taken for HADs; we do see a change in the number of patients considered in 

the scoring after  
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Figure 37. Trend line showing changes in wellbeing scores 

 

Session three with a drop from 7 to 5. The difference between a pre score of 41.7 to 44.6 in 

the final data point does indicate only the slightest of increases and this must be considered 

against the range of possible scores for WEMWBS with 14 being the lowest possible score and 

70 being the highest. However, the trendline is consistent with the results from the HADs data 

and does point to some consistency despite the low number of cases.    

8.11 Presence  

I have now dissected the presence questionnaire data, looking closely at the cohort scores 

and breaking down the questionnaire into its specific focuses. Before doing so I clarify the 

group presence questionnaire’s sub sections. The Questionnaire is split into three separate 

subscales and one general question not belonging to any subscale across its 14 questions. 

These subscales are: spatial presence which has five questions, involvement with four 

questions and experienced realism, again with four questions. Finally, the separate singular 

question is a measure of general presence. Using a likert scale (307), the questions have 7 

optional selections, varying from -3 to + 3. Therefore the highest score for general presence 

would be +3, all other categories the maximum presence score would be 12, this includes 

spatial presence as the extra question is a negative question (all ‘+’ responses indicate a 

degree of virtual presence, however in the negative question the ‘–‘ score indicates a degree 

of virtual presence). Presence scores for each individual patient can be found in the 

appendix.  

Spatial presence – the sense of being physically present in the VE – scored highest across the 

presence subscales with a patient average of 5 across all their sessions. There was a great deal 

of variance in these scores as expected. The highest averages were a recording of 12 for 

patient one who scored the highest presence scores across all her sessions, patient two was 

close behind with a score of 8.7 across sessions. Conversely patient three score 1.75 and 

patient eight, the last in the study, score the only negative score of -1.  
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Figure 38. Box plot for spatial presence scores for individual Patients 

The second highest presence score was involvement – measuring the attention the patient 

devoted to the virtual environment and the involvement experienced – with an average score 

of 3.7. The lowest was experienced realism – measuring the subjective experience of realism 

experienced in the virtual environment – with a score of 1.9. 
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Figure 39. Box plot for involvement presence scores for individual patients 

The trend of patient one as a high scoring outlier and patient eight as a low scoring outlier 

was evident again for both involvement and experienced realism. For experienced realism 

patient one again scored the highest score of 12 and patient eight scored a negative score of 

-3.5. If we look at the remaining scores for the five remaining patient the average scores are 

more consistent and closely scored.  

 

 

 

 

 

 

 

 

Figure 40. Box plot for experienced realism presence scores for individual patients 

 

The weakness of carrying out a case study approach that uses questionnaires is that any 

quantitative analysis is weakened by the low number of cases, trying to decipher whether the 

outliers we see in the presence questionnaires is part of a larger trend is hard to determine. 

However, the trend as the trend is consistent across all subscales, it may be that our lowest 

and highest scores are in fact outliers.  

The general presence scores, with just one question, as expected shows little variance in 

average scores. There was some degree of consistency when comparing general and spatial 

presence, those who scored high for general presence, would do so for spatial presence and 

conversely, those who scored low for general did so as well for spatial presence.  
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Figure 41. Average General Presence scores for individual patients 

  

When comparing the averages for each subscale, we can see an evident difference between 

some of the scales. The questionnaires revealed spatial presence to be more of a factor in 

presence compared with experienced realism. This is evident when looking at figure 8.5 below 

in the form of a radar chart.  
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Figure 42. A radar chart shows comparisons between presence subscales 

To help interpret the subscale definitions I have listed some examples from the environment 

used in this study, as the general definitions listed by the igroup are at times vague. The use 

of involvement I would interpret as the level of interaction with content in the environment. 

Particularly the use of the mindfulness and music audio. I noted that the for patient three 

who appeared to respond most positively to the mindfulness during the sessions also had 

some of the highest involvement scores across all patients. His highest score of involvement 

score came in session four at a score of 6. This was the session where he first tried the longer 

12-minute meditation clip, and the recorded notes from the session stated that from his 

verbal (or lack of) feedback as well as non-verbal signs, this was the most relaxed and present 

he was in the virtual environment during the study. If I were to compare this patient with 

patient four, who stated that she much preferred the music and beach sounds as it required 

less concentration, here highest involvement score was 2. Looking at these cases individually 

you cannot categorically say that if two similar patients spent their time interacting with the 

environment in different ways then the involvement scores would always be different, 

however, it makes sense that the interaction with mindfulness which requires more 

concentration would result in a higher involvement presence score. This also leads to 

questions around whether involvement as a subscale of virtual presence, has any correlation 

with the virtual environment itself. The mindfulness is an audio mp3 file, if it were to be 

listened to on an iPad whilst the user looks at a picture of a beach, it is being used in the same 

manner as it was in this virtual environment, it is not distinctive to VR. This opens up a number 

of potential research avenues. Firstly, is there a link between mindfulness and presence in a 

general sense, or is it specifically related to involvement. A research study could look to 

compare patient’s presence scores when spending 10 minutes in a virtual beach, one sub 

sample would interact with the environment with mindfulness meditation and the second 

group would interact with the same environment without mindfulness. An extension of this 

study could add a non-VR group which again uses the mindfulness meditation. This would 

help us determine whether there is a link between mindfulness and virtual presence, to date 
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the only links between emotion and virtual presence have largely been around fear and 

anxiety. To summarise, there was certainly an indication of a link between mindfulness and 

presence, this is a significant finding and warrants further research in the future.  

Experienced realism is how realistic the virtual environment appears. The definition of realism 

could be interpreted as slightly vague; a virtual environment could appear visually life like, 

with a high degree of realism visually, but how you operate within it may not appear life like. 

The scores from the presence questionnaires revealed that the level of experienced realism 

was a notably lesser factor of subjective presence compared with spatial presence and 

involvement. Throughout the usability testing and during the intervention with patients, a 

recurring comment from users – particularly during initial exposure - was about how realistic 

the environment looked visually. Questions around experienced realism such as “How real 

did the virtual world seem to you?” or “How much did your experience in the virtual 

environment seem consistent with your real-world experience?” do not indicate any sense 

how realistic the environment appears visually or audibly. Therefore experienced realism – in 

the context of this questionnaire – doesn’t account for visual or audio quality of the 

environment, if we consider a VR environment that feels lifelike in terms of the visual and 

audio quality of the environment and then add a teleportation navigation system like I used 

in my intervention, naturally the virtual world doesn’t ‘seem’ that realistic because it’s using 

a mode of navigation alien to the real world. It is important to note that many presence scales 

such as this are not made specifically for VR. Spending 10 minutes in a video game 

environment controlling a player who walks normally through a heavily crowded street filled 

with many NPC’s (Non player characters – the term in video games used to describe 

characters unable to be controlled by the player) who operate exactly as you would expect 

any human to, might make that environment seem more realistic. Yet a realistic looking VR 

experience should be a more immersive system than a screen-based video game, the system 

does after all, use more of the user’s sensorimotor contingencies. This does not however 

equate to a user’s subjective feeling of realism. Therefore, are presence scales that measure 

environmental presence in a general sense suitable for VR, or would it be more valuable to 

develop presence scales that are specifically for immersive technologies such as VR. 

 Spatial presence was the subscale most correlated to presence in a general sense (24). Spatial 

presence was described as the general sense of being physically presence in the virtual 
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environment. As this subscale consisted of five questions, I am unable to make any direct 

comparisons with scores in involvement and realism. This explains why in figure 8.4 the radar 

graph points to spatial presence being the most important for patients. However, people who 

scored high in spatial presence, also scored high for the other two subscales, as with all the 

subscales there was two outliers, one high and low scorer. I believe that the reason we see a 

higher trend for spatial presence score as compared for a subscale like realism is because 

spatial presence looks at presence more broadly. If we look at the illusion that this VR 

intervention achieves more broadly, combining the visuals of the beach, moving waves and 

blades of grass, along with the sound of wind and the waves, the addition of birds in the sky 

moving above patients. If we combine all the aspects together and add questions that do not  

highlight flaws in the VR experience such as the teleportation navigation, then it helps explain 

how all these virtual features combined can give a higher broader sense of presence.  

My biggest concern with the presence questionnaire was the broad scope of some of the 

questions, my impression was they failed to pinpoint specific components of presence in 

relation to the VR system being used. If immersion is related to the sensorimotor 

contingencies being used during a VR experience, then a presence scale should focus on 

technical features that allow that to happen more effectively. For example, the hand tracking 

featured in this VR experience does not track each individual finger, compare this with new 

HMDs such as the Oculus Quest (308) which allows individual finger tracking, in theory this 

should be more immersive as it is a more realistic representation of a sensorimotor 

contingency being replicated, and thus increase levels of presence. However in the 

questionnaire there is no way of identifying that component. Newly developed presence 

questionnaires should look to merge the ideas of previous questionnaires that look at 

subjective levels of presence on a broad scale – this is still important and should not be 

dismissed – and also feature questions that allow researchers to pinpoint features of presence 

related directly to the equipment being used. A full list of presence questionnaire can be 

found in the appendices.  
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                CHAPTER 9  

Discussion  

 The discussion generated in this chapter has been used to suggest future directions of 

research, questions that would be direct follow ups from this intervention and questions that 

explore different avenues of VR research. Finally, before concluding the discussion chapter, I 

would like to reflect on some of the strengths and weaknesses of this thesis. The thesis 

objectives and question are revisited below: 

Objectives: 

A) Design and implement a VR intervention. 

B) Explore how people interact with a specific VR experience.  

C) Determine whether the VR experience has an influence on mental health and  wellbeing.  

D) Explore whether presence may affect VRs potential to improve mental health wellbeing.   

Questions: 

1) Is it feasible to design a VR intervention from the ground up with no prior experience?  

2) Using ethnographic questionnaires and through discussion with patients, how do 

patients interact with a specific VR experience? What themes are consistent across 

patients? 

3) Using quantitative questionnaires do levels of anxiety, depression and wellbeing 

improve from baseline responses?  

4) Do ethnographic observations provide any more insight to changes in mental health 

and wellbeing? 

5) Using quantitative questionnaires do higher levels of presence correspond with 

improved mental health and wellbeing as answered by the two previous questions? 

 

 

This chapter has aimed to provide answers for objectives 2, 3 and 4 whilst providing some 

reflections on the first objective. Research question 1 was answered in chapter 6, now that 
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the intervention has been completed questions 2 – 5 can be answered. The findings from the 

research are also discussed in the context of the literature covered in this thesis.  

9.1 Mental Health and Wellbeing Outcomes 

 The most important objective in this thesis, was ultimately, “did the VR intervention 

show any improvements in patients’ mental health and wellbeing?” Any indication that it did 

would support the continuation of this direction of research, with a larger sample or with 

multiple areas of secondary care. To achieve this objective, I generated two research 

questions. These were questions 3 and 4. In chapter 8, I displayed questionnaire data during 

each patient’s case study report. This provided an opportunity to look for changes or trends 

in each patient’s mental health and wellbeing. Reverting back to the objectives of this thesis: 

When taking into considerations the limitations of the sample size, there was still some 

indicators  to suggest that a VR intervention can have a positive influence on patient mental 

health and wellbeing in secondary care. This is based on two things: firstly, the data I does 

show a trend line that indicates improvement in varies indicators of mental health and 

wellbeing. This varies between individual patients and to what extent there is improvements 

cannot be stated but nevertheless the trend line is going in a positive direction. Secondly, the 

notes from patient ethnography indicated improvements in the patients’ non-verbal states 

during the sessions. For example, patients would often arrive at the clinic seeming rushed in 

some cases nervous. However, these signs would not be apparent at the end of the session. 

The extent to which this relaxed state lasted cannot be stated, however for the duration of 

their visit in secondary care, there was a noticeable improvement. This suggest that at least 

in the short term, VRs use in secondary care can relax patients before their appointment. This 

is in line with findings from the literature where the conclusions from studies were reported 

as short-term effects, with long term effects unknown or unreported.  

A consideration when focusing on wellbeing was the relaxing influence that the intervention 

had for the period the patient was in the clinic. One patient remarked that the questionnaires 

did not focus on how relaxed he was, and he could not get that across in the questionnaires. 

Even if the longer-term influences on mental health and wellbeing were limited, it is worth 

noting the temporary positives it had on relaxation levels and immediate levels of anxiety. 

The questionnaires asked patients to think about the results to the questionnaire questions 
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on a one-week basis (HADs) and a two-week basis (WEMWBS). From my ethnographic notes 

taken during the sessions there was a number of times a patient’s body language would 

dramatically change in the course of a session. At the start they would be fidgeting and 

appearing rushed and by the end of their time in the VR these non-verbal signs were no longer 

noticeable. There was nothing in the study design to measure the quality of the consultation 

the patient received after the VR intervention, this was out with the parameters of the study, 

but from noting the before and after states of the patients, the intervention sent them to 

their consultation in a more relaxed state.  

Patient 4’s quantitative data displayed little change in wellbeing outcomes. She stated that 

she had previous experience of mindfulness and had taken part in a mindfulness course 

through the NHS. Despite stating she found it helpful – including the sessions in VR – it may 

be that the mindfulness component of the VR experience had less impact when a participant 

has had previous experience of mindfulness. This points to the content of the experience 

being more important in influencing mental health and wellbeing that the VR component 

itself and that the VR may not have added anything to the mindfulness in this patients’ 

experience. However, in line with the literature VR is useful tool to combine established 

therapies or techniques for improved mental health and wellbeing. This was noted for 

exposure therapy treatments for anxiety, for CBT and in this case mindfulness techniques. 

Future research may look to explore the effectiveness of mindfulness in VR when comparing 

a sample with previous experience of VR and a sample without previous experience.  

Overall, the research indicated that VR when combined with mindfulness can have a positive 

effect on a patient’s mental health wellbeing when attending secondary care. As stated, the 

long-term positives of this cannot be stated and it may be that VR within secondary care can 

be used as a motivator for patients to self-manage stress and anxiety with mindfulness 

techniques. The questionnaire data did show some positive influence of the experience 

however, the verbal responses from patients were more positive than the questionnaires 

responses. A larger study may have shown more significant changes. This research supports 

the notion from the literature that VR when combined with techniques for improved mental 

health and wellbeing can have a positive affect for participants. It also highlights that positive 

exposure – as opposed to negative stimuli that was frequently seen in the literature – should 

be explored further in VR research. The research however did not identify whether the VR 
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itself or the mindfulness component was the more influential in improving mental health and 

wellbeing.   

 

9.2 Personal Preferences 

 One of the more conclusive finding from looking at people’s experience of the 

software was around the personalisation element. To give the experience a more personal 

touch, as a reminder, patients were given the option to personalise parts of the environment 

with their own music and pictures. In a content selection form, patients were given some 

context about what kind of pictures to potentially choose, based around positive experiences, 

memories or people. None of the patients who took part in the study chose to add any 

personal music or pictures. Content forms were given after the tutorial session to give back 

to me at the start of the next session, nobody returned the form, and in two cases the patients 

stated they would not take the form as they were more interested in the other components 

of the experience such as the mindfulness. The focus groups conducted led to me putting a 

focus on personalisation, and this was reinforced with stakeholder consultations with 

psychologists who were particularly positive about the introduction of photos with positive 

contexts. It appeared that the focus of the patients was to get something from the experience 

that they could not get normally. Personal photos or music can be accessed at any time 

whereas listening to mindfulness audio at a virtual beach is something more novel.  

The exclusion of the personal content form as a component of the intervention did not mean 

that patients were able to exert personal preference to the experience. In fact, having the 

selection of meditation clip length and the extra option of instrumental music provided 

enough variety for a 20-minute experience. The value of having these options may not have 

been evident if patients had spent time listening to their own chosen music, the preference 

towards either a spoken meditation or relaxing music would not have been as obvious. There 

was no evident favourite between the 12-minute meditation, 5-minute meditation and music. 

Some users stated they preferred the music as it required less concentration whereas some 

users preferred the concentrated meditation. The 12-minute meditation was marginally more 

popular than the 5-minute meditation, and people seemed to be more relaxed in sessions 

where they spent a longer period of time listening to the meditation, which is not surprising 
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finding considering the value of mindfulness. However, for those who equally enjoyed the 

meditation and the music, having the option of the shorter 5-minute meditation allowed 

them to listen to both the meditation and the music. Patient number 8 stated she felt her 

most relaxed across sessions when she was able to do the meditation and listen to the music 

after.   

I added atmospheric sounds into the environment to add to the feeling of presence patients 

would feel, when at a beach you expect to hear waves, therefore it would have been strange 

to not hear that in the experience. What I did not anticipate was that the sounds of the 

environment would act as the fourth mindfulness audio component on top of the meditation 

and music. Some patients were quick to point out that they preferred to listen to the sounds 

of the wind and the waves over the other audio options. Patient one for example, stated the 

sound of the meditation prevented her from hearing the waves which she much preferred. 

Other users would mix one other audio component with the sound of waves. Patient four - 

who stated in one session that she liked the music because it required less concentration – 

got into a routine of starting the session listening to the music then after it had finished, she 

would take in the sounds of the environment without moving around. This confirms what 

previous research has suggested that nature sounds in virtual reality can play an important 

role in reducing feelings of stress (Annerstedt 2013). On top of this, based on patient 

preferences, for some user’s nature sounds in VR are as important – if not more important - 

as guided meditation and relaxing music in creating an overall experience of relaxation in a 

mindfulness-based VR intervention area. Their value extends beyond being an ambient sound 

to add to the feeling of presence in a VR environment.  

When looking at the time spent between the beach and the woodland area of the 

environment, there was a clear preference for staying at the beach area. By having the 

mindfulness area at the beach, the interactive elements of the experience were 

predominantly at the beach which should be considered when stating the beach as a 

preferable area. The picture and personal music area were in the woodland area of the map, 

however, as this was not used by patients, the beach became the main focal point of the 

experience. In some cases, patient 7 and 8 for example, exploration of the woodland area did 

not happen until the final sessions, having spent all previous time focusing on the beach 

content. Those who did explore the woodland area early in the study usually did it once, and 
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did not return after, choosing instead to remain at the beach. In terms of the beach itself, 

there was some areas that proved to be popular. The beach fire, for example, was used in 

several sessions across patients where they would remain next to the beach as they listened 

to the meditation or relaxing music. Patient number 2 and 5 stated they could really feel the 

heat of the fire, and when asked why she thought the fire was a popular area, patient number 

5 stated she thought it evoked memories of being a kid. The area where the waves met the 

beach was also a popular area for users to remain at whilst they listened to audio, some users 

would remain at the centre of the beach looking at the waves for an entire session and would 

then repeat this during the following session. A further notable trend was for some users to 

make their initial movements in the environment in the direction of the lighting (sun light). 

There was an instance where three separate patients in a row had identical movements for 

the first 4 minutes of the session, moving to the front left side of the beach, standing in the 

water and looking towards the light.  

Providing variety and choice was a decision based on the feedback from the focus groups. The 

literature uncovered showed that VR therapies were often a prescribed experience where the 

participant was given a pre-determined experience. Pain management for example 

highlighted uses of coastal walks or a sonic game. In this research – whilst the audio options 

(mindfulness, music) were pre-determined – there was an element of choice of where to 

listen to the audio. This choice likely did not offer enough variety, all users chose to stay by 

the beach. Patient 3 did state he would have liked to try flying or sailing in VR and gave 

indications of wanting to move on to the next experience. Future research may look again to 

conduct case studies, but in this instance allow each participant to design their own 

experience, giving them a degree of choice in their wellbeing experience. Doing this with a 

similar sample size used in this research may take further time but is not impossible, the 

variety of experience to come from such a study would provide an insight into the types of 

experience people consider to be positive for their wellbeing and mental health.  

9.3 Learning process  

The time taken to learn how to use the VR system was varied across participants, this 

was an interesting finding as far as HCI is concerned and there are some valuable lessons to 

be learned. Generally, the older the patient’s age the longer it would take but this was not 
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true across all patients. After the usability testing, I introduced two tutorial videos – one that 

focused on navigation and the second on how to trigger audio – which were a beneficial 

addition to the tutorial session. Navigating via a teleporter can be confusing to patients when 

just described verbally, it is hard to visualise. Being able to see the teleporter working in the 

video was a good way to prepare patients for what to expect. Since the study has been 

completed, I have conducted some public engagement with health professionals and 

interested members of the community, in this type of setting I have a far less amount of time 

to explain to an individual how to operate the experience. I found that if I put the myself into 

the VR and instruct the potential user to watch on a screen how I am operating, this was 

equally as effective and, in some instances, – particularly around using the teleportation 

pointer – was actually more effective. Moving from one place to the next was picked up by all 

patients with ease and was generally mastered within the first minutes of putting the HMD 

on. The problems occurred when users had to use the thumbstick to not just move from one 

place to the next, but to direct it in an angle which would dictate the way the faced after 

moving. In the tutorial video I had filmed my hand using the oculus touch controller as I 

navigated and tried to emphasise how the pointer worked. However, some users continued 

to struggle. When I have operated the VR system in front of a user as I just highlighted, I was 

able to emphasise more clearly how the pointer worked. Even with some difficulties managing 

the final step of navigation – the teleportation pointer – I found that typically by the end of 

the first post tutorial session (session 2 in the questionnaire data) users had become 

comfortable with all aspects of the navigation. There was in some cases a brief period of re-

learning at the start of some following session, but these users were back to being able to 

navigate fluidly within the first couple of minutes.  

All users had smartphones, this was not a question I asked users, but during the sessions at 

some point a user would check their phone and I noted all users including the older users in 

there 80s had a touch screen phone. Any notion that familiarity with smartphone technology 

could be an indicator for ease of use with a VR system would be invalid and I would rule out 

any link between the two. What I consider to me a more likely connection between speed of 

learning a VR experience that uses teleporter navigation and technology experience; is some 

who has a spent a lot of time operating computer mouse either at home or work. Patient 

number 2 for example who was quick to adapt to the system, likened the holding of the 
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thumbstick whilst pointing to an area of the screen as like clicking and moving a computer 

mouse. Moreover, patient number 4 another user who was able to master navigation in a 

short period of time revealed she done a lot of her work on a computer. The routine of 

teleportation, holding down the thumbstick, pointing to the area you wish to move to, and 

releasing is actually very similar to clicking on a folder on your desktop screen, continuing to 

hold it as you move it to the location you wish to move to and releasing to complete the 

action.  

For those who at times struggled with using the pointer whilst teleporting, there was an aid 

that helped them to continue to navigate. During all the sessions patients remained seated, 

for some VR enthusiasts this might not seem the most fluent way to experience something in 

VR as mobility can be key to improving an experience. However, when trying VR for the first 

time, for keeping your balance it can best to remain seated. Moreover, it was suggested to 

me that for people with diabetes it would be best to have users remain seated and as 

recruitment progressed the sample was skewed towards older patients,, it would have been 

wrong to ask anyone to stand during the sessions and it made sense for a health and safety 

perspective. In the consultation rooms there was one swivel chair and usually two or three 

regular chairs that did not move. I would get patients to sit in the swivel chair that would 

typically be used by a nurse or specialist and I would observe from behind on one of the 

regular chairs. The swivel chairs were liberating for many of the users, they were able to spin 

on the chair to change direction without using the pointer. It meant that they only had to 

learn how to move from one place to the next, and the chair could help them achieve the 

rest. Patient number 3 for example, the oldest to take part in the study and someone who 

had no experience of using a computer, a games controller or VR, was able to quickly master 

initial navigation and would then use the chair for the rest of his navigation. It took away the 

pressure of having to be competent with the pointer and I believe it saved some patients from 

getting frustrated with moving around the environment. Using PC VR that connects the HMD 

to the PC with a wire did however mean that I did have to be mindful of how much cable 

length was available to patients who used the chair more for looking around. No issues 

occurred, although on one occasion I had to pull some more cable from behind the PC to 

prevent the user from being restricted or worse, pulling the out of the PC. This of course, 

would not be an issue on a mobile VR system which is free from cable restrictions. Across the 
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cases a pattern emerged where those who were comfortable with the controls appeared to 

have no difficulties in reusing the equipment on a week-to-week basis. Those that initially 

took longer to learn the controls and required more assistance appeared to continue to have 

a period of relearning across the sessions. The tutorial session was an effective indicator at 

identifying who would need further support across sessions.  

What becomes apparent when reflecting on the learning process for each patient is the need 

for a guideline or protocol for adapting new users to VR. Such a document wasn’t important 

in an exploratory study like this, however in any potential continuation of this research, the 

need for a guideline increases as researchers seek to mitigate any potential barriers for new 

users engaging with VR content, especially experiences that are designed for health 

improvement or behaviour change. This could be carried out in a tutorial phase, but one that 

ensures that participants can engage properly with content once a study commences. The 

learning process varies greatly for new users, being able to account for that with a best 

practice guideline would be a beneficial addition for VR studies, particularly ones that want 

to focus on self-management in the future.  

9.4 Suitability of Secondary Care setting 

An important aspect of the study was not just how the patients interacted with the VR 

but how I did. Something that stood out and should be noted for future research was the 

importance of the research setting, carrying out the research within the diabetes clinic. At the 

start of the study, I would meet patients in a smaller clinical room, which was often unused 

by the DSNs. This looked like any other consultation room and was great for the study. During 

the second half of the study the room was starting to be used for nurse – patient consultations 

and as a result I had book other rooms in the clinic to use, these rooms were bigger and many 

of the patients would have met with a nurse or specialist in one of these rooms. By being able 

to administer the VR in the same secondary care setting that their diabetes treatment is 

received, it added an element of legitimacy to the VR experience. Because the diabetes clinic 

and my rural health research department is close to each other, if I was unable to carry out 

the research in the clinic it would not have been too problematic to meet patients at the 

building entrance and take them upstairs in an elevator to carry out the research next to my 

office area. Patients would not have been late for their regular appointments. However, being 
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able to carry out the study within the clinic gave the impression that the VR experience was 

part of their overall care plan, and by avoiding separating the research and care settings it 

was less obvious that the VR experience was a university research study. This may have been 

less obvious had the research taken place at a place of work or at home. For example, patient 

numbers 8 were recruited from a diabetes group support class, the classes were in addition 

to their regular treatments, run by NHS diabetes nurses and were not compulsory. The patient 

made a remark to me about how great the additional support she had received recently, she 

was pleasantly surprised about how great the group class was and how much more she had 

learned about diabetes, she then remarked about the VR experiences and how beneficial and 

interesting she had found the and she would jump at the chance to do any further activities 

in the future. She stated that she previously hadn’t been aware of the possible assistance and 

support that was available on top of the one-to-one consultation she usually received in the 

clinic. I think it’s important to note that she grouped the two activities as being beneficial 

extensions of her care, both an NHS run group and the VR study. Both activities were 

additional support and there was no indication that she was helping and taking part in a 

research study. By carrying out the study in the clinic and not entering a University research 

setting the distinction between taking part in research and receiving an extension in the 

patients’ secondary care was less obvious.  

A benefit of patients taking part  

A further benefit of carrying out the study in the clinic was that some of the latter patients in 

the study were taking part in the study without having a consultation with a nurse after seeing 

me. This was because either a group class had run its course, or they no longer had further 

weekly consultations with a nurse. This was not to say they were still not in contact with their 

nurse as many continued to do so over email if they had any concerns or questions needing 

answered. On one occasion a nurse asked me if I was seeing a specific patient that day, giving 

them the opportunity to speak to the patient about an issue directly after I had seen them. 

This saved the nurse having to contact the patient via email or phone, and the patient had 

the benefit of having this brief chat face-to-face. There was further examples of patients and 

their nurse being able to talk with each other directly on days they had come to the clinic just 

to take part in the study. Again, these advantages would not have occurred had I carried out 

the study in a separate location to the clinic. This highlights the strength of carrying out the 
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ethnography within the secondary care setting. There was times DSNs would tell me that a 

patient did appear more relaxed during the consultation after the intervention. For me this 

was reassuring and helped me determine that the feedback from patients wasn’t just giving 

me something I wanted to hear, the DSNs confirmed what I had noticed in the sessions. This 

added level of confirmation regarding the ethnography would not have occurred had the 

observations been made in a different context, at home for example. To summarise, carrying 

out the research in the diabetes clinic using regular consultation rooms brought a degree of 

legitimacy to the research as well as having further benefits for patient/nurse interaction. 

 

I do hold some reservations about carrying out a future larger study within the same diabetes 

clinic, and it may be that to ensure quality research, a different secondary care setting may 

be more appropriate. My reservations are largely around recruitment and retention of 

participants. Initially at the outset of recruitment the goal was to recruit individuals who were 

expected to have weekly appointments at the clinic. This was the case for the first two 

patients, their visits to the clinic were to see a diabetes nurse. However, after this recruitment 

slowed down and, in an attempt, to bolster recruitment, I attended some group classes which 

were typically held for four or five weeks consecutively. All remaining recruited participants 

came from group classes at the clinic, all of which were recruited halfway through their 

respective courses. Whilst the increased recruitment was a major positive for the study, the 

downside was that after a couple of sessions patients had no reason to visit the clinic other 

than to continue to take part in the VR study. This meant that we had a real lack of consistency 

in number of sessions completed across patients, making it difficult to draw any definitive 

conclusions from quantitative data. The first patient in the study took part in more sessions 

than anyone else, she had appointments for each of these weeks, conversely, typically once 

other patients had reached the minimum number of sessions, they decided to stop taking 

part in the study. Three patients did not make the minimum number of sessions, two patients 

due to changes in personal circumstances were one session short of the minimum number. 

Finally, one patient left the study after the tutorial session, she lived a half an hour drive away 

from Inverness and with no other appointments at the hospital, decided to pull out. Had I 

recruited from groups from the outset of the study the total number of participants in the 

study would have been far greater, however, initially I was concerned with recruiting patients 
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who had weekly appointments and were going through a difficult period with their condition. 

This highlights how for a secondary care setting such as a diabetes clinic, recruiting patients 

who are in for a different reason, i.e. group or individual consultations can lead to a great deal 

of variance in motivation to continue in a weekly study. I have stressed that I do not believe 

that diabetes patients are incompatible with such a wellbeing intervention, the results 

discussed early highlight the potential for improved wellbeing in such a sample, however, my 

concerns are more in line with creating a setting to effectively evaluate VRs use in secondary 

care. Whilst reflecting on some of the early stakeholder consultations about potential 

research sites/contexts, I believe a different area of secondary care may have been more 

suitable, particularly its use in cancer treatment, for patients receiving chemotherapy. This 

setting would have helped keep a more consistent recruitment stream and allowed me to 

continue to keep seeing patients on a continuous basis, moreover there is certainly logic 

behind using an improved wellbeing intervention within cancer treatment settings.  

When considering the literature discussed in this thesis, something that was evident was that 

much of the research around VR had been a laboratory setting, or in a controlled setting that 

wasn’t set within an active healthcare clinic. This research demonstrated that effective VR 

wellbeing research can be conducted in this type of setting, alongside a patient’s healthcare 

provider. Having a positive relationship with the relevant staff is important, however. The 

DSNs were supportive and showed me how to book clinical rooms for my research. This 

allowed me to conduct the research independently without relying on them or taking up their 

time. This  may not be possible at a larger and busier secondary care settings. Considerations 

should be made as to whether it is possible to conduct research alongside regular healthcare 

provisions without disrupting the staff who work there.  

Reflecting on the research setting, carrying out the study in the secondary care clinic gave the 

study a level of legitimacy, as some patients seen it as an extension of their treatment. It also 

in some cases allowed the patient to have more face-to-face interaction with their nurse. 

However, despite compatibility between diabetes patients and VR, more consideration into 

the recruitment setting may be needed to conduct a successful large study or RCT, other areas 

of secondary such as cancer treatment may be more suitable in sustaining regular interactions 

with the VR study.   
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By conducting the ethnographic observation within the secondary care setting it enabled me 

to gain insights that may not have been possible had the research been conducted in a work 

or home setting.  

9.5 Mindfulness 

 When discussing personal preferences, I stated that there was no definite preference 

between the audio components, mindfulness, music or environment sounds. As stated, some 

users preferred one specific audio and others liked to mix during the session. When 

considering the usefulness and relevance of the mindfulness meditation used there are a 

couple of considerations to take into account for future research combining mindfulness and 

VR. Firstly, the content of the mindfulness, this was something that came up in the usability 

testing, there was no definite picture of who liked and disliked the exact content of the 

mindfulness, it was only after more significant periods of testing the software with patients 

that I had a clearer idea of ways to improve the mindfulness component. The meditation used, 

was a meditation of the breath, this largely worked well, by focusing on their breath patients 

had clear instructions on what to focus on and it helped to ground themselves at that 

moment, taking thoughts away from their mind. The meditation was not made specifically for 

VR and upon reflection it may have been more useful to have made my own meditation audio 

that complimented the environment. Rather than focusing on the breath, patients could have 

been asked to focus on the recurring sound of the waves, this is something that may have 

encouraged the patients who preferred the sounds of the environment to spend more time 

trying the meditation. Instead, the meditation that was used asked at times for patients to 

close their eyes, something that some patients got fixated on, for example one remarked that 

she had closer her eyes initially during the meditation and then opened them just before 

being instructed to close them by the audio, she was concerned that she had therefore been 

doing it wrong. The VR intervention did however seem to be a good place to acquaint people 

with the methods and learning behind mindfulness meditation. Two patients asked for the 

audio to be sent to them either via email or CD, one elderly gentleman stated he would use 

this during the evening before going to sleep, as listening to the clip in VR had made him 

drowsy. It was not the intention of this study to try and demonstrate the power of 

mindfulness in VR, to state that the experience is enhanced by VR, instead I was interested in 

overall mental health and wellbeing. When designing mental health and wellbeing 
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interventions, combining mindfulness with nature in VR is an effective combination that has 

the potential to improve outcomes. Further research is required to find meditations that work 

best in VR.  

Finally, there was an evident connection between mindfulness and virtual presence. Question 

5 (Using quantitative questionnaires do higher levels of presence correspond with improved 

mental health and wellbeing as answered by the two previous questions) looked to determine 

whether presence played any role in the intervention, specifically whether it was connected 

to changes in mental health and wellbeing. In section 8.11 when looking at questionnaire data 

I determined that the research could not make any connection between presence and 

changes in mental health and wellbeing, overall, across patients I was unable to make any 

meaningful conclusions about the role of presence from the data. However, the ethnographic 

note did reveal a potential link between virtual presence and mindfulness. Patient body 

language and in the discussion following the sessions appeared to show a greater level of 

involvement with the VR environment during mindfulness and there was some evidence – 

particularly in the case of patient 3 – from the questionnaire data to support this.   

9.6 Reflections on Design  

Before discussing the strengths and weaknesses of this thesis, I wanted to make some 

final remarks about the designing of a VR intervention for improved mental health and 

wellbeing. I have devoted a chapter to explaining the design period which also included some 

reflections, however, now that I have had the experience of usability testing and having 

patients use the software a real life setting and as designing an intervention was a core 

objective of the study, there are some final reflections worth noting. One thing that I would 

stress to other researchers in the same position as me - carrying out a VR intervention at the 

exploratory phase using PC VR – in order to save time, do not build in the software/package 

it for use. Before any game app can be sold on the market or used widely by others, it must 

move from being viewed in the editor mode within your software programme – in my case 

unreal engine – then packaged and turned into a regular application. Once packaged it can be 

accessed by itself – it does not require you to go back into the software development 

programme – similar to opening a word processing programme (note you can launch the 

programme within the editor mode to work as it would once packaged). I had to make small 



 
187 

 

changes to the software after the first two patient had been through the study, rather than 

making the changes and repackaging the new version, I avoided the time-consuming task of 

packaging the software. Another positive for keeping in the editor mode was for one patient 

who struggled with triggering audio and asked could I play one audio clip automatically when 

he started the session. I was able to change the audio to auto-play and account for his needs. 

By keeping the software in editor mode, I was afforded more flexibility. However, it is worth 

remembering that this is only possible for PC based VR, if I were aiming to make the software 

for mobile hardware such as the Oculus Quest, the software would need to be packaged. 

Similarly, if this was a larger study or RCT the software would need to be packaged in order 

to keep the software experience consistent across all participants.   

To test design prototypes for bugs, recruiting usability testers who are familiar with video 

game environments was effective in allowing me to uncover bugs quickly. Whilst it is always 

worth including your target end users in some way during usability testing, firstly, it may not 

always be possible and secondly your end users may not be the best sample for finding 

technical problems. For example, the patients I recruited during the intervention, tended to 

explore similar areas week after week, and did not put themselves in positions that would 

test elements of the software. Conversely, two of the participants in the usability testing 

study, who were familiar with video games, spent large periods of time exploring the 

boundaries of the environment, testing these areas to see whether you could exit the 

environment. Similar testing was done to some static meshes, one of these testers was able 

to get inside a large rock. Faults that were found in the usability testing, would not have been 

identified as quickly with the sample from the diabetes clinic.  

Using virtual nature when undertaking a study that focuses on mental health and wellbeing 

is not a new idea. The literature highlighted various uses each designed with different mental 

health focuses. This research supports the current evidence that virtual nature can have a 

positive influence on an individual’s mental health and wellbeing. It has been demonstrated 

to reduce stress, provide pain distraction and in this case provide anxiety reducing effects.  

9.7 Research Questions Generated from this Research 

  As with any form of thesis that is predominately exploratory in nature, it is 

likely that throughout the research process, more questions have been generated than 
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answered. This is especially true for a research area in its infancy like VR is.  Here I have listed 

several questions to come from this thesis.   

• As this research has been carried out by myself, and I am the only person to 

have interacted with patients, questions remain over the best practices 

required to train staff or researchers to facilitate such a VR intervention. How 

can we ensure that patients are introduced to this intervention in the exact 

same manner across different facilitators and with different prior experience? 

This is something that would need to be considered before any larger scale 

study or RCT was to take place using this software.  

• Is VRs influence on mental health and wellbeing the same for young patients 

as it is older patients? This thesis wasn’t concerned about focusing on a specific 

age group, however I cannot ignore the fact that whilst young people were 

involved in usability testing, no patients under the age of 40 took part in the 

study in the clinic.  

• Further research is required around presence, is it more suitable to make a 

presence scale that focuses on VR specifically, are older presence scales made 

at the start of the century adequate for the assessment of presence in today’s 

VR? 

• Professor Mel Slater has brought presence into the forefront of VR research, 

research groups around the world are attempting to link presence to various 

emotional states. My research suggested there may be a link between virtual 

presence and mindfulness, this is something that requires further research.  

• Qualitative research could be undertaken to get patient perspectives on what 

is the most suitable form of mindfulness in VR. Although I believe a meditation 

that focuses on features of a virtual environment would be more desirable, 

this may not be the case when asking those who will use it.  

• Further perspectives of secondary care staff should be sought in relation to 

patients’ demeanour or wellbeing?  

• Conducting a similar study to the one trialled here should be carried out with 

a larger sample, to further the case for an RCT using VR in secondary care. 
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• A multi-site study that encompasses different areas of secondary care would 

be a valuable study that pinpoints this interventions influence on wellbeing 

across health conditions. 

 

9.8 Strengths and Limitations of the Research 

Before bringing the discussion to an end I have discussed and reflected on the strengths and 

weaknesses of this research, starting with the strengths. This research has made some 

important contributions to the field. It has demonstrated VRs compatibility with secondary 

care, showed it can improve the mental health and wellbeing of patients attending secondary 

care whilst conducted in a real patient setting outside the confines of a lab. This compatibility 

paves the way for further research in secondary care, this kind of intervention can be applied 

to other areas of secondary care beyond the diabetes clinic used in this study. Moreover, it 

has made some important contributions regarding virtual presence. Identifying a potential 

link between presence and mindfulness could, with further research, highlight a link between 

presence and an emotional state other than fear. In terms of methodological contributions, 

this thesis has highlighted some flaws with current presence scales, whilst they give a good 

indication of general presence, my concerns lie that the broad scope of the questionnaires 

struggle to pinpoint the key components of presence in relation to today’s consumer VR 

products.     

Another concern raised by this research is the varying experience of different end users 

depending on prior experience of game controllers or VR. The learning time varied across 

users and some users still struggled slightly after a couple of sessions. To further my own 

research, I would want a protocol or best practice guideline to try and mitigate for varied 

learning curves between users. This obstacle would need to be overcome before a larger 

study or RCT could take place in secondary care. Combined I believe these to be the most 

important contributions this research study has made, highlighting the strengths of its 

exploratory nature and the time taken to explore patient interaction with VR during the case 

studies.  

I believe this thesis gives a comprehensive step by step process of the steps needed to develop 

an idea for using a digital technology, all the way to the implementation of the idea in a real 
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word setting, with real patients. While this might seem like the normal order of progression 

for any study that implements a digital technology, it is worth acknowledging the pros of 

carrying out the software design myself. Findings from background research, stakeholder and 

focus group discussions can be implemented without the worry of losing some of the findings 

when having to interact with a separate software developer. The entire process has been 

carried out by one researcher – with the support of vital stakeholders – taking the research 

as far as it can, before moving to a larger study which would use facilitators to implement the 

intervention in the same manner that I have. What this thesis proves, is that it is possible for 

one person to talk to carry out qualitative research with health professionals and potential 

end users, design and build the software, carry out usability testing on the software and 

hardware, amend the software for use with patients and finally carry out the study in a real-

life healthcare setting. Had there been a multiple team of researchers, this could have been 

conducted in a shorter period than it took me, however it proves that it is feasible for one 

researcher to do.  

Another strength of carrying out the software design myself and documenting the design 

process is I have captured and described a process that can be copied by other social 

researchers looking to get more involved in software design. The process which has been 

documented in this thesis and published online should (302), when followed correctly, allows 

other researchers to create a VR environment that is suitable for mindfulness and relaxation. 

This ultimately may lead to improvements in mental health and wellbeing of those using it. 

Digital creative practice is an effective way of creating an area of knowledge that falls between 

the boundaries of the computer, arts and social sciences, engaging in this has been a strength 

of this thesis.  

To the best of my knowledge, this is the first research contribution that has looked to improve 

the mental health and wellbeing of diabetes patients whilst in a diabetes secondary care 

setting using VR. Other diabetes and VR focuses have looked at tools to address obesity (309), 

improve balance in elderly diabetes patients (310) and prevention and management (311). 

However, I was unable to identify any research that looked to ease anxiety levels of diabetes 

patients before appointments in diabetes clinics, or any research that looked to combine 

mindfulness and VR in an attempt to make broader improvements in the mental health and 

wellbeing of patients with diabetes.  
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A final strength worth talking about is around the VR HMD I used in the study. It would be 

easy to dismiss any technology used as a weakness considering the rapid changing field of VR 

and general digital consumer innovations. However, the decision to use the Oculus Rift at the 

start of this study, was done so with the belief that in the following years, the same level of 

immersive capability that the Rift provides, will be available on mobile HMDs without the 

need for a powerful PC. Oculus have made a shift towards mobile HMDs with much of their 

focus put on the Quest and it appears they will continue to do so in the near future, this does 

not leave the Rift used in our study lacking behind the technical trend. New PC HMDs are now 

pushing the boundaries on current HMD specifications, with Valve providing the Index, a HMD 

with notably better resolution, FoV and refresh rate than the Rift, however this comes at a 

cost financially. Oculus themselves have released a newer version of the Rift, named the Rift 

S, this however does not push the boundaries set by the current rift and in some areas, such 

as refresh rate, it is lesser than that of the Rift. As of October 2019, surveys on the biggest PC 

digital game distribution platform Steam, continued to show the Oculus Rift as the most 

commonly used HMD on its platform.   

 

 

 

  

 

 

 

Figure 43. steam VR hardware survey covering May 2018 to October 2019 

Oculus chief scientist Michael Abrash noted at the company’s keynote conference in 

September 2019 that the company are unlikely to release any new HMDs that dramatically 

improve the field technically in the short-term future. Therefore, I believe that a strength of 

this thesis was that in the short-medium term, the capabilities of a HMD such as the one used 
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in this thesis will continue to be relevant, more accessible, mobile and more affordable in 

healthcare.  

The final notes on this chapter I have reflected on the weaknesses of this thesis. The first and 

main weaknesses is undoubtedly the low number of cases who featured in the intervention. 

Yes, it did allow me to analyse in greater detail how each patient interacted with the 

environment, however it prevented me from making any conclusive findings from some of 

the data collected. I did note some improvements in various aspects of mental health and 

wellbeing, but with the number of cases being as low, not statistical significance can be 

applied to any of the trends. Eight patients were recruited, and seven completed the study, 

for case studies this is a good number but in terms of making definitive conclusions on VRs 

influence on mental health and wellbeing, this low number of cases was not enough. 

Moreover, with having a low number of patients there are some imbalances within my 

sample, the age range was skewed to older patients and there was only one male patient in 

the study.  

A big feature of the intervention was that the study was supposed to serve as a relaxation 

point before having a regular consultation with a diabetes nurse/specialist. A weakness here 

is I did not interview and record the opinion of the diabetes staff who seen the patient directly 

after the intervention. There may have been benefits in the interaction between the patient 

and staff as a result of coming into a consultation in a more relaxed state, these were not 

identified or recorded.  

The longevity of any beneficial effects gained from taking part in the study are likely to be 

limited. There was no component of the study that looked to measure how patients were 

after some months had passed since taking part in the study. My belief is that the weekly 

intervention may have helped for the duration of the study, but as the study stopped so did 

the benefits. This was not a long-term behavioural change intervention, if public health 

services wish to benefit from VRs use in healthcare, some longer-term influences would need 

to be achieved. However, in defence of the intervention, if this intervention was packaged for 

mobile HMDs and given to the patient for use at home, we may see some more longer term 

positive influences and secondly two patients did request mindfulness clips for use at home, 
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meaning they took something away from the study that did not solely happen within the 

secondary care setting. 

From the outset, I wanted this thesis to serve as the research that would allow the 

intervention to automatically move on to the next phase, with the end of goal being to be 

used as part of an RCT. Reflecting on the state of the intervention now and its suitability for 

use in a larger study, I believe a period of work is still required before the intervention can be 

used in a larger study. Firstly, changes are needed to the meditation, making it more suitable 

for use in VR, I would also like to accommodate as secondary form of navigation for those 

who struggle with teleportation navigation and some furthermore minor amendments are 

needed based on patient feedback. This means that despite, a period of interaction with 

stakeholders and potential end users, usability testing and a tested intervention, the software 

still could not be used tomorrow in a larger study. These technical inadequacies I consider to 

be a weakness, despite some degree of inevitability.  A further area that has not been 

accounted for in this study is how to train staff or researchers on how to guide patients to use 

this software, again this is another area that would need to be explored further before a wider 

study could be conducted, and something that could have been covered in this thesis.    

 

9.9 Literature update  

The emerging nature of VR as a research focus in healthcare means the field is developing 

quickly. Therefore, it is worth acknowledging some studies that have been published towards 

the end of this study, after my initial literature studies. Firstly, exploring how to enhance 

relaxing VR experiences to reduce stress has been undertaken by Pizzoli et al.  (312), in a 

similar manner to my own study they wanted to determine the effect personalised content 

may have on user experience. The authors concluded that user research is required as the 

main contributor to personalised VR experiences. There is an air of optimism about VRs 

potential to have a meaningful impact for people with dementia, education, training, 

entertainment and reminiscence therapy have all been touted as avenues for exploration 

(313). Similar arguments are being made for VRs use in palliative care (314,315). In a 

continuation of VRs already established reputation as a distraction technique, Bani 

Mohammad and Ahmad (316) tested how effective it could be to distract from pain and 
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anxiety in breast cancer patients. The authors concluded that VR is more effective than 

morphine alone in relieving pain and anxiety. Similarly, VR has been shown to relieve anxieties 

in children receiving MRI scans, it has the potential to stop the need for general anaesthetic 

in this area (317). Anxiety has continued to be well researched, Serrano et al.  (19) 

acknowledged that for over two decades there has been sufficient empirical evidence for the 

efficacy of using VR exposure therapy to treat anxiety disorders.  Whilst previously I have 

commented on the apparent lack of studies that focus on depression, their now appears an 

increase in studies that have looked at depression in varying contexts. Combining CBT and VR 

for post-natal depression has been shown feasibility (318), virtual reality Zumba has been 

tested for treating depression in women with fibromyalgia (319), depressive symptoms in 

adolescents has also received attention (320), moreover further theoretical contributions 

have looked at how best to combine CBT and VR for the treatment of depression (321). VRs 

influence on mental health and wellbeing is not restricted to this planet. Results from an 

investigation by Salamon et al. (322) stated VR should be considered a plausible measure in 

preventing a deterioration in mental state in astronauts. In short, recent publications confirm 

the efficacy of VR as a treatment for anxiety, critical areas such as depression that were sparse 

in study numbers are now starting to be addressed and finally VR is continuing to break new 

ground in a vast number of different areas related to health and wellbeing.  

Finally, what about the state of popular consumer VR technology today? How does it compare 

to the VR I used in this study? The Oculus Rift continues to be the most used VR HMD for PC 

gaming (272), however there is a successor to the Rift, the Rift S (323) which hasn’t increased 

any of the key technical specifications of the Rift. The two more noteworthy HMDs worth 

acknowledging are the firstly the Oculus Quest. The Quest has comparable specifications to 

the Rift, has introduced full hand and finger tracking (308) and does all this without the need 

for a powerful PC. Oculus hope to greatly increase the number of VR users with an accessible 

product. This move to mobility means that the VR used in this study despite not being as 

mobile, remains in technical terms, relevant in the current VR climate. The current leader in 

terms of specifications is the Vive Index (324). A 130 degree FoV, a 144 Hz display, finger 

tracking and increased image resolution see’s it lead the way for VR enthusiasts. Whilst the 

specifications are impressive, if we think back to the early definitions of immersion – how 

many of our sensorimotor contingencies a HMD uses – then we are still in roughly the same 
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place as we were at the outset of this study. The rapid push of high-end VR to consumers in 

2016, with the HTC Vive, Oculus Rift and Windows mixed reality HMDs could be described as 

the first proper generation of consumer VR. The Vive Index could be argued as generation 1.5, 

enthusiasts like myself wait with great anticipation for the expected second generation of 

consumer VR.  

 One final noteworthy figure on consumer VR today is its growth during the time this 

study has taken place. When I first started this study, there was roughly 0.2 million monthly 

connected VR headsets on steam, by the start of 2020 this had increased to 1.3 million and 

based on current growth rates is projected to break the 2.5 million mark by the end of 2020 

(325).   

 

 

 

 

 

 

 

 

 

 

 

 Figure 44. Number of monthly connected VR headsets on steam (326) 

This doesn’t account for PSVR which has sold over 4 million units or mobile HMDs that do not 

require a connection to Steam. Admittedly, VR will have to reach beyond Steam for 

widespread adoption, however this growth rate can only be seen as a positive and pushes VR 

into today’s cultural and consumer norm. Video games themselves used to be a niche, a niche 
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that would have struggled to predict the widespread consumption of mobile games such as 

Candy Crush, which has been downloaded over 2.7 billion times since release .  

 

9.10 Conclusion 

 The research presented in this thesis explored four distinct but related objectives that 

together gave an indication of the suitability VR has to improve the mental health and 

wellbeing of patients in secondary care. These objectives were promoted by current 

discussions in health and psychological research around the use of VR as a potent tool for 

behaviour change, clinical diagnoses and therapeutic relief. By fulfilling the objectives of 

designing a VR intervention from the ground up, monitoring how patients interact with it and 

assessing its impact on their mental health and wellbeing, I have argued that there is a place 

for VR within secondary care. When introducing the research in chapter one, highlighted was 

a finding from Garrett et al (11) in which they stated there was an increasing need for VR 

research design and pilot studies that are not confined to the laboratory, only then can we 

aim to tackle the substantial clinical challenges it could present when used in the real world. 

With this thought in mind, I can be confident when claiming this thesis has made a real 

contribution to its field, it has successfully implemented a VR intervention outside the 

laboratory, in an NHS secondary care setting. Not only has it achieved this, but it has done so 

by being to the best of my knowledge the only VR intervention in secondary care that has 

looked to assess the technologies impact on the mental health and wellbeing of patients with 

diabetes.  

To conclude this piece of research I have revisited the questions that helped me achieve the 

objectives I set out: 

1) Is it feasible to design a VR intervention from the ground up with no prior experience?  

It is entirely feasible to design a VR intervention with no prior experience, this was 

demonstrated in chapter 6. The readily available and free resources from content creators, as 

well as from major game engine software such as UE and Unity means that creating a VR 

experience has never been more accessible as it is today. More complex experiences than the 

one presented in this research may prove to be to challenging to beginners such as myself, 
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however the act of making a VR experience that convincingly takes a person from the real 

world to the virtual is entirely possible.  

2) Using ethnographic questionnaires and through discussion with patients, how do 

patients interact with a specific VR experience? What themes are consistent across 

patients? 

The case studies revealed some patterns across patients. In an experience that was intended 

to relax the patient there was a clear preference in spending time at a beach area over 

woodland area. The sounds and movement of the waves took up much of the patients’ 

attention as they chose to spend time next to the water. There was no preference over the 

choice of audio (music, mindfulness or environment sounds). It was evident that there was 

some skill gap in terms of learning how to use the VR. Whilst an added tutorial area may have 

helped initially, those that struggled with controls tended to have a period of re-learning 

during each session, for some this was a reason to stay stationary rather than become 

frustrated with the controller movements. To improve research methodology from a HCI 

standpoint, guidelines should be introduced for best practices when introducing someone to 

VR for the first time. Any guideline should consider, age, disability, prior equivalent 

experience. For example, I found that when introducing someone new to VR who is elderly 

and has restricted physical movement, using a swivel chair was the best way to ensure they 

had the same experience compared with someone who is more mobile and confident with 

the technology. This wasn’t something I read in a book or journal but something I learned 

through experience of working with participants. A larger study or RCT should look to offer 

participants the exact same experience, however with VR this experience can vary greatly 

depending on the individual. A guideline would aim to reduce the varying experience as much 

as possible, allowing users to focus on content rather than their frustrations.  

3) Using quantitative questionnaires do levels of anxiety, depression and wellbeing 

improve from baseline responses?  

4) Do ethnographic observations provide any more insight to changes in mental health 

and wellbeing? 

Firstly, answering question three, a number of patients had their mental health and wellbeing 

outcomes improve over the baseline response to varying degree. Due to the sample size, I 
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cannot make any significant conclusions as to its effectiveness however, the improvements 

were enough to warrant a larger study of this nature. Such a study could either build upon 

this study by using one secondary care setting with a larger sample, or alternatively a multi-

site research study that recruits patients from different areas of secondary care. The 

successful implementation of a larger study should aim to provide the evidence needed to 

warrant an RCT with VR in secondary care. 

The ethnographic observations revealed a change in a number of patients’ body language 

before and after the session with a calmer demeanour being evident after the session. This 

was reinforced by some of the conversations I had with patients, who stated they found it 

relaxing and in some instances nostalgic. The results from this research point to a potential 

benefit of merging VR into secondary care as it may have a positive impact on the general 

wellbeing and mental health of patients who regularly visit secondary care.  

A significant finding from this study was how many patients associated the intervention as 

part of their wider care. This wasn’t viewed as a gimmick or a waste of time but rather 

something they were willing to give time to and something they thought may be beneficial to 

their  mental health and wellbeing.  

5) Using quantitative questionnaires do higher levels of presence correspond with 

improved mental health and wellbeing as answered by the two previous questions? 

The quantitative questionnaires did not reveal anything significant in terms of presence and 

any potential relationship to improved mental health and wellbeing. However, the 

ethnographic observations did reveal some interesting insights into the connection between 

virtual presence and mindfulness meditation. The relationship between virtual presence and 

mindfulness should be explored further. To date the only relationship between virtual 

presence in VR and emotion has been linked to feelings of fear. This according to the result 

of this thesis’ literature review was established by the academic community, with links to all 

other tested emotions being concluded as inconclusive or not evident at all. During the 

intervention and particularly in the case of patient 3, there was an evident increase in 

presence scores when longer meditation clips had been interacted with. I am confident that 

future studies that looked for a correlation between virtual presence in VR and mindfulness 

would find it. New virtual presence questionnaires are needed to reflect the state of the 
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technology today. This is not a severe criticism of current presence questionnaires such as the 

one used in this study, after all the idea of virtual presence hasn’t changed, it still means the 

same thing. However, today’s consumer VR, depending on its maker has varying degrees of 

quality, and often specialises itself in different ways. The questions used in this study were 

often broad views of presence, if instead it focused on specific components relating to VR and 

specific sensorimotor contingencies then we may start to gain a better understanding of what 

VR features contribute most to virtual presence.  
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Appendix  A 

User guide and information (as used in intervention) 
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Appendix B 

Focus group and User testing consent form  
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Appendix C 

Focus group and user testing information sheet 
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Appendix D 

Intervention Consent Form  
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Appendix E 

Intervention Information Sheet 
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Appendix F 

Content form made available during user testing and intervention 
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Appendix G 

Hospital Anxiety and Depression Scale 
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Appendix H 

Warwick and Edinburgh Mental Wellbeing Scale 
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Appendix I 

Presence Scale 
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Appendix J 

Social media recruitment flyer for intervention, physical version given to DSNs  
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Appendix K 

A list of assets and tutorials used to make the intervention 

 

 



 
240 

 

 



 
241 

 

 

 

 



 
242 

 

 


