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ABSTRACT 

With rapid technological change for workplace engagement (e.g., 24/7 connectivity and hybrid 

working environments), as well as unforeseeable impacts (i.e., COVID-19) that have universally 

changed the way we engage daily with work globally, there is value to examining innovative 

methods of reducing the impacts of stress when engaged with work. The research presented herein 

explores two areas focusing on VR-based workplace interventions. Study 1 examines two Virtual 

Reality (VR) relaxation interventions to determine if they have a significant effect on measures of 

physiological arousal, affect, and subjective measures. Qualitative participant feedback is also 

examined for factors that were of help or hindrance to the goal of relaxation. Participant views on 

the place of technology, such as VR in the future of workplace wellbeing, are also assessed. Results 

provided a majority belief in the value of developing workplace VR interventions, as well as 

reporting feelings of being more relaxed post-test. Study 2 is an exploratory survey that aims to 

explore general population respondents’ understanding and knowledge of VR and its applications 

for workplace wellbeing. The before/after effect of a short educational video is also explored, as 

well qualitative open-ended questions. The results suggest that education can have significant 

effects on peoples’ views and understanding of VR. This aligns with how most respondents 

reported they had a below-average understanding of VR. Responses indicate a majority of those 

surveyed had not used VR more than 5 times in the last five years, with most having not used it at 

all. After education, a majority indicated that they believed that VR could be a useful tool to combat 

workplace stress. These results demonstrate the potential of VR augmented relaxation 

interventions, bolstered by positive opinions on the potential of VR. Given the changing nature of 

workplaces and work itself, discussion of this change is provided along with recommendations for 

further study directions. 



iii 

DECLARATION 

I, Matthew Naylor, certify that this thesis is my own work and that, to the best of my knowledge 

and belief, it does not incorporate any material which to a substantial extent has been submitted 

for a degree or diploma at any university, nor any material previously published or written by 

another person where due acknowledgement is not made in the text. Chapter 3 of this thesis 

contains a reproduced publication of my work: Naylor, M., Ridout, B., & Campbell, A. (2020).  

A Scoping Review Identifying the Need for Quality Research on the Use of Virtual Reality in 

Workplace Settings for Stress Management, 23 (8), Cyberpsychology, Behavior, and Social 

Networking. http://doi.org/10.1089/cyber.2019.0287 

I designed the study, analysed the data, and wrote the drafts of the manuscript that were accepted 

for publication. 

 

 

__________________________   28/09/2023 

Matthew Naylor     Date 

 

 

As supervisor for the candidature upon which this thesis is based, I can confirm that the authorship 

attribution statements above are correct. 

 

 

__________________________   28/09/2023 

Associate Professor Andrew J. Campbell  Date 



iv 

ACKNOWLEDGEMENTS 

First and foremost, I want to thank Associate Professor Andrew Campbell, my supervisor. 
That first meeting all those years ago honestly changed the course of my life. You have always 
believed I could complete a PhD, and now here we are 6.5 years later. Your understanding, support, 
and kindness, combined with your knowledge and experience, has been vital to my getting across 
the finish line and beginning this new path in life. I’ve no words left but to say thank you so much 
for everything. I sincerely hope we will be able to work together again when the time is right. 

 
To my assistant supervisor Dr Brad Ridout, thank you for all the help and time you’ve 

given me over the years. Your patience, expertise, and professionalism has never failed to impress 
me. I would not have gotten through all those statistics and results without you. If I can one day 
achieve even a modicum of your skill and ability, I will be very proud of myself.  

 
To my parents Pat and Daryl, thank you for everything. There would simply be no way I 

could have ever achieved this without your unwavering love and support. I know this has gone on 
longer than any of us ever wanted, but I’m glad I can show you the fruits of all the work I have put 
in over the years and reassure you that it will have all been worthwhile. I finally did it. 

 
To Tabitha, thank you for always being there and for everything you do. You have taken 

care of me through good times and bad, and tried to help fix every problem that has cropped up. I 
cannot put into words how grateful I am for what you do for me. I am incredibly lucky to have you 
in my life. 

 
To Wren, thank you for our ever-evolving friendship, and the mutual pursuit of better 

communication and understanding. For the messy times as well as the help and support. Life is 
very different now to when we first met, but I hope things will continue to grow in a new positive 
direction. I hope you know how much I look forward to telling stories with you again. 

 
To my friends and communities, in person and online, thank you for doing your part in 

keeping me going and staying at least mostly sane over all these years. I know for many I fell off 
the face of the planet, and I am sorry for that. I hope that, once I can recover, I’ll be able to start 
reconnecting with everyone and be more human again. Hopefully sooner than later, but without 
rushing. Thank you all for your support and just being in my life and my thoughts. 

 
And finally, to a shrub of Canada. I will never forget the time and company we shared. You 

were there for me when I was flattened by COVID-19 when no one else could. Thank you for 
letting me in. I truly hope you are able to find the peace, safety, and happiness you deserve. 



v 

 

The scenario we are aiming to avoid… 

 

 

Westover, J. L. (2020, June 11). Virtual Reality. Tapas. https://tapas.io/episode/1785063 

https://tapas.io/episode/1785063


vi 

TABLE OF CONTENTS 

ABSTRACT .................................................................................................................................... ii 

DECLARATION ........................................................................................................................... iii 

ACKNOWLEDGEMENTS ........................................................................................................... iv 

LIST OF TABLES .......................................................................................................................... x 

LIST OF FIGURES ...................................................................................................................... xii 

CHAPTER 1: INTRODUCTION TO THE RESEARCH .............................................................. 1 

Overview ..................................................................................................................................... 1 

Thesis Aims ................................................................................................................................. 2 

Study 1 ..................................................................................................................................... 3 
Study 2 ..................................................................................................................................... 4 

Thesis Outline ............................................................................................................................. 5 

CHAPTER 2: STRESS ................................................................................................................... 7 

Overview ..................................................................................................................................... 7 

Defining Stress ............................................................................................................................ 8 
A Brief History of Stress Research ............................................................................................. 9 

Biomedical Origins .................................................................................................................. 9 

Modern Stress Research ........................................................................................................ 11 

Towards Integrating Biomedical with Psychological Theories of Stress .............................. 13 
The Biopsychosocial model ................................................................................................... 14 

Biological Stress Factors ........................................................................................................... 16 

Psychological and Social Stress Factors ................................................................................... 17 

Global Economic and Systemic Impacts of Stress .................................................................... 19 
Stress in the Workplace ............................................................................................................. 24 

Addressing Contemporary Workplace Stress ........................................................................... 30 

Current Approaches to Managing Workplace Stress ................................................................ 33 

CHAPTER 3: VIRTUAL REALITY............................................................................................ 38 

Overview ................................................................................................................................... 38 
Part 1: Introducing Virtual Reality ............................................................................................ 39 

Defining Virtual Reality (VR) ............................................................................................... 39 

Presence and Immersion ........................................................................................................ 43 



vii 

Emerging Digital Environments: AR/MR/XR ...................................................................... 46 

Brief History of VR ............................................................................................................... 50 

Part 2: A Scoping Review of the use of Virtual Reality in Workplace Settings and its Impact on 
Stress ............................................................................................................................................. 55 

Abstract ......................................................................................................................................... 56 

Introduction ................................................................................................................................... 57 

Method .......................................................................................................................................... 60 

Stage 1: Identifying the Research Question .............................................................................. 61 

Stage 2: Identifying Relevant Studies ....................................................................................... 61 

Stage 3: Study Selection ............................................................................................................ 63 

Stage 4: Charting the Data ........................................................................................................ 63 
Stage 5: Collating, Summarizing, and Reporting the Results ................................................... 68 

Results ........................................................................................................................................... 68 

General Features ........................................................................................................................ 68 

Commonalities from Aims ........................................................................................................ 69 

Commonalities from Measures, Instruments, and Results ........................................................ 69 
Workplace Focus ....................................................................................................................... 70 

Discussion ..................................................................................................................................... 70 

Commonalities Between Studies ............................................................................................... 70 

Relaxation Effects Over Time and User Preference .............................................................. 70 

Environment .......................................................................................................................... 71 
Biofeedback ........................................................................................................................... 72 

Exploratory Research ............................................................................................................ 73 

Differences ................................................................................................................................ 73 

Applicability to Workplace Settings and General Implications ................................................ 74 
Limitations ................................................................................................................................ 75 

Areas for Future Study and Implications for the Field.............................................................. 75 

Conclusion .................................................................................................................................... 76 

References ..................................................................................................................................... 77 

CHAPTER 4: METHOD .............................................................................................................. 82 

Study 1 Overview ...................................................................................................................... 82 
Study 2 Overview ...................................................................................................................... 82 



viii 

Study 1....................................................................................................................................... 83 

Participants ............................................................................................................................ 83 

Materials ................................................................................................................................ 84 
Session 1 Pre-test Survey. ............................................................................................................. 90 

Procedure ............................................................................................................................... 93 

Study 2....................................................................................................................................... 95 

Participants ............................................................................................................................ 95 
Procedures and Measures ...................................................................................................... 95 

CHAPTER 5: RESULTS ............................................................................................................ 101 

Study 1: Experimental Pilot Study of VR Stress-Reduction Intervention .............................. 101 

Descriptive Statistics ........................................................................................................... 101 

Positive and Negative Affect Schedule (PANAS) X ........................................................... 108 
Heart Rate ............................................................................................................................ 114 

Post-Experience Evaluation ................................................................................................. 117 

Study 2: Survey of Attitudes Towards VR and Stress-Reduction Interventions .................... 124 

Descriptive Statistics ........................................................................................................... 124 
Attitudes Towards VR Pre- and Post-Educational Video ................................................... 130 

VR for Stress Management and Well-Being ....................................................................... 150 

Relaxation Activity Preferences .......................................................................................... 157 

Correlations ......................................................................................................................... 158 

Open Response Questions ................................................................................................... 160 
CHAPTER 6: DISCUSSION ...................................................................................................... 174 

Overview ................................................................................................................................. 174 

Study 1..................................................................................................................................... 175 

PANAS results ..................................................................................................................... 175 
Study 2..................................................................................................................................... 179 

Taking breaks ...................................................................................................................... 180 

Stakeholder development of VR in the workplace .............................................................. 181 

Extending the literature ........................................................................................................... 182 

Limitations .............................................................................................................................. 189 
COVID-19 ........................................................................................................................... 189 

Study 1 ................................................................................................................................. 190 



ix 

Study 2 ................................................................................................................................. 193 

Conclusion ............................................................................................................................... 194 

References ................................................................................................................................... 199 

Appendix A1 ............................................................................................................................... 219 

Appendix A2 ............................................................................................................................... 221 

Appendix B ................................................................................................................................. 223 

Materials Relating to the Stroop Test ...................................................................................... 223 

Stroop Test Instruction Slides ................................................................................................. 224 

Appendix C ................................................................................................................................. 226 

Appendix D ................................................................................................................................. 240 

 

 

 



x 

LIST OF TABLES 

Table 1 
Slater and Usoh (1993) systematic criteria to promote presence in a virtual environment ........... 44 

Table 2 
Details About Levels of Virtual Reality Immersion ...................................................................... 45 

Table 3 
PANAS X Positive Affect Scores ................................................................................................ 109 

Table 4 
PANAS X Negative Affect Scores ............................................................................................. 111 

Table 5 
PANAS-X Fatigue ...................................................................................................................... 112 

Table 6 
PANAS-X Serentiy ..................................................................................................................... 113 

Table 7 
Country of Residence .................................................................................................................. 124 

Table 8 
Highest Level of Education ......................................................................................................... 125 

Table 9 
List of Occupations ..................................................................................................................... 126 

Table 10 
Use of Wearable VR Technology Within the Last 5 Years ........................................................... 129 

Table 11 
Attitudes Towards VR Before and After VR Educational Video ................................................. 131 

Table 12 
Short Break Frequencies ............................................................................................................. 153 

Table 13 
Minimum Desired Time for a Rejuvenating Break ..................................................................... 154 

Table 14 
Relaxation Activity Preferences .................................................................................................. 158 



xi 

Table 15 
Prior Experience With Relaxation ............................................................................................... 161 

Table 16 
Preferred Source of VR Programs ............................................................................................... 162 

Table 17 
Themes Related to Preference for Dedicated VR Device or Phone-Based VR ........................... 164 

Table 18 
Perceived Barriers to VR Usage for Relaxation .......................................................................... 166 

Table 19 
Themes Related to Privacy Concerns .......................................................................................... 167 

Table 20 
Changes Required for Workplace Implementation of VR Stress Intervention ............................ 169 

Table 21 
VR Stress-Reduction Program Suggestions ................................................................................ 170 

Table 22 
Other Comments ......................................................................................................................... 172 

 



xii 

LIST OF FIGURES 

Figure 1 
The Fight or Flight Response ........................................................................................................ 12 

Figure 2 
The Biopsychosocial Model ......................................................................................................... 15 

Figure 3 
The Risk Management Process ..................................................................................................... 34 

Figure 4 
Oculus Go with controller and box ................................................................................................ 42 

Figure 5 
Meta Quest 3 with controllers ....................................................................................................... 42 

Figure 6 
The Virtuality Continuum ............................................................................................................. 47 

Figure 7 
Rauschnabel et al. (2022) on prior research "views" ..................................................................... 48 

Figure 8 
LaserTour™ advertising material ................................................................................................. 49 

Figure 9 
Robert Mitchell's Panorama plans (1801) ..................................................................................... 50 

Figure 10 
Screenshot From “Red Rock Beach Waves Rolling Close Up” Clip ............................................ 85 

Figure 11 
Screenshot From “Cascada Da Pedra Ferida Waterfall” Clip ........................................................ 86 

Figure 12 
Screenshot From “3 Hours Relaxing Nature Video for Yoga…” Clip .......................................... 87 

Figure 13 
Screenshot From “4K Tropical Beach …” Clip ............................................................................ 87 

Figure 14 
An Example Office Environment .................................................................................................. 89 



xiii 

Figure 15 
Participant Feelings Over Last Seven Days ................................................................................ 104 

Figure 16 
Stress Over Last 7 Days Compared to Average Feelings of Stress Over the Last 6 Months ....... 105 

Figure 17 
Relaxation Over Last 7 Days Compared to Average Feelings Over the Last 6 Months .............. 106 

Figure 18 
Feelings of Stress/Relaxation After 1st VR Session Compared to Day Before ........................... 107 

Figure 19 
Feelings of Stress/Relaxation After 2nd VR Session Compared to Day Before .......................... 108 

Figure 20 
Three-Way Repeated Measures ANOVA for Positive Affect ...................................................... 110 

Figure 21 
Fatigue Session 1 Means ............................................................................................................. 113 

Figure 22 
Fatigue Session 2 Means ............................................................................................................. 114 

Figure 23 
Heart Rate Session 1 ................................................................................................................... 115 

Figure 24 
Heart Rate Session 2 ................................................................................................................... 116 

Figure 25 
Workplace Environment ............................................................................................................. 127 

Figure 26 
Self-Reported Skill with Mobile and Wearable Devices ............................................................. 128 

Figure 27 
Initial Self-Reported Understanding of VR Technology ............................................................. 129 

Figure 28 
Belief in VR Having Applications Beyond Novelty .................................................................... 132 

Figure 29 
I Don't Believe in VR Having Applications Beyond Novelty ...................................................... 133 



xiv 

Figure 30 
I Believe That VR Technology is no Longer a Pipedream ........................................................... 134 

Figure 31 
I Believe Management Would Invest in VR if it Helps Workers ................................................. 135 

Figure 32 
I Don't Believe That Management Would Invest in VR ............................................................... 136 

Figure 33 
I Don’t Believe Management is Interested in VR Technology .................................................... 137 

Figure 34 
I Believe That VR can be as Safe as a Smartphone ..................................................................... 138 

Figure 35 
I Have Concerns Regarding Safety Using a VR Device .............................................................. 139 

Figure 36 
I Have Concerns Regarding Motion Sickness ............................................................................. 140 

Figure 37 
I Have Concerns About VR Causing Headaches ......................................................................... 141 

Figure 38 
I Have Concerns About Privacy While Using VR ....................................................................... 142 

Figure 39 
I Believe Users Would Rather do Something Else ....................................................................... 143 

Figure 40 
I Understand What a VR Device Essentially Does ...................................................................... 144 

Figure 41 
I Believe VR is no More Difficult to Learn Than a Smartphone ................................................. 145 

Figure 42 
I Feel That I Don’t Have the Skills to use VR .............................................................................. 146 

Figure 43 
I Don’t Believe VR is Worth Concerns Like Hygiene and Space ................................................ 147 

Figure 44 
I Don't Believe That a VR Device Would be Affordable ............................................................. 148 



xv 

Figure 45 
I Believe I Have a Rough Idea of how Much a VR Unit Costs ................................................... 149 

Figure 46 
I Believe That VR Could be Useful for Workplace Stress ........................................................... 150 

Figure 47 
Self-Reported Understanding of VR for Stress Reduction .......................................................... 151 

Figure 48 
Receptiveness to Inclusion of VR for Stress in Workplaces ........................................................ 152 

Figure 49 
Likelihood of Using a VR Stress Reduction Intervention at Work .............................................. 152 

Figure 50 
Amount of Stress Felt on Typical Workday ................................................................................. 154 

Figure 51 
Impact of Work on Wellbeing ...................................................................................................... 155 

Figure 52 
Perceived Managerial Support of VR Interventions .................................................................... 156 

Figure 53 
Perceived Co-worker Support of VR Interventions ..................................................................... 157 

 



xvi 

ABBREVIATIONS 

ACT   Acceptance and Commitment Therapy 

AI   Artificial Intelligence 

APA   American Psychological Association 

APS   Australian Psychological Society 

AR   Augmented Reality, see p. 46 

AUD   Australian dollar 

CAD   Canadian dollar 

CAVE   CAVE Automatic Virtual Environment, see p. 40 

CBT   Cognitive Behavioural Therapy 

CDC   Centers for Disease Control and Prevention 

FoV   Field of View 

GDP   Gross Domestic Product 

GPS   Global Positioning System 

HMD   Head Mounted Display 

HR   Heart rate 

ICT   Information and communication technology 

MR   Mixed Reality, see p. 47 

NA   Negative Affect, see also PANAS 

O/S   Operating Systems 

PA   Positive Affect, see also PANAS 

PANAS  Positive and Negative Affect Schedule, see p. 92 

PTSD   Post-traumatic stress disorder 



xvii 

SES   Socioeconomic status 

SWB   Subjective wellbeing 

UX   User experience 

VE   Virtual Environment 

VPL   Virtual Programming Languages, also known as VPL Research 

VR   Virtual Reality, see p. 39 

WFH   Work from home 

WHO   World Health Organisation 

WLB   Work life benefit 

 

 

 



1 

CHAPTER 1: INTRODUCTION TO THE RESEARCH 

Overview 

Stress is part of the human experience. It is well established that as much as technological 

communication and workplace advancements have given us new tools (e.g., the internet, email, 

laptops, smartphones, etc), it has not seen a reduction in workplace stress or in workload reduction. 

Instead, we are globally experiencing a collapse of traditional 8-hour workday settings that aimed 

to provide physical and psychological separation between work and home, and between work and 

home hours.  

Work related emails are but one crucial impact that is hard to control on societal barriers 

separating our personal and professional lives, given their propensity to be easy to engage with 

from both employer and employee from smartphone or portable devices. Cross-time zone 

teleconferences requiring participation at odd hours is another example of interference in a typical 

8-hour day. With the likelihood of further information and communication technology tools (e.g., 

wearable interface technologies such as AR/MR and AI directing work tasks), the prospect of 

workplace stress resulting from constant connection and expectations to perform, regardless of 

hours worked or workplace settings, is expected to increase during the 21st century. Further to this, 

the COVID-19 pandemic provided an unexpected catalyst to the 24/7 potential workday that was 

immune to regulatory work hours or workplace setting.  

Copious research has warned about the risks and consequences of continuous stress on 

physical, mental health, and even business productivity, yet workplace stress continues to be 

endemic. Given the slow and difficult nature of systemic and institutional change, it is vital that 

other options are explored to mitigate stress during a typical workday. With that goal in mind, one 

possible avenue to disrupt workplace stress may come in the form of new technology to aid 
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workplace stress reduction and wellbeing interventions. In this case, the new generation of Virtual 

Reality (VR) technologies, bringing with it a growing evidence base of efficacy, may provide a 

vector to help workers rest, reset, relax, and/or recharge during a break at work. Given the growing 

body of evidence in clinical settings, it reasonably follows that there may be useful non-clinical 

applications as well that can be self-administered. Unlike traditional screen-based mediums (e.g. 

TV, 2D computer screens), research into VR is suggesting that it may have unique strengths e.g., 

facilitating a strong sense of presence and immersion. This would ideally allow a greater 

psychological partitioning from work related thoughts and pressures, allowing users to be more 

mentally present in their relaxation activities. Despite this hypothesis, VR continues to be 

considered relatively niche, with many in the general population unaware of its therapeutic 

potential.  

Thesis Aims 

The primary aim of this doctoral thesis is to investigate the effects of VR workplace 

wellbeing interventions on stress and relaxation, as well as to explore any thoughts or perspectives 

held by the volunteer participants on VR and its use as a workplace wellbeing intervention.  
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Study 1 

The aims of this study are: 

1. To examine the effects of a short VR 360° video experience on stress and wellbeing, versus 

a 2D video control condition. 

2. If any condition displays a significant effect on wellbeing, is there any qualitative 

consensus to be found in the participants’ self-reported experience that can elucidate any 

factors in the experiment that were of help or hindrance in achieving relaxation? 

3. What are participants’ understandings, expectations, and beliefs about the future of Virtual 

Reality (VR) technology, its place in psychology and as a tool for wellness maintenance? 

 

Research Questions: 

1. Is there a significant change in Positive Affect between pre- and post-test of a VR relaxation 

intervention? 

2. Is there a significant reduction in Negative Affect between pre- and post-test of a VR 

relaxation intervention? 

3. Is there a significant difference between PANAS pre- and post-test scores between session 

1 and 2? 

4. Is there a significant difference in Positive Affect PANAS scores for participants in the 2D 

condition compared with the 360° video condition? 

5. Is there a significant difference in Positive Affect PANAS scores for participants in the 2D 

condition compared with the 360° video condition? 
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It is hypothesised that volunteer participants will report increased feelings of relaxation 

after using the VR intervention programs, regardless of condition. Moreover, that participants 

engaged in the 2D, and 360° video conditions will provide significantly different immersive and 

experiential feedback on their engagement, with the option to give their opinion for potential 

improvements to the experience, and their perspective on whether VR would be a suitable 

workplace stress reduction intervention.  

It is predicted that subject heart rates (HR) will significantly decrease during the 

experimental phase, when compared to pre-conditioned, “stressed”, pre-test levels. Further, that 

subject heart rates will stay lower during post-test than pre-conditioned “stressed” pre-test levels. 

As such, it is hypothesised that there will be no significant difference between experimental phase 

HR and post-test HR. 

Study 2 

The aims of this study are: 

1. To determine what volunteer participants know about VR’s potential for health and 

wellbeing. 

2. For those volunteer participants who do/don’t know something about VR, to determine if 

they would they be willing to use VR in the workplace for specific issues such as stress, 

meditation, and mindfulness. 

3. To determine consumer willingness to use VR in the workplace, in order to inform 

organisational psychology, human resources, and businesses in general for a potential 

intervention to help people remain productive and healthy in their specific workplace, thus 

reducing the burden of chronic stress-related leave. 
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Research Questions:  

1. It is predicted that most volunteer participants do not know that VR is potentially viable in 

a workplace setting, and/or its potential for reducing stress and improving wellbeing whilst 

at work. 

2. That people would be receptive to engaging in a VR intervention for stress management if 

they were educated about the topic. 

 

Thesis Outline 

This research is an exploratory work that aims to examine the feasibility and efficacy of a 

VR intervention as a stress management tool in a workplace setting. As described above, Chapter 

1 provides research aims and an executive summery outlining the body of this work. 

Chapter 2 will introduce the psychological concept of stress, including discussion on issues 

regarding definitions of stress. A brief examination of the history of stress is provided, leading to 

contemporary interpretations and understandings of stress. Factors that influence stress are 

explored from biological and psychosocial levels, and then global, economic, and systemic levels. 

Focus is drawn to the specific area of stress in the workplace, with discussion on what workplace 

stress is, as well as some of its effects. The chapter concludes by introducing some contemporary 

strategies involved in combating workplace stress. 

Chapter 3 is structured in two sections. The first provides a review of VR, providing a 

definition of VR, and some examples of modern systems. The key factors of presence and 

immersion are expanded upon to showcase some of the unique capabilities of VR. To provide 

clarity, lines of demarcation are established between VR and similar, yet distinct, related 

technologies such as augmented reality (AR). A history of VR is provided to demonstrate how VR 
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and similar technologies have been explored well before the modern resurgence of the 2010s and 

2020s. Finally, applications of VR are discussed, including problems and roadblocks, as well as 

benefits and potential use cases. In the second section, the published journal article “A Scoping 

Review Identifying the Need for Quality Research on the Use of Virtual Reality in Workplace 

Settings for Stress Management” (Naylor et al., 2020) is reproduced to demonstrate the state of 

research at the time. 

Chapter 4 reports the methods for carrying out the present empirical research, beginning 

with an outline of Study 1 and Study 2. The chapter is then divided by Study, starting with Study 

1. Recruitment, materials, and procedures are discussed in detail. Study 2 is then presented, 

following a similar structure. 

Chapter 5 presents detailed analysis and results of the present studies, with Study 1 being 

presented before Study 2. This work was interrupted due to COVID-19, from the 31st of March 

2020 until 27th of January 2021 when Study 2 began. This study design was sanctioned by the 

supervisory body and The University of Sydney to ensure that research methodology was still 

demonstrated in line with the requirements for a PhD, while still adding to the literature in a way 

that did not involve participant contact. 

Chapter 6 provides a detailed discussion of the current results and how they relate to 

previous literature. The implications of these findings, as well as their limitations, for the future 

direction VR workplace wellbeing interventions are then explored. The thesis concludes with the 

author’s recommendations and potential ‘next steps’ for how the future direction of this research 

area may develop. 
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CHAPTER 2: STRESS 

Overview 

This chapter introduces and discusses the psychological concept and impacts of stress. It 

describes some of the difficulties with the term and provides a definition that aims to be 

comprehensive enough to account for complexity and context, while being refined enough for 

specific use in the current research context of this thesis. An overview of the history of stress 

research is provided, starting with Charles Darwin and a focus on physiology, concluding with 

Engle and the development of the biopsychosocial model. Each part of this model is briefly 

explored in turn, starting with biological stress factors, i.e., what happens to the body during stress 

at physiological or systemic levels. Psychological and social stress factors are further explored, 

with studies presented suggesting that stress can arise from a variety of sources: perinatal stress, 

youth and adolescence, family and medical issues, bereavement, and aging. All of these are 

suggested to have different effects on different individuals, and the importance of an individual’s 

subjective experience is raised. Summary evidence for global and systemic issues related to stress 

are presented, which indicate that stress levels are generally increasing worldwide, despite 

potential remedial factors such as technological advancement. Focus of the literature then turns 

specifically to stress in the workplace, introducing considerations such as work-life balance, the 

effects of the COVID-19 pandemic on work, working from home, and the costs of workplace stress 

on businesses. The final part of this chapter discusses what has been done to mitigate workplace 

stress in the early 21st century, identifying that more needs to be done to treat stress during work 

hours before it reaches a point of burnout and sickness. Psychological evidence-based treatments 

of stress (such as cognitive behavioural therapy) are briefly discussed, as well as necessary 

systemic factors for improving (or worsening) expected mental health outcomes. The chapter 
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concludes with an introductory theory on how stress mediation during the working day (i.e., in the 

workplace) has the potential to reduce burnout and work-related illnesses.  

Defining Stress 

Defining stress is a complex issue when compared to other psychological or physiological 

concepts. This is due to social use of the term ‘stress’ and the clinical understanding of stress on 

the human body. We generally share the dual understanding of being able to say “I’ve had a 

stressful day” to mean that the events of the day were challenging for a person and therefore they 

may feel tired and/or emotionally drained. Comparatively, understanding how a medical doctor 

can diagnose the cause of a patient’s symptoms as stress is more a systematic focus on specific 

neurological, psychological, and biological impacts on the human body and how they are 

disrupting the health of an individual. Persson and Zakrisson (2016) describe definitional issues 

of stress as at times existing somewhere between physics, physiology, and psychology, while 

somehow also denoting both cause and effect. 

Unsurprisingly, there are a great many attempts at defining stress accurately. A broad 

definition is arguably “conditions where an environmental demand exceeds the natural regulatory 

capacity of an organism, in particular situations that include unpredictability and 

uncontrollability.” (Koolhaas et al., 2011; p.1291). Of importance to highlight is that stressors need 

not even be unpleasant, it is the intensity and demand placed upon the person that is important 

(Selye, 1976). Therefore, while informative, such a definition by Koolhaas et al. (2011) could be 

debated as being overly simplistic as it attempts to concisely conceptualise a complex and variable 

based human reaction that differs between individuals considerably.  
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The challenge of providing a clear, yet all-encompassing definition of stress, is highlighted 

by Bliese et al. (2017): 

Stress research often differentiates stressors (conditions and events causing subsequent 

reactions), perceived stress (perception and appraisal of the stressors), and strains 

(psychological, physiological, and behavioural outcomes. (p. 390) 

With the above taken into consideration, this thesis will use the definition of stress from Koolhass 

et al. (2011) given that this definition incorporates a broad view of stress with the necessary 

flexibility to cover multiple domains (e.g., psychological, physiological). Importantly, this 

definition also aligns with Selye’s (1976) view that stress need not be positive or negative, while 

not being so overly broad as to be impractical in its application of stress research in non-controlled 

and controlled settings. 

A Brief History of Stress Research 

Biomedical Origins 

 Given the magnitude of the topic of stress, and the amount of research conducted, this 

introduction draws on key theorists’ findings. An in-depth history of stress by Rom and Reznick 

(2016) provides an excellent historic overview starting with Charles Darwin (1809–1892). Darwin, 

among his many contributions to the biological sciences, was one of the first to incorporate the 

term ‘stress’ into his explanations of animal behaviours and propagation. His view was highly 

biologically focused, i.e., how the organism reacted to a harsh and changing world, and the 

physiology that supports it. 

Not discounting Darwin’s significant contributions in observed stress in animal species, 

Rom and Reznick (2016) and Robinson (2018) also describe stress research as beginning 

simultaneously in the realms of medicine and physiology: i.e., how the human body reacts to 
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stressors at a systematic level; its relationship with the nervous system; and how substances or 

stimuli influence stress responses. Claude Bernard (1813–1878), also took a 

biological/physiological view, exploring (among many vital areas) the concept of milieu intérieur 

(or internal environment) describing how there was not only the external environment but also an 

internal environment to all organisms, the stability of which is vital for survival (Cooper, 2008). 

Around this time William James (1842–1910) and Carl Lange (1834–1900) were simultaneously, 

yet independently, conducting research into the relationship between physiological reactions to 

stimuli and emotions via animal models. Both researchers came to the position (which became 

known as the James–Lange theory) that it is the arousal of the nervous system and related 

physiology that leads to emotion, with cognition being a secondary response (Robinson, 2018). 

One of the great influential figures of this history of science and physiology was Walter B. 

Cannon (1871–1945) (Fleming, 1984). Beyond his work with digestion and the physiology of 

neurotransmission, Cannon was also responsible for some vital insights into the biological 

responses to stress – on both the hormonal and behavioural levels (see fight-or-flight, below). 

Cannon is well known for building upon Bernard’s milieu intérieur to create the concept of 

homeostasis as a mechanism for responding to stress (Presson & Zakrisson, 2015). After 

collaborating with William James (whom he had studied under), Cannon went on to co-develop 

the Cannon–Bard theory, with Philip Bard (1898–1977), which challenged the prior James–Lange 

theory. This new explanation proposed that it was not viscera and muscles that were the source of 

emotion, but a subcortical area of the brain responsible for involuntary expressions of emotions – 

the thalamus and related regions (Fleming, 1984; Robinson, 2018). These theories, with their 

inclusion of emotions, mark a shift towards including a more psychological view of stress beyond 
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the “black box” (i.e., observable inputs and outputs while the processes involved are thought to be 

unobservable) biomedical perspective. 

Modern Stress Research 

Hans Selye (1907–1982) is seen as a delineating figure, if not the founder, of modern stress 

research (Rom & Reznick, 2016). Selye was a medical researcher who would have a highly 

prestigious career in experimental research. Robinson (2018) describes how Selye borrowed the 

word ‘stress’ from physics and engineering to coin the term “stress response”, defining it as 

“mutual actions of forces that take place across any section of the body, physical or psychological.” 

(p.338). Selye was interested in the use of animal models, chiefly rats, to show that there was a 

similar physiological response to external stimuli such as extreme cold and physical strain, as to 

injections of chemicals, demonstrating the presence of a non-specific adaptive response (i.e., 

stress; Robinson 2018; Rochette & Vergely, 2017; Selye, 1936). 

This research led to the development of Selye’s three-stage General Adaption Syndrome, 

also known as GAS Theory which he later renamed “the stress response” (Robinson, 2018; Selye, 

1936). The first stage is characterised by the alarm and the “fight or flight” response. “Fight[ing] 

or flight” (p. 211) was used by Cannon in his 1915 book Bodily Changes in Pain, Hunger, Fear 

and Rage when discussing how the body has adapted to respond to situations of pain or emotional 

excitement, such as changes in blood sugar, adrenaline, blood pressure and clotting in response to 

stress (Fig 1 below). The instinct to fight (or flee from) the cause of this stress is a behavioural part 

of this adaptation. Later research has expanded this explanation to include freezing/fainting (e.g., 

Bracha, 2004), with some trauma work beginning to also include fawning (e.g., Dunkley, 2018), 

i.e., submissive or appeasement-based behaviour.   
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Figure 1 

The Fight or Flight Response 

Note. From Guy-Evans, O. (2023, Feb 16). Fight, Flight, Freeze, or Fawn: How We Respond To Threats 
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The second stage is characterised as the body preparing to resist an attack or other stressor 

(be it psychological or physical, including disease), with the body instigating changes to the 

immune system and metabolism, which is now known includes the action of cortisol among other 

hormones (Rochette & Vergely, 2017). The third and final stage, the exhaustion stage, sees the 

body unable to sustain the current heightened state of stress, leading to a number of negative health 

impacts (Robinson, 2018). This research showed for the first time the physiological nature of the 

stress reaction to perceived or actual threats, as well as how chronic stress can lead to pathology 

(Persson & Zakrisson, 2016; Robinson, 2018; Rom & Reznick, 2016; Selye, 1936). 

Towards Integrating Biomedical with Psychological Theories of Stress 

 Stress research developed in further depth and situational understanding through the period 

of the World Wars of the 20th Century, including the development of what would become the 

Yerkes–Dodson Law (that some stress is useful for increasing performance, but only up to a 

threshold after which performance declines; Yerkes & Dodson, 1908), and the phenomena of 

“shell shock”, a precursor to what is known today as Post-traumatic stress disorder (PTSD; 

Robinson, 2018). By the end of World War II, psychological stress and related psychological and 

psychosomatic symptoms were being recognised and linked with several acute and chronic 

pathologies. 

Richard Lazarus (1922–2002) built upon GAS theory in his post-World War II work to 

pioneer the idea of individual differences in reaction to the same stressor. From this, he posited 

that stress research needed to move beyond just the physiological response. Lazarus identifies how 

a person cognises about or appraises a stimulus (e.g., as a threat, a challenge, something benign, 

or even something positive) can influence how negative (or even positive) the response will be 

(e.g., Lazarus & Eriksen, 1975; Lazarus, 1974). Stress reactions move beyond the immediate 
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appraisal, and include a secondary processing of available resources, with different coping 

resources having different psychobiological states (Lazarus, 1974). Other authors (e.g., Persson & 

Zakrisson, 2016) take a different path, speaking on the great and varied interest in the physiological 

impacts of stress in current research, now including the microbial or even sub-cellular and genetic 

levels. They provide examples of the current state of research regarding the physiological stress 

response (discussed further below) in the instances of acute and chronic stress, as well as possible 

avenues for therapies. 

The Biopsychosocial model 

The above historical overview of stress research provides a linear record of how the 

understanding of stress, and inter-related processes, has developed an evidence-base from a purely 

physiological perspective to include personal cognitions and societal impacts. One of the major 

modern conceptualisations of these perspectives is the biopsychosocial model. Created by George 

Engle in 1977 as an alternative to the biomedical model, the biopsychosocial perspective aims to 

incorporate contemporary medical methods while also including examination of psychological and 

social factors. Engle stressed that, in order to provide rational health care, any medical model must 

take into account not just the patient, but the social context and resources available (Engle, 1977). 

In this publication he points out the obviously absurd situation where a patient goes to see a doctor 

because they don’t feel well (e.g., due to grief), and is told that their bloodwork is fine, and thus it 

is assumed the patient must be “well”. In such an instance, the biopsychosocial model would 

suggest that the doctor is failing to appropriately weigh broader factors (such as the patient’s 

subjective experience) before making a diagnosis. To further examine the biopsychosocial model, 

it is important to examine what each factor entails (Fig 2). 
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Figure 2 

The Biopsychosocial Model 

 

Note. Tyler, C, Hardie, M (2021, Oct 10) Three Aspects of Health and Healing: The Biopsychosocial Model in Medicine 
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Biological Stress Factors 

When looking at how the body responds to stress, it is important to differentiate between 

acute and chronic stress. Acute stress refers to a strong biological response to the immediate 

stressor, involving the nervous, cardiovascular, endocrine, and immune systems (Schneiderman et 

al., 2005). The reaction is usually temporally close to one or more events, or other stressors, and 

involves the activation of the “fight-or-flight” response. Given this, it is not always a helpful 

response to the stressor at hand. 

Chronic stress, however, is rarely beneficial. Repeated exposure to stress leads to the 

degradation of organ systems (e.g., neurological, cardiovascular, and immune systems) on a 

physiological level (e.g., thickening of arteries and raised blood pressure), with links to complex 

disorders such as autoimmune, cerebrovascular, and cardiovascular diseases, as well as a variety 

of cancers (Everly & Lating, 2019; Islam et al., 2019; Selye, 1976; Russel et al., 2018). 

Psychosocial stress has also been linked to obesity, insulin resistance, Metabolic Syndrome, and 

Type 2 Diabetes (Olive et al., 2017; Sachs-Ericsson et. al., 2008; Sanghez et al., 2013). Relatedly, 

those suffering from chronic stress may have greater difficulty in being physically active or 

exercising due to effects such as fatigue and hormonal factors (Stults-Kolehmainen & Sinha, 

2014). 

While research is still ongoing as to the exact mechanisms of how stress acts on the body 

(e.g., the hypothalamic–pituitary–adrenal axis, or HPA), chronic stress can be a significant 

negative factor on physical health and wellbeing. This is of great importance for several reasons, 

not the least of which is that the WHO lists heart disease, stroke, and diabetes among the top 10 

causes of death worldwide (WHO, 2020).  
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Psychological and Social Stress Factors 

 From a human development viewpoint, the impacts of psychological stress across the 

lifespan are part of the human experience with higher age risk impact points across some stages of 

development. Perinatal adversity can have life-long effects on health (Russel et al., 2018). Starting 

in childhood, stress from familial factors (e.g., abuse or divorce) can lead to a wide range of issues, 

from attachment disturbances and poor school performance to personality disorders, PTSD, and 

higher rates of antisocial behaviour, anxiety, and depression (Sandi & Haller, 2015; Schneiderman 

et al., 2005). Conversely, early-life interventions such as modifications to social environment can 

have major impacts on social development and trajectory (Russel et al., 2018). Kendall-Tackett 

(2008) discusses how childhood trauma may not only lead to low-self efficacy, but also how low-

self efficacy can then increase the risk of developing PTSD. Similarly, Sachs-Ericsson et al. (2008) 

discuss research linking people with histories of abuse to a range of issues, e.g., increased risks of 

headaches, arthritis, and asthma. Sleep difficulties and psychiatric disorders such as anxiety are 

strongly linked, though definitive causation is still being investigated (Morin & Ware, 1996). 

Many articles (e.g., Kendall-Tackett, 2008; Lupien et al., 2009; Sandi & Haller, 2015; Santiago et 

al., 2011) discuss how stress in adolescence is linked to anxiety, depression, and other 

psychopathologies either directly, or indirectly, e.g., family dysfunction may interfere with job or 

university prospects or attendance. 

In adults, stress from major life events such as divorce, unemployment, major medical 

illness, and death of loved ones, is associated with high rates of depression and other disorders 

(Schneiderman et al., 2005). Chronic stress has also been linked to several issues such as substance 

abuse, sleep disturbance, and declines in cognitive performance (Lupien et al., 2009), as well as 

changes to the functioning of the “social brain” regions of the cortex, and resultant behavioural 
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changes (Sandi & Haller, 2015). Everly and Lating (2019) discuss the complex effects 

bereavement and traumatic events can have on stress and health, as well as how different people 

can go through significantly different experiences while having similar behavioural outcomes (and 

vice versa). Such feelings and behaviours can include: somatic symptoms, hostility/anger, guilt, 

preoccupation with related thoughts, denial, self-isolation, numbness, yearning, confusion, 

despair.  The authors also note the difference between acute grief (i.e., undergoing a typical 

mourning period before gaining acceptance, productivity, and purpose within around 6 months of 

the loss) and prolonged or complicated grief (i.e., longer and more pathological grief). Ageing is 

a highly common cause of stress, where changing family and social structures combine with re-

evaluations of personal identity, often leading to increased stress and reduced resources to counter 

it, further negatively exacerbated by a history of chronic health issues (Schafer & Shippee, 2010).  

A common theme appearing across published research on stress points to the importance 

of a patient’s subjective experience, behaviour, and beliefs in formulating an effective treatment, 

as well as the importance of matching biochemical processes to behavioural and psychosocial data. 

Whilst stress is arguably ubiquitous in human development, remediation of symptomology has 

moved from medicines in the early 19th century as first-line treatments, to psychological 

approaches that account for addressing individual differences in cognitive processing of stress. 

With this in mind, it is important to briefly highlight contemporary evidence-based interventions 

that purport to minimise, or work to undo, some of the impact of psychological stress on adults 

and children. 

One of the preliminary suggested treatments is patient education (i.e., psychoeducation) 

where basic psychological knowledge is taught to a client. This may involve understanding 

breathing techniques, recognising unhelpful behaviour management (e.g., drinking, drug taking, 
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avoidance behaviour, anger, or self-sabotage traits). With the general understanding of adverse 

and productive coping behaviours (e.g., sleep hygiene, diet, exercise, and interpersonal behaviour 

management), the introduction of cognitive behavioural therapy (CBT) can take place (Kendall-

Tackett, 2008). CBT is one of, if not the most, dominant treatment method in psychology today, 

and has been found to be effective in the treatment of a number of psychological disorders, 

including generalised anxiety disorder, social anxiety disorder, obsessive-compulsive disorder, 

phobias, and PTSD (Arch et al., 2012). CBT involves a patient or client working with a 

psychologist or psychiatrist to recognise problematic thoughts and their related behaviours, and 

challenge them cognitively through thought-mapping exercises, with the goal of reframing the 

negative thought habits into something less disruptive, resulting in behaviour changes in response. 

CBT can be delivered in person, via telehealth, or online – provided there is some input from a 

therapist (Andersson & Cuijpers, 2008). Acceptance and commitment therapy (ACT) is a similar 

cognitive approach to stress management that is focused on emotion regulation. Like CBT, ACT 

asks clients to look at their thought patterns, but with the aim of accepting and experiencing 

problematic thoughts and feelings, rather than avoiding them, and to be present with them to work 

towards a meaningful life (Everly & Lating, 2019; Harris, 2007). Ideally any evidence-based 

intervention should also combine screening and monitoring for those with a history of chronic 

stress and/or abuse, as those who are chronic sufferers require greater connection and social 

support networks beyond therapeutic interventions (Sachs-Ericsson et al., 2008).  

Global Economic and Systemic Impacts of Stress 

 Engle (1977) explained that to provide rational health care, a model must consider not just 

the disease and patient, but importantly the social context in which the patient lives, as well as the 

system tasked with providing care. Of considerable impact to most is a lack of financial resources. 
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There is significant research (e.g., Jiang et al., 2022; Matthews et al., 2010; Quon & McGrath, 

2015; Santiago et al., 2011) linking poverty and low socioeconomic status (SES) to higher rates of 

psychopathology and poorer outcomes in health. Poverty is especially insidious given it can 

exacerbate a negative spiral, reducing access to education and healthcare (both physical and 

psychological). Within the sphere of poverty, wealth inequality and low SES, are concepts such as 

neighbourhood disadvantage, which can involve high unemployment, poor educational and 

medical access, high crime, substance abuse, and lower community cohesiveness and resources – 

all of which can be significant stressors (Quon & McGrath, 2015; Santiago et al., 2011). Beyond 

this, Santiago and colleagues identify a reduction in health and wellbeing for each additional factor 

associated with poverty (e.g., housing, food, cost of education), alongside increases in associated 

lifestyle risk factors such as smoking, poor diet, and sedentariness. Once again, a potential negative 

spiral becomes apparent – areas with neighbourhood disadvantage and low SES are less able to 

secure mental and physical health care, further exacerbating already chronic stress and further 

limiting access to care. Jiang et al. (2022) explored how financial stress is a mediating factor on 

poor mental health, especially so for those with poorer education who are hit harder, and how the 

COVID-19 pandemic has exacerbated financial stress and thus mental health issues such as 

depression, particularly for those in lower SES. Those in lower SES are exposed to more situations 

that require a proportionally higher quotient of their resources (including mental), while at the 

same time being less able to replenish or bank resources than those in high SES groups (Matthews 

et. al., 2010). This goes some way to explain the chronic (even generational) stress experienced by 

those in lower SES and under-resourced groups. 

Just as an uncertain individual financial situation can be a source of chronic stress, difficult 

global situations (e.g., the COVID-19 pandemic circa 2020-2022 and the global financial crisis 
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circa 2007-2008) can be a source of population stress due to unstable financial markets and 

government systems. For example, approximately 70% of advanced and developing economies, 

and 80% of the global poor were negatively impacted by the most recent global financial crisis 

(Pazarbasioglu, 2021). 

Major disruptions to the world economy are considered by the World Health Organisation 

(WHO) in the 2021 edition of their triennial Mental Health Atlas use of government spending on 

mental health. The WHO uses global market shifts as one indicator of how well certain countries 

are handling mental health care. Globally, over the last 3 years, mental health investment was 

found to be at a median rate of 2.1% of total government health expenditure, which the WHO 

described as ‘low’ (WHO, 2021). The WHO atlas for 2020 reported that the global median number 

of mental health care workers is 13 per 100,000, with low-income nations ranging to fewer than 2 

workers per 100,000 population, and high-income nations ranging to over 60 per 100,000 (WHO, 

2021). Only 31% of responding countries had integrated mental health into primary health care 

(WHO, 2021). The annual global median government expenditure on mental health per capita was 

reported to be US$ 7.49. 

Reports conducted by Gallup (Gallup, 2021, 2022) described 2020-21 as “the most 

stressful period in recent history” with 40% of adults surveyed worldwide indicating that they had 

experienced increasing stress levels (compared to 35% in 2019). More than half the nations 

surveyed had experienced at least some level of worsening stress rates. 

As previously discussed, neighbourhood disadvantage identified that poorer 

neighbourhoods had less infrastructure and fewer resources, lower income and housing quality, 

and exposure to higher rates of crime. It is unsurprising that developing nations face these stress 

factors, with additional factors that come with a nation scale, i.e., clean water, medical access, food 
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security, civil unrest, war. Research suggests that poorer nations are more likely to be impacted by 

events like the most recent global financial crisis (Vorisek et al., 2021). These additional factors 

add to expected stress and downward pressures on standards of living and are strongly linked with 

higher mortality rates. Given the stark resourcing differences between the poorest and richest 

nations, it would seem logical to presume that the nations with the most resources would report 

decreasing stress levels for their populations. However, as can been seen from the examples 

discussed below (Australia, USA, Japan, and the European Union), stress-related health issues are 

actually increasing among rich nations across the globe. 

To provide a brief developed-nation comparison of stress rates over time, the Australian 

Psychological Society (APS) Stress and Wellbeing report (APS, 2015) showed that Australians 

were more stressed, anxious, and depressed than a prior report in 2011, with 35% reporting having 

a ‘significant level’ of distress in their lives. Financial stress was rated as the top cause of stress 

(49%), followed by family issues (45%) and personal health (44%) (APS, 2015). In 2020-21, the 

Australian Bureau of Statistics (ABS) reported that 15% of Australians aged 16-85 years 

experienced ‘high’ or ‘very high’ levels of psychological distress (ABS, 2021a). When broken 

down further, it was found that women were more likely to experience ‘high’ or ‘very high’ levels 

of psychological distress (19%) compared to men (12%), while one in five (20%) Australians aged 

16-34 years experienced high or very high levels of psychological distress, more than twice the 

rate of those aged 65-85 years (9%). 

With comparable demographics to Australia, but with a significantly larger population, the 

USA is facing a mental health crisis that may continue for more than a generation according to the 

American Psychological Association (APA) Stress In America 2020 report (APA, 2020). In 

addition, the APA reports that 77% of Americans surveyed felt that the future of the nation is a 
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significant source of stress, and that 71% believed that 2020 had been lowest point in USA history 

that they can remember. Similarly to Australia, Generation Z adults (i.e., those aged 18 to 23 in 

2020) in the USA are reportedly feeling more stress than the general population, and 19% of adults 

reported worse mental health than the year before. Japan’s Comprehensive Survey of Living 

Conditions 2019 report found that 47.9% of respondents aged 12 or older had significant worries 

and stress in their lives, with 10.3% of those 20 and over suffering psychological distress 

equivalent to mood disorders (Japanese Ministry of Health, Labour and Welfare, 2019). In terms 

of economic impact, Nishi et al. (2019) indicates that the economic loss due to mental health may 

be in the range of 1 to 3 trillion yen ($10.6 to $31.6 billion AUD) annually in Japan. In the 

European Union the European Agency for Safety and Health at Work (EU-OSHA; Hassard et al., 

2014) produced a literature review investigating the cost of work-related stress and psychosocial 

risks. Their findings include an estimate of the yearly cost to Europe for work-related mental 

health, potentially as high as €617 billion ($960 billion AUD), which includes factors such as 

absenteeism, lost productivity, health care costs, and disability payments. Moving beyond 

monetary cost, this review includes data from a 1999-2007 report showing that roughly 55.6 

million Europeans (28% of respondents) felt at least some exposure to psychological stresses 

affected their wellbeing, with further data suggesting 79% of European Managers were concerned 

about workplace stress levels.  

The COVID-19 pandemic is likely the greatest global strain on world heath care systems 

since WWII. At the time of writing, the WHO Coronavirus online dashboard (WHO, 2023) 

indicates that over 6,844,267 deaths have been linked to the virus – with this number believed to 

be an underestimate. The toll on communities, families, and individuals is incalculable and still 

unfolding. It may not be known until years later the full effects on the mental health and stress 
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levels of people worldwide. Hospitals and health care system resources are under unprecedented 

pressure; however, this comes on top of pre-pandemic impacts of stress on these systems. For 

example, it is estimated that work stress-related cardiovascular disease (CVD) cost between €388 

million and €715 million in France, based on data from 2000 (Hassard et al., 2014). In Switzerland 

stress-related government spending was calculated to be 1.2% of the country’s GDP, and in 

Canada it was estimated the annual cost was in the range of CAD$2.75 billion to CAD$8.25 billion 

(Hassard et al., 2014). Even before the pandemic, the indirect and direct costs of stress disorders 

to the health care systems of the world were of major significance. It is apparent that, regardless 

of national wealth or development status, the COVID-19 pandemic has had significant impacts on 

mental health and wellbeing. Beyond the direct stress of the pandemic (including related isolation), 

a new source of stress has been identified in levels not seen pre-pandemic: the home becoming 

both dwelling and workplace, with this environmental workplace development requiring special 

attention. 

Stress in the Workplace 

Workplace stress has been identified within a significant portion of the working population 

around the world, with research suggesting that this number is increasing (e.g., APA, 2020; APS, 

2015; Hassard et al., 2014; Gallup, 2022). Recent decades have seen increased international 

competition, trade, and labour mobility around the world, with Information Communication 

Technology (ICT) being a driving factor for increased demand of resources (Dewe et al., 2010). 

We have seen a shift towards mental (rather than physical) labour doing the “heavy lifting” as 

technology increases its presence at work (deVries & Wilkerson, 2003). During this time, multiple 

financial crises have resulted not just in large layoffs, but with those retaining jobs finding their 

position to be less secure, and their workload significantly increased. For example, statistics from 
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the 2000s indicating 28% of Japanese employees worked 50 hours or more per week (Kondo & 

Oh, 2010).  The authors highlight one of the most salient examples of how bad organisational 

issues may become for employees, by explaining that there is a specific word in Japanese – 

“karoshi”, which means “overwork death” – a term for someone who has been under such strain 

from work that they lose their life to stress-related illness such as heart attack or stroke.  

Despite technological improvements, studies show that individuals are working longer 

hours and more are facing intense work demands (Currie & Eveline, 2011). Part of the reason for 

the continuing (if not worsening) stress at work are workplace psychosocial hazards. Safe Work 

Australia lists a number of psychosocial hazards that can harm a worker’s mental health including 

job demands, poor support, poor organisational justice, as well as bullying, violence, and 

harassment (Safe Work Australia, n.d.). Additionally, psychosocial work hazards can also come 

from the physical workplace environment itself, or the quality or suitability of work tools or 

resources. Some of these factors are rarely prominent in our home lives, and yet the stress gained 

at work is commonly brought back home, with few workers able to entirely leave work-related 

thoughts or responsibilities at their place of employment. This crossing over of stress is part of the 

growing issue of the need for “work-life balance” (WLB). 

WLB can be thought of as the interaction between work and non-work aspects of workers’ 

lives, with the general understanding that restricting the “work” portion to allow more time and 

energy for the “life” portion is more positive than the reverse (Kelliher et al., 2019). Burnout can 

be thought of as the opposite/failure of a healthy engagement with a balanced relationship between 

work and private life (Merecz & Ansysz, 2014). Research by Kelliher et al. (2019) has delved 

further into what WLB means, criticising existing research reliance on potentially overbroad or 

outdated definitions of both “work” (i.e., permanent, full-time, traditional employment) and “life” 



26 

(i.e., a family unit that involves childcare duties). The COVID-19 pandemic provided an even 

greater disruption to older WLB models. 

During the COVID-19 pandemic, a massive shift towards working from home (WFH) took 

place (for those whose jobs could be done remotely), with a mixed reception from both employers 

and employees. The scale of this event cannot be underestimated: The ABS reports that in August 

of 2021 alone, 40.6% of the workforce worked from home regularly (ABS, 2021b). The Families 

in Australia Survey “Towards COVID Normal” found that 1 in 10 of those surveyed reported that 

they or their partner had lost their job in 2020, and 27% faced a reduction in work hours (Baxter 

& Warren, 2021). During November and December of 2020, 67% of employed respondents 

indicated that they or their partner “sometimes or always” worked from home at the time of survey, 

compared to 58% who had never worked from home before the COVID-19 pandemic (Baxter & 

Warren, 2021). Kniffin et al. (2021) suggest that while many professionals and workers from 

applicable jobs prefer to work from home and demonstrate higher productivity, the pandemic has 

seen the need for millions of people to WFH (regardless of preference), abandoning prior trends 

in this kind of work practice. In addition to the daily health challenges of the pandemic, those 

working from home also faced the collapse of the physical separation between “work” and “life”. 

For some, this comes on the heels of mobile and internet technologies (e.g., work email 

notifications on one’s personal phone) already allowing work to intrude into homelife in a way 

never documented before (Ladner, 2008). 

While research by Merecz and Andysz (2014) proposes some benefits of a less rigid 

separation of work and home, the issue remains that a specific kind of stress (i.e., work stress), 

now takes place inside the home for many unaccustomed to working from home. Of the WFH 

benefits identified (e.g., no commute), there is potential for workers to struggle to demarcate 
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between their work and personal lives, further compounding the difficulties some workers already 

have trying to cope with work stress impacting family life, and/or family stress impeding on work 

life (Dewe et al., 2010).  

The COVID-19 pandemic has exacerbated not only traditional fears about employment 

stability, but also the safety of workers, their co-workers, and families, with fears about 

transmission of illness and the repercussions thereof (Griffiths et al., 2021). COVID-19 is a 

contributing factor to chronic stress and burnout, not just through strains on employment, but also 

via being constantly reported in the news and as a topic of social conversation. COVID-19 is also 

a worsening influence on many difficulties that workplaces faced previously, such as 

‘presenteeism’ with many businesses seeing workers going to work despite being sick. 

Additionally, workplaces and work culture that do not value or provide paid sick leave further 

encourage (if not force) workers to attend while unwell and potentially infectious. There is the real 

risk that some workplaces may force some of the economic burdens related to the pandemic (e.g., 

visits to doctor for sick notes, PCR (Polymerase Chain Reaction) and related tests) solely toward 

employee responsibility toward workplace health and safety policies (WH&S). Notably, 

employees are well documented as struggling financially due to factors such as reduced hours and 

medical bills (World Bank, 2023). Where the responsibility lies for workers on their right to 

medical privacy versus what the workplace needs to know for WH&S policy and practice (either 

for workplace functioning or governmental reporting requirements) is a source of real concern. 

Additionally, WFH is likely to be a risk factor for increased loneliness in workers with reduced 

ability to maintain workplace social connections, be it WFH, pandemic restrictions, or reduced 

workforces (Dewe et al., 2010; Knifflin et al., 2021). The psychological pain from loneliness is 

linked to negative changes in factors such as performance and commitment to work. Kniffin et al. 



28 

(2021) argue that workplace loneliness must be factored into HR policies and practices and 

understood within the workplace to be an indicator of employee wellbeing. As deVries and 

Wilkerson (2003) report, work is often not just a place to go, but a community where people form 

friendships; thus feeling alienated or disenfranchised at work can have the same negative effects 

as with any other social group. 

Management and HR have a significant role to play in workplace stress through their 

actions and policies. Employers and organisations must actively support employees with matters 

of health and wellbeing, especially considering any potential deterioration of work conditions 

(Todd & Binns, 2011). Those in management may have concerns about oversight over employees 

and productivity, to the point of ordering workers back to the office despite positive productivity 

and worker preferences. Considerations must be made, given factors such as members of minority 

groups are less likely to be able to work remotely (Kniffin et al., 2021). Employees have concerns 

about potential impact of compliance measures (e.g., software monitoring, eye-tracking, 

superfluous meetings) on privacy and autonomy, and the challenges of remote meetings (e.g., cues 

such as body language being harder to perceive virtually compared to in-person (Kniffin et al., 

2021). 

Just as managers with more pro-employee management styles will have to find new ways 

to motivate and coordinate their workers while they WFH, managers with more “bossy” or 

authoritarian styles will be searching for replacement methods to keep their employees on track. It 

is unknown how these styles will play out, and how different stressors will affect workers, however 

management resistance or acceptance of WFH will play a vital role (Naylor et. al., 2019; Todd & 

Binns, 2011). Regardless of style, any management or organisation must be aware of (and have a 
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plan for) several key outcomes that are linked with workplace stress: employee sickness, turnover, 

and finally, burnout. 

Stress disorders are documented as causing people to become unwell and miss work. 

McDaid et al. (2011) report British Labour Force Survey data suggesting that work-related stress, 

depression, or anxiety, caused the loss of 11.4 million working days over 2008/2009, or 27.3 days 

lost per affected worker. Dewe et al. (2010) report further British figures suggesting that these 

days off cost employers at least £537 per employee per year in 2006. Continued workplace stress 

can lead to employee turnover, which is a major cost to business, with one conservative estimate 

by the US Bureau of Labor Statistics placing the average cost of replacing an employee at $13,996 

USD (O’Connell & Kung, 2007), with this number including costs that arise from job vacancy and 

new training. Turnover has been linked in multiple studies to job dissatisfaction, stress, and other 

WLB concerns (e.g., Smith & Gardner, 2007), and while people do leave their job for reasons such 

as retirement, O’Connell and Kung (2007) suggest that approximately 89% of turnover is in order 

to find another job. One damaging outcome that may begin with poor WLB and SWB (subjective 

wellbeing) and ends in turnover is ‘burnout’. 

Mamidenna and Viswanatham (2014) use Pines and Aronson’s definition of ‘burnout’ as 

“a state of physical, emotional and mental exhaustion caused by emotionally demanding 

situations” (p. 55). Burnout has been linked not only to turnover, but also non-participation, 

absenteeism, counterproductive work, and even aggressive retaliation (Mamidenna & 

Viswanatham, 2014). Several studies have connected burnout to acts like workplace sabotage, 

theft, interpersonal aggression, and hostility (e.g., Beauregard, 2014; Chen & Spector 1992; 

Mamidenna & Viswanatham, 2014), which can result in not only financial loss to the employee’s 

company, but may also risk harm to clients. Employees’ abilities to cope can be worn down by 
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high job demands, low job control, and prolonged periods of reactivity, brought on by 

intensification and extensification factors resulting in low SWB and poor WLB. Burnout can 

further negatively interact with WLB leading to a negative spiral, with this work stress also spilling 

out into broader life (Merecz & Andysz, 2014; Naylor et al., 2019). Given the increasing work 

stress in both developed and developing economies, and despite advances in technology (and 

sometimes because of; Currie & Eveline, 2011), it is apparent that rising stress in the workplace is 

not something that is going to go away without dedicated interventions from management. 

Addressing Contemporary Workplace Stress 

Progressively, with the onset of the Industrial Revolution, work conditions globally 

intensified the impact of workplace stress on individual lives. As new factories and related 

production methods spread around the world, employment laws in some western and developing 

countries slowly came into force to reduce the exploitation (and death) of workers. Laws limiting 

where and how long a child can work, codified concepts of duty of care and employer liability, 

and introducing minimal health and safety protections, gradually became broader and more 

encompassing. Hofmann et al. (2017) chronicle the history of research into occupational health 

and safety, discussing areas such as ‘Industrial fatigue’ (over work), correlations between 

efficiency, work hours, and accidents (e.g., studies such as William Mather’s experiment at the 

Salford Iron Works), and pivotal moments of history such as the Triangle Shirtwaist Factory fire 

of 1911, where 146 workers lost their lives in a factory fire due to abusive workplace practices 

(e.g., the locking of fire escape doors to prevent employees stealing). While broader than the scope 

of this thesis, research such as Hofmann et al. (2017) demonstrates the complex, multidiscipline, 

history of workplace research from the Industrial Revolution to the modern era. 
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In the 1970s, Western nations such as Canada, the UK, and the USA, enacted Occupational 

Health and safety laws that provided national coverage and protections. The effect on reduction in 

loss of life has been staggering, with Hofmann et al. (2017) citing the National Safety Council 

reports from 1933 to 1997, indicating work related deaths declining by 90% in the USA. 

Conversely, workplace injuries around the world still result in billions of dollars of medical costs 

every year (Hofmann et al., 2017; World Bank, 2023). Governmental bodies that oversee this area 

identify numerous types of workplace hazards, specifically chemical, biological, physical, and 

psychosocial hazards, with the latter identified as a catalyst to prolonged workplace stress resulting 

in poor health impacts, according to Safe Work Australia (n.d.). Reducing this stress has 

historically not been an easy task. Legal and social work reforms, such as the introduction of the 

40-hour work week, have not been entirely successful at eliminating stress significantly. 

Furthermore, traditional care methods such as pastoral care, have not been able to alleviate 

workplace stress in the modern world, especially now in the digital age where work boundaries 

with WLB have become ill-defined. From the start of the computer age, stress has been viewed as 

an exponentially increasing problem beyond the global workforce (Kelliher et al., 2019; Merecz 

& Andysz, 2014). In addition to individual health benefits, research has made the case that stress 

reduction on a given workforce brings economic benefits, with organisations like the WHO 

indicating that every $1 USD invested in scaling up treatment for common mental illnesses such 

as depression and anxiety leads to a return of $4 USD in better health and ability to work (WHO, 

2018). Despite this, the global median number of mental health workers per 100,000 people was 

13 in 2020, with high wealth nations having a median of 62.2 per 100,000 people (WHO, 2020). 

Given that these professionals attend to not only workplace stress but all mental health services, it 
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is obvious that there are not nearly enough health workers in the healthcare system (for developed 

nations, let alone developing economies) to address this issue. 

When taking into account the health and economic importance of stress reduction 

strategies, public health authorities such as the Centers for Disease Control and Prevention (CDC) 

have produced a number of resources for the public to deal with everyday stressors and COVID-

19 related pressures (CDC, 2023), with suggestions such as reducing social media intake, limiting 

drug and alcohol intake, and increasing exercise. More specifically, in Australia, codes of practice 

have been created/proposed by relevant groups and bodies (e.g., from Safe Work Australia, 2022) 

to assess the psychosocial risks of stress at work, and to control them. Such efforts can involve 

changes to job demands and allocation, through to changes to the work environment itself. 

Research has further produced many books and articles on the topic of coping with workplace 

stress, however, researchers such as Bliese et al. (2017) point out that while studies have been 

conducted into work stress on a theoretical level, few have focused on how people are coping with 

stress. In contrast, Bellmann and Hübler (2021) have found from a policy point of view, that giving 

employees the option to work remotely while minimising the amount of work done out of hours 

may help improve WLB. As seen above, however, developing codes, identifying risks, greater 

awareness, and even more resources, have not proven quantifiably sufficient to quell rising 

workplace stress rates, with much of the current research focused on the symptoms of workplace 

stress, rather than effective and evidence-based management. 
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Current Approaches to Managing Workplace Stress 

Management of workplace stress has been a significant research focus for some decades 

(Murphy 1984). Murphy shows that even in the 1980s, methods such as muscle relaxation, 

biofeedback, meditation, and cognitive based skills were being investigated as practical 

interventions to reduce stress in the workplace, while also citing the need for more research with 

improved methods. Since then, a wide range of research has been conducted into workplace stress. 

Coping strategies, improving resilience, and cognitive strategies have been explored in 

order to combat the symptoms of stress (e.g., Dewe et al., 2010). Studies such as McDaid et al. 

(2011) discuss research suggesting that screening for depression and anxiety disorders, followed 

up by a 12-week course of CBT for those identified at risk, may be worth the cost (for both business 

and the health system) in productivity gains. However, there are some obvious ethical and privacy 

issues that go along with workplace clinical assessments, on top of shortages of clinical 

psychologists and psychiatrists. In their publication ‘Managing Psychosocial Hazards at Work: 

Code of Practice’, Safe Work Australia (2022) provide the following diagram (Figure 3) as an 

example process for how to control for psychosocial hazards in the workplace. They highlight the 

importance of risk identification and assessment, as well as the importance of resources for risk-

minimisation efforts. Relatedly, researchers such as Hofmann et al. (2017) stress the critical 

importance of workplace safety culture or climate in accident and stress reduction. However, while 

models like this are important for aiding stress minimisation and improving workplace wellbeing, 

there are certain jobs (such as emergency services, police, or military) unable to reduce some of 

the inherent stressors of that profession (Murphy, 1984). 
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Figure 3 

The Risk Management Process 

 

Note. Safe Work Australia, (2022), Managing psychosocial hazards at work 

McDaid et al. (2011) list a number of potential vectors for improving workplace wellbeing, 

such as: flexible working arrangements; career progression opportunities; ergonomics and 

environment management; stress audits; improved recognition of risk factors for poor mental 

health by line managers; access to gyms, exercise and sports opportunities, and workplace 

nutrition. Giving reference to Mutrie et al. (2002), the authors also gave argument for more active 

workplace community habits as evidenced by Scottish health care workers reporting significantly 
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improved mental health. Many of these potential areas for improvement overlap with those 

identified in more targeted areas of research such as burnout (e.g., Goodman & Berlinerblau, 

2018). Given that stresses such as the COVID-19 pandemic have affected workers differently due 

to factors such as age, race and ethnicity, gender, personality, or SES (Kniffin et al., 2021), it is 

reasonable to theorise that the efficacy of these treatments will likely differ, potentially along 

similar lines. 

With workplace stress increasing despite the kind of contemporary research and 

implementations described above, it is arguably a challenge for these interventions to be a ‘one-

size-fits all’ solution to workplace stress related to differing and complex variables. Given this, 

there is some potentially promising news, with the World Bank (Pazarbasioglu, 2021) projecting 

that the pandemic-induced changes may in fact lead to greater, healthier, productivity than pre-

pandemic times. The world has now experienced and operationalised virtual and tele-work 

practices, originally introduced early in the COVID-19 pandemic in countries who engaged in 

lock-down quarantine periods for their populations (WHO, 2020). This form of work mode has 

become a viable and supported option for many individuals across differing employment fields. 

Research has since claimed that the pandemic may have accelerated other technologies, such as 

improved automation and more resilient supply chains (Pazarbasioglu, 2021). While there might 

be a great deal of time before any kind of post-COVID-19 boom occurs, the organisational and 

technological changes that will facilitate it are already in development. 

As outlined in this chapter, stress disorders and workplace stress are a well-documented 

and researched problem. Remote work and digital technologies present new challenges and 

potentially new solutions to mediating workplace stress disorder. Given this, evidence suggests 

that social (e.g., Ladner, 2008), homelife (e.g., Merecz & Andysz, 2014), and workplace (e.g., 
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Dewe et al., 2010) pressures require direct, pre-emptive interventions to combat workplace stress 

(Naylor et. al., 2019; Naylor et. al., 2020). Thus, it falls to workplaces to not just treat the 

symptoms, but implement prophylactic interventions to combat stress and wellbeing issues at 

work. While many have focused on what amounts to psychosocial harm minimisation in the 

workplace, not only can these solutions take many years to be fully integrated into a corporate 

system, they also highlight that there is less research about how new technological interventions 

can directly address stress in the immediate instance. 

Given the costs of stress in the workplace (economic, social, medical) presented above, it 

appears reasonable to conclude that mediating stress in the workplace would be a positive for 

health and wellness in society. Some examples of workplace-based stress management 

interventions that have been researched include health education and cardiovascular fitness 

programs for employees (Cooper & Cartwright, 1997), improved day care and flexible hours for 

caregivers (Yadav, 2014), improved or alternate routes for employees to express grievances or 

discontent (Beauregard, 2014), and meditation and yoga activities (Arias et al., 2006). There is 

increasing evidence to show that when appropriate empirically supported intervention strategies 

are implemented in a work culture and climate that is supportive of employees using them, there 

can be positive gains for the organisation and employees (Smith & Gardner, 2007). That said, 

mental health interventions are not ‘one size fits all’, and what may be effective for one group 

could be ineffective for another (Hunter & Wu, 2015). Further, an intervention cannot be 

successful if it is tokenistic, overly structured, or ends up transferring workload in a way that is 

perceived as unfair (Beauregard 2014; Hunter & Wu, 2015; Safe Work Australia, 2022). 

Therefore, it is proposed that a potential intervention should account for factors such as user choice 

(including when to take part), the ability to be actually removed from thinking about work, and to 
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be seen as a good investment by management. Previous studies by the current author (Naylor et 

al., 2019; Naylor et al., 2020) show there is evidence to suggest that perceptually immersive 

technology, such as Virtual Reality (VR), may be a key option for workers to get a meaningful 

break during the workday, and potentially beyond. This will be the focus in Chapter 3. 
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CHAPTER 3: VIRTUAL REALITY 

Overview 

This chapter is in two parts. The first part provides background on the definition of virtual 

reality (VR), arriving at a working definition for the current research. An understanding of the 

phenomena of immersion and presence in VR is explained and justified, in order to provide 

demonstration of the necessary effects the current research is utilising to provide user experience 

that may lead to stress management. 

An understanding of the branching of VR into the newer areas of research such as 

augmented reality (AR), mixed reality (MR), and its resulting model of extended reality (XR), is 

explained in the context of how VR is the focus of the study but does not discount the newer forms 

of digital environments, which may in later studies be the focus of future technology for 

behavioural interventions. 

Part 1 concludes with a brief overview of VR from concept to contemporary adaptation in 

various settings, where medicine and health have been key adopters. This provides justification 

for the specific topic of the current research, resulting in a published scoping review of current 

literature in Part 2, which demonstrates the importance of VR and its application to stress 

management in workplace settings and how the current research will build upon this body of 

knowledge. The scoping review in Part 2 is provided in the original format of journal acceptance. 
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Part 1: Introducing Virtual Reality 

Defining Virtual Reality (VR) 

Virtual Reality (VR) has been on the periphery of mainstream computer-interface 

technology since the 1980s, however in very recent years it has achieved greater market interest 

by attracting a broad range of consumers to use the devices specifically for leisure, social 

engagement, gaming, and information immersion tasks (e.g., design and creative arts). Virtual 

reality (VR) is difficult to accurately define due to differing levels of individual perception. 

Moreover, as technology has evolved across decades, definitions of ‘what’ VR is are constantly 

being refined due to changes in interface technology and computing power to enhance immersion 

so it can be experienced uniformly between individual perception differences. Given this, and for 

the purposes of the current research, a broad definition has been provided: 

"Virtual reality (VR), [is] the use of computer modeling and simulation that enables a 

person to interact with an artificial three-dimensional (3-D) visual or other sensory 

environment. VR applications immerse the user in a computer-generated environment that 

simulates reality through the use of interactive devices, which send and receive information 

and are worn as goggles, headsets, gloves, or body suits.” (Lowood, 2023; para. 1). 

Retrieved from Britanica.com 31st August, 2023) 

Key to VR is that it is an artificial display (i.e., it does not display the current surroundings of the 

user, but instead a computer-generated reality/environment). This distinguishes it from Augmented 

Reality (AR). VR must induce a feeling of immersion and presence i.e., a 360° video on a Head 

Mounted Display (HMD) would provide a VR experience, but an equivalent app on a desktop 

computer monitor would not, even if it was more interactive, given it is not providing a visual 

immersion experience in an environment. This is due to it rather broadcasting an image and 
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providing an experience like watching television (Anderson et al., 2017; Slater, 2018). Conversely, 

Slater and Sanchez-Vives (2016) discuss whether 360° video fits within the definition of VR, given 

the restrictions on perspective that are not necessarily there in other kinds of VR experience. They 

conclude that both 360° video and VR where the user can change their perspective beyond simple 

rotation should be under the umbrella of VR, and each can excel at different tasks. 

Based on the above definitions, most of the VR devices discussed in this chapter will be 

HMDs, given this is the typical approach to VR use in the current market and scientific setting. 

That said, there is one other class of VR experience that arguably fits the definition of immersive 

VR, that of the CAVE system. CAVE (CAVE Automatic Virtual Environment) systems, created 

by Cruz-Neira et al. (1993), comprise of an approximate 3m x 3m x 3m space with three rear-

projection screens for walls, combined with a downward projection system for the floor. These 

projections provide full colour spectrums and are accompanied by computer-controlled audio. The 

user wears shutter glasses which fools the eyes into perceiving a 3D stereo scene while the user’s 

motion is tracked and computed (Cruz-Neira et al., 1993; Slater & Sanchez-Vives, 2016). Given 

the size and cost requirements, CAVE systems have predominantly been used by researchers rather 

than general consumers and are often not considered due to a myriad of concerns, from cost, non-

mobility of the set up, and poorer interoperability when compared with modern HMDs. 

Current consumer VR devices primarily fit into one of two categories: standalone devices 

(e.g., the Oculus/Meta Quest series), and those that must be connected to a computer (e.g., HTC 

Vive, HP Reverb, Varjo, Pimax) which trade improved graphical processing power at the cost of 

requiring cabling connection. There also exists a subset of standalone devices that are designed for 

users to insert their smartphone, which is then used for processing and display in place of inbuilt 

technology (e.g., Samsung Gear VR), however they lack motion tracking and the capacity for 
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intensive gaming (Bown et al., 2017). Consumer VR systems such as the HTC Vive allow the user 

to map the space they are using into a virtual one, aided by wall mounted sensors, resulting in a 

superior immersive experience accounting for body movement (Bown et al., 2017). Conversely, 

many VR apps and games are starting to allow a user to enjoy a seated (or even lying down) 

experience, which is attractive for consumers with small spaces or movement issues. Outside of 

devices like the Samsung Gear VR, modern HMDs are seeing such add-ons as paired 

controllers/wands, eye and motion tracking capability, and inbuilt microphones being made 

available out of the box. Further advancements, such as improved haptic feedback technologies to 

provide physical reactive touch/sensations, are also being developed to help continue to improve 

the level of immersion experienced by the user. 

Technology development in the VR space continues at a rapid pace. Indeed, this study 

utilised an Oculus Go (Figure 4), which was released in 2018, which has been rendered obsolete 

by the Oculus Quest (released 2019), and then again by the Quest 2 (released 2020) and Quest 3 

(27th September, 2023; Figure 5). Despite having improved specifications over the Quest, the 

Quest 2 was US$100 less expensive on release, indicating that a trend in consumer VR device 

pricing is likely to be cheaper over time, despite advancing technology. It will remain to be seen 

if these HMDs will continue in a ~12-month cycle similar to iPhones, or if constraints will bring 

their development more in line with non-standalone units. Given the aims of the current research 

using VR in workplace settings, thus necessitating consumer affordability and portability, the 

primary VR devices of focus will remain on HMD units, primarily all-inclusive models (e.g., Quest 

series), as they are likely to have the highest utility for workplace use. 
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Figure 4 

Oculus GO with controller and box 

 

Note. This was the device used in Study 1. 

Figure 5 

Meta Quest 3 with controllers 

 

Note. From The Leaked Quest 3 Headset Video Teases Meta’s VR Ambitions, by B Ashworth, 2023, Wired 

(https://www.wired.com/story/meta-quest-3-headset-video-leak/). Copyright 2023 by Meta. 

https://www.wired.com/story/meta-quest-3-headset-video-leak/
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Presence and Immersion 

Two core facets of VR that are regularly described in research are immersion and presence 

(Slater & Usoh, 1993; Slater & Sanchez-Vives, 2016; Cipresso et al., 2018; Naylor et al., 2019, 

Naylor et al., 2020; Velana et al., 2022; Pavic et al., 2023). Similar to determining a uniform and 

concise definition of what VR is, there are no universally agreed upon definitions for these 

concepts. 

Presence (sometimes referred to as “place illusion”) is the phenomena of the VR user 

feeling like they are in the virtual environment (VE) despite being aware that they are using a VR 

device, providing the user with a sensation of “being there” (Slater, & Sanchez-Vives, 2016; 

Cipresso et al., 2018; Rauschnable et al., 2022; Brassel, 2023; Pavic et al., 2023). Given this, there 

can be subdivisions of presence, such as telepresence or spatial presence (i.e., the user feeling if 

they are present in the physical or virtual environment), and social presence (i.e., the feeling of 

being there with other people) (Slater, & Sanchez-Vives, 2016; Rauschnable et al., 2022; Pavic et 

al., 2023). Slater & Usoh (1993) compiled a series of criteria that should be addressed to promote 

presence in a VE (Table 1). To create high social presence, factors such as behavioural and visual 

realism of the agents in the simulation must align (Yee et al., 2009). Pavic et al. (2023) found that 

both spatial and social presence were important mediators between immersion and subjective 

arousal during the elicitation of positive emotions. 

Of equal importance to presence is that of immersion. Cipresso et al. (2018) define 

immersion as to be concerning “the amount of senses stimulated, interactions, and the reality’s 

similarity of the stimuli used to simulate environments”, with Velana et al. (2022) describing 

achieving immersion as “… when individuals can interact with a digital world that is as real and 

similar to the real world as possible.” Slater & Sanchez-Vives (2016) provide an alternate 
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definition of immersion which focuses more on the physics of the system. They describe a system 

where it is possible to discern which of two systems is more immersive as follows: if system A 

can simulate the perspectives and experience of system B, but the reverse is not possible, A could 

be considered more immersive than B. For the purposes of the current research Slater & Sanchez-

Vives distinction will be used. 

 

Table 1 

Slater and Usoh (1993) systematic criteria to promote presence in a virtual environment. 

# Criteria 
1. High resolution information being presented to the appropriate sensory organs with the 

information received through channels to all sensory organs describing a consistent world. 
2. The information being free from signals that indicate the existence of the input devices, or 

display. 
3. A wide range of interactions based on movement of the subject’s sensory organs with the 

operator able to see the effect of moving his/her limbs in the VE. 
4. A high correlation between movements of the operator sensed directly and the actions of the 

representation of the person in the VE 
5. An ability to change the virtual environment. 
6. A similarity in visual appearance of the subject and their representation in the VE, including 

the subject’s identification between their own body with that of the representation. 
7. Adaptation through learning over time and thus an increase of subject familiarisation with the 

relationship between motor actions, controls, and feedback through the input channels to the 
senses. 

8. That the feedback loop from operator (use of motor effectors) to system to operator (the 
effects experienced by the operator as a result of operator actions) form a consistent and 
lawful whole (that is afference is lawfully related to efference). 

9. That the linkage between afference and efference be simple enough for the subject to be able 
to model the system over time. 

10. Objects in the VE that spontaneously respond to the subject. 
 

Brassel (2023) compiled a table (Table 2) demonstrating the levels of immersion and 

factors that can affect it (such as Field of View (FoV) and varying types of equipment). While a 

wide range of experiences are described, it should be noted that those with the lowest levels of 

immersion would not meet the definition of VR immersion for the current study. Level of 
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immersion is an important consideration, as research suggests that higher levels may elicit more 

positive emotions and/or greater arousal (Pavic et al., 2023). For example, in pain management 

trials, Velana et al. (2022) hypothesised that the stronger the feeling of presence and/or immersion 

in a simulation, the more effectively patients would be able to modulate their pain perceptions. 

 

Table 2 

Details About Levels of Virtual Reality Immersion 

Level of 
immersion 

Field of viewa Description, equipment/examples 

Immersive 
(high) 

Limited Aspects of the virtual environment (auditory, visual, tactile) are 
delivered via visual displays and speakers from a HMD. 

HMDs may also be combined with additional sensory inputs such as 
data gloves and/or body suits to provide haptic feedback, and 
changing smell/temperatureb,c. 

3D spatialised sound is also considered as a component of immersive 
VR systemsd. 

Semi-
immersive 
(low-
medium) 

Extended Semi-immersive systems provide a partial VR experiencee via large 
screen monitors or projectors, or multiple television 
projection systemsf. 

Shutter glassesf,g, CAVEs, and simulators (e.g., driving, flight)e are 
also examples of semi-immersive VR. 

Semi-immersive VR displays are typically fixed and provide wide 
angle displays over 60 degreesf. 

Non-
immersive 
(non-low) 

Surround Non-immersive VR systems display VEs via a high-resolution 
monitorg 

Users can interact with the VR by using standard devices including 
keyboards, mice and joysticksb,f. 

Note. From aMiller and Bugnariu (2016), b(Ma & Zheng, 2011), cFertleman et al. (2018), d(Schultheis et al., 2002), e(Martirosov 

et al., 2021), f(Kalawsky, 1996), and g(Costello, 1997) 

 

While presence and immersion are generally agreed upon in published literature on VR to 

be key factors, lack of universal definitions has created differing variables for measurement across 

studies in VR efficaciousness for various stimuli. Despite this, the consensus that most users of 

VR achieve differing levels of presence and immersion has justified the continued exploration of 

VR use in clinical and social interventions, which has informed the need for the current research. 
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Notwithstanding this, clearer understanding of these phenomena is key to improved VR research 

but are beyond the scope of the current study. 

Emerging Digital Environments: AR/MR/XR 

Alongside the modern developments in VR, there have been advances in related 

technologies that may cause confusion due to their similar nature and nomenclature. Augmented 

Reality (AR), Mixed Reality (MR; called Mixed Reality Interfaces (MRITF) by authors such as 

Cipresso et al., (2018), and Extended Reality (XR) share facets with each other, but the similarities, 

differences, and definitions, can be confusing, incompatible, contradictory, or in the case of XR, 

outright ambiguous (Rauschnabel et al., 2022). 

Augmented Reality, like VR, does not have one universally accepted definition. There are 

however a few common elements. Milgram and Kishino (1994) offer the definition “Augmented 

Reality (AR), which refers to all cases in which the display of an otherwise real environment is 

augmented by means of virtual (computer graphic) objects” (p.2). Other authors also point to the 

key components of: 1) information (especially visual) about the real world; 2) being added to, or 

augmented by, additional virtual information (Azuma et al., 2001; Bown et al., 2017; Pan & 

Hamilton, 2018). This process is usually implied/defined to approximate real-time (as close as 

technological constraints will allow), with interactivity being a common (but not universal) 

component (Azuma et al., 2001; Pan & Hamilton, 2018). The last component raised is that there 

is usually some kind of interaction between the real-world contribution and the virtual one (Azuma 

et al., 2001). One highly popular example of an AR experience was Pokémon Go (2016), an app 

that could be used on contemporary smartphones that utilises the inbuilt camera, touch screen, and 

GPS to interface with the external world whilst overlaying a virtual environment that is interactive. 

More powerful HMD devices for AR have since been developed, notably the Microsoft’s 
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HoloLens series (HoloLens 2, 2019). This type of AR device is designed for immersive and 

interactive computing both in the virtual and shared environments, be they face-to-face group tasks, 

or shared social tasks online. With its ability to seamlessly interface with existing Microsoft 

Operating Systems (O/S) and supplemental programs, HoloLens 2 is beginning to blur the 

definition of AR as its applications are now moving toward Mixed Reality (MR). 

Mixed Reality (MR) has been defined by Milgram and Kishino’s (1994) influential 

research to describe environments that sit on a continuum between the real-world environment, 

and completely virtual ones (Figure 6). Pan and Hamilton (2018) similarly describe MR as 

potentially including elements of both VR and AR.  

 

Figure 6 

The Virtuality Continuum 

 

Note. Adapted from Milgram and Kishino (1994). Created by Brassel (2023). 

 

Rauschnabel et al. (2022) highlight the confusion and differences between definitions in the 

current HMDs and their abilities that span between VR/AR/MR and put forward a framework 

under the concept of “xReality” (XR): a new term with the ‘X’ serving as a catch-all placeholder 

for any new form of interactive and immersive reality, that replaces “extended reality” entirely 
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(Figure 7). The authors describe the XR framework as separating “AR from VR based on whether 

the physical environment plays a role in the user’s experience or not” (p12).  

 

Figure 7 

Rauschnabel et al. (2022) on prior research "views" 

 

Note. AR = augmented reality; VR = virtual reality; MR = mixed reality; PMR = pure mixed reality; AV = augmented virtuality; 

AsR = assisted reality; 360 = 360° content 

 

It is important to highlight that there are a few technologies that may be called VR by other 

researchers, or the public, which do not meet the definition presented earlier in this chapter. Any 

2D or 3D media presented on a standard TV or computer screen would not meet the proposed 

definition as they lack the required immersion. Watching a traditional video (i.e., not 360° video) 

on a VR headset may not count if the experience does not have a sufficiently immersive quality. 

This final class of technology consists of simple simulations and simulators, usually displayed on 

a standard screen assisted by more task specific peripherals such as a steering wheel or the switches 

and dials of an aircraft cockpit. A very early example of this type of device is provided below in 

Figure 8: A LaserTour™ system from Perceptronics, which was available in 1982 for US$20,000 

(Humanoid History, 2020).  
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Figure 8 

LaserTour™ advertising material 

 

Note: LaserTour comprised of an exercise bike, LaserDisc player, and rear screen video projector. From computerloverecords 

(2022)  

 

Thus far in this chapter, it has been necessary to define, delineate, and provide examples of 

contemporary VR/AR/MR and the emerging XR model to demonstrate the application and 

increasing development of the technology in the digital era of computers. However, it is important 

to understand how VR came into existence, in order to lead the reader into the need for the current 

research in workplace settings for stress management. 
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Brief History of VR 

The history of virtual, also known as artificial, realities starts far earlier than the popular 

novelty of the 1990s. Authors such as Bown et al. (2017) point to the building-scale panoramas 

(Figure 9) of Robert Barker (1739 – 1806) starting in the late 1700s. A purpose-built rotunda gave 

visitors options to see large and medium 360° paintings of landscapes. Unlike traditional paintings 

these panoramas gave viewers a greater feeling of presence, with some even feeling something 

akin to what would later be coined ‘cybersickness’.  

 

Figure 9 

Robert Mitchell's Panorama plans (1801) 

 

Note. Mitchell (1801)  
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Another technology that could be seen as an early predecessor to HMDs were certain kinds 

of stereoscopic images and their associated viewing devices. Invented in the 19th century, some of 

the core principles behind these (such as each eye receiving its own, slightly offset image) are still 

used in modern VR (Bown et al., 2017; Paro et al., 2022).  

Morton Heilig (1926 – 1997) was considered a pivotal figure in the history of VR. In the 

1950s Heilig created a HMD called the ‘Telesphere Mask’. It was able to display stereoscopic 

video, provide sound via headphones, and even included air discharge nozzles to simulate 

movement (Bown et al., 2017; Paro et al., 2022; Brassel, 2023). The Telesphere Mask, however, 

lacked the ability for users to change their field of view (FoV). It can be argued however that 

Heilig’s most well-known contribution to the development of VR is the Sensorama (Bown et al., 

2017; Cipresso et al., 2018; Paro et al., 2022). The Sensorama was similar in size to an arcade 

cabinet, and in addition to showing a stereoscopic film, had peripherals including stereo speakers, 

vibrating chair, and even fans and scent generators (Cipresso et al., 2018; Paro et al., 2022). The 

most famous Sensorama experience was based on a motorcycle ride through New York City, with 

the chair vibrating to give the experience of riding the motorcycle, with smells evoking a road and 

even a bistro (Bown et al., 2017). Despite all these sensory stimuli, it was still a passive experience 

for the user.  

Another instrumental step on the road to modern day VR is the Sword of Damocles system. 

Created by Ivan Sutherland, with his HMD being able to provide head tracking alongside 

computer-generated transparent wire-frame graphics – in this case a cube that would react 

appropriately to the user’s head movements (Sutherland, 1968). Given that the Sword of Damocles 

created the illusion that a cube was floating in the same room as the user, it should more 

appropriately be classified as an AR device. Regardless, it was still a vital antecedent to modern 
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VR. During this time and through to the early 1980s groups such as NASA, The US Air Force, 

and various research centres were putting together more and advanced VR systems (Cipresso et 

al., 2018). For example, in the mid-1980s NASA Ames developed the VIEW (Virtual Interface 

Environment Workstation) VR system that included a HMD with head tracking, wide FoV, and 

audio system, but also included speech recognition software, gloves with tactile and positioning 

sensors, and body tracking (Fisher et al., 1987; Slater & Sanchez-Vives, 2016). 

The 1980s saw the development of technology much closer to what VR is like today. Jaron 

Lanier was not only integral in the founding of VPL (Virtual Programming Languages), one of the 

pioneers of VR, but is also said to have coined the term ‘VR’ (Bown et al., 2017; Brassel, 2023). 

Alongside a range of software, VPL created the DataGlove (a glove that allowed limited tracking 

of finger and hand movements that allowed the user to interact with and traverse the VR program), 

the EyePhone (the first commercial HMD), and a full body DataSuit (for full body tracking), as 

well as a fully integrated system called RB2 (Reality Built for Two) that allowed two or more 

people (each with their own headset) to experience a virtual environment at the same time, as well 

as see each other’s avatar (Lanier, 2017; Bown et al., 2017). One of the major issues with these 

devices was cost. The EyePhone cost more than US$10,000 in the 1980s, with the RB2 costing 

millions (mostly due to the custom computers) (Lanier, 2017). This, along with other limitations 

such as the weight of the HMD, prevented VPL’s products from entering the consumer market. 

That said, Lanier and VPL worked with Hollywood, research labs, and entertainment companies 

to create and inspire a wide range of interest in VR. 

During the 1990s Virtual Reality became more than just a tool for researchers. Both Sega 

and Nintendo invested in the consumer VR HMD market. While Sega never moved past 

prototyping, Nintendo went on to release the Virtual Boy in 1995, an unfortunately poor quality, 
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eyestrain and headache inducing experience that was eventually deemed a potential health risk to 

young children (Bown et al., 2017). This is not to say that research was not progressing during this 

time. One of the biggest developments from the 1990s was the creation of CAVE by Cruz-Neira 

et al. (1993), technology still used today. By the end of the 1990s however, it appeared that VR 

was still deemed by mainstream technology producers as a novelty or fad, given costs and poor-

quality experiences, leading to VR failing to gain a foothold in global markets. For comparison, 

the 1990s also saw the release of the Nintendo 64 and the Sony PlayStation for home gaming, both 

of which proved far more popular, profitable, and accessible than VR.  

In the early 2010s VR began to return to the mainstream. 2012 saw the successful 

crowdfunding of the Oculus Rift, a new HMD intended for gaming (Bown et al., 2017). Oculus 

went from the $2.5 million raised, to being purchased by Facebook (now Meta) for $2 billion two 

years later. Other large companies today have invested heavily in consumer VR, including Google, 

HTC, Sony, and Valve. Since the 2010s, several generations of devices have been released, 

showcasing advances in technologies such as lens quality, storage capacity, and reductions in 

weight. A wide market of software has followed, with gaming experiences being joined by 

streaming apps such as those that allow watching of sports or movies, to apps that allow viewing 

of famous places of natural or cultural significance. The door has also been opened to apps for 

training, therapy, and even the development of “serious games” (Michael & Chen, 2005; 

Valmaggia et al., 2016; Cheng et al., 2019). 

With the rapid development of newer, mobile and cheaper, VR devices, and decades of 

existing research on its applications for health issues, the current research posits the consumer and 

workplace acceptability of VR is approaching an intersection where personal VR devices may be 

acceptable for stress management in workplace settings during breaks. The current research 
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undertook a scoping review of the literature around existing studies focused on VR and stress and 

how they could be adapted to workplace settings. This research is presented as a published journal 

article in Part 2 of this chapter and will provide the reader with in-depth understanding on the 

importance of the proposed studies presented in this thesis. 



 

55 

 

 

 

 

 

Part 2: A Scoping Review of the use of Virtual Reality in 

Workplace Settings and its Impact on Stress 

 

Matthew Naylor, B.PsychSc, Brad Ridout, PhD, and Andrew Campbell, PhD 

 

DOI: 10.1089/cyber.2019.0287 

 

  



 

56 

Abstract 

Workplace stress is a growing problem that can have significant mental health and financial 

impact for workers and their employers. There is a growing body of evidence supporting the 

efficacy of Virtual Reality (VR) treatments for stress and anxiety, however no reviews of VR 

to date have looked specifically into the use of VR for this purpose in the workplace. This 

scoping review aimed to identify available evidence in this environment (i.e. workplace) and 

investigate whether using VR might reduce workplace stress levels. The academic databases 

CINAHL, Medline, Proquest, PsychINFO, PubMed, Scopus, and Web of Science were 

searched using terms focused on VR, stress or relaxation, and workplaces. Results from the 

papers reviewed demonstrate a wide variety of study designs and techniques, with a general 

indication that the interventions reduce stress. Commonalities, differences, and levels of 

workplace focus are examined. Areas for future studies are highlighted, and the importance of 

the unique contributions VR can make to stress reduction in the workplace is identified as a 

gap in the research to be filled. 

 

Keywords: Virtual Reality, Workplace, Stress, Scoping Review 
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Introduction 

Virtual Reality (VR) is continuing to rise in the consumer market as its benefits as a 

useful tool for research, work, and recreation are better understood. A recent article in Forbes 

titled “2019: The Year Virtual Reality Gets Real”1 puts this rise into perspective – “Worldwide, 

VR market volume is expected to reach 98.4 million sales by 2023, generating an installed base 

of 168 million units with a worldwide population penetration of 2%.”. These numbers suggest 

that we are not seeing a repeat of the VR-as-fad of the 80s, but instead that VR is here to stay. 

As distinct from Augmented Reality (AR), VR can be thought of as a primarily visual 

experience (normally paired with appropriate audio) created and displayed entirely via a 

computer program and specialised screens. VR experiences can be interactive (e.g., the user 

can influence the world they are viewing using devices like controllers) or passive (e.g., like 

watching a movie). Definitions can vary as to what counts as VR, but authors such as 

Wiederhold and Bouchard2, and Howard3, stress “immersion” and “presence” as key features. 

This review will be using a definition of presence based on the work of Slater and Usoh4, i.e., 

presence is “the extent to which a subject allows themself to be convinced that they are 

somewhere other than where they physically are, determined by the images, sounds and 

physical sensations provided by the virtual environment”. 

Medicine and health is one of the driving areas for VR advancement. Just a sample of 

areas to utilise VR include body image5, distraction from chronic pain6, the treatment of 

gambling addiction7, improving the clinical skills of military battlefield personnel8, and the 

treatment of sexual assault survivors9. Such is the interest in VR research that a growing 

number of systematic reviews and meta-analyses have been published, with examples from 

recent years including Dascal et al.10 who evaluated VR interventions in acute inpatient 

settings; Freeman et al.11 who investigated the potential for VR in mental health care; and 
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Howard3, who conducted a meta-analysis of different hardware and software aspects of VR 

interventions. 

One of the key health approaches adopting VR research is the focus of preventative 

health. Preventative health interventions such as meditation, relaxation, and breathing 

techniques are recognised by the Australian Psychological Society as beneficial for 

psychological stress and anxiety conditions12,13. Relaxation and meditation techniques are 

increasingly being found to be beneficial interventions for both clinical and sub-clinical 

psychological health and wellbeing14,15. There is also growing evidence to suggest that VR can 

be a very effective medium that can produce feelings of relaxation in users16,3 without outside 

distraction, and that in general VR is efficacious and well tolerated by patients across a wide 

range of clinical settings10. 

This review aims to examine VR as a tool in the workplace to reduce stress. Workplace 

stress is a growing issue, with the Australian Psychological Society’s 2014 edition of the 

“Stress and wellbeing in Australia survey” identified that one-in-four Australians reported 

moderate-to-severe levels of stress, with 44% of the 1020 respondents rating issues in the 

workplace as a source of stress17. These authors also report finding a decline in factors such as 

job satisfaction and overall workplace wellbeing compared to 2011 results. Workplace stress 

at numbers like this can have major financial implications, even at a national economy level. 

Fotinatos-Ventouratos and Cooper18 report that workplace stress cost the UK £3.7 billion in 

2005 alone, while Kalia19 argues that per annum costs of stress in the USA range from $42 

billion, up to $150 billion if factors such as absenteeism and lost productivity are included. 

Another factor is employee turnover, with one conservative estimate by the US Bureau of 

Labor Statistics placing the average cost of replacing an employee at $13,996 USD20, with this 

number including costs that arise from job vacancy and new training. Turnover has been linked 

in multiple studies to job dissatisfaction and work-life balance (WLB) concerns21, and while in 
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many instances people leave their job for reasons such as retirement, O’Connell and Kung20 

suggest that approximately 89% of turnover is in order to find another job. One damaging 

outcome that may begin with poor WLB and ends in turnover is burnout. 

Mamidenna and Viswanatham22 use Pines and Aronson’s23 definition of burnout as “a 

state of physical, emotional and mental exhaustion caused by emotionally demanding 

situations” (p. 55). Burnout has been linked not only to turnover but also non-participation, 

absenteeism, counterproductive work and even aggressive retaliation22. Several studies have 

connected burnout to acts like workplace sabotage, theft, interpersonal aggression, and 

hostility24,25,22, which can result in not only financial loss to the employee’s company, but may 

also risk harm to customers or clients. Employees’ abilities to cope can be worn down by high 

job demands, low job control, and prolonged periods of reactivity, brought on by intensification 

and extensification factors resulting in poor WLB. Burnout can further negatively interact with 

WLB leading to a negative spiral26. 

Improving things at this stage is not an easy task; while a person in this position can 

seek professional treatment there is no quick fix for the effects of workplace stress and resultant 

declining mental health. Indeed, for some, the road is even more difficult, with Bystritsky27 

reporting that, of those that seek treatment for anxiety, 40% do not respond to standard 

treatments such as Selective Serotonin Re-uptake Inhibitors (SSRIs) and Cognitive 

Behavioural Therapy (CBT). Even when effective, SSRIs and other drugs like sedatives can 

have major negative side-effects28. Strains on finances, time and energy can further hamper 

this process, especially without a clinical diagnosis. To minimise both the personal cost to 

employees and the financial costs to businesses, researchers and policy makers must turn to 

organisational level interventions for instigating new options for workplace stress reduction. 

VR and other tech-based interventions are already being explored by businesses, with 

Howard3 reporting that workplace training applications alone generated US$2.4 billion in 
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revenue in 2012, with projections of US$6.7 billion for 2017. None of the systematic reviews 

of VR to date have looked specifically into using VR to reduce workplace stress. Given this, a 

review of the evidence base regarding the possible benefits of VR in this area is needed to guide 

and support spending of this magnitude, as well as identify research gaps that need to be 

addressed in order to provide a greater scientific evidence-base for the uptake of VR aimed at 

preventative stress reduction interventions in the workplace. 

For the purpose of this review, VR devices and studies will be restricted to devices that 

prioritise “immersion” and “presence” as features (based on the findings of studies such as 

Howard2), meaning that Head Mounted Devices (HMDs; such as the Oculus Rift) and CAVE 

Automatic Virtual Environment (CAVE) systems would qualify (as they offer near-complete 

control over visual and auditory stimuli, promoting a strong sense of presence and immersion 

in the virtual world29), while studies that rely solely on standard computer screens or 

projections would not. 

 

Method 

 Given that Virtual Reality in aid of stress reduction is a developing area, and that non-

clinical applications are a subset of that number, a scoping review was carried out to examine 

the body of research currently available. Arksey and O’Malley30 provide a framework to 

conduct such a review when a full systematic review would be untenable, and this method has 

been used to great effect by a number of authors (e.g., Dodemaide et al.31). We follow the same 

5 step framework30,31 in this review. 
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Stage 1: Identifying the Research Question 

Based on an initial unsuccessful attempt at a systematic review, it was determined that the 

broader scope of a scoping review would be the better tool to examine this developing topic. 

Our research questions were therefore as follows: 

 

1) What peer-reviewed experimental research exists that examines stress reduction (and/or 

relaxation promotion) in non-clinical populations via immersive virtual reality? 

2) What (if any) commonalities can be drawn from these studies? 

3) How much of this body of research is applicable to use of these interventions in a 

workplace setting? 

4) What are the implications for the development of the field? 

 

Stage 2: Identifying Relevant Studies 

The following databases were systematically searched for this review: CINAHL, 

Medline, Proquest, PsychINFO, PubMed, Scopus, Web of Science. These were chosen to 

ensure perspectives and research beyond traditional cyberpsychology. Given the rapidly 

changing and evolving technology at the focus of this topic, a limiting start date was set at 2016 

to ensure useful comparisons across recent generations of VR technology. As can be seen in 

Figure 1, 2139 papers were returned. 
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Figure 1 

Study identification flowchart. 
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Stage 3: Study Selection 

All studies were required to be available in English and were required to be published 

in peer-reviewed journals. Protocols without data were excluded, as were opinion pieces and 

editorials. Included articles were required to contain “Virtual Reality” as well as either “stress” 

or relax* in their title, abstract, or keywords. Articles that used incompatible definitions (e.g. 

calling video content projected onto a 2D monitor “immersive VR”) or unrelated homonyms 

(e.g. mechanical stress) were removed. A final total of 22 articles were selected for examination 

and analysis (Fig 1). The primary author was supervised by the other members of the team 

during this stage. 

Stage 4: Charting the Data 

The synthesising of common themes from the chosen articles was undertaken by MN 

under the guidance of BR (Table 1).
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Table 1 Summary of Scoping Review articles 
Reference Year Country Pub type Population Rough Aims Measures Example Findings Workplace 

Ahmaniemi et al.39 2018 Finland Conference Undefined Adults 
(4) (office 
workers) 

Compare VR nature 
scenes to audio only for 
stress reduction 

Objective 
+ 
Subjective 

Questionnaire responses revealed that participants 
got significantly better distracted from work 
related thoughts and duties in the full VR 
condition. 

Y 

Anderson et al.38 2017 USA Journal Healthy 
population (18) 
(students) 

Evaluate immersive 
natural settings using VR 
to reduce stress + improve 
mood. Neutral indoor 
control vs 2 natural 
settings 

Objective 
+ 
Subjective 

Reductions in electrodermal activity from 
baseline were greater at the end of the natural 
scenes compared to the control. The natural 
scenes reduced negative affect from baseline but 
control did not. Modified Reality Judgment and 
Presence Questionnaire (MRJPQ) scores for the 
control scene were lower than both natural 
scenes. Preferred scene reduced negative affect > 
2nd choice, and 1st choice had > MRJPQ than 
2nd. 

N 

Blum et al.44 2019 Germany Journal Healthy 
population (60) 

HR biofeedback 
traditional vs with VR, as 
well as effects of 
relaxation self-efficacy, 
focus on presence, 
attentional resources, 
cardiac results, and 
reduction in "mind 
wandering" 

Objective 
+ 
Subjective 

While both conditions were comparable for 
cardiac performance, with VR condition buffered 
perceived stress in subsequent stressor task, 
increased relaxation self-efficacy more, reduced 
mind wandering, helped participants focus on the 
present moment, and helped preserve attentional 
resources. 

N 

Cikajlo et al.32 2017 Slovenia Journal Healthy 
population (4) + 
Clinical (4) 

Test VR mindfulness with 
cloud technology 

Objective 
+ 
Subjective 

Employees showed high Mindful Attention 
Awareness Scale scores, considerable reduction 
in high-frequency movements less than 0.34 Hz, 
particularly with the 360-degree video. 

N 
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Reference Year Country Pub type Population Rough Aims Measures Example Findings Workplace 

Gao et al.41 2019 China Journal Healthy 
population (120) 
(students) 

Examinate of VR on 
stress and preference via 
different urban 
environments 

Objective 
+ 
Subjective 

The results showed that the six environments had 
positive restorative effects on attentional fatigue 
and negative mood; however, all the participants 
obtained the highest levels of physiological stress 
restoration when asked to close their eyes for 
relaxation. EEG showed no difference between 
groups. Negative mood was the only variable 
with significant differences: "partly open green 
space" had the most positive effect on negative 
mood and "closed green space" the worst. Strong 
correlation between preference and improvement 
to mood. 

N 

Hedblom et al.42 2019 Sweden Journal Healthy 
population (117) 

Test effect of VR + 
soundscapes on 
arousal/stress 

Objective 
only 

No significant difference in stress recovery was 
found between the soundscapes. All three 
soundscapes, however, significantly reduced 
stress. 

N 

Huang et al.52 2020 China Journal Healthy 
population (89) 
(students) 

Examine effects of 
different types of VR 
environments on stress 

Objective 
+ 
Subjective 

The grassy environment had the greatest effect on 
positive affect. Skin conductance levels during 
the second half of VR immersion were 
significantly lower in both the grass and tree 
environments than in the concrete-only 
environment. 

N 

Kanehira et al.40 2018 Japan Conference Undefined Adults 
(8) (students) 

Examine combination of 
music therapy and VR on 
relaxation 

Objective 
+ 
Subjective 

No p values given. Alleged reduction in 
"uneasiness state", largest value was VR + 
favourite music. Face scale suggests 
improvement in mood in all but "no stimulus". 
Questionnaire suggests positive results. 

N 

Kiefl et al.45 2018 Germany Conference Healthy 
population (74) 
(students) 

Compare effects of 
graphical styles on 
emotional states 

Subjective 
only 

Both styles can have a relaxing effect, neither 
rendering style is superior, and prior experience 
with VR may influence relaxation. 

N 

Koinuma & 
Ohkura.46 

2019 Japan Conference Healthy 
population (6) 
(students) 

Compare relaxation 
effects of watching nature 
scene using head-

Objective 
+ 
Subjective 

Bio-signals (electrocardiogram) and saliva α-
amylase values lower (i.e., more relaxed) after 
watching scene on HMD compared to 2D 
monitor (p<.01). Saliva α-amylase values after 

N 
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Reference Year Country Pub type Population Rough Aims Measures Example Findings Workplace 

mounted display (HMD) 
vs 2D monitor  

stress task significantly reduced after watching 
HMD (p<.05) but not 2D monitor.  

Kosunen et al.47 2016 Finland Conference Undefined Adults 
(43) (students) 

Test RelaWorld system, 
VR vs not, neurofeedback 
or not, 2 meditation types 

Subjective 
only 

VR + neurofeedback = best performance on 
meditation depth and presence. No significant 
difference between meditation types. 

N 

Liszio et al.48 2018 Germany Journal Healthy 
population (62) 
("mostly" 
students) 

Examine if VR + natural 
environments provide 
relaxation during acute 
stress 

Objective 
+ 
Subjective 

The VR group experienced significantly lower 
stress and higher positive affect than the desktop 
group and a control group. Claim that high 
immersion results in less anxiety 

N 

Maarsingh et al.33 2019 The 
Netherlands 

Journal Healthy 
population (111) 
+ Clinical (64) 

Examine if VR + real 
time biofeedback could 
aid training stress-is-
enhancing mindset 

Subjective 
only 

Both groups had more positive stress mindset 
post-test 

N 

Perhakaran et al.49 2016 Malaysia Journal Undefined (30) Examine meditation 
effectiveness for VR 
(with audio elements) 
stress therapy with EEG 
(vs non-VR) 

Objective 
only 

Both conditions lowered stress but the virtual 
reality participants were observed to be in a better 
meditation state compared to the imaginary 
participants at the end of the study 

N 

Rockstroh et al.36 2019 Germany Journal Healthy 
population (68) 

Test feasibility and 
advantages of VR HR 
variability biofeedback 
(VR HRV-BF vs 2D 
HRV-BF vs Control (10 
min nature vid) 

Objective 
+ 
Subjective 

Both the VR and 2D version of HRV-BF were 
equally effective in increasing short-term HRV. 
However, the VR-based implementation was 
associated with higher motivation and helped 
users better maintain attentional focus. 

N 

Soyka et al.50 2016 Germany Conference Undefined Adults 
(21) 

Test VR + breathing 
based relaxation, 
underwater scenes vs 
jellyfish only) 

Objective 
+ 
Subjective 

Overall participants were relatively relaxed 
already before VR exposure. Participants in 
underwater scene condition were more relaxed 
before and after than control. Both groups had 
improved relaxation after VR. HR suggests both 
conditions equally effective. 

N 

Straßmann et al.37 2019 Germany Conference Undefined Adults 
(41) (students) 

Evaluate their design, 
tested VR vs not, 

Subjective 
only 

In progress results. Participants overall had a 
positive attitude towards VR technologies, no 
feelings of simulator sickness. Mental state less 

Y 
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Reference Year Country Pub type Population Rough Aims Measures Example Findings Workplace 

"Napshell" vs normal 
deck chair 

negative after relaxation phases. Participants in 
VR reported "escape from reality" (enhanced 
relaxation), more common from those in 
Napshell. Authors indicate "people want to adapt 
the method to their own needs and preferences" 

Thoondee & 
Oikonomou.51 

2018 England Conference Undefined Adults 
(32) (office 
workers) 

Compare effectiveness of 
2 VR modes for break 
time stress management 

 

Subjective 
only 

Participants enjoyed the relaxation experience, 
felt more relaxed after using the application and 
responded favourably to the idea of using VR for 
relaxation at work as well as combining relaxing 
virtual environments with work related activities. 

Y 

Tinga et al.54 2019 The 
Netherlands 

Journal Healthy 
population (60) 
(students) 

Test effectiveness of 
respiratory biofeedback 
(w/ meditation) in 
lowering arousal after 
stress in VR. 

Objective 
+ 
Subjective 

Reduction in arousal (on all outcome measures 
combined and HR specifically) was largest in the 
control feedback placebo condition, in which no 
biofeedback was used, indicating that respiratory 
biofeedback had no additional value in reducing 
arousal. 

N 

Wang et al.43 2019 China Journal Healthy 
population (96) 
(students) 

Explore effects of 
different VR forest 
environments on stress 

Objective 
+ 
Subjective 

All conditions provided some level of relaxation. 
Most natural environment did not have the most 
significant effect on stress relief. 

N 

Yin et al.53 2019 USA Journal Healthy 
population (30) 
(students) 

Compare 3 levels of 
biophilic design vs 
open/closed workspaces 
on stress/creativity 

Objective 
+ 
Subjective 

Biophilic elements linked to lower stress and 
higher creativity.  

Y 

Zhu et al.59 2019 China Conference Healthy 
population (13) 
(students) 

Compare impact of VR 
scenes with music, 
identify stress-relevant 
features, and establish 
EEG model for stress 
evaluation. 

Objective 
+ 
Subjective 

Self-rating scale suggests participants felt 
relaxed, EEG suggests positive effects of VR 
scenes with music. 

N 
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Stage 5: Collating, Summarizing, and Reporting the Results 

Publications were collated and mapped to include outcomes related to stress reduction or 

problems of achieving significant findings. This was undertaken by MN under the guidance of AC 

and BR. 

 

Results 

Twenty-two studies have been published since 2016 that met the criteria for the search. 

From those, supporting evidence for the research questions have been provided in sections below. 

General Features 

Of the 22 studies, half (11) were published in 2019, with 2018 being the next most populous 

with 5. Distribution of studies was more even geographically, with thirteen (59.09%) studies 

conducted in Europe, seven (31.82%) in Asia, with only two (9.09%) in North America. Nine 

papers (40.91%) came from conferences with the rest from traditional journals. In terms of sample 

population thirteen (59.09%) reported used university students in at least part of their sample while 

only two (9.09%) specifically looked at workers. Seven (31.82%) of the studies did not appear to 

use any screening apart from selecting for adults, and an equal number had a total sample 

population of less than 30. While two studies (Cikajo et al.32 and Maarsingh et al.33) did include 

clinical populations, they also contained experimental data and results derived from healthy adults, 

and so were included in this study with examination looking just at the non-clinical results. Finally, 

17 (77.27%) experiments were conducted in a single session (some with participants in within 

subjects designs, while others only took part in a single condition), with the remaining five 

(22.73%) having participants return for at least one additional session. 
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Commonalities from Aims 

The selected studies all in some way explored the use of VR (often in tandem with some 

other technology) to reduce stress/arousal. The most prominent similarity was found to be the use 

of natural environments and landscapes (both real world and artificial) to investigate any aid to 

relaxation, which were used in 18 (81.82%) studies. VR environment factors (e.g., amount, 

concentration, and type of plant life, or office structure) were explicitly explored in the aims of six 

(27.27%) studies. Biofeedback was examined as component of VR relaxation interventions 

featured frequently (40.91%) as a major component of the interventions. These components of 

intervention delivery included heart rate (HR), breathing, and EEG-based neurofeedback.  

Commonalities from Measures, Instruments, and Results 

Nearly all the included studies used a common, commercially available HMD such an 

Oculus Rift, HTC Vive, or Playstation VR. Most other studies used a mobile phone-based system 

like the Samsung Gear VR. No CAVE VR setups were reported. A sizable majority (81.82%) of 

studies employed at least one objective measure (e.g., HR), and one subjective measure (published 

or bespoke) in order to analyse any change in stress, or other factors such as immersion. While 

some published measures (e.g., The Positive and Negative Affect Schedule (PANAS)34 and the 

State-Trait Anxiety Inventory (STAI)35) were used in a few of the selected studies (four and five 

studies, respectively), 18 different questionnaires and measures were only used in a single study. 

In terms of objective and biological measures, twelve (54.55%) examined HR (or variations) or 

blood pressure, four (18.18%) used EEG data, five (22.72%) looked at skin conductance, and three 

(13.63%) processed samples of salivary α-amylase. The common finding that can be drawn from 

the results in these selected papers appears to be that relaxation tends to be reported after a stress-

reduction activity, and this frequently occurs in both experimental and control groups. 
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Workplace Focus 

While many of the experimental interventions could potentially find use in a workplace 

setting, only four (18.18%) of the selected papers had a dedicated focus on workplace stress.  

 

Discussion 

This scoping review identified 22 papers that examined non-clinical stress and/or 

relaxation VR interventions. While this modest number is indicative of the developing area, the 

skew towards more recent publications suggests that there is a definite, growing interest in non-

clinical, evidence-based stress reduction VR applications.  

Commonalities Between Studies 

Relaxation Effects Over Time and User Preference 

One of the major findings from this review was that participants tended to show some 

level of relaxation post-test, regardless of intervention type. This factor, combined with the 

number of studies taking place entirely within one session, raises the issue of potential novelty 

and or placebo effects. This concern is however noted by some of the authors33,36,37 of the 

included articles. Of the studies that sought participant feedback, there appears to be a possible 

trend reported among participants that the use of VR technology for stress reduction shows 

promise and would be something they are interested in seeing more of (if not outright declaring 

interest in using it for themselves). Authors like Anderson et al38 and Straßmann et al37 flag the 

importance of participant choice and requirement for interventions to be adaptable to user choice. 

While not surprising, this user feedback can greatly help inform future intervention designs. 
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Environment 

One of the biggest points of commonality was the use of natural scenes (both natural or 

artificial). While it was expected that studies would largely utilise commercially available 

relaxing nature-themed 360° videos38,39,40, researchers chose to either make their own 

footage41,42,43 or use computer generated environments33,36,37,44-51. Two groups can be drawn from 

this:  

Impacts of Urbanisation, Urban Green Spaces, and Biophilia. Gao et al41, Hedblom et al42, 

Huang et al52, and Yin et al53 are all concerned with the impacts of the built environment. Gao et 

al41 and Hedblom et al42 are concerned with the impacts of urbanisation and urban green spaces 

(UGS), with urbanisation characterised as something that separates people from nature41, and both 

studies link decreased availability of UGS to mental and physical ailments. Both these studies 

aimed to explore the restorative effects of VR UGS, and both found reduction in stress regardless 

of condition, however neither bird song, nor any specific tested environment was vastly more 

restorative than controls. 

 Huang et al52, and Yin et al53 both discuss the importance of biophilia in design, with the 

latter defining biophilia as “an innate connection to nature which may affect our health and 

productivity”. Huang et al52 focused on the effects of trees, grass, or concrete on a user’s 

experience, finding a preference for non-concrete environments and support for the importance of 

UGS. Yin et al53 focused entirely on the workplace environment and endeavoured to see how 

varying amounts of plant life (alongside open versus more closed office designs) in a virtual office 

could impact stress-reduction and creativity. The urban focus of this group is almost the opposite 

of the next group. 
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Immersive Natural Scenes. Anderson et al38, Blum et al44, and Liszio et al48 all have the 

words “immersive” and “nature” or “natural” in their titles and as part of the focus of the studies. 

Wang et al43 take a slightly different focus and discuss the emergence of “forest therapy” as an 

intervention, which they define as “a health promotion method that is based on the forest 

environment and activities such as walking and rest” and claim that is growing in popularity in 

China. These studies collectively cite a wealth of evidence to suggest that natural scenes and 

environments (or specifically forests43)) provide relaxation and other wellbeing benefits.  

These two groups highlight one of the current key focuses in current non-clinical 

relaxation interventions: the duality between the benefits of natural VR settings on stress and 

wellbeing, paired with the detrimental effects raised by urban environments, and in the case of 

Yin et al53, workplaces specifically. While an immersive natural environment or UGS alone is 

not sufficient to be an effective intervention, it does signal to future researches that this area may 

be a valuable starting point. Finally it should be stressed that the research influence from 

disciplines such as urban planning, architecture, and design provide a valuable multidisciplinary 

perspective to help give breadth to cyberpsychology research, especially given the current focus 

on clinical research.  

Biofeedback 

As reported previously biofeedback was used in concert with VR as a core aim of nine 

papers. While Tinga et al54 reported partial-null results, other authors reported that there were 

some additional benefits that come from VR and biofeedback. Given the importance and 

commonality of devices like EEGs and HR monitors as objective measures in this field, it is 

likely that studies involving combining biofeedback and VR will increase in number. 
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Exploratory Research 

One of the strongest commonalities within the selected papers was revealed in the nature of their 

design: the predominantly exploratory, feasibility, or pilot level of the current body of research. 

All of the selected papers fit into this category, and beyond any quality or “risk of bias” (RoB) 

assessment, it is clear that current research is in a very mixed place. This will be discussed further 

in the differences section below.  

Differences 

While examining study quality and RoB is the domain of a Systematic Review55 it would 

be remiss to not remark at least on some level about the disparate nature of the selected studies 

designs. Study designs ranged from being described as “as a double-blind, randomized, controlled, 

between-subjects, laboratory experiment”44 to a feasibility study with no control or comparison51. 

Given the variety in different measures (especially subjective questionnaires) used it is clear that 

no standardised or dominant testing regime for non-clinical stress reduction in VR has yet been 

established. This variety also means that synthesising common outcomes (e.g. stress ratings, 

qualitative feedback) for inter-study comparisons can be more difficult, subjective, if possible at 

all. In a related vein, not all designs utilised any kind of stressor, which lead to authors such as 

Ahmaniemi et al39 saying of their study “The results reported in this paper are based on a study 

that consisted of only 4 participants that were not particularly stressed in the first place” (p209). 

The implications of testing stress-reduction interventions solely on non-stressed participants, as 

part of a design aimed at non-clinically stressed users, are concerning. Of those designs that did 

involve a stressor, the variation was quite large. Stressors included “mild electric shocks” as well 

as variations based on the Stroop test56 and the Trier social stress test (TSST)57, including a virtual 

version of the TSST48. 
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There were also differences in sample populations across the studies with seven (31.82%) 

had a total sample population of n < 30, while three (13.64%) had n > 100. Several of the studies 

made no mention of any participant screening process. Many studies looked at prior experience 

with VR, with most participants reporting being largely unfamiliar with VR, although Kiefl et al45 

being were an exception. This is important because if there is a powerful novelty factor associated 

with the positive effects of VR, future studies must investigate it specifically, with (at minimum) 

a second/repeat session. Given that many of these papers involved only a single session, this could 

be (and has been acknowledged by some authors to be) a possible confound. 

One positive for this area of study is that some studies42,54 are being published with partial-

null results, which is important given that publication bias is a well-known issue55. Less 

promisingly, some of these published papers present their conclusions based on incomplete or 

otherwise in-progress research. While this is far from ideal, it must be stressed that early research 

designs like these are not without value. Indeed, even the Cochrane Handbook55 makes the case 

for the situational importance of exploratory designs, saying that “Reviewing non-randomized 

evidence can give an estimate of the nature, direction and size of effects.” (ch21, p594). The claims 

being made by these papers provide future directions of study for this intervention type, rather than 

definitive treatment outcomes. That being said, this area of research must eventually move towards 

repeatable, full scale, robust experiments, even if high complexity designs such as double-blind 

RCTs are unfeasible for the short term.  

Applicability to Workplace Settings and General Implications 

Of the 22 included studies, only four (18.18%) of the selected papers had a dedicated focus 

on stress in the workplace. In light of this review it is reasonable to conclude that there is a gap in 

the literature on this topic that should be filled as a matter of some importance. As discussed 
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previously, stress in the workplace has a growing cost, for individuals and their work-life balance, 

health, and general wellbeing, as well as for business who want to increase productivity while 

avoiding factors like burnout, turnover, and a bad public image. Given the success in providing 

meaningful distraction from clinical pain6 it seems reasonable to believe that there may be similar 

or transferable benefits when giving users a chance to mentally “step away” from their stressful 

work, but more research is needed. 

Limitations 

This scoping review was limited by several factors. First, this area of study could be 

considered quite niche, necessitating the use of reasonably strict search and sorting protocols. As 

is often the case, it is possible that articles were missed, despite the number of databases searched. 

This is further compounded by the search only examining papers available in English, and the 

ongoing issue of publication bias surrounding null or negative findings. Second, this area of study 

is a relatively new one. As this review found, there are limited prior works to draw upon.  

Areas for Future Study and Implications for the Field 

With only four of the 22 selected studies fitting the designated criteria of this review it 

follows that the field of workplace VR interventions for stress and relaxation warrants further 

exploration. Ideally, future studies would employ a RCT (or robust non-RCT that includes a 

separate control condition) design with the specific aim of examining stress reduction in the 

workplace via VR interventions that have been designed to fit in with work life (e.g., for use during 

breaks). Future studies should seek to employ objective measures such as heart rate to complement 

subjective qualitative and quantitative metrics, with full statistical reporting included wherever 

possible, ideally with a mind to the establishment of robust standardised techniques. The results 

of this review suggest that future studies should have the identification of any placebo and or 
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novelty effects as a cornerstone of their design. One such step should be aiming to repeat sessions 

over time if possible. Factors such as intervention length, device differences (e.g., dedicated HMD 

versus phone-based), age and sex or gender effects are all important areas to expand upon. 

Additionally the importance of participant choice and requirement for interventions to be adaptable 

to user choice cannot be overstated. 

Given the current bias towards nature-based interventions a broader array of stimuli will 

need to be investigated to identify what unique contributions VR can make to relaxation (e.g., how 

much influence immersion has versus a passive experience), with an ideal endpoint being an 

experience that is engaging enough to stave off boredom, but not be so engaging as to thwart the 

effect of relaxation. It is important that this topic continues to see more exploratory investigations 

that take these factors into consideration, from which a sizeable knowledge base can develop for 

health benefits in workplaces that are affordable and accessible for work force wellbeing. Finally, 

given the rapid changes in technology, there may be cause for a change in the way 

cyberpsychology research is published, with peer-reviewed avenues that feature quicker 

turnaround times (e.g., conferences) as something to be explored. 

Conclusion 

Expanding the parameters of this article into a scoping review has allowed us to capture 

the broader snapshot of not just why this area is important, but also that the case is ready to be 

made that VR is here to stay, and research must be undertaken to explore what is effective (or even 

detrimental) to improving workers’ abilities to cope with workplace stress using VR. The 

Cyberpsychology Research group at The University of Sydney will now be leading the exploration 

of this area over the years 2017-2020, with the aim of expanding on pilot investigations58 towards 
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establishing an initial evidence base what factors can help or hinder the use of VR as a break-time 

stress reduction intervention.  
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CHAPTER 4: METHOD 

Study 1 Overview 

The study followed a 2x2x2 mixed methods design investigating the effects of a 20-minute 

VR intervention versus a control on heartrate and mood, pre-test versus post-test, over two sessions. 

The qualitative questions were examined under a thematic analysis framework. Heart rate data was 

collected via a generic wireless heart rate monitor. Eight participants who were employees at The 

University responded to flyers and word of mouth to take part in this experiment.  

Participants each took part in two, 60-90 minute sessions, with the second session between 

7 and 14 days after the first. Experimental sessions took place at either the employee’s desk, or a 

comparable space at The University. Participants were randomly allocated without their knowledge 

into either the 360° group or the 2D group and were not made aware of the other condition until 

after their final session. Participants were able to select one of two stimuli in their group, and while 

participants had the option to experience the same stimuli twice, three (two from the 2D condition, 

one from 360°) chose to experience the two different options. Participants answered pre and post-

test surveys for each session. During the pre-test section of each session a Stroop test was 

administered as a stressor. Participants were debriefed at the end of the second session. Eight 

participants completed this study before it was prematurely terminated due to the onset of the 

COVID-19 pandemic and related health measures. 

Study 2 Overview 

After the onset of the Covid-19 pandemic it was no longer possible to safely conduct in-

person testing. As a result, a second exploratory online study that could be completed remotely 

was designed, in order to safely survey a larger population on their understandings of VR and its 

potential for relieving stress in the workplace. A total of 128 participants took part in the survey. 
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Participants were asked general demographic questions as well as questions about their work and 

workplace. They were then asked about their current knowledge of VR and were presented with 

19 Likert-scale questions on their existing views about VR. After being shown a brief educational 

video, these questions were asked again to measure whether the education video impacted on 

attitudes towards and knowledge of VR. Three participants failed to complete some of the later 

questions, so the sample size for these later questions is n = 125. The latter questions touched on 

issues such as break times, stress, and receptiveness to stress reduction interventions in the 

workplace. The final section of the survey contained eight open-response questions to further 

examine participants’ thoughts and expectations about VR use in the workplace and for stress 

reduction, as well as probing possible roadblocks to implementation such as privacy issues. 

Study 1 

Participants 

For this study, the target participant group was self-selected adults with current (defined as 

“within the last two years”) work experience in an office environment. The exact job type was not 

as important as the environment in which it is undertaken. There was interest in capturing a sample 

made up of a wide range of ages, SES, genders, and levels of expertise in their field, in order to 

give an accurate snapshot of workers in society. Participants included academic staff, 

administration staff, and HDRs. Prior experience with VR was not required (although participants 

had the chance to describe their prior experience, if any), nor was expertise with computers, apps, 

or games.  

Potential participants with serious visual and/or auditory disabilities, conditions that would 

prohibit taking deep breaths, or any form of visually triggered epilepsy, were excluded on the basis 

of risk to the participant and/or concerns about ability to complete the tasks required of the study. 



 

84 

Those under the age of 18 were also excluded due to the population of interest being adults. All 

participants indicated their consent via an online form at the start of each session. Ethics approval 

was sought and approved (#2017/968; see Appendix A1). 

Participants were invited to participate in the study via a number of methods, including 

word of mouth, campus posters, and online university announcements. In order to maximise 

recruitment, an incentive of $20 (in the form of a gift card) was offered for those who completed 

both sessions of the experiment. 

Materials 

Experimental sessions took place in office spaces at the University of Sydney (at the 

participant’s work desk where possible or a comparable space nearby). An Oculus® Go (Oculus 

VR, LLC, Menlo Park, CA, USA) was used to provide participants with a VR experience for both 

conditions (see Chapter 3, Figure 4). The advantages of the Oculus Go include its light weight and 

its cordless, portable design that does not require a powerful graphics card to run. It cost around 

AUD$300-$400 (at time of purchase, October 2018), which is considerably less than a non-

standalone system like the HTC Vive pro (AUD$1200+). While it is not capable of running the 

most advanced VR programs, the Go was quite suitable for displaying the kind of media that is the 

subject of this study’s goals (affordable relaxation aids) and thus the kind of device that could 

likely be used in offices. For audio delivery, a Hyper X Cloud Flight wireless gaming headset was 

used (without microphone attachment). While the Oculus Go does have its own speaker system, 

the noise-cancelling over the ear headphones were selected to ensure better immersion while also 

more closely simulating potential in-office use.  

The 360° condition utilised clips from Atmosphaeres, a company that provides nature and 

travel VR and 360° stock videos (Atmosphaeres, n.d). The two clips were “Red Rock Beach Waves 
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Rolling Close Up” (Clip ID 379; 1:33 mins) and “Cascada Da Pedra Ferida Waterfall” (Clip ID 

285; 2:00 mins). A screenshot from each can be seen below as Figures 10 and 11 respectively. 

Following instructions from Atmospheres (private correspondence), each of these files were 

looped to create 20-minute experiences.  

 

Figure 10 

Screenshot from “Red Rock Beach Waves Rolling Close Up” Clip 
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Figure 11 

Screenshot from “Cascada Da Pedra Ferida Waterfall” Clip 

 

 

The 2D condition videos were sourced from two YouTube videos, from each of which a 

20-minute section was taken to make up the two options. The waterfall clip was taken from “3 

Hours Relaxing Nature Video for Yoga - Beautiful Stream Waterfall Video & Sound HD” (Natural 

Videos- Relaxing, 2018), and the beach clip was taken from “4K Tropical Beach - Relaxing Sea/ 

Ocean Wave Sounds & Ultra HD Nature Video - Meditate/ Yoga/ Sleep” (TheSilentWatcher, 2017). 

See Figures 12 and 13 respectively below. 
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Figure 12 

Screenshot from “3 Hours Relaxing Nature Video for Yoga…” Clip 

 

Figure 13 

Screenshot from “4K Tropical Beach …” Clip 
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For each condition, stimuli scenes were chosen that showcased relaxing scenery with 

natural soundscapes, with minimal human presence. Scenes were matched between conditions as 

closely as possible, with all participants choosing between a beach scene and a waterfall/river 

scene. A growing body of research has demonstrated that viewing videos of natural scenes can 

have relaxing effects when using both VR (e.g., Valtchanov et al., 2010; Ahmaniemi et al., 2017) 

and non-VR (Bielinis et al., 2020; Nadkarni et al., 2017) hardware. One of the benefits of choosing 

non-traversable 360° and 2D videos is that the chance of the user experiencing any motion or 

simulation sickness is greatly reduced compared to fully immersive VR simulations (Nalivaiko et 

al., 2015). 

Heart rate (HR) was monitored using a Finger Pulse Oximeter, model M160, (Shenzhen 

Fitfaith Technology Co., Ltd, n.d) finger-mounted wireless photoplethysmography device placed 

on the non-dominant hand. Data was sent via Bluetooth to a Samsung Galaxy 4 mobile phone 

running an ARSTN Pulse Oximeter app (Shenzhen Arystone Technology Co., Ltd, n.d), then saved 

online. Finger-mounted devices have been used in several VR studies (Nalivaiko et al., 2015) and 

are not as invasive for the participant as chest-mounted devices. The wireless nature was 

additionally sought to minimise any potential distraction to participants. Objective measures such 

as HR are important to give context to what participants are experiencing in concert with, or even 

in contrast to, subjective assessments, and have been used in many comparable studies (e.g., 

Nalivaiko et al., 2015; Naylor et al., 2019; Pavic et al., 2023; Riches et al., 2021; Velana et al., 

2022.) 

A Dell® Latitude™ (7290) laptop (12.5” display size) (Dell Inc, Round Rock, TX, USA) 

was used in this experiment in conjunction with a standard optical mouse to deliver information 
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and consent information, surveys (pre and post), and the Stroop Task (see below). Participants 

could use either the touch pad, mouse, or both when completing surveys. 

All experiment sessions took place in similar standard office environments (i.e., a work 

desk, office chair, office lighting) and in all but one case participants were able to utilise an office 

chair that had the ability to rotate at the participant’s desire, except for a participant in the 360° 

condition during their first session (Figure14). In each session participants were asked to complete 

pre-test and post-test surveys. While some questions were repeated pre- and post-intervention (e.g., 

PANAS; see below), others (such as demographic information) were only asked once.  

 

Figure 14 

An Example Office Environment 

 

Note. As can be seen, this testing instance did not have a swivelling office chair  
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Session 1 Pre-test Survey. The first pre-test survey contained an explanation and 

confirmation of consent as well as simple demographic questions (e.g., age, education, gender). 

Participants’ status as being employed in an office job (or being a student) within the last two years 

was also confirmed here, along with some additional short questions about workspace and time 

spent at a desk. Questions regarding disruptions in medication, other substances that could 

influence heart, or recent exercise were also asked to identify possible influences on results. 

Participants were asked to briefly describe any prior experience they have had with VR or, in the 

alternative, describe if there was any reason that they had not previously tried VR beyond either 

lack of interest or opportunity. 

Participants were asked a selection of Likert-type questions regarding feelings of stress and 

anxiety versus feelings of relaxation and calm over the last 6 months and last 7 days in order to 

gain some background on the participants while also examining for potential outliers. They were 

then asked to complete a Positive and Negative Affect Schedule (PANAS) (Watson et al., 1988) 

(see below for more information). While the investigator was close by while the participant 

answered survey questions, they deliberately busied themselves with tasks so as to ensure 

participants did not feel scrutinised. 

Session 1 Post-test Survey. The first question after engaging with the VR experience for 

the first time was an open ended “first impression” question, to facilitate unprompted thoughts 

from the participant regarding their experience. Questions were then asked to establish if the 

participant consciously felt that the experience aided their relaxation, as well as a question 

regarding any prior experience with meditation, mindfulness, breathing exercises or muscle 

relaxation exercises. Participants were asked to complete the PANAS once again. Following this, 

participants were asked questions regarding feelings of motion sickness, nausea, or any extended 
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periods in which they closed their eyes. Additional probes were asked about specific parts of the 

equipment, setup, or program that may have negatively impacted their ability to relax, and if they 

had any suggestions for improving the experience. 

There were some final questions that further explored participants’ work life, specifically 

asking if short breaks (other than lunch breaks) were allowed to be taken at work, and if so, how 

long and could they be taken freely. Participants were again asked how honest they felt their 

responses had been. These questions were asked at the end to avoid priming the participant towards 

thinking of the experience in terms of how relaxing they found it. A secondary function was to 

give the participant more time post-test to see how their HR changed (if at all) after the session. 

Session 2 Pre-test Survey. Once again participants were asked about substances or 

exercise that could interfere with heart rate. They were then asked an open-ended question 

regarding whether they had had any further thoughts regarding their VR experience, stress, or 

relaxation. Participants were again asked a Likert-type question regarding feelings of stress versus 

relaxation over the last 7 days (however questions regarding the last 6 months were omitted as 

they were redundant), before being requested to complete another PANAS. As in previous sessions, 

the pre-test ended with a question asking how honest participants felt their responses had been. 

Session 2 Post-test Survey. After completing the experimental portion of the second 

session participants were asked “Now that you have completed the session twice, have your 

feelings towards the experience changed since last time?”. They were then asked a Likert-type 

question asking if they felt more relaxed or stressed after using the VR program. Participants were 

given an open-ended option to talk about aspects of the experience that helped them relax, then 

asked to complete a final PANAS. After the PANAS a series of open-ended questions were asked 

regarding whether the participant felt there were any benefits and/or hurdles to the development 
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and implementation of workplace VR interventions, as well as what changes they would make to 

the experience to increase the likelihood of them using one at work. Further questions asked if the 

participant would support the use of stress reduction interventions at work, and what kinds they 

would be most likely to engage with. Participants were again asked questions related to nausea, 

extended eye closure, and negative impacts to their experience, and what could be changed about 

the VR experience to be more relaxing. The open-ended questions were analysed using a thematic 

content analysis framework, as used by Parsons and Newcomb (2007) and Naylor et al. (2019). 

All surveys and data were hosted online using REDCap® (Harris et al., 2009; Harris et al., 

2019) and all data was analysed using IBM® SPSS® (Version 24.0 for Windows; SPSS Inc., 

Chicago, IL, USA). 

PANAS. Both pre-tests also included the Positive and Negative Affect Schedule (PANAS) 

(Watson et al., 1988). The PANAS is used in a diverse range of research situations and is widely 

cited (Harmon-Jones, et al., 2009; Naylor et al., 2019). Watson, Clark, and Tellegen’s (1988) 

PANAS reports reliability scores of α > .80 for both the positive affect (PA) and negative affect 

(NA) scales and significant stability in scores even in “moment to moment” ratings. This is 

bolstered by the provision of normative data. The PANAS was used to identify signs of relaxation 

by measuring changes in participant affect. 

Stroop Test. A Stroop test (or Stroop task) was utilised based on the original design by 

Stroop (1935). As used in Naylor et al. (2019), the test consisted of the colours red, blue, green, 

brown, and purple in an ordered table of 100 answers as the counterpart to a PowerPoint 

presentation for the participant (for Stroop materials see Appendix B). The word/colour 

combination answers in the table were restricted so that every word-colour combination appeared 

an equal number of times and that no colour could appear more than twice in a row. The 
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PowerPoint presentation contained instructions, eight trial slides, and the test itself and was 

controlled entirely by the investigator: the participant only provided verbal responses. In both 

sessions this test was given before participants engaged with their assigned condition. In addition 

to the instruction slides participants were also provided instructions verbally by the investigator, 

who further explained the task if the participant was uncertain. 

As described in Naylor et al. (2019), while the Stroop test is normally used as part of a 

neuropsychological battery or related psychological investigations, this experiment instead used it 

as a non-invasive, non-harmful stressor in order to raise HR to simulate the physiological arousal 

of stress. This state of “stress” provided an initial baseline (as used in Kao et al., 2014; Naylor et 

al., 2019) to better examine the effect of the experimental manipulations. 

Procedure 

Each experimental session was conducted by a single investigator in the participant’s office 

workspace where possible (i.e., if they were located at the University of Sydney), or in a nearby 

office workroom. All studies took place during weekdays between the times of 8:30am and 5:30pm. 

These factors promote improved internal validity and repeatability for this experiment, given the 

corresponding hours of most office workers. Participation took approximately 47 minutes on 

average to complete all tasks, with times ranging from 35 minutes to 70 minutes. In all cases, 

however, the time spent using the Go was strictly kept to 20 minutes and the Stroop test to 2 

minutes.  
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Session 1. The procedure for each condition was the same, with the only variation being 

the instructions for the different conditions. At the start of the first session the participant would 

read the consent information and ask the investigator if they had any questions. Once consent was 

given via selecting a response on the survey page displayed on the laptop, the investigator fitted 

the heart rate reader to the participant’s non-dominant index finger. Participants were then directed 

to complete the pre-test survey. Upon completion the Stroop task was explained to the participant, 

with the goal of getting as many items correct as quickly as possible highlighted in order to create 

a safe stressor. Participant’s scores on the Stroop were recorded and relayed to the participant, 

however, they had no bearing on the study. 

At this point participants were given different instructions depending on whether they were 

in the 2D or 360° video condition, though both conditions included offering a choice of a beach 

scene or a waterfall scene. Each participant was given basic instruction about using the Go (e.g., 

“You don’t have to keep your eyes open the whole time”; “you are able to look around if you 

wish”; “try to ensure you don’t make any extreme movements”) and were aided by the investigator 

to ensure the Go was worn properly. They were then allowed a fixed 20 minutes of time using the 

experience of their choice. At the end, the investigator aided participants with the removal of the 

Go. Participants were directed back to the laptop in order to complete the post-test survey. Once 

they had finished, the HR monitor was removed, and the session was concluded. 

Session 2. The procedure for session 2 was identical to session 1, with the addition of a 

full debrief and explanation of the experiment at the conclusion of the session.  
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Study 2 

Participants 

Participants for this study were adult English speakers who have been employed within the 

last two years. Participants were offered a chance to conduct the online survey via snowball 

recruitment that was seeded on Twitter and Discord social media platforms. Although 196 people 

accessed the survey, only 125 provided useable responses. 

Power Analysis. A power analysis using the G*Power computer program (Faul, et al., 

2007) was conducted to calculate the sample size required to answer the primary research question 

of the current study. Basing the analysis on a power of .8 and an α error probability of .05, a sample 

size of at least 90 respondents was needed to detect a small to medium change in opinion (d = 

0.30), using a paired samples t-test. 

Ethics Approval. Ethics approval was sought and approved (#2020/793; See Appendix 

A2). 

Procedures and Measures 

Social media posts were made on Twitter and Discord in order to initiate snowball 

recruitment. Those who saw the post could click the non-unique link to navigate to the REDCap 

page in order undertake the survey. It was also possible for those looking at the posts to share it 

with others, even if they themselves did not attempt it. The survey was left open between 

08/04/2021 and 06/08/2021 for a total of 120 days. The educational video was embedded into the 

survey page and did not require additional popups or navigation. For complete survey, see 

Appendix C. 
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All surveys and data were hosted online using REDCap® (Harris et al., 2009; Harris et al., 

2019) and all data was analysed using IBM® SPSS® (Version 24.0 for Windows; SPSS Inc., 

Chicago, IL, USA). 

Demographics. Demographic questions asking gender, age, country of residence, highest 

level of education, current employment situation, and geographical area that work is located. For 

full breakdown of question-and-answer options see Appendix C. 

Basic Workplace Information. Participants were asked to describe their occupation, some 

regular duties that would be undertaken on an average workday, and if they were in an 

employer/management role or an employee role. They were also asked to describe the nature of 

their work environment (e.g., “open plan style desk”). Participants were asked how many hours 

per day they worked on average, as well as how many hours were spent at a desk. A potential VR 

intervention client who spends little time at a desk on a given day may be a poorer fit than one 

who spends a majority of their time at one. Finally, participants were asked if they consumed more 

stimulating products like caffeine (in coffee, tea, soda, etc) during workdays in comparison to non-

workdays. If a preponderance of workers are consuming more stimulants on workdays than their 

days off, this may be a factor that future studies need to take into account – for both direct 

experimental issues (e.g. effect on heart rate) to more global health concerns. 

Existing Virtual Reality Knowledge and Views. 5-point Likert-type scales were used to 

ask participants how they would rate their skill and confidence at using mobile and wearable 

devices (e.g., smartphones, tablets, smart watches), and how they would rate their knowledge and 

understanding of VR at the current moment. An additional question asked participants how many 

times they had used VR technology within the last 5 years. This information provided a snapshot 

of existing user knowledge, confidence, and behaviours that, when examined with the information 
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below, can help guide where educational efforts should be directed. 

Pre-Video Virtual Reality Views. Participants were presented with a list of statements and 

asked on a 5-point Likert-type scale how much they agreed or disagreed. Some questions were 

positively worded (e.g., “I think that, with a bit of education, using a VR device would be no more 

difficult than learning to use a smart phone”) while others were worded negatively (e.g., “I do not 

believe that VR has applications beyond novelty and gaming uses). Rather than being presented in 

blocks of positive and negative, the questions were randomly assorted so as to minimise any 

unwanted effects. 

Educational Video. A brief (5 minutes, 20 seconds) educational video was selected from 

a range of publicly available online videos aimed at people with low to moderate knowledge about 

VR (I Am Your Target Demographic, 2016). This video was selected to see if those unfamiliar with 

VR would change any of their views after some introductory education. 

Post-Video Virtual Reality Views. Participants were asked the same questions as they 

were in the pre-video section, with the only difference in presentation being that the questions were 

in a different order. Capturing any changes in attitude after a brief education could be valuable for 

any future VR intervention implementation efforts. 

Wellbeing. Participants were asked a binary choice yes/no question investigating if they 

believed there was value in the development of 15–20-minute VR stress reduction programs for 

work. This information will be useful in guiding future education and deployment initiatives. Five-

point Likert-type scale questions were presented asking how participants would rate their 

knowledge and understanding of VR as a tool for stress reduction and wellbeing enhancement, as 

well as to indicate how receptive they would be to the inclusion of a VR stress reduction 

intervention at their workplace, with an additional question asking how likely it was that the 
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participant would actually use such an intervention if offered. Given the exploratory nature of this 

study, it was important to examine a wide array of participant viewpoints for data that could help 

drive future research direction. 

A further set of questions enquired about participants’ abilities to take breaks at work, 

starting with a binary choice yes/no question asking if they are able to take short (30-minutes or 

less) breaks, excluding meal breaks. If participants answered yes, there were asked two additional 

questions: where they able to choose when to take breaks (yes/no), and how long, on average, they 

would take breaks for. Participants were then asked to select the minimum amount of time they 

felt they would need to have a rejuvenating break at work, from 5 minutes to 60 minutes. While 

any debate on whether or not non-meal rest breaks should or should not be mandatory is beyond 

the scope of this study, the availability of break time is a highly important factor when it comes to 

the feasibility of “break time” interventions that do not punish the user in other work facets e.g., 

workload completion. 

The next set of Likert-type questions looked at how stressed participants felt on an average 

workday and if participants felt that their current or most recent work impacts their wellbeing. This 

was followed by two Likert-type scale questions looking at support and perceptions at work – 

asking participants how supportive they thought management would be in allowing staff to take 

VR relaxation breaks at work, and how supportive/unsupportive they thought other co-workers 

would be of someone using a VR relaxation break at work. Identifying how stressed and supported 

participants felt at work are key components to properly identifying the need for stress reduction 

in workplaces. 

This section was concluded with questions asking participants which of the listed 15–20 

minute relaxation programs they would try to use to de-stress if feeling stressed at work. 
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Participants were able to select multiple options, or none at all. Options included more “traditional” 

solo break activities such as going for a walk, organised/structured group relaxation activities such 

as a guided meditation workshop, as well as solo or group VR activities (see Appendix C for full 

list of options). The types of relaxation activities preferred by participants will be useful in shaping 

the nature of any future interventions. 

Open-Ended Questions. As this study sought to capture a wide array of participant 

viewpoints, qualitative open-ended questions were asked to capture aspects of their beliefs and 

experiences not covered by the Likert-scale questions. The first open-ended question asked about 

the participant’s prior experience with traditional relaxation techniques such as meditation, as well 

as a brief description on their level of experience. If they had no prior experience, the participant 

was asked if engaging in such techniques was something they had wanted to do, but as yet had not. 

The next question was a chance for the participant to provide their thoughts on why they thought 

VR was not commonly used in workplaces, and what barriers to update they see. Participants were 

then asked to comment on any concerns they had regarding privacy (a factor highlighted in Naylor 

et al., 2019) and were given a chance to offer ideas to mitigate these issues. 

To examine if there may be preference for workers to use their own mobile phone versus a 

dedicated VR device, the participant was asked if they had preference for using one or the other 

for a VR relaxation activity, and if so to elucidate on why. Participants were next asked if they 

believed that workers should have to use a program approved by the workplace, or if they should 

be free to use a program of their choosing. This question was followed by one in which the 

participant was asked if there were any specific kinds of programs or scenarios that they felt would 

be valuable stress reduction tools. 
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The participant was asked about what changes they felt could be made to their workplace 

that would make them more likely to explore VR technology for relaxation. The open-ended 

questions were analysed using a thematic content analysis framework, as used by Parsons and 

Newcomb (2007) and Naylor et al., (2019). 
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CHAPTER 5: RESULTS 

Study 1: Experimental Pilot Study of VR Stress-Reduction Intervention 

Descriptive Statistics 

Demographics. Eight participants – five females (62.5%) and three males (37.5%) – 

volunteered their time over two sessions for this study. The mean age of participants was 34.38 

years (SD = 7.86). All participants reported their country of residence was Australia. 

Education. Two (25%) participants reported their highest level of education was 

completing high school (year 12). Three (37.5%) reported completing a Master’s degree or 

equivalent, and three (37.5%) reported attaining a PhD or equivalent degree. 

Employment. Seven (87.5%) of the participants described their employment situation as 

full-time (> 35 hours a week), with one participant selecting ‘Student’ to best describe their current 

situation. This participant reported that they had been employed in an office job within the last 2 

years, and therefore met the inclusion criteria. The seven currently employed participants all 

worked in higher education and/or research, in desk jobs such a researcher, analyst or, 

administrator. A full listing of reported occupations and duties is available in Appendix D. 

Style of Office. All participants reported they worked in an open plan style office, with 

one participant (12.5%) specifically mentioning “hot desks”. One participant (12.5%) described 

primarily working between two different office locations, four participants (50%) mentioned 

working in meeting/breakout rooms, and one (12.5%) mentioned occasionally working from 

home. 

Hours Worked and Desk Time. Participants reported working an average of 7.75 hours 

(SD = 0.71) on a normal workday. When asked specifically to estimate how many hours they spent 

at a desk, the average reported number of hours was 6.25 (SD = 1.04). 
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Work Breaks. All participants in this study reported that they were able to take breaks 

(beyond major mandated breaks such as for meals) and all were able to choose freely when they 

could take them. Participants reported generally taking breaks from between 3 and 20 minutes (M 

= 11.63, SD = 5.04) in duration. 

Prior Experience with Mindfulness and/or VR. All participants suggested at least 

minimal exposure to mindfulness and/or relaxation techniques. Two (25%) specifically mentioned 

use of a mindfulness app/program. One (12.5%) participant mentioned prior use of meditation 

music. One (12.5%) participant mentioned undertaking mindfulness sessions as part of formalised 

mental health care. From these responses, it appeared that mindfulness practice by this cohort 

seemed to generally be an infrequent/occasional activity, rather than something for every day. Six 

out of eight participants indicated having some prior experience of VR, however in each case, this 

was only brief (e.g., at a gaming arcade, at a VR exhibition). 

VR Usage at Work. Two participants (25%) reported that they would not use a VR 

relaxation intervention at work. Of the six participants (75%) who reported that they would use a 

VR intervention at work, four (50%) qualified their answer with conditions that would need to be 

met:  

 

“Enough time to take a break for it.” – Participant 1 

“If the image quality improves vastly.” – Participant 2 

“Addition of background music. Stabilisation of the loop track sound. Removing the colour 

jumping. Only if the 20-30mins was in addition to my lunchbreak, not in place of part of 

it.” – Participant 3 

“There would need to be a closed off dedicated area to do it.” – Participant 4 
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When asked if they would support the introduction of a VR relaxation/wellbeing 

intervention at work, regardless of if they would personally use it, all participants answered in the 

affirmative. Half of the participants specified that they would support its use only if it was offered 

somewhere private and out of the way. 

Preferred Relaxation Methods. Participants were asked to tick boxes (or leave blank) to 

indicate which types of relaxation activities they would undertake at work if given the chance. 

Five (62.5%) participants indicated they would be interested in using a private VR experience to 

relax at work. A traditional (i.e., guided medication, yoga) group class option was also selected by 

five (62.5%) participants. Three (37.5%) participants reported that they would take up the offer of 

time and space to engage in a private traditional relaxation activity. Two (25%) participants were 

interested in trying a group VR relaxation experience, and two (25%) participants indicated that 

they would not use any of the listed options at work. 

When asked about the reasoning for their choices, two (25%) participants spoke about their 

experience with traditional relaxation methods, two (25%) voiced concerns about being around 

other people when trying to relax, and two (25%) clarified that they would look to other methods 

to resolve issues of stress at work than those presented. One (12.5%) participant made the 

following observation regarding private VR relaxation: 

 

“[Private VR is] an easy option that does not require any knowledge or practice.” - 

Participant 1 

 

Initially a log-linear analysis of participants’ preferred relaxation methods was intended, 

however due to the modest number of participants this analysis was not possible (Field 2013).  
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Stress and Relaxation. 

Session 1. When asked how they were feeling over the last 7 days (in terms of being 

stressed and/or relaxed), the majority (62.5%) of participants responded that they had experienced 

a roughly even mix of time feeling stressed and relaxed (Figure 15). 

 

Figure 15 

Participant Feelings Over Last Seven Days 

 

 

Participants were then asked to compare how stressed they felt in the last 7 days compared 

to on average over the last 6 months (Figure 16). Half of the participants reported that in the last 7 

days they experienced noticeably less time feeling stressed than average, with 37% feeling 

noticeably more stressed than average, and one reporting feeling about the same as average. 
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Figure 16 

Stress Over Last 7 Days Compared to Average Feelings of Stress Over the Last 6 Months 

 

 

Participants were also asked a similar corresponding question regarding their feelings of 

relaxation over the last 6 months compared to the last 7 days, with a majority (62.5%) reporting 

feeling an average amount of time feeling relaxed (Figure 17). 
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Figure 17 

Relaxation Over Last 7 Days Compared to Average Feelings Over the Last 6 Months 

 

 

When asked how they were feeling after using the VR experience compared to how they 

felt the day before, half of the participants reported feeling slightly more relaxed than stressed, 

with an additional 25% describing feeling much more relaxed than stressed (Figure 18) 
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Figure 18 

Feelings of Stress/Relaxation After 1st VR Session Compared to Day Before 

 

 

Session 2. After session 2, participants were again asked to compare how they felt after 

using the VR intervention compared to how they were feeling on the day before, with 37.5% 

feeling at least slightly more relaxed than stressed after session 2, and 50% feeling a roughly even 

mix of stress and relaxation (Figure 19). 
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Figure 19 

Feelings of Stress/Relaxation After 2nd VR Session Compared to Day Before  

 

 

Positive and Negative Affect Schedule (PANAS) X 

Repeated measures ANOVA analyses were used to test the hypothesis that participants 

would report more positive and/or less negative affect after a VR session compared with before, 

while also seeking to determine if a 360° video had a greater impact on mood than a 2D one. Given 

the modest sample size of this study, any statistical analysis must be interpreted with caution.  

Positive Affect. 

Session 1. A repeated measures ANOVA was conducted to test whether time (i.e., pre-test 

versus post-test) or condition (360° versus 2D) had a significant impact on participants’ scores on 

the PANAS X Positive Affect (PA) measure. A significant main effect was found for time (F(1,6) 

= 14.66, p = .009) in Session 1, indicating a reduction of PA scores from pre- (M = 34.25, SD = 
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4.46) to post-test (M = 27.38; SD = 6.37) across conditions. A significant interaction between time 

and condition as also found (F(1,6) = 8.15, p = .029), indicating the reduction in PA from pre- to 

post-test was significantly greater for the 360° condition (35.00 – 23.00 = 12.00) compared to the 

2D condition (33.50 – 31.75 = 1.75). Please see Table 3 below for full results. 

 

Table 3 

PANAS X Positive Affect Scores 

PANAS  
Positive Affect 

360 2D Across conditions 

M SD M SD M SD 

Session 1 Pre-test 35.00 5.23 33.50 4.20 34.25 4.46 

Session 1 Post-test 23.00 4.08 31.75 5.19 27.38 6.37 

Session 2 Pre-test 30.75 4.50 31.50 6.19 31.13 5.03 

Session 2 Post-test 27.25 8.30 27.50 5.20 27.38 6.41 

 

Session 2. A separate repeated measures ANOVA was conducted for Session 2, to test 

whether time (i.e., pre-test versus post-test) or condition (360° versus 2D) had a significant impact 

on participants’ scores on the PANAS X Positive Affect measure during their second visit. This 

time, there was no significant change between pre- and post-test scores, neither across nor within 

conditions. For means see Table 1 above. 

Session 1 Compared to Session 2. A 3-way repeated measures ANOVA was conducted to 

test whether the differences seen in session 1 and 2 were significantly different to each other. A 

significant 3-way interaction was identified, (F(1,6) = 9.39, p = .022), indicating that the effect of 

condition (360° vs 2D) in reducing PA post-test was significantly greater in Session 1 

(approximately 10 points greater post- minus pre-intervention difference for 360°) compared to 
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Session 2 (almost no difference; see Figure 20). 

 

Figure 20 

Three-Way Repeated Measures ANOVA for Positive Affect 

 

 

Negative Affect. 

Session 1. A repeated measures ANOVA was conducted to test whether time (i.e., pre-test 

versus post-test) or condition (360° versus 2D) had a significant impact on participant’s scores on 

the PANAS X Negative Affect (NA) measure. A significant main effect was found for time (F(1,6) 

= 6.70, p = .041) in Session 1, indicating a reduction of NA scores from pre- to post-test across 

conditions. However, there was no significant interaction between time and condition, as there was 

a similar reduction for scores in the 360° and 2D conditions (see Table 4 below). 
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Table 4 

PANAS X Negative Affect Scores 

PANAS  
Negative Affect 

360 2D Across conditions 

M SD M SD M SD 

Session 1 Pre-test 18.25 3.78 18.00 5.35 18.13 4.29 

Session 1 Post-test 12.50 4.36 13.25 3.95 12.88 3.87 

Session 2 Pre-test 15.75 2.50 19.00 4.69 17.38 3.89 

Session 2 Post-test 12.50 2.65 14.00 3.65 13.25 3.06 

 

Session 2. A separate repeated measures ANOVA was conducted for Session 2, to test 

whether time (i.e., pre-test versus post-test) or condition (360° versus 2D) had a significant impact 

on participants’ scores on the PANAS X Negative Affect measure during their second visit. Again, 

a significant main effect was found for time (F(1,6) = 7.80, p = .031), indicating a reduction of NA 

scores across conditions from pre- (M = 17.38; SD = 3.89) to post-intervention (M = 13.25; SD = 

3.06). All other results were non-significant. For means see Table 4 above. 

Session 1. Compared to Session 2. A 3-way repeated measures ANOVA was conducted to 

test whether any differences seen in session 1 and 2 were significantly different to each other. 

There was no significant 3-way interaction between time, condition and session on NA. 

“Serenity” and “Fatigue” Variables. The PANAS positive and negative affect measures 

are made up of a number of different subscales, two of which were of specific interest to the goals 

of this study and the investigation of relaxation and stress: ‘Serenity’ and ‘Fatigue’. Two repeated 

measures ANOVAs were conducted to test whether time (i.e., pre-test versus post-test) or condition 

(360° versus 2D) had a significant impact on participant’s scores on the PANAS X Serenity (Table 

5) and Fatigue (Table 6) measures. There was a very slight increase in serenity scores from pre- to 
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post-test in both sessions and both conditions (see Figures 21 and 22), however none of these 

changes were significant. There was however, a significant change in Fatigue across conditions in 

session 2 (but not session 1), F(1,6) = 6.86, p = .04, with scores post-intervention (M = 9.13; SD 

= 3.18) significantly lower than pre-intervention (M = 11.13; SD = 3.52). There were no significant 

interactions between time and condition for either measure in either session. 

A 3-way repeated measures ANOVA was conducted to test whether any differences seen 

in session 1 and 2 were significantly different to each other. There was no significant 3-way 

interaction between time, condition, and session on serenity or fatigue. 

Table 5 

PANAS X Fatigue 

PANAS  
Fatigue 

360 2D Across conditions 

M SD M SD M SD 

Session 1 Pre-test 10.25 3.95 13.25 2.63 11.75 3.50 

Session 1 Post-test 11.75 5.91 10.50 2.52 11.13 4.26 

Session 2 Pre-test 10.25 4.11 12.00 3.16 11.13 3.52 

Session 2 Post-test 7.25 2.36 11.00 2.94 9.13 3.18 

 

  



 

113 

Table 6 

PANAS X Serenity 

PANAS  
Serenity 

360 2D Across conditions 

M SD M SD M SD 

Session 1 Pre-test 9.50 2.52 8.50 1.29 9.00 1.93 

Session 1 Post-test 10.00 4.08 10.25 1.71 10.13 1.77 

Session 2 Pre-test 9.25 1.26 8.75 2.36 9.00 1.77 

Session 2 Post-test 10.25 3.59 10.25 1.26 10.25 2.49 

 

Figure 21 

Fatigue Session 1 Means 
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Figure 22 

Fatigue Session 2 Means 

 

 

Heart Rate 

Due to the low sample size and variability in time each participant took to complete each 

section of the study, an in-depth statistical analysis of heart rate data was not possible. Instead, a 

basic descriptive approach was employed to see if there was any indication of an effect. The mean 

heart rate for each participant was taken for each section of the experiment (i.e., pre-test, Stroop 

test, Experience, and post-test) and plotted on Figures 23 and 24 below. 

0

2

4

6

8

10

12

14

Pre-test Post-test

PA
N

AS
 X

 S
co

re

360 2D



 

115 

Figure 23 

Heart Rate Session 1 
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Figure 24 

Heart Rate Session 2 

 

 

These graphs show that, in general, heart rate appears to have risen during the Stroop task 

(as was the aim of the task), decreased during the VR experience, and then risen slightly at the end 

of the experiment to a level below the original starting point before the Stroop task. However, with 

so few participants, this data can only suggest the possibility of an effect that will require a more 

in-depth study with a greater sample size to investigate. 
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Post-Experience Evaluation 

First Impressions. After taking part in each session, participants were asked to provide a 

“gut reaction” first impression comment regarding their experience. This question was the first one 

asked in the post-test survey to try to reduce demand characteristic effects. After each session, a 

majority (62.5% in each session) used positive words like “nice”, “positive”, and “relaxing” to 

describe their experience. One participant used the word “exciting” after each session to describe 

the very first moments of their experience. In contrast, “boring” and “sleepy” each came up twice. 

One participant in session 2 specifically described their experience as “not relaxing at all this time.” 

One theme that arose three times in each session was feeling distracted by the device itself (e.g., 

due to its weight, stimuli looping, poor visual quality). 

 

“A generally positive experience. Time went quickly, although found weight of device 

distracting.” – Participant 8 

 

Simulation Sickness. Participants were asked after each session if they reported any 

feelings of nausea or motion sickness, i.e., feelings commonly associated with what many 

researchers (e.g., Byagowi et al., 2013; Slater & Sanchez-Vives, 2016; Rauschnabel et al., 2022; 

Riches et al., 2023a; Riches et al., 2023b) dub “simulation sickness”, “cybersickness”, or “VR 

sickness”. One participant (12.5%) reported they felt some level of simulation sickness after both 

the first and second session, and another reported feeling some sickness after the second session 

only. In all reported instances, the participant was taking part in the 360° video condition. The 

participant who felt sickness during both sessions specifically mentioned that looking at a 

particular rock face (and the colour changes involved) was related to them feeling unwell: 
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“Yes a little. I was watching the colours flicker and trying to count how many different 

colour versions in the video before it looped. I was looking at the rock that looks like a 

lizard’s face to the right-middle of the waterfall.” – Participant 3 

“Yes but less than last time. I tried to move my focus around more than last time, but again 

when looking at the lizard-face rock for a longer period of time, trying to see if the colours 

were the same as last time or different, I felt a little sick.” – Participant 3 

 

Awareness of Looping. When participants were asked if they had noticed any looping in 

the videos they watched, all those in the 360° condition said ‘yes’ for both sessions, with several 

explicitly mentioning that it negatively impacted the experience:  

 

“It does detract very slightly from the experience as it snaps you back to reality a bit.” – 

Participant 4 

“The sudden change between loops is a bit alerting at first then it becomes annoying.” – 

Participant 2 

 

Curiously, one person in the 2D condition identified some looping in the audio of the waves during 

the first session:  

 

“I noticed the waves [sound] looping slightly, but I don't think I was particularly engaged 

with the sound.” – Participant 6 
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Thoughts About the Intervention Between Sessions. Participants were asked in the 

second session if they had any thoughts between sessions about their VR experience, or stress and 

relaxation in general, to which the majority (62.5%) said that they didn’t. One (12.5%) participant 

briefly mentioned thinking about their experience: 

 

“Yes. I thought about the overall experience” – Participant 1 

 

Another spoke about speculating on the broader experiment: 

 

“Mainly attempting to work out what your PhD might be about.” – Participant 6 

 

Finally, one participant provided the following candid perspective:  

 

“Yes! I watched a 'relaxation' video on the plane and noticed the difference between their 

waterfall and ours. I tried not to think too much about the next round - because I didn't want 

to affect the outcomes. Every time I caught myself guessing about what might be different 

in this one I turned my mind away from it. Stress and the impact on work has been in my 

mind due to the announcement of the hiring freeze in my department.” – Participant 3 

 

Feelings of Relaxation. After each session, participants were asked explicitly whether they 

felt relaxed during the VR experience. The majority (75% in session 1, 62.5% in session 2) 

explicitly confirmed that they felt relaxed. One (12.5%) participant in session 1 (Participant 6) and 

two (25%) in session 2 (Participants 2 and 6) said that they did not feel relaxed. One participant in 
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session 1 (12.5%, Participant 3) and one (12.5%, Participant 8) in session 2 provided responses 

that could be considered mixed or unclear. 

Participants were asked whether they closed their eyes during the VR experience. Five of 

the eight participants (62.5%) either closed their eyes for a significant time, or felt like they wanted 

to, in the first session, with 50% saying as much after the second session. Some participants (one 

in session 1, two in session 2) also made specific reference to feeling sleepy: 

 

“Yes – maybe for 10 seconds a couple of times, due to feeling sleepy and relaxed.” – 

Participant 5 

 

Potential Barriers and Problems. Participants were asked two different questions 

regarding potential barriers to the introduction of VR relaxation experiences: i) after each session 

they were asked if any of the equipment, setup, or any part of the experience negatively impacted 

their ability to relax; ii) in the post-test section of the last session they were asked what (if any) 

problems they saw with offering employees such an experience or the uptake of it. 

Barriers to Relaxation. The main negative barriers to relaxation reported by participants 

were the weight and design of the headset (four participants (50%) in session 1, one (12.5%) in 

session 2), and issues with the quality of the experience (two (50%) participants in each session). 

The weight of the headset seemed to be the primary concern, but light infiltration was also 

mentioned. Additionally, issues concerned with control of the environment were also raised by a 

different single participant after each session as inhibitors to relaxation. Participants also had 

complaints about the heart rate monitor, using words like “uncomfortable” and “distracting”.  
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Barriers to Uptake. When asked what barriers they perceive there might be to uptake of 

VR mindfulness in workplaces, a majority (62.5%) of participants raised concerns about 

acceptance from their workplace or employers, with concerns such as stigma and pressure to make 

up the break time being highlighted. Certain practicality issues in terms of personal 

dress/presentation were also raised as potential barriers by 25% of participants. It was suggested 

that for those wearing makeup or who have finely kept hairstyles, using a head-mounted VR device 

would be problematic, and this may require more time spent on personal grooming post-session, 

potentially adding to any time-related pressures. Questions about cost and resources required were 

raised by 50% of participants as potential barriers to implementation. Relatedly, the ongoing costs 

of factors such as maintenance and obsolescence were also raised as potential issues. 

Potential Improvements. Participants were given the chance to offer changes or 

suggestions regarding the VR experiences, as well as being asked what would make them more 

likely to explore VR technology in the future. A major request (75% in session 1) was for more 

advanced and improved stimuli, with greater interactivity. Participants also reported wanting more 

control over their physicality and space – being able to lie down, adjust, or even walk around or 

on a treadmill (37.5% in session 1, 25% in session 2). Participants would like control over ambient 

lighting and temperature while they use the VR headset, and one participant raised the issue that 

the feeling of being observed hinders relaxation. One participant cited the “comfy chair” as “a big 

bonus!” (Participant 3) while another (Participant 4) did not like the feel of the material used, 

preferring a “non-pleather” [sic] option. 
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Value in VR for Relaxation at Work. Seven (87.5%) participants indicated they believe 

that there is value in developing VR relaxation technology for use at work, at least for some people. 

The main theme that arose from the comments was the idea of targeting – the right tool for the 

right people.  

 

“I think there are demographics that would benefit from this development. I don't know if 

it would be suited to all individuals” – Participant 6 

“I believe it would suit some people who do not have the time or ability to find a safe space 

or go for a walk in a park during their break” – Participant 7 

“Yes, for some individuals.” – Participant 8 

 

Recommendation of the Program. All participants reported that they would recommend 

a VR relaxation option to a work colleague. Participants were also asked why (or why not) they 

would recommend the VR experience and three main themes arose from the comments. Three 

(37.5%) participants specifically made comment about the relaxing nature of the experience: 

 

“More relaxing the second time” – Participant 3 

“Yes if it could create a relaxing environment.” – Participant 2 

“It does help relax to the point of a microsleep which is refreshing and resets the body and 

mind noticeably.” – Participant 4 
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There were comments regarding targeting/choice/flexibility: 

“Yes – good alternative to meditation/breathing exercises, much easier to focus.” – 

Participant 5 

“Yes, I think it's a very flexible way to access relaxation” – Participant 7 

“I would if I perceive that their stress may be related to the inability to construct emotional 

narratives in a manner which allows them to gain greater control… as an example, if I think 

that an individual becomes stressed at work because they have a habit of reading 

motivations in others as personal or they have a habit of catastrophising issues I would 

recommend they become involved in a meditation program.” – Participant 6 

 

Finally, feelings of sleepiness were mentioned as a warning to go with their recommendation:  

 

“But I will advise to use it not in middle of the day as you can feel a bit sleepy after it.” – 

Participant 1 

“It does help relax to the point of a microsleep which is refreshing and resets the body and 

mind noticeably.” – Participant 4  
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Study 2: Survey of Attitudes Towards VR and Stress-Reduction Interventions 

Descriptive Statistics 

The data for this study was collected from 128 participants who completed a single survey 

hosted online. All 128 participants completed at least the pre-post Likert-type questions, however 

three participants failed to complete the questions that followed these, so the sample size for these 

questions is n = 125. 

Gender. Of the 128 participants who completed at least the pre-post Likert-type questions, 

63 (49.2%) reported their gender as female, 52 (30.6%) as male, 11 (8.6%) as non-binary, and two 

(1.6%) as something other than the preceding options. 

Age. Of the 128 participants who completed at least the pre-post Likert-type questions, 

ages ranged from 18 to 74 years old, with a mean age of 37.64 (SD = 12.90). 

Country of Residence. Of the 128 participants who completed at least the pre-post Likert-

type questions, the majority reported living in Australia (75%), with the USA the next most 

common country of residence (14.8%). For full results see Table 7 below. 

 

Table 7 

Country of Residence 

Country of Residence Frequency Percentage 
Australia 96 75.0% 
USA 19 14.8% 
UK 4 3.1% 
Japan 2 1.6% 
Canada 1 0.8% 
France 1 0.8% 
India 1 0.8% 
New Zealand 1 0.8% 
Sultanate of Oman 1 0.8% 
Sweden 1 0.8% 
Switzerland 1 0.8% 
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Highest Level of Education. The highest level of education reported by the 128 

participants who completed at least the pre-post Likert-type questions can be found below in Table 

8. Overall, 87.5% had completed some level of tertiary education, including 22.6% having 

completed post-graduate degree awards.  

 

Table 8 

Highest Level of Education 

Highest education Frequency Percentage 
9 - 11th grade 2 1.6% 
High school graduate / GED 14 10.9% 
Vocational / Technical school / TAFE 33 25.8% 
Bachelor’s degree 50 39.1% 
Master’s degree 20 15.6% 
PhD 6 4.7% 
Other post graduate award 3 2.3% 

 

Current Employment Status. The most common current employment status of the 128 

participants who completed at least the pre-post Likert-type questions was full-time (i.e., >35 hours 

per week) at 59.4%. Those currently working part time made up 22.7% of the sample, with those 

not currently employed but with work experience within the last two years making up 17.9%. 

Employment Type. When asked to describe their employment type, the majority reported 

working in an employee role (73.4%), with 14.1% working in a management or employer role. 

The remaining 12.5% of the sample indicated that they were self-employed. 

Occupation. Occupations were broken down into seven categories as used by the ABS 

(ABS, 2018), with an additional category added for students or those otherwise non-categorizable. 

The largest reported occupation group was “Professionals” at 47.7%, with “Clerical and 

Administrative Workers” (20.3%) and “Technicians and Trade Workers” (14.1%) the next most 



 

126 

populous. All other categories were made up of 5.5% of the sample or less (Table 9). 

 

Table 9 

List of Occupations 

Occupation n % 
Managers 7 5.5% 
Professionals 61 47.7% 
Technicians and trades workers 18 14.1% 
Community and personal service workers 5 3.9% 
Clerical and administrative workers  26 20.3% 
Sales workers 4 3.1% 
Labourers 4 3.1% 
Student or otherwise non-categorizable employment 3 2.3% 
 

Geographical Region of Work. Of the 128 participants who completed at least the pre-

post Likert-type questions, the vast majority were working in city and suburban locations (92.9%), 

with 2.3% reporting working in regional areas, and a further 4.7% in remote areas. 

Workplace Environment. The 128 participants were asked to describe their physical 

workplace environments in their own words. Responses were coded by the author and supervisor 

into five categories. In situations where participants mentioned multiple locations, the most current 

or the one where most time was reported spent was selected. In the instance where two possible 

options were presented without discriminating context, the first to be mentioned was selected. Five 

participants specifically mentioned working from home due to safety requirements. However, as 

specific questions regarding the COVID-19 global pandemic were not asked in the survey, it 

cannot be accurately determined how many participants who were working from home were doing 

so because of pandemic health and safety measures. 

As can be seen in Figure 25 below, the most common work environment described by 

participants was a “Shared Office Space” (39.06%), which included hot desking, open plan offices, 
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and cubicles. The next most common work environment was “Non-office Location” (24.22%), 

which included environments such as warehouses, airports, factories, and research laboratories. 

Only 3.13% of participants described working in a private office. 

 

Figure 25 

Workplace Environment 

 

 

Average Hours Worked and Time Spent at a Desk. The 128 participants who completed 

at least the pre-post Likert-type questions reported usually working a mean of 7.39 hrs (SD = 2.10, 

range = 1–13 hours). When asked specifically about how much time at work was spent at a desk, 

participants reported spending an average of 5.44 hours at a desk on a typical workday (SD = 2.70). 

Consumption of Stimulants. Participants were asked if they consumed more products that 

contain stimulants like caffeine (e.g., coffee, tea, soda) on workdays compared to non-workdays, 

to which 79 participants said ‘yes’ (61.7%) and 49 (38.3%) said ‘no’.  
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Skill and Confidence with Mobile and Wearable Devices. As can be seen in Figure 26, 

more than half (65.6%) reported their skills to be above average, with only 3.1% reporting below 

average skills. 

 

Figure 26 

Self-Reported Skill with Mobile and Wearable Devices 

 

 

Pre-Test Knowledge and Understanding of VR. In contrast to the above average skills 

reported for mobile and wearables by the sample, around half (51.6%) of those surveyed felt that 

they had a below average understanding of VR, with only 21.8% rating their knowledge as above 

average or higher (see Figure 27). 
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Figure 27 

Initial Self-Reported Understanding of VR Technology 

 

 

Frequency of Use of Wearable VR Technology Within the Last 5 Years. Participants 

were asked how many times they had used wearable VR technology such as the Oculus Rift or 

HTC Vive within the last 5 years. The most common response was “0 times” (46.9%; see Table 

10). 

 

Table 10 

Use of Wearable VR Technology Within the Last 5 Years 

Frequency using VR in last 5 years Frequency Percentage 
0 60 46.9% 
1-5 39 30.5% 
6-10 3 2.3% 
10+ 26 20.3% 

 

20.30% 31.30% 26.60% 14.80% 7.00%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

None to very little Basic understanding of existing products and capabilities

Average, with passing interest and limited usage Above average, an enthusiast or frequent user

Expert or use in a professional capacity
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Attitudes Towards VR Pre- and Post-Educational Video 

A series of 19 statements about attitudes towards VR were presented to participants to 

select how much they agreed or disagreed on a Likert-type scale. Participants were then shown a 

5-minute educational video about VR (see Method Chapter, page 97) and afterwards shown the 

same 19 statements again, this time in a different order. Several of the statements were directly 

inverse to others, while some were otherwise related e.g., “I don’t think a VR device would be 

affordable” and “I think I have a rough idea how much a VR device would cost”. Responses were 

coded on a 1-5 scale (1 = strongly disagree and 5 = strongly agree), with the responses to negatively 

worded questions reverse-coded (1 = strongly agree and 5 = strongly disagree; see Table 11 below). 

Responses before and after watching the educational video were then compared with dependant 

samples t-tests, and frequencies were reported in the figures below. 
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Table 11 

Attitudes Towards VR Before and After VR Educational Video 

Question Pre-video M Post-video M t p 
I believe the use of VR has application beyond novelty and gaming uses 4.27 4.37 -1.558 .122 
I think VR could be a useful tool to combat workplace stress 3.41 3.68 -3.863 <.001 
I think management of my company would be on board with investing in this technology 
if it could help workers 

2.95 2.96 -0.124 .902 

I believe that using VR can be just as safe as using a smartphone 3.62 3.80 -2.721 .007 
I think that, with a bit of education, using a VR device would be no more difficult than 
learning to use a smart phone 

4.11 4.21 -1.551 .123 

I believe that VR technology is advancing to the point it is no longer a pipedream or 
gimmick 

3.98 4.19 -3.962 <.001 

I understand what a VR device essentially does 4.02 4.26 -3.602 <.001 
I think I have a rough idea of how much a VR device would cost 3.38 4.02 -7.536 <.001 
* I do not believe that VR has applications beyond novelty and gaming uses 4.27 4.16  1.564 .120 
* I feel that I don’t have the skills or experience to use such a device 3.84 4.05 -2.912 .004 
* I am concerned about getting motion sick 3.12 3.05  1.194 .235 
* I am concerned about VR causing headaches 2.92 2.95 -0.389 .698 
* I have concerns about safety (physical or otherwise) using such a device 3.14 3.28 -1.798 .075 
* I have concerns about privacy while using such a device 3.16 3.29 -1.862 .065 
* I don’t think management would be on board with investing in this technology 2.36 2.56 -2.750 .007 
* I think concerns such as required space, hygiene, and turn taking may be more trouble 
 than a VR intervention is worth 

3.09 3.12 -0.435 .664 

* I feel like people would much rather spend the time doing something else like going for 
 a walk 

2.86 2.92 -1.268 .207 

* I don’t think a VR device would be affordable 2.74 3.20 -6.344 <.001 
* I don’t think management at my workplace would be interested in technology like this 2.54 2.62 -1.000 .319 

* These questions were reverse coded so that a higher score represents a more positive response towards VR.  
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I believe the use of VR has application beyond novelty and gaming uses. As seen in 

Figure 28, prior to viewing the educational video, 86.7% of participants agreed or strongly agreed 

with this statement, and after the video this went up to 91.5%. However, this change was not found to 

be significant. 

 

Figure 28 

Belief in VR Having Applications Beyond Novelty 
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I do not believe that VR has applications beyond novelty and gaming uses. Responses 

were similar when this question about application beyond novelty and gaming was presented to 

participants in reverse, as seen in Figure 29. Prior to viewing the educational video, 84.4% of 

participants disagreed or strongly disagreed with the reverse-worded statement, and after the video 

this reduced slightly to 83.6%. Again, this change was not found to be significant. 

 

Figure 29 

I Don't Believe in VR Having Applications Beyond Novelty* 

 

Note. *Reverse-coded (1 = strongly agree, 5 = strongly disagree) so that a higher score represents a more positive response 
towards VR. 
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I believe that VR Technology is advancing to the point it is no longer a pipedream or 

gimmick. As seen in Figure 30, prior to viewing the educational video, 77.4% of participants 

agreed or strongly agreed with the statement that VR was no longer a pipedream or gimmick, and 

after the video this went up to 90.7%. The change in opinion between pre-video (M = 3.98, SD = 

0.82) and post video (M = 4.19, SD = 0.70) was found to be significant, t(127) = -3.96, p < .001. 

 

Figure 30 

I Believe That VR Technology is no Longer a Pipedream 
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I think management of my company would be on board with investing in this 

technology if it could help workers. As seen in Figure 31, prior to viewing the educational video, 

responses to the question about management being on board with investing in VR technology to 

help workers were relatively evenly distributed between agree, neutral and disagree. This pattern 

of responses was very similar post-video, with no significant change. 

 

Figure 31 

I Believe Management Would Invest in VR if it Helps Workers 
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I don’t think management would be on board with investing in this technology. 

Interestingly, a reverse-worded version of the previous question resulted in a more skewed 

distribution of responses, with 58.6% of participants agreeing or strongly agreeing that 

management would not be on board with VR technology (Figure 32). After the video this reduced 

to 55.5%, a change in opinion between pre-video (M = 2.36, SD = 1.06) and post video (M = 2.56, 

SD = 1.06) that was found to be significant, t(127) = -2.75, p = .007. The difference in responses 

to this question compared with the positively worded version is likely due to the inclusion of ‘if it 

could help workers’ in the latter. 

 

Figure 32 

I Don't Believe That Management Would Invest in VR* 

 

Note. *Reverse-coded (1 = strongly agree, 5 = strongly disagree) so that a higher score represents a more positive response 
towards VR.  
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I Don’t think management at my workplace would be interested in technology like 

this. A similar question to the previous asked whether participants thought their management 

would not be interested in VR technology (with no mention of ‘investing’ this time). As seen in 

Figure 33, prior to viewing the educational video 54.7% of participants agreed or strongly agreed 

with this statement, and after the video this went down to 50.8%. However, this change was not 

significant. 

 

Figure 33 

I Don’t Believe Management is Interested in VR Technology* 

 

Note. *Reverse-coded (1 = strongly agree, 5 = strongly disagree) so that a higher score represents a more positive response 
towards VR.  
 

  

13.30%

21.90%

37.50%

32.80%

28.10%

18.80%

16.40%

22.70%

4.70%

3.90%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Post-Video

Pre-Video

Strongly agree Agree Neutral Disagree Strongly disagree



 

138 

I believe that using VR can be just as safe as using a smartphone. As seen in Figure 34, 

prior to viewing the educational video, 62.5% of participants agreed or strongly agreed that using 

VR can be just as safe as using a smartphone, and after the video this went up to 70.3%. The change 

in opinion between pre-video (M = 3.62, SD = 0.98) and post video (M = 3.80, SD = 1.03) was 

found to be significant, t(127) = -2.72, p = .007. 

 

Figure 34 

I Believe That VR can be as Safe as a Smartphone 
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I have concerns about safety (physical or otherwise) using such a device. One 

participant did not complete the post-test item for this question and was therefore excluded from 

analysis, resulting in n = 127 for this question. While the previous question shows that less than 

15% of respondents disagreed that VR can be as safe as a smartphone, Figure 35 shows that 33.6% 

of respondents said that they had concerns about the safety of VR, prior to watching the educational 

video. This reduced to 26% after watching the video, however, this difference was not significant. 

 

Figure 35 

I Have Concerns Regarding Safety Using a VR Device* 

 

Note. *Reverse-coded data (1 = strongly agree, 5 = strongly disagree) so that a higher score represents a more positive response 
towards VR.  
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I am concerned about getting motion sickness. As seen in Figure 36, when asked about 

whether they had concerns regarding motion sickness prior to viewing the educational video, 

46.9% of participants disagreed or strongly disagreed with this statement, but after the video this 

went down to 39.1%. However, this change was not significant. 

 

Figure 36 

I Have Concerns Regarding Motion Sickness* 

 

Note. *Reverse-coded (1 = strongly agree, 5 = strongly disagree) so that a higher score represents a more positive response 
towards VR.  
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I am concerned about VR causing headaches. When asked whether they had concerns 

regarding VR causing headaches, prior to viewing the educational video 42.2% of participants 

agreed or strongly agreed with this statement, and after the video this went down to 40.7% (Figure 

37). However, this change was not significant. 

 

Figure 37 

I Have Concerns About VR Causing Headaches* 

 

Note. *Reverse-coded data (1 = strongly agree, 5 = strongly disagree) so that a higher score represents a more positive response 
towards VR.  
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I have concerns about privacy while using such a device. When asked about concerns 

regarding privacy while using VR, prior to viewing the educational video 37.5% of participants 

disagreed or strongly disagreed with this statement, and after the video this went up to 47.7% 

(Figure 38). However, this change was not significant. 

 

Figure 38 

I Have Concerns About Privacy While Using VR* 

 

Note. *Reverse-coded data (1 = strongly agree, 5 = strongly disagree) so that a higher score represents a more positive response 
towards VR.  
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I feel like people would much rather spend the time doing something else like going 

for a walk. Participants were asked whether they believed that potential VR users would rather do 

something else when trying to relax. Prior to viewing the educational video 32.8% agreed or 

strongly agreed with this statement, and 20.3% disagreed or strongly disagreed (Figure 39). After 

the video this changed to 28.9% and 22.6% respectively. However, this change was not significant. 

 

Figure 39 

I Believe Users Would Rather do Something Else* 

 

Note. *Reverse-coded data (1 = strongly agree, 5 = strongly disagree) so that a higher score represents a more positive response 
towards VR.  
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I understand what a VR device essentially does. Prior to viewing the educational video, 

85.1% of participants agreed or strongly agreed that they knew “what VR essentially does”, and 

after the video this went up to 92.2% (see Figure 40). The change in opinion between pre-video 

(M = 4.02, SD = 0.91) and post-video (M = 4.26, SD = 0.71) was found to be significant, t(127) = 

-3.60, p < .001. 

 

Figure 40 

I Understand What a VR Device Essentially Does 
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I think that, with a bit of education, using a VR device would be no more difficult 

than learning to use a smart phone. Prior to viewing the educational video, 85.9% of participants 

agreed or strongly agreed that with a bit of education, learning to use a VR device would be no 

more difficult than a smartphone. After the video this went up to 89.8% (Figure 41). However, this 

change was not significant. 

 

Figure 41 

I Believe VR is no More Difficult to Learn Than a Smartphone 
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I feel that I don’t have the skills or experience to use such a device. Similarly, prior to 

viewing the educational video 74.3% of participants disagreed or strongly disagreed with the idea 

that they don’t have the skills to use VR, and after the video this went up to 80.5% (Figure 42). 

The change in opinion between pre-video (M = 3.84, SD = 1.15) and post-video (M = 4.05, SD = 

1.08) was found to be significant, t(127) = -2.91, p = .004. 

 

Figure 42 

I Feel That I Don’t Have the Skills to use VR* 

 

Note. Reverse-coded data (1 = strongly agree, 5 = strongly disagree) so that a higher score represents a more positive response 
towards VR.  
 

  

3.10%

6.30%

10.20%

8.60%

6.30%

10.90%

39.10%

43.00%

41.40%

31.30%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Post-Video

Pre-Video

Strongly agree Agree Neutral Disagree Strongly disagree



 

147 

I think concerns such as required space, hygiene, and turn taking may be more 

trouble than a VR intervention is worth. Prior to viewing the educational video 39.1% of 

participants disagreed or strongly disagreed that VR is not worth the trouble due to concerns like 

hygiene, space requirements, and turn taking, and after the video the pattern of responses was 

similar (Figure 43). 

 

Figure 43 

I Don’t Believe VR is Worth Concerns Like Hygiene and Space* 

 

Note. *Reverse-coded data (1 = strongly agree, 5 = strongly disagree) so that a higher score represents a more positive response 
towards VR.  
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I don’t think a VR device would be affordable. Before viewing the educational video, 

43.0% of participants agreed or strongly agreed that a VR device would not be affordable, and 

after the video this decreased to 28.9% (Figure 44). The change in opinion between pre-video (M 

= 2.74, SD = 0.99) and post-video (M = 3.20, SD = 1.07) was found to be significant, t(127) = -

6.34, p < .001. 

 

Figure 44 

I Don't Believe That a VR Device Would be Affordable* 

 

Note. *Reverse-coded data (1 = strongly agree, 5 = strongly disagree) so that a higher score represents a more positive response 
towards VR.  
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I think I have a rough idea of how much a VR device would cost. Similarly, 58.6% of 

participants agreed or strongly agreed that they had a rough idea of what a VR device would cost, 

and after the video this went up to 80.5% (Figure 45). The change in opinion between pre-video 

(M = 3.38, SD = 1.23) and post-video (M = 4.02, SD = 0.90) was found to be significant, t(127) = 

-7.54, p < .001. 

 

Figure 45 

I Believe I Have a Rough Idea of how Much a VR Unit Costs 
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I think VR Could be a useful tool to combat workplace stress. As seen in Figure 46, 

prior to viewing the educational video 45.3% of participants agreed or strongly agreed VR could 

be a useful tool to combat workplace stress, and after the video this went up to 61.8%. The change 

in opinion between pre-video (M = 3.41, SD = 0.93) and post-video (M = 3.68, SD = 0.83) was 

found to be significant, t(127) = -3.86, p < .001. 

 

Figure 46 

I Believe That VR Could be Useful for Workplace Stress 

 

 

VR for Stress Management and Well-Being 
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Value in the Development of VR Stress Reduction Programs for Workplaces. 

Participants were asked if they felt there was any value in the development of 15–20 minute VR 

stress reduction programs for use in the workplace. A sizable majority (84.8%) said ‘yes’, with 

15.2% saying ‘no’.  

Knowledge of VR as a Tool for Stress Reduction and Wellbeing Enhancement. As seen 

in Figure 47, just over half of participants (56%) described having below average understanding 

of VR as a tool for stress reduction, with only 18.4% describing their knowledge as above average 

or higher.  

 

Figure 47 

Self-Reported Understanding of VR for Stress Reduction 
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Receptiveness to Inclusion of VR for Stress in Workplaces. As can be seen from Figure 

48, most (81.6%) respondents were at least somewhat receptive to the inclusion of VR for stress 

reduction in their workplace, regardless of whether they would use it themselves.  

 

Figure 48 

Receptiveness to Inclusion of VR for Stress in Workplaces 

 

 

Responses were similar when asked how likely they would be to use a VR stress reduction 

intervention at work themselves if it was offered, with most participants (68.8%) reporting that 

they would be at least somewhat likely to use it (Figure 49).  

 

Figure 49 

Likelihood of Using a VR Stress Reduction Intervention at Work 
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Besides a lunch break or similar, are you able to take other short breaks (30 minutes 

or less) during your workday? Out of 125 respondents who answered this question, 64.4% 

indicated that they could take short breaks beyond mandated meal breaks, with 33.6% indicating 

that they could not. Of those 83 who replied ‘yes’, 76 (91.6%) could choose when to take a short 

break, whereas seven (8.4%) reported mandated break-time options. Furthermore, from that same 

pool of 83, when asked about how long on average they would take for a short break (by selecting 

5-minute increments from a dropdown menu), 10- and 15-minute breaks were the most selected 

options, as can be seen in Table 12 below. 

 

Table 12 

Short Break Frequencies 

Length of short break (mins) Frequency Percentage 
5 6 7.2% 
10 25 30.1% 
15 30 36.1% 
20 12 14.5% 
30 10 12.0% 

 

How much time do you feel is the minimum amount required for you to get a 

rejuvenating break at work (in minutes)? Please consider what you feel you would need, even 

if you cannot obtain it at your current workplace. As shown in Table 13, most participants 

indicated that they would need a break in the 10–20-minute range (57.6%). Outside of this range, 

the most common response was the need for a 30-minute break to feel rejuvenated (22.4%).  
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Table 13 

Minimum Desired Time for a Rejuvenating Break 

Minimum rest required (mins) Frequency % 
5 5 4.0% 
10 19 15.2% 
15 30 24.0% 
20 23 18.4% 
25 2 1.6% 
30 28 22.4% 
40 3 2.4% 
45 2 1.6% 
50 1 0.8% 
60 12 9.6% 

 

How stressed do you feel on an average workday? When asked about how much stress 

they felt on a typical day of work, 36.8% reported feeling an average amount of stress, and a similar 

number (36.0%) reported significant periods of stress or feeling very stressed (Figure 50). 

 

Figure 50 

Amount of Stress Felt on Typical Workday 

 

  

7.20% 28.80% 36.80% 23.20%

4.00%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Very stressed Significant periods of stress An average amount of stress

A little stressed Not stressed at all



 

155 

How do you feel your current or most recent work impacts your wellbeing? As seen 

in Figure 51, when asked about the impact work had on their wellbeing, there were more negative 

responses (29.6%) than positive response (21.6%). However, almost half of participants reported 

a mix of positives and negatives. 

 

Figure 51 

Impact of Work on Wellbeing 

 

 

  

9.60% 20.00% 48.80% 15.20% 6.40%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Very negative impact Somewhat negative impact

A mixture of positives and negatives Somewhat positive impact

Very positive impact



 

156 

How supportive do you think your workplace management would be in allowing staff 

to take VR stress reduction breaks at work? When asked about how supportive they felt 

management would be regarding the introduction of a workplace VR stress reduction intervention, 

responses were relatively evenly split, with 48% of participants feeling management would be 

mostly or very supportive, and 52% feeling management would not be supportive. As shown in 

Figure 52, there were comparatively few responses at either extreme end of the scale. 

 

Figure 52 

Perceived Managerial Support of VR Interventions 
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How do you think using a VR stress reduction break would be viewed by co-workers? 

In contrast to these perceptions of management support, 69.6% of respondents felt that their co-

workers would be mostly or very supportive of the introduction of a VR stress reduction 

intervention (Figure 53).  

 

Figure 53 

Perceived Co-worker Support of VR Interventions 
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is reduced to n = 125. The most commonly selected preference was informal solitary physical 

activity such as going for a walk (82.4%). Two of the three next most common activities were also 

solitary activities: private non-physical activities like reading or relaxation techniques (67.2%); 

and private VR relaxation usage (62.4%). The most selected group relaxation activity was non-
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physical informal activities like chatting with co-workers over coffee, which was selected by 

64.8%.  

 

Table 14 

Relaxation Activity Preferences 

Type of activity n % 
Informal solitary physical activity e.g., going for a walk 103 82.40% 
Private traditional relaxation techniques or solo non-physical activities like reading 
a book or listening to music 

84 67.20% 

Informal group activity of a non-physical nature e.g., chat with co-workers over 
coffee 

81 64.80% 

Private usage of a VR relaxation program 78 62.40% 
Informal group physical activity e.g., going for a walk with co-workers 53 42.40% 
Group traditional relaxation exercise (non-physical) such as a guided meditation 
workshop 

38 30.40% 

Group usage of a VR relaxation program, or usage in a room with other VR users. 34 27.20% 
 

Correlations 

Correlations between demographic questions were calculated in order to explore any 

potential relationships between participants’ demographic factors and/or VR use. While the modest 

sample size precludes a definitive analysis, correlations between factors may provide useful 

insights for further studies. 

Demographics and Work Patterns. A significant correlation was found between the 

reported average number of hours spent working at a desk and level of education, with those with 

a higher level of education reporting spending more hours working at a desk (r = .234, p = .008). 

Not surprisingly, participants who reported spending more hours working at a desk a week on 

average were also more likely to be employed fulltime (r = -.288, p < .001) and work more hours 

a week overall (r = .352, p < .001). 

The younger participants were, the more likely they were to report having higher skill 

and/or confidence using mobile and wearable devices (r = -.382, p < .001), more starting 
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knowledge of VR (r = -.301, p < .001), more knowledge of VR applications for stress reduction (r 

= -.224, p = .012), and more experience using VR devices (r = -.296, p < .001). Age was also found 

to be correlated with self-reported feelings of average stress at work, with younger people more 

likely to report higher levels of stress (r = -.207, p = .021). Participants who were more frequent 

users of VR devices reported higher skill and confidence with mobile and wearable devices 

(r= .376, p < .001), greater initial knowledge of VR (r = .800, p < .001), and greater knowledge 

regarding the use of VR interventions for stress (r = .446, p < .001). 

Self-reported stress was also found to be positively correlated with the number of hours 

worked in a week (r = .188, p = .036), as well as how long participants felt they would need for a 

break at work to feel refreshed, even if they are unable to take such a break (r = .209, p = .020). 

This suggests that those feeling the most stressed at work are working longer hours and feel like 

they need more time in a break to feel refreshed. 

Those living in regional and remote areas were less receptive to the introduction of VR 

interventions in their workplace (r = .181, p = .043), as were those in lower skilled occupations (r 

= -.197, p = .027). However, due to the ordinal nature of the “geographical area” and “occupation” 

factors, caution must be taken with any interpretation of these results. 

Support of VR Interventions in the Workplace. Those who were more receptive to the 

introduction of VR relaxation interventions in the workplace were significantly more likely to 

report higher skill and confidence with mobile and wearable devices (r = -.177, p = .049), initial 

knowledge of VR (r = -.190, p = .034), and had used VR devices more frequently in the past (r = 

-.278, p = .002). 

Co-workers’ views on VR use in the workplace were significantly correlated with a number 

of other variables. Those who believed their co-workers would be more supportive of the 
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introduction and use of VR interventions tended to be more generally receptive to VR interventions 

(r = .362, p < .001) and more likely to use a VR intervention themselves (r = -.212, p = .017). 

Participants with co-workers supportive of VR interventions also reported being more stressed on 

an average workday (r = .187, p = .037), and were more likely to feel that management would be 

supportive of the introduction of VR relaxation interventions (r = .428, p < .001). Interestingly, the 

more unsupportive participants thought their management would be of VR interventions, the more 

likely they were to see value in the development of VR interventions themselves (r = -.272, p 

= .002). 

Correlational analysis has revealed an interesting divide between those who could choose 

to take short, non-mandated breaks (e.g., non-meal breaks), and those who could not. Those who 

could not take non-mandated breaks at work were more likely to have lower levels of education (r 

= .179, p = .046), higher average workplace stress (r = -.190, p = .034), and need more time to feel 

rejuvenated from a break (r = -.194, p = .031). They were also less likely to see value in the 

development of workplace VR relaxation interventions (r = .265, p = .003), and feel that their 

management (r = -.346, p < .001), and co-workers (r = -.203, p = .023) would also be unsupportive 

of VR relaxation intervention use. 

Open Response Questions 

For the last section of the survey, participants were asked eight open response questions in 

order to evaluate if they were able to elucidate their thoughts and experience regarding VR, 

relaxation, and the workplace. Participant responses for each question varied in number from 60 

to 113. 

Prior Experience with Relaxation. As seen in Table 15 below, when asked about their 

prior experiences with relaxation activities, participant responses fell into a relatively even split 
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between the four categories, with more than half of them undertaking dedicated relaxation efforts 

at least occasionally. Participants’ open responses regarding their experience with relaxation 

techniques were further examined in regard to types of relaxation techniques being undertaken. 

Meditation, mindfulness and breathing exercises were the most common relaxation techniques 

mentioned by the sample. Very few participants who regularly practiced relaxation techniques did 

so using apps or videos – these were much more common among those who dabbled or only 

occasionally undertook dedicated relaxation activities.  

 

“I will occasionally use a guided meditation video on YouTube to relax. I will usually start 

doing this every day for a week or so, then forget and miss days and then give it up for a 

couple of months when I am feeling stress, then start the cycle over.”  

 

Table 15 

Prior Experience with Relaxation 

Subtheme n % 
Haven’t tried   27 23.89% 
Tried once or a few times 22 19.47% 
Occasional, intermittent practice  33 29.20% 
Consistent, ongoing practice 31 27.43% 

 

Many of those who had minimal experience with relaxation techniques commented that 

they did exercise (including walking and stretching) to relax instead of specific stress 

reduction/relaxation techniques. 

 

“I have done occasional yoga/Pilates classes and when I did I felt they helped me relax.” 

  



 

162 

VR Programs Chosen by Employees or Workplace. Participants were asked if they 

believed that potential VR stress reduction programs should have to be approved by a workplace, 

or if employees should be allowed to source their own programs. Responses from the 113 

participants were coded regarding their preference and are summarised in Table 16 below. 

 

Table 16 

Preferred Source of VR Programs 

Subtheme n % 
Workplace sourced 58 51.33% 
Employee sourced 36 31.86% 
No clear preference 19 16.81% 

 

A slim majority (51.33%) believed that workplaces should have to approve any potential 

VR relaxation interventions used in the workplace, while many (31.86%) believed that an 

employee should be able to use whatever program they wanted during a relaxation break.  

 

“It would be more effective if employees could choose what programs they engage with. 

The individual knows what works best for them, rather than another.” 

 

Others suggest that there should be collaboration between employees and employers in the 

finding and providing of beneficial VR interventions. When participant responses were examined 

for important themes, the most common issues that arose were concerns regarding inappropriate 

programs or behaviour (e.g., sexually explicit or violent content), health and safety issues, as well 

as concerns that vary depending on the type of device.  
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“Unfortunately, people are people, and would invariably abuse the privilege unless it was 

approved content alone. Imagine the pornography.” 

“If the device being used is a workplace-owned device, I think it would be appropriate for 

the workplace to supply and curate this experience. If it is a (sic) employee-supplied device, 

and the only thing the workplace is providing is break time and possibly space for this to 

occur in, then the employee should have more leeway in the types of program they are 

experiencing.” 

 

Dedicated VR Device or Phone-Based VR. Participants were also asked if they would 

prefer to use a dedicated VR device for a workplace VR intervention, or one that allowed you to 

insert your own personal smartphone to use as the screen, and to explain their choice. Of the 113 

responses, 60 (53.10%) said that they would prefer a dedicated VR device, with only 26 (23.01%) 

preferring to use their phone in a compatible VR device. The remaining 23.89% had no clear 

preference. 

As seen in Table 17 below, when investigating the responses for themes, the most 

common influencing factor was quality of VR experience (23.01%). 
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Table 17 

Themes Related to Preference for Dedicated VR Device or Phone-Based VR 

Subtheme n % 
Quality of VR experience 26 23.01% 
Tech infrastructure and compatibility/reliability/feasibility 22 19.47% 
Phone-based limitations 22 19.47% 
Option/choice and individual needs/control 21 18.58% 
Ease of use/comfort 19 16.81% 
Hygiene and health/safety 17 15.04% 
Privacy and data security 16 14.16% 
Cost/expense 9 7.96% 
Company control or interference 8 7.08% 
Employee issues 6 5.31% 

 

Concerns regarding workplace tech infrastructure, compatibility, and reliability were 

mentioned in 19.47% of responses, as were opinions on the limitations of phone-based systems.  

 

“Dedicated device due to differences in smartphone capabilities, application compatibility 

and data access.” 

 

Having choice and the ability to meet individual needs was raised by 18.58% of 

respondents.  

 

“I would want to use my own personal smartphone so that I can keep track of my usage 

and patterns, and potentially use it at other workplaces or at home.” 

 

Concerns about hygiene and health and safety issues (15.04%) and privacy and data 

security (14.16%) were also raised. 
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“If I was to use a shared one, I would want it hygienically cleaned prior to use and kept in 

a good condition. It's headgear, people down [sic] share sunglasses, helmets or the like due 

to hygiene.” 

 

“Dedicated device – potentially better quality than smartphone VR devices and privacy 

concerns if the smartphone devices access my information from my phone” 

 

The raising of issues for management (e.g., cost; 7.96%), employees (e.g., company control 

or interference; 7.08%), or both (e.g., effectiveness; 7.08%) suggest that participants considered 

the issue from a wide range of standpoints. 

 

“I would rather use my own technology, as this gives me more control over content and 

helps to ensure there is no data gathering or monitoring from an employer.” 

 

“Dedicated, as the temptation to use the time for other, possibly stress increasing activities 

(social media, news, banking) might be too great.” 

 

Barriers to VR Usage for Relaxation in the Workplace. The most frequently mentioned 

perceived barriers to the commonplace use of VR in the workplace related to cost, and 

infrastructure concerns, with 69 (61.06%) of the 113 participants discussing these issues (Table 

18).  
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Table 18 

Perceived Barriers to VR Usage for Relaxation 

Subtheme n % 
Issues of cost and infrastructure 69 61.06% 
Negative public perception of VR 59 52.21% 
Misuse and management related concerns 29 25.66% 
Health/safety/sanitation 26 23.01% 
Workplace type + relevance 20 17.70% 
Break time and other time related concerns 18 15.93% 
Suitability and availability of programs 14 12.39% 
Judgement of others and privacy concerns 6 5.31% 

 

“Unless it's a regular component of the business (such as an office that 

studies/develops/reviews video games or other VR software), I don't see any workplace 

spending hundreds of dollars per user station, particularly on something with so many 

sanitary concerns.” 

 

The next most frequent perceived barrier was negative public perception (52.21%), with 

some participants suggesting greater public education about VR to combat beliefs such as “VR is 

too new and not ready” or “VR is just a toy”.  

 

“It is seen as overly expensive experimental technology designed for gaming and other 

frivolous activities, not really considered for ‘serious workplace environments’. I see it as 

a priority to expand people's knowledge about the possibilities of what VR has to offer in 

addition to those sorts of things.” 
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Other issues raised related to misuse, health and safety, and suitability for the workplace 

(see Table 18 above). 

 

“In my workplace, it would be that my clients (kids) would probably break it. And it [sic] 

general it seems like it would be another technology thing that would eventually break and 

the effort of getting it fixed would become a frustration and it would end up sitting on a 

shelf gathering dust.” 

 

“As a nurse in a hospital it’s just not feasible, we are lucky to get a 20 min [sic] break to 

have something to eat.” 

 

Privacy. When asked explicitly if they had concerns regarding self-consciousness or 

privacy while using a VR device for stress reduction at work, 65 participants (58.04%) provided 

answers indicating that they did have concerns about this, with the remaining 47 participants 

(41.96%) responding that this did not concern them (Table 19). 

 

Table 19 

Themes Related to Privacy Concerns 

Subtheme n % 
Private/dedicated space needs and concerns 68 60.71% 
Co-worker behaviour 14 12.50% 
Content and usage control and moderation 13 11.61% 
Social acceptability 9 8.04% 
Digital, data, and identity privacy 5 4.46% 
Safety (physical) 3 2.68% 
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When examining the 112 responses for key themes, the standout issue voiced by 60.71% 

of participants was the need for private, dedicated space to use a VR relaxation intervention (Table 

19 above).  

 

“If it were stationed in a private location, this would alleviate my fear of being seen by 

others or not being able to see what was happening around me.” 

 

Concerns regarding co-worker behaviour and judgement were raised by 12.50% of 

participants, and concerns with program content, moderation, and control of use by 11.61%. Other 

responses related to the normalising of VR use, physical safety, and digital privacy. 

 

“When seen operating a VR device, one could be more easily harassed by observers whilst 

unable to see them.” 

 

“As it is not that socially accepted as a valid form of stress reduction, one could be seen as 

a bit weird by partaking in this activity.  Steps would have to be made at the workplace to 

normalise it, as well as giving people privacy when using it.” 

 

Workplace Changes. Participants were asked if they had ideas or concerns regarding what 

changes could or would need to be made to their workplace that would positively influence or 

facilitate the use of VR technology for relaxation. Eight-five participants were able to give 

constructive thoughts on this, and their responses were coded as shown in Table 20 below. 
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Table 20 

Changes Required for Workplace Implementation of VR Stress Intervention 

Subtheme n % 
Space and other physical requirements 26 30.59% 
Workplace culture issues 25 29.41% 
Management/HR 19 22.35% 
Accessibility/Cost 18 21.18% 
Education/knowledge 17 20.00% 
Privacy/Personal safety 14 16.47% 
Time concerns 13 15.29% 
Scepticism of efficacy 9 10.59% 
Not suitable for certain workplaces 6 7.06% 

 

The most common suggested changes related to space and other physical requirements for 

VR usage (30.59%).  

 

“A separate dedicated space, similar to a prayer or meditation room” 

 

The next most common theme at 29.41% was issues concerning workplace culture, 

including cynicism towards level of care from management. Other common responses suggested 

changes would be required to the thinking and behaviour of management and human recourses 

(22.35%), and education about VR interventions in general (20.00%).  

 

“The entirety of upper management would need to be replaced with people who understand 

technology and morale.” 
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“Management would need to be trained and educated on the applications of VR and our 

Human resources and legal departments would all need to review various factors about it 

before we could even begin to dip toes into the idea.” 

 

“More time to actually engage in something like that. A dedicated mental health time 

scheduled in to our timetables that was actually respected.” 

 

Program Suggestions. Participants were also asked if they had any suggestions regarding 

the types of programs that would be helpful and desirable for use in a VR relaxation intervention 

context, with 80 participants putting forward their ideas for this (Table 21). 

 

Table 21 

VR Stress-Reduction Program Suggestions 

Subtheme n % 
Virtual Nature/relaxing scenery 31 38.75% 
Meditation/Mindfulness 28 35.00% 
Individualised choices 15 18.75% 
Sounds/Music 12 15.00% 
Yoga or other active component 11 13.75% 
Immersive 8 10.00% 
Exciting games 5 6.25% 
Travel locations 4 5.00% 
Relaxing games 4 5.00% 
Artistic/creative 3 3.75% 
Educational 3 3.75% 
Interact with animals 2 2.50% 
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The most common types of programs suggested were ones that involved virtual nature or 

relaxing scenery (38.75%), and those that incorporated some form of meditation, guided breathing, 

and/or mindfulness (35.00%).  

 

“For most, some sort of disconnection, like being able to walk through untouched nature 

and just take the sounds in.” 

 

“Meditation, progressive muscle relaxation, psycho education that normalise stress.” 

 

Programs with engaging sound or music (15.00%) as well as ones that contain a physical 

or active component (e.g., yoga or simulated sports activities; 13.75%) were also common choices.  

 

“It varies from person to person, some might prefer relaxing scenery/sounds, others might 

prefer a more active style to work out stress, what works for one person may not work for 

another.” 

 

The key need for individualised choices was specifically mentioned by 18.75% of 

participants. This, combined with the wide variety of suggested programs, indicates a desire from 

participants for more than a cookie-cutter implementation of VR programs. 

 

Other Comments. At the end of the survey participants were given the chance to expound 

on any other thoughts they may have regarding VR as a relaxation intervention in workplaces 

currently or in the future. These comments have been coded as shown in Table 22. Nineteen out of 
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the 60 participants (31.67%) commented that they were generally positive in their assessment or 

outlook of VR workplace interventions, while nine (15.00%) expressed sceptical or negative 

projections. 

 

Table 22 

Other Comments 

Subtheme n % 
General positive/hopeful comments or outlook 19 31.67% 
Efficacy concerns 13 21.67% 
Practical concerns 13 21.67% 
Need more information/education 12 20.00% 
Managerial control concerns 11 18.33% 
Motion sickness, physical health/safety 11 18.33% 
Scepticism or other negative projections 9 15.00% 
Questioning commercial benefit 7 11.67% 
Employee abuse 3 5.00% 

 

“This would require workplaces to actually acknowledge that their practices and 

environment are unreasonably stressful, and I don't think many workplaces are actually 

willing to engage with that conversation. In order to implement stress reduction programs 

they need to be willing to admit there is a stress problem in the environment that they need 

to take action on first.” 

 

Separate to these general positive and negative comments, themes commonly raised by 

participants included efficacy and mental health concerns (21.67%), practical concerns (21.67%), 

the need for more education around VR (20.00%), motion sickness and other physical health/safety 

issues (18.33%), and concerns about managerial control (18.33%). 
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“I think they would need to be advertised to workplaces in a realistic, reasonable way that 

doesn't cost or burden the employer too much, and clearer shows decreased stress and 

increased motivation or productivity in staff.” 

 

“I think the biggest hurdle (besides the price point that companies will have a hard time 

justifying) is that we're socially/professionally a bit too far off from VR being used in actual 

office-type workplaces. It's not that VR technology isn't good enough, or isn't useful in 

practice, but that office environments can be very harsh and judgmental about self-care, 

how to appropriately spend one's breaks, how LONG a break ought to be, etc. VR being 

associated so strongly with gaming (and the fact that gaming absolutely IS a valid option 

to reset your brain on a break) is also another bias that's gonna be hard to break through.” 

 

“I have concerns about such device use acting as a potential trigger for episodic behaviour 

from individuals with hidden or undiagnosed mental health issues, such as paranoid 

schizophrenia.” 

 

“Using VR stress reduction programs goes hand in hand with the company's willingness to 

invest in any stress reduction program. The greater the interest, the greater they would 

invest in VR. Additionally, the company would also need to see a clear link between VR 

and its own profitability, not necessarily in the employee's wellbeing, but in their ability to 

perform R&D or make products.”
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CHAPTER 6: DISCUSSION 

Overview 

This chapter expands upon the findings of this thesis and its relevance across specific 

academic, workplace, health, and general contexts. Study 1 results are expanded upon and 

highlight the important measures and findings as well as potential applications in further research. 

This is cross-referenced with post-study published literature related to workplace stress reduction. 

Study 2 is reviewed in a similar manner, expanding the discussion around barriers to 

implementing VR-based health interventions and how they may potentially be addressed. Aspects 

such as education, technological literacy, greater interactivity, participant choice, and especially 

business/workplace attitudes to workers and workloads, are highlighted. 

Limitations on both studies are presented, with time taken to communicate both worldwide 

and personal effects of COVID-19 which had significant impact on the research conducted and 

presented in this thesis. Further, unique resourcing circumstances that would have interrupted 

Study 1 are explained, had the impacts of COVID-19 not forced the study to move to the survey 

design featured in Study 2. 

The chapter concludes with the key points of each study’s findings and their applications. 

Specifically, how the current research extends and validates existing literature. The need for more 

rigorous and dynamic test settings for VR experimentation is stressed, given the apparent growing 

interest in the area beyond the academic world. Ideas for future research and implementation are 

introduced and examined considering the fast-paced rollout of newer VR/AR/MR devices. 
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Study 1 

The qualitative results of Study 1 sought to explore what participants thought about the use 

of VR technology for relaxation interventions in the workplace. Participants were able to discuss 

their thoughts and experiences clearly and freely, including problems and suggested improvements. 

On reflection immediately after completing the VR program, a majority used positive words to 

describe the experience. The majority reported a belief that there is in fact value in developing VR 

relaxation technology for use at work. Most participants specifically said that they would use such 

a VR intervention at work, with all participants saying they would both recommend a VR 

relaxation option to a work colleague, as well as support the introduction of such an intervention, 

even if they didn’t use it themselves. This aligns with prior findings from Naylor et al. (2019). A 

major theme that arose was the importance of the right kind of intervention to fit the individual, 

by specifically targeting user choice and program flexibility, which again echoes participant 

responses from Naylor et al. (2019).  

Half of the participants reported feeling at least slightly more relaxed after the first session 

compared to the day before, with this number falling after session 2. However, when explicitly 

asked about feeling relaxed after the intervention, most participants in both sessions reported in 

the affirmative. While lower than what is reported in Naylor et al. (2019), both sets of research 

suggest a firm majority felt at least slightly more relaxed after taking part in the intervention 

(regardless of condition).  

PANAS results 

In a similar fashion to the results of Naylor et al. (2019) there was a reduction in PANAS 

PA during session 1, and an interaction effect between sessions where the 360° video had a greater 

difference to the 2D experience. As described in Watson et al. (1988) and Naylor et al. (2019), 
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lower PA scores are potentially an indication of “sadness and lethargy”. As no participant made 

comment regarding sadness, lethargy may be playing a similar role (as seen in Naylor et al., 2019). 

In that prior study it was theorised that lack of user control and interactivity may result in 

habituation, if not boredom, and the same could be true here. That said, there was no significant 

reduction in PA for the second session. Informed by the prior works, this study also looked 

specifically at the “fatigue” measure of the PANAS. Interestingly, session 2 saw a significant 

decrease in the fatigue measure between pre- and post-intervention, which may argue against 

boredom, especially given the reduced novelty of using the HMD for a second time. Given the 

modest sample size, it is likely that a study with more robust numbers should be conducted in the 

future, potentially with level of interactivity being a factor.  

In terms of NA, both sessions saw reductions on PANAS results, suggesting that something 

which could be described as relaxation may be transpiring. These results are in line with prior 

studies such as Naylor et al. (2019), with the PA and NA results in contrast to Mostajeran et al. 

(2023) who found a significant increase in PA (with a moderate effect size) and no significant 

reduction in NA. Pretsch et al. (2020) administered the PANAS but did not report on the 

significance of their results.  

Participants discussed several potential issues for workplace VR interventions. A 

significant proportion highlighted workplace acceptance issues, such as stigma and pressure to 

make up any time taken for a break, with costs (e.g., training, maintenance, obsolescence) also 

being mentioned frequently. These concerns are mirrored in Table 18 for Study 2. Further, as 

described in prior studies (Naylor et al., 2019; Chen and Wu, 2022) the weight and design of the 

headset caused issue for some users. That said, ergonomic design is continuing to be advanced 
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rapidly, with research such as Ciccone et al. (2021) and Chen and Wu (2022) specifically exploring 

where modern HMDs are lacking in ergonomics and accessibility, despite these advancements.  

Beyond simply highlighting potential issues, participants were able to elucidate on 

potential improvements or changes to the VR experiences. The biggest request was for more 

advanced and improved stimuli, with greater interactivity and choice. Given the pilot nature of this 

study (see also Limitations), the experiences presented could not be considered top tier graphically 

at the time and would be comparatively worse today given the advances in technology in the 

intervening time (see Chapter: 3 VR). Better quality stimuli will likely allow for a greater chance 

for immersion, and thus a greater chance for relaxation to take place. Building from Naylor et al. 

(2019), it still appears that a dedicatedly designed interactive program, optimised for current 

wireless hardware, will be vital for future research advancement in this area.  

An additional set of factors discussed by participants referred to physical space. It will 

likely not be enough to just allow a worker to use their VR headset at their desk space/cubical 

(even discounting privacy issues raised previously). Participants will have a better experience if 

they are able to have at least minimal control over their physical space, lighting, and temperature 

when using a VR intervention. This must also be considered for those with disabilities and unique 

needs to provide inclusivity in the work environment. Given this, these factors will not be able to 

be controlled to the same degree in every workplace, or even in every home office. Conversely, a 

VR usage space that people can stand in necessitates larger space requirements that would likely 

be wasted on 2D videos and non-interactable 360° videos. As such, environmental considerations 

need to be a priority for workplace uptake of such devices along with availability of evidence-

based VR programs for users to gain a suitable stress break. Ideally, attempting to find a 
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compromise in space and programming that will allow users to sit, stand, or lie down as they wish, 

will likely be key to long term adoption. 

Given that breaks have been identified as a potential time for workplace VR relaxation 

interventions, knowledge regarding who should be able to take breaks, and for how long, is vital 

for workplace functionality and time management of resources. All participants in this study 

reported that they were able to take breaks (beyond major mandated breaks such as for meals) and 

all were able to choose freely when they could take them. However, given factors such as the 

modest sample size and similarity of employment, this question was further examined in Study 2. 
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Study 2 

Given that in-person experimentation was no longer possible due to the COVID-19 

pandemic (see Limitations), Study 2 was designed to explore what the general population knew 

about VR’s potential for health and wellbeing (before and after an educational clip); their thoughts 

and willingness regarding the use of VR in the workplace for specific issues such as stress, 

meditation, and mindfulness; and to see if a larger sample of people had a similar level of support 

of such interventions as seen in Study 1 and Naylor et al. (2019). 

One of the important findings of this study was that almost half those surveyed had not 

used any wearable VR technology in the last 5 years, with less than a quarter of respondents using 

VR more than five times in that period. This suggests that for most people, using VR is not 

commonplace, if they’ve used it all. Given this, with most peoples’ knowledge regarded as non-

experiential, an efficacious education initiative becomes even more important if VR is going to 

enter mainstream use in a manner such as workplace interventions. This idea is bolstered by the 

fact that more than half of those surveyed feel they had a below-average understanding of VR. 

Even with this self-perception, most participants reported feeling that they had the skills to use a 

VR device after a bit of instruction, with the majority also reporting they felt VR has application 

beyond novelty and gaming uses, even before any dedicated education.  

Study 2 found evidence to suggest that education can have significant effects on 

understanding of both positive attributes of VR (e.g., what VR is, costs, and potential futures) and 

potential concerns (e.g., motion sickness, VR novelty vs purposeful engagement). Notably, 

participants’ opinions changed from a minority viewpoint, believing VR could be a useful tool to 

combat workplace stress, to a majority viewpoint after watching the brief educational video. While 

VR studies often employ pre- and post-testing to examine participants’ emotional state, few major 
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studies have examined how education on the efficacy of VR interventions affects participant 

opinions and/or likelihood to give one a try.  

A minority of participants also reported, before and after the educational video, that they 

were concerned about privacy when using a VR device (Figure 38). This appears to deviate from 

Naylor et al. (2019) as well as participant responses to the qualitative questions that arose later in 

the survey, namely the results in Table 19 where a slim majority did voice concerns. Comparative 

research from Azuma et al. (2001) and Ibrahim et al. (2021) mention privacy briefly as a concern. 

Pan and Hamilton (2018) bring up a privacy concern that was not explicitly mentioned in this study 

but aligns with a theme brought up in Table 19 – many HMDs on the market now come with eye-

tracking and motion tracking capabilities, which means a new range of personal data must now be 

taken into consideration. Rauschnabel et al. (2022) discuss multiple aspects of privacy and contrast 

how VR and AR may have different issues. These studies however did not have specific data on 

participant thoughts on privacy.  

Taking breaks 

In contrast to Study 1, just under two thirds of respondents indicated that they could take 

short breaks beyond those mandated for meals. Of those who could, some respondents could not 

choose when to take these breaks during their working day. Both groups – those who cannot choose 

when to take a break, and those who cannot take a break at all – will be very important 

considerations for any future VR interventions in workplace settings. It will likely mean that 

organisational level changes will need to be enacted to allow employees to access break-time 

interventions if they are to be used at all. Further, when participants were asked how long they feel 

they would need for a rejuvenating break (even if they could not take one at their workplace), most 

people reported needing a break of 10-20 (or more) minutes to feel refreshed. Given that those 
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who could take a break indicated that they usually took a break of around 10-15 minutes in length, 

it seems any relaxation intervention should aim to be of a duration with these times in mind. 

Stakeholder development of VR in the workplace 

Of key importance for any potential intervention is if users see value in it, and if so, what 

may be some of their characteristics. Following the trend from Study 1, most respondents in Study 

2 indicated they thought there was value in developing VR stress reduction programs for 

workplaces. Similarly, most echoed the sentiments of Study 1 in saying that they would be 

receptive to the introduction of such an intervention, regardless of if they would use it themselves. 

Importantly, over two-thirds of participants reported that they would be at least somewhat likely 

to use it. The biggest barriers to VR break time interventions raised overlapped with Study 1 – 

issues of costs and infrastructure were raised by at least half of the participants in both studies. 

Concerns about negative opinions – either about VR itself or from co-workers who would likely 

need to be provided with VR education and institutional workplace changes that promote 

cyberpsychology interventions for health in the workplace. As in Naylor et al. (2019) health, safety, 

and sanitation issues were raised as concerns, and their solutions will need to be explored in future 

research accordingly, regarding differing workplace settings. 

Significant correlations were found between those who were more receptive to the 

introduction of VR into the workplace and those with higher skill and confidence with mobile and 

wearable devices, which was typically a younger worker. While it may not seem surprising that 

responses suggest that younger people are more tech savvy, the fact that young workers are 

reporting higher levels of stress, which is in line with previous studies by Hertel et al. (2015), 

means that workplace stress reduction interventions will face a lower level of required specific 

technical education to utilise. 



 

182 

As raised previously in Study 1, the ability to take breaks freely, or not being permitted 

breaks, may render VR break time interventions a non-starter at many workplaces. This is 

potentially a significant issue, given that responses suggest that those who could not take breaks 

were feeling more stress and needed longer to feel rejuvenated. In light of the additional correlation 

between this group and feeling a lower likelihood of management being unsupportive of VR 

relaxation intervention use, it appears that major workplace health and safety reform, perhaps at 

industry levels in some instances will likely need to be explored and implemented before VR 

relaxation interventions will be able to be made an available choice for stress management options 

at work.  

Extending the literature 

The two primary starting points for this research have been Naylor et al. (2019) and Naylor 

et al. (2020; see VR chapter). The former study acknowledged the growing literature surrounding 

stress in the modern workplace, the eroding of the separation of home and the workplace, and the 

importance of breaks at work. The importance of the growing body of VR research from the late 

2010s was used to identify the promise that VR interventions may be able to provide relief from 

several psychological problems, including promoting relaxation. The study was a modest, single 

session pre-post-test design that indicated VR may have a positive effect on relaxation, and that 

participants were able to identify potential interest in, and acceptance of, VR workplace 

interventions.  

As described in Chapter 3, Naylor et al. (2020) informed the present study with how 

contemporary and preceding research had been undertaken and their results. While there were only 

22 papers that met the conditions for review, they were informative in terms of design and 

outcomes. The trend of using natural scenes has continued to the present-day research, as well as 
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looking at a combination of subjective measures (e.g., self-report) and objective measures (e.g., 

heart rate, skin conductance). One thing that sets Study 1 apart from most studies in the scoping 

review is that it took place over multiple sessions. Considering the lack of familiarity most 

participants in Study 1 had with VR, incorporating multi-session testing will be vital to overcoming 

novelty effects, and to see if participants will get beneficial results with extended usage. Given the 

amount of time between the beginnings of Study 1 (2017) and submission of the current research 

in thesis form (2023), the amount of research on VR interventions for relaxation in the workplace 

has grown. A sampling of new studies has been reviewed below to identify any trends that align 

with this current research. 

It was found that Adhyaru and Kemp (2022) conducted a pilot study to explore the potential 

of a short VR nature experience, accessed at work, to improve mood. Their sample group was NHS 

clinicians in the UK, justifying that healthcare workers are frequently described as engaging in 

stressful workplace environments, where fast-paced work can regularly involve life-or-death 

situations. The study took place in a designated “wellbeing room” during work hours, with no 

preparation required on the part of the participant. Sessions were 30 minutes long (including time 

to fill in pre- and post-test surveys), with 10 minutes allotted to uninterrupted passive rest to 

stimulate baseline HR, and 10 minutes of uninterrupted VR session once participants felt 

comfortable with the technology. In line with research by Naylor et al. (2019), a Fitbit was used to 

measure HR during the session, and just as in Study 1, an Oculus Go was used as the HMD.  

Unlike Study 1, the VR experience used contained more “active” use potential, and 

although participants remained seated, they had the option to engage with the program (e.g., by 

planting virtual trees) or just passively enjoy the sights and sounds. The results of paired t-test 

analysis found significant increases in happiness and relaxation, as well as significantly lower 
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sadness, anger, and anxiety. HR was also found to be significantly lower after the experience. 

Participants on average gave the experience a medium to high satisfaction rating and a low rating 

on aversion. The qualitative responses followed a similar trend as Naylor et al. (2019) and the 

current Study 1, in that most participants described their experience in positive terms and showed 

approval for such an intervention.  

Further research by Arora and Mahapatra (2022) investigated the efficacy of VR 

applications on workplace stress, as well as the participants’ opinions on the potential impacts of 

VR interventions in their workplace. The study focused on Asian business settings, and looked at 

participants who were “…well-educated, highly qualified individuals employed at the middle to 

top management level in the manufacturing sector, residing in a posh residential apartment colony 

of Haridwar.” (p. 676). This cohort represented a notable difference in workplace sectors in 

comparison to studies such as Adhyaru & Kemp (2022) or Naylor et al. (2019), which demonstrates 

the improved breadth and diversification of research being conducted around VR in work settings 

globally. The researchers refer to burnout and turnover in addition to stress, WLB, work related 

scrutiny, as well as stress and anxiety. They draw on Naylor et al. (2020) among others in their 

rationale. 

Due to COVID-19, data was collected at participants’ homes via semi-structured interviews 

after using an unnamed HMD to engage with a “a short-length three-dimensional video of about 

10 minutes”. From their results it appears that most participants believed that VR could induce 

relaxation, and that VR interventions should be implemented in the workplace, which is further 

evidence of a trend coming out of this sector of investigation. Some of the feedback suggested that 

part of the benefit was taking workers out of the noisy ‘real life’ work environment and letting 

them enjoy the peaceful natural environment. Moreover, feedback obtained highlighted the 
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importance of having time to themselves, away from others, as an important factor in reducing 

stress and promoting relaxation. One facet of the results supporting Naylor et al. (2019) is that 15 

of the 17 participants reported wanting to be able to explore the VE but were unable to as it was a 

video. This finding specifically lends weight to the idea that participants want the option to be able 

to interact with any VE they are given access to, and that failing to provide that option may be 

detrimental to the experience. Similarly, there were reports that the HMD was uncomfortable, with 

audio/visual experiences subjective in appeal to the user. In turn, this supports the current study’s 

findings that user choice on VE and UX feedback is key to better engagement and relaxation 

outcomes.  

Other research has been focused on a specific software for VR stress reduction. Ibrahim et 

al. (2021), for example, look at a program they developed: XperionVR. Using a standalone HMD, 

XperioneVR gives users the ability to practice relaxation techniques with either 3D or 360° video 

environments, paired with user choice of background music, nature sounds, or meditation 

instruction. The 3D environment also includes “relaxing games”. One part of the study allowed 

workers (customer service staff at a call centre) to use the system as much as they wanted during 

breaks over the course of 3 weeks. Of the 40 participants, only 15% tried the system more than 

once, despite participant reviews being generally positive. Outcomes like this demonstrate the vital 

nature of multi-session testing to identify factors that are beyond the enjoyment of first-use 

experience of VR that may still lead users to be poor repeat users. The researchers also discuss the 

issue of workers being able to use their break time to recuperate, an issue raised in Study 2: 
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“Another observation found is that for staff working in a customer service unit, their 

break time is limited and hence, they need to be able to utilise their break time 

effectively. For this reason, in order to make any VR-based relaxation therapy useful to 

the staff of any customer service unit, it is important to develop a system capable of 

delivering therapy outcomes within a short time.” (p181) 

 

The authors also discuss that some users didn’t really know what to expect or how to fully utilise 

VR (e.g., just looking straight ahead), which underscores the need for effective education not just 

in what VR can offer, but how to use the system to achieve those goals for novice users. 

VR for workplace wellbeing intervention studies extend beyond publication in the fields 

of psychology, medicine, health, and computing/information technology. Pretsch et al. (2020), 

published their research in the European Journal of Economics and Business Studies, where they 

detail their pilot study exploring a comparison between a VR 360° video relaxation program 

featuring natural environments (REALEX) and viewing an equivalent 2D video on a laptop. They 

found a significant increase in relaxation pre-to-post-test, however, did not find significant results 

for the effect of condition. Given their modest sample size and lack of condition-specific 

significant results, it may be prudent to consider this study as potential contributing evidence 

towards the trend of effective VR relaxation interventions, rather than more direct evidence. 

Since the publication of Naylor et al. (2020) several systematic reviews into the area of VR 

wellbeing interventions have been published, with related studies included here for discussion. For 

example, Riches et al. (2021) conducted a review into VR relaxation for the general adult 

population. While not specifically workplace focused, such reviews are reasonable starting points 

to establish trends likely to be applicable in workplace settings. The authors examined a final 19 
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studies between 2007 and 2020 and found broadly, that VR may be a feasible, acceptable, short-

term, and importantly safe, vector for interventions to promote relaxation and reduce stress. While 

some studies had both urban and natural VEs, most studies focused on natural environments. The 

authors found that generally VEs with pleasant and/or natural stimuli generally had more 

favourable impacts on relaxation and stress than control conditions. 

The authors highlight some potential issues in this area of research. They identify the 

potential for a novelty bias (i.e., participants were positive about the new experience rather than 

the content of the intervention itself) because of single-session studies. They also identify the issue 

with many studies using researcher-administered self-report measures, potentially leading to 

response biases. This is further evidence to suggest that any future studies should not only be over 

multiple sessions, but should also include objective measures (e.g., HR, galvanic skin response, 

etc.). Another issue identified was the paucity of agreed upon definitions – even something as 

simple as “relaxation” can, and does have, different meanings in different studies.  

Riches et al. (2022) focused on VR relaxation interventions specifically for adults with 

mental health conditions. It is included for discussion given the overlaps between workplace stress 

and conditions such as depression and anxiety. The researchers reported that all the final 18 

included studies involved nature based VEs, with beaches being the most common. Similarly, to 

the research conducted by Adhyaru and Kemp (2022), it indicated that VR is effective in promoting 

relaxation in several healthcare settings as a low-intensity intervention. If VR interventions are 

safe and effective for clinical populations, it is reasonable to continue to explore any related trends 

for adult workers from the general population. 

Velana et al. (2022) identify just how much the world has changed pre-to-post-COVID-19, 

and how developing technology can be beneficial to both clinical and general adult populations. 
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They discuss the increasing reports of workplace stress and how workplace interventions may be 

an effective way of disrupting this stress by giving workers new techniques and the ability to 

practice them. The authors analysed a final group of 16 studies and found a wide range of measures, 

participant numbers, and even length of VR relaxation tasks (mean of 8.3 minutes). Nine studies 

were found to indicate a significant positive effect of VR on stress, anxiety, or participants’ 

emotions, and in general the studies in this review indicated a positive outcome for participants. 

However, the authors highlight an issue that was raised in Naylor et al. (2019) which has been a 

consistent concern throughout this research: how much can a user interact with the program, and 

how would that change user experience and resulting relaxation levels.  

 

“Although all the VR environments described in the studies were highly immersive, in 

most cases participants could only immerse themselves in the virtual world as observers, 

i.e., they could [only] look around or move around”. (p. 11) 

 

This issue is a strong focus for future research, ideally conducted in a randomised control trial 

study, to determine the importance of interactive vs passive VE engagement. 

Given the importance of presence and immersion (e.g., see Chapter 3), it may be surprising 

that only three of the sampled studies attempted to capture participant feelings of presence, and 

only two other studies explored levels of participant immersion. Alongside issues like motion 

sickness, future studies would likely benefit from exploring what is or is not helpful for a user in 

these areas. Another issue highlighted in both Velana et al. (2022) and Riches et al. (2021) is that 

of single-session studies. In this instance 93.75% of studies were conducted in a single session. 
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Given the issues raised, the authors cite Naylor et al. (2020) regarding the importance of robust 

and repeatable studies being vital for such a relatively new and developing field.  

Limitations 

COVID-19 

To attempt to briefly summarise the impact that the COVID-19 pandemic has had on the 

world would be inappropriate, given the ongoing effects and risks that many are still facing. 

Authors such as Fernández-de-las-Peñas et al. (2021) describe the pandemic as the most 

“catastrophic experience of the last century”. The current study was conducted in the state of New 

South Wales (NSW), Australia, where COVID-19 was first detected in January 2020. Globally, 

some survivors of a COVID-19 infection went on to suffer a syndrome that researchers are calling 

“Long COVID” (also described as “post-COVID”) that involves symptoms such as brain fog, 

dizziness, loss of attention, loss of taste, confusion, fatigue, as well as autonomic, respiratory, and 

even psychological symptoms (Fernández-de-las-Peñas et al., 2021). This author’s experience with 

COVID-19 involved being near-bedridden for a month in late 2022, with continuing issues of brain 

fog, malaise, and impaired taste and smell still present to this day. This was despite receiving each 

mandated vaccination in Australia and spending each day of the lockdown legally enforced in 

Sydney without leaving home. Both pre-and-post infection impacted research progress and 

engagement with the project due to the enforced lock downs in Sydney, Australia, totalling more 

than 12 months between 2020-2022.   

Beyond the virus itself, NSW saw lockdowns/stay-at-home orders from March 2020 to 

October 2021, which mandated that the general population be banned from unnecessary travel 

beyond the period of infection this author encountered. This had a terminal impact on Study 1, 

which required participants being in close proximity to the researcher in a public building, needing 
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to be ended prematurely due to University of Sydney Work Health and Safety policies and more 

broadly, that of national and international policies to isolate from others. All research at The 

University of Sydney involving person-to-person contact ceased at the same time, thus no PhD 

candidate could continue human centred research experiments, but instead were informed to 

reconceive their research to non-human contact where possible. Given this, the initial experimental 

design (Study 1) was forced to pivot to an online, survey-based model. This change had to take 

place in a time of great uncertainty, with no likely end point for the pandemic. As such, Study 2, 

was designed out of necessity and not as the primary focus/design for this doctoral research.  

Study 1 

Beyond the disruptive effects of the COVID-19 pandemic between 2020 to present, Study 

1 was limited by several factors. Due to having to terminate the study early, the resulting modest 

sample size precluded a few different analyses. Even the data collected that could be quantitatively 

analysed should be taken as an indicator of potential effect rather than robust significance given 

the sample size. While qualitative analysis does not suffer the same level of difficulties as the 

quantitative analysis, a larger sample size likely would have resulted in richer data and have 

matched, or exceeded, similar VR studies as reviewed by the current research (see Chapter 3).  

Another consideration was the amount of time required to undertake the study. While 

recruiting for a single session study is rarely easy, booking two sessions within two weeks, for 

minimal incentive for the voluntary participant proved difficult. Additionally, the irony of asking 

participants to give up their workplace lunch time, or break time, to take part in the current study 

does not go without notice; moreover, to then attempt to provide a meaningful break experience in 

a lab setting, rather than the place of work. Future funded studies would ideally either be able to 

incentivise participants, or have managerial support incorporated as stakeholders in the study, so 
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that testing could be integrated into the workflow of the business day, for employee VR break self-

monitoring to occur freely. 

The current doctoral research was not funded. As a result, the VR stimuli used were either 

free samples or freely available VR content. While still fit for purpose, they were not able to fully 

showcase the best of what an HMD can offer in the way that fully licensed VR environments or 

custom-made VR environments could. Having a custom-made VR environment would also have 

helped streamline the experimental process (i.e., quicker procedure with less experimenter 

intervention when setting up and troubleshooting the interface with volunteer participants), and 

potentially providing improved data and recording options (e.g., choice of stimuli, amount of time 

taken on any given menu screen, etc).  

Further to this, the HR monitor was not of the highest clinical quality and likely interfered 

with the participant typing responses to the survey. Future funded studies would benefit from an 

improved method to reliably record heart rate that does not inhibit participant hand/arm movement. 

The absence of funding also hampered advertising capabilities, which further reduced potential 

reach in an already small population and eliminated the option for double blind testing.  

Study 1 took place either in the participant’s office, or in a substitute room in the former 

University of Sydney VR Open Lab located within the School of Psychology. Despite efforts to 

provide a reasonable facsimile of a typical office space (e.g., a comfortable office chair), the lab 

room was likely too small and artificial to provide a fully ecologically valid workplace 

environment, akin to typical office cubical sizes and/or open plan settings. In terms of the 

participant office spaces used, one participant did not have a chair that was able to rotate. This 

likely was inhibitory, given the purpose of VR to give users the chance to look around instead of 

at a fixed monitor. This is one example of how small, seemingly innocuous items in a workplace 
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setting can potentially inhibit a relaxation intervention. Future studies would likely do well to 

consider potential ergonomic issues.  

Of further consideration was the Stroop test stressor used in Study 1. While it did appear 

to raise heart rate, and has been supported in past studies (e.g., Kao et al., 2014; Naylor et al., 

2019), it may be more ideal to identify a task that is either closer to office stress in nature or has a 

more physiological focus. As authors such as Adhyaru and Kemp (2022) have stated, having 

objective physiological/biometric measures of stress are vital not only for the data they produce, 

but providing a more holistic picture.  

In terms of the experience, there were further potential limitations. The first is the difficulty 

in having a “true” control condition. This issue was present in Naylor et al. (2019) and is a factor 

often debated by researchers considering study design. To have a participant wearing an inactive 

headset for the duration would likely be a negative, if not distressing, experience. To have a 

participant look at a conventional monitor discounts many of the important intrinsic factors that 

come with HMDs (e.g., ergonomics of the device, unique qualitative insights that come from a 

HMD experience). Compared to Naylor et al. (2019), the conditions in Study 1 ended up being 

less interactive, which was not the optimal outcome. While the reasons for this are have been 

previously stated (e.g., funding, COVID-19 interruption, etc), it will be paramount for future 

studies to investigate what level of interactivity allows for sufficient engagement and immersion, 

without losing the relaxing effect.  

The final limitation to be discussed for Study 1 was unforeseeable and independent of 

COVID-19. Without warning or explanation, The University of Sydney’s VR Open Lab was shut 

down and dismantled in 2021. Senior staff within the lab, one of whom was an Auxiliary 

Supervisor on this project, were terminated and not replaced. No official explanation has ever been 
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provided by the School of Psychology to the doctoral candidate of the supervision team. While the 

disruption caused was overshadowed by COVID-19, it still had a significant effect on the current 

research and would have severely delayed, or ended study 1, if the pandemic had not already 

caused mass disruption and the formulation for Study 2.  

Study 2 

Feedback from the study, both explicit and by looking at dropout rates, suggest that it was 

too long in its survey form. If repeated, it is recommended to examine the before-vs-after 

educational video topic in a separate survey. Participants may have experienced survey fatigue at 

the point of answering the open-ended questions at the end. Further to this, a long survey with a 

lack of incentives was not an ideal prospect for voluntary participants.  

Finally, the requirement regarding employment in the last two years cut down the number 

of people who could take part. While this was done to match Study 1 (to ensure that people had a 

depth of experience with “modern” workplaces), given the wider breadth of work types, and 

especially the complications of the COVID-19 pandemic, it may have been too narrow a restriction. 
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Conclusion 

Study 1 found evidence to suggest that participants taking part in two sessions of VR 

relaxation may feel more relaxed afterwards. While more research on longer time frames with 

more frequent usage is needed, it seems reasonable that the findings here could be illustrating a 

trend that suggests VR may be an efficacious platform for workplace wellbeing interventions. 

Participants were able to discuss their experience and thoughts on VR as a potential workplace 

wellbeing intervention, providing positive feedback, as well as highlighting areas that will need 

attention in future research. User choice, user space preferences and ergonomics, quality of stimuli, 

and level of interactivity are some of the key issues that will need to be examined further. 

Study 2 explored the thoughts and opinions of the general working public on VR wellbeing 

interventions in the workplace. This survey included the before and after effect of a short 

educational video, self-report, and open response questions. It showed that of those surveyed, less 

than a quarter had used a VR device more than five times in the last 5 years. This lack of exposure 

meshes with self-report responses suggesting respondents’ knowledge and understanding of VR is 

low. Initial results of this study suggest that relatively simple education may go a long way towards 

getting potential future users on the path to understanding VR, on par with other devices like 

smartphones. One major issue that arose in Study 2 compared to Study 1, was the lack of 

universality and/or autonomy of break time for workers. If workers are forced to “make up” break 

time interventions, or simply cannot take effective breaks at all, then more work will have to be 

done to instigate managerial and institutional level change. Even with issues such as the above, 

there was evidence of interest in, and acceptance of, VR wellbeing interventions in the workplace.  
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The combination of Studies 1 and 2 suggest that while there is insufficient evidence to 

make concrete, evidence-based, conclusions, there appears to be a trend towards interest and 

acceptance of VR wellbeing interventions for the workplace, and that VR may be effective at 

improving relaxation. Given the changing atmospheres of VR use and technology (e.g., cost, 

availability, public knowledge, AR/XR systems) it is unknown at this point if VR will have the 

greatest efficacy as a platform over time. However, these studies suggest it is a good starting point 

to identify potential trends, based in the findings of the Naylor et al. (2020) scoping review. 

There is evidence in Studies 1 and 2, in addition to further research, that suggest that there 

is an interest and feeling of acceptability in the public regarding workplace VR. However public 

interest, especially if it is media reported, does not indicate that any technology or intervention 

will actually be taken up and used. For example, despite the billions of dollars invested in ‘The 

Metaverse’ development, as well as the vast sums spent on promoting it, as of mid-2023 it is yet 

to become the ubiquitous nexus of all things online that has been promised. Indeed, at the time of 

writing, it is beginning to appear as more of an ambitious idea that will be resigned to the history 

books, rather than being the future of web 3.0. 

The most straight forward way for VR uptake in the workplace to succeed, or even in other 

settings, is if it can follow the trajectory of the smartphone. Any devices, apps, or interventions 

need to be intuitive, mobile, and customisable/adaptable to users’ needs. Software must be easy to 

find, install, update, customise, and operate. Any potential provider must be aware that not 

everywhere in the world has the privilege of fast and/or large downloads, which means careful 

planning and optimising of major updates. None of this will be possible without the required levels 

of investment, which will not happen until there is strong evidence of the efficacy and utility of 

VR and workplace interventions. Given the field still has a lack of clarity on components as vital 



 

196 

as definitions of key concepts, it may be the case that a great deal of more work lays ahead. Despite 

this, it is reasonable to believe that standardisation in research, with clear evidence-based outcomes 

will steadily build toward greater uptake over the next few years.  

It is possible that the biggest motivator for the introduction of technology like this into the 

workplace will be improved/increased productivity, which may - or may not - be wrapped in the 

guise of wellbeing. As such, it is likely that HMDs will potentially face multiple duties, thus XR 

may end up being the direction workplace interventions will follow. Given that VR is not going to 

be applicable to all circumstances, nor be the right answer for all users, there may be a niche use 

for it in the space between entertainment, health and wellbeing. However, for the changing, 

interactive nature of many workplaces (e.g., clients, co-workers, meetings, changing physical 

environments), the multifaceted role required may be beyond what a VR HMD alone can manage. 

This issue meshes with the current genesis of new peripherals that are aiming to bring haptic and, 

in some cases even olfactory, stimuli to the users’ experience. It may however be 5-10 years before 

such technology has the price, usability, desirability, and ubiquity needed for mainstream adoption. 

With all that said, VEs (i.e., delivered via VR/AR/MR) are still likely to play a role in wellbeing 

interventions, and so it is important that the research continues. 

New technologies are on the horizon, with each looking to disrupt the market and evolve 

the use of HMDs. One controversial example is Apple’s Vision Pro. The Vision Pro is an untethered 

mixed reality HMD that does away with controllers, relying on hand movements, eye tracking, 

and voice commands in their place. Unlike most of the HMDs on the market today, the battery 

pack for the Vision Pro is not in the HMD itself, but rather in a standalone pack or wall charger. 

Given that the battery packs add to the heat and weight of HMDs, we may see a trend of batteries 

leaving the HMD, if the Vision Pro is successful. Meta and Valve are looking to put a new 
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generation of HMD into the market, with the former likely to be out before the end of 2023. Given 

these quick advances, repeatability of methodology for VR experience will constantly need to be 

reviewed to account for new learning-curves and adaptations of the new devices on offer. 

The goal of the current research was to examine workplace stress, and specifically, 

workplace wellbeing and relaxation VR interventions to aid in reducing/managing workplace 

stress. Beyond this, the research was forced into an unexpected interaction with COVID-19, 

leading to new questions and challenged assumptions, including a reassessing of what an average 

workplace is today, and what it may be in the next five years. Building on this, the unplanned 

disruption of traditional work environments due to the pandemic leads to the need to confront that 

it will no longer be enough to simply look at workplace break time as an option for interventions, 

without considering what environment the workers in question do most of their work in.  

Given the prior literature examined in this research, it is apparent that while there are 

increasing studies finding significant effects of VR intervention on stress and wellbeing, there 

remains a growing need to examine how VR can specifically affect stress in settings with high 

ecological validity. Given this, longer term studies of employees stressed by work-related tasks, 

rather than stressor tasks simulated as in the current research, and how VR can be of aid in real-

time settings is crucial to validation studies. Improved measures, standards, apps, and hardware, 

conjointly with education and changes in the way management deals with worker breaks and 

wellbeing, will be required to create an evidence-based, user friendly, holistic workplace wellbeing 

interventions.  

This discussion culminates in a need to examine factors in greater details such as portability, 

accessibility, disruptiveness, and utility for VR interventions in any work environment in future 

studies. What will then result is that the most effective VR intervention will be able to be used 
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effectively in almost any reasonable environment where work takes place. What kind of app, 

platform (be it VR or something with similar immersive properties with broader functionality), 

level of interactivity, and suite of choices that will make up an efficacious workplace wellbeing 

intervention, will be the goal of future research and, ultimately, workplace reform.  
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approval and on completion of the project.   
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This letter constitutes ethical approval only.   
  
Please contact the Ethics Office should you require further information or clarification.  
  
  
Sincerely,  
  

 
Dr Catherina Gelissen  
Acting Chair, Health Review Committee (Low Risk)  
The University of Sydney HRECs are constituted and operate in accordance with the 
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Appendix B 

Materials Relating to the Stroop Test 

Table B1: 
List of Stroop test answers 

1.  PURPLE 51.  GREEN 
2.  BLUE 52.  PURPLE 
3.  PURPLE 53.  RED 
4.  BROWN 54.  PURPLE 
5.  RED 55.  PURPLE 
6.  BLUE 56.  BROWN 
7.  BROWN 57.  GREEN 
8.  PURPLE 58.  PURPLE 
9.  GREEN 59.  GREEN 
10.  BROWN 60.  RED 
11.  PURPLE 61.  GREEN 
12.  BLUE 62.  GREEN 
13.  RED 63.  BLUE 
14.  BROWN 64.  RED 
15.  GREEN 65.  BLUE 
16.  BLUE 66.  BROWN 
17.  GREEN 67.  GREEN 
18.  RED 68.  BLUE 
19.  BLUE 69.  PURPLE 
20.  BLUE 70.  BROWN 
21.  PURPLE 71.  PURPLE 
22.  BLUE 72.  RED 
23.  GREEN 73.  BLUE 
24.  GREEN 74.  PURPLE 
25.  PURPLE 75.  RED 
26.  BROWN 76.  BROWN 
27.  RED 77.  GREEN 
28.  BLUE 78.  RED 
29.  GREEN 79.  PURPLE 
30.  BROWN 80.  GREEN 
31.  BLUE 81.  PURPLE 
32.  BROWN 82.  BROWN 
33.  BLUE 83.  BROWN 
34.  GREEN 84.  RED 
35.  PURPLE 85.  GREEN 
36.  GREEN 86.  BROWN 
37.  PURPLE 87.  BLUE 
38.  BLUE 88.  BROWN 
39.  GREEN 89.  GREEN 
40.  BLUE 90.  RED 
41.  BROWN 91.  BROWN 
42.  RED 92.  RED 
43.  PURPLE 93.  BROWN 
44.  RED 94.  GREEN 
45.  PURPLE 95.  PURPLE 
46.  BLUE 96.  RED 
47.  BLUE 97.  RED 
48.  RED 98.  BROWN 
49.  RED 99.  RED 
50.  BROWN 100.  BLUE 
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Stroop Test Instruction Slides 

Figure B1 
First Instructions Slide 

Instructions
• Try to say the COLOUR that each word is written in as quick and accurately 

as you can.
• On each slide there will be a single word
• Sometimes the colour of the word will be different to the meaning of the 

presented word, however try to say only the colour of the word
• There are only 5 colours:

Red
Blue
Green
Brown
Purple

 

Figure B2 
Final Instructions Slide 

Final Instructions

• Now it is time for the timed test
• The test will be 2 minutes
• Every time I hear a correct answer I’ll bring the 

next slide up
• Remember to name the colour of the word, 

not what the word says
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Figure B3 
Congruent Colour Example Slide 

PURPLE

 

Figure 54 
Figure B4 Incongruent Colour Example Slide 

RED
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Appendix C 

Page 1 

VR Experiences SURVEY 

  

ABN 15 211 513 464 

     

    

 CHIEF INVESTIGATOR A/Prof Andrew Campbell 

 Associate Professor 

  

   The University of Sydney 

NSW 2006 AUSTRALIA 

Email: andrew.campbell@sydney.edu.au 

Web: htp://www.sydney.edu.au/ 

  

Virtual Reality and Stress at Work 

PARTICIPANT INFORMATION STATEMENT 

  

(1) What is this study about?  

You are invited to take part in a research study inves�ga�ng workers thoughts and knowledge about wearable 
Virtual Reality (VR) technology and its poten�al for use as a stress reduc�on tool in workplaces. 

This Par�cipant Informa�on Statement tells you about the research study. Knowing what is involved will help you 
decide if you want to take part in the research. Please read this sheet carefully and know that you are able to 
discon�nue par�cipa�ng by closing your browser window if you do not wish to consent. 

Par�cipa�on in this research study is voluntary. 

By giving your consent to take part in this study you are telling us that you: 

Understand what you have read.Agree to take part in the research study as outlined below.Agree to the use of your 
personal informa�on as described. 
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(2) Who is running the study? 

The study is being carried out by Mr Mathew Naylor (PhD Candidate). Mathew is conduc�ng this study as the 
basis for the degree of Doctor of Philosophy (PhD) at The University of Sydney. This will take place under the 
supervision of A/Prof Andrew Campbell. 

(3) What will the study involve for me? 

As a participant in this study, you will be asked to complete a survey online. There will also be a short video to 
watch, but there will be no memory tasks or tests. There are no right or wrong answers, the goal is to discover your 
thoughts and opinions on the presented topics. We recommend allocating a minimum of 30 minutes in order to 
complete this survey. 

(3) Who can take part in the study? 

Anyone 18 years or older who is either currently working, or who has been employed (full-time or part-time, 
including self-employed) within the last two years. Those who are unemployed, looking for work, and/or those 
who are semi-retired are welcome as long as they meet the previous requirements. 

(4) Do I have to be in the study? Can I withdraw from the study once I've started? 

Being in this study is completely voluntary and you do not have to take part. Your decision whether to participate 
will not affect your current or future relationship with the researchers or anyone else at the University of Sydney. If 
you decide to take part in the study and then change your mind later, you are free to withdraw at any time by 
closing your web browser before submitting your final responses. 

(5) Are there any risks or costs associated with being in the study? 

We do not foresee any risks or costs associated with participation in the study. In the unlikely event that any 
emotional discomfort is experienced please raise this with the researcher by contacting Matthew Naylor (PhD 
Candidate) via email at m.naylor@sydney.edu.au. We can then discuss an appropriate action such as contacting 
your GP, calling Lifeline on 13 11 14 or Beyond Blue 1300 22 4636 for support as needed.  

(6) Are there any benefits associated with being in the study? 

All participants who complete the survey have our most sincere thanks. Taking part will help shape research into 
VR and its real world applications. 

(7) What will happen to information about me that is collected during the study? 

During this study your responses to surveys will be collected and securely stored. If you consent to participating in 
this study, collected data will be examined in order to be part of the PhD Candidate’s thesis work. Your information 
will be stored in such a way that you cannot be identified. All information will be securely stored in digital form, 
and will be destroyed after 5 years. No third party will be given unrestricted access to any data collected. 
By providing your consent, you are agreeing to us collecting personal information about you for the purposes of 
this research study. Your information will only be used for the purposes outlined in this Participant Information 
Statement, unless you consent otherwise. Your information will be stored securely and your identity/information 
will be kept strictly confidential, except as required by law. Study findings may be published, but you will not be 
individually identifiable in these publications. 
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We will keep the information we collect for this study, and we may use it in future projects. By providing your 
consent you are allowing us to use your information in future projects. We don’t know at this stage what these 
other projects will involve. We will seek ethical approval before using the information in these future projects. 
  

(8) Can I tell other people about the study?  

If you could pass the link to this survey on to anyone you feel would be interested, or ask them to email the 
researcher, it would be greatly appreciated. 

(9) What if I would like further information about the study? 

If you would like to know more at any stage during the study, please feel free to contact Matthew via email at 
m.naylor@sydney.edu.au 

(10) What if I have a complaint or any concerns about the study? 

Research involving humans in Australia is reviewed by an independent group of people called a Human Research 
Ethics Committee (HREC). The ethical aspects of this study have been approved by the HREC of the University of 
Sydney [protocol number: 2020/793]. As part of this process, we have agreed to carry out the study according to 
the National Statement on Ethical Conduct in Human Research (2007). This statement has been developed to 
protect people who agree to take part in research studies. 
If you are concerned about the way this study is being conducted or you wish to make a complaint to someone 
independent from the study, please contact the university using the details outlined below. Please quote the study 
protocol number. 
  

The Manager, Ethics Administration, University of Sydney: 

Telephone: +61 2 8627 8176Email: human.ethics@sydney.edu.auFax: +61 2 8627 8177 (Facsimile) 

By checking this box, I certify that I am at least 18 years old 
and that I give my consent freely to participant in this study. 
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[NOTE: Video clip was displayed on this page] 
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Appendix D 

Table of Participant Occupations 

Occupation Title Job Sector Occupation Duties 

Assistant Researcher Research Online data collection, marking papers, formatting 
data 

Research Fellow Higher Education Grant writing, data analysis, generating report, 
administration duties. 

Senior Project Officer Education Creation of processes (including process mapping), 
collection and collation of data, presentation of 
collateral project documentation to stakeholders. 

Proposal Manager Education Writing, reading on screen and hard copy, meetings, 
and presentations. 

Research Fellow Tertiary Education Report writing, research, teaching 

Process Analyst Higher Education Run workshops, map processes, schedule meetings, 
basic data analysis, write reports 

Project Officer Higher Education Administrative and project management 

Grants Administration 
Coordinator 

University High volume administrative and operational duties. 
Data capture and analysis for reporting. 
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	Besides a lunch break or similar, are you able to take other short breaks (30 minutes or less) during your workday? Out of 125 respondents who answered this question, 64.4% indicated that they could take short breaks beyond mandated meal breaks, with ...
	How much time do you feel is the minimum amount required for you to get a rejuvenating break at work (in minutes)? Please consider what you feel you would need, even if you cannot obtain it at your current workplace. As shown in Table 13, most partici...
	How stressed do you feel on an average workday? When asked about how much stress they felt on a typical day of work, 36.8% reported feeling an average amount of stress, and a similar number (36.0%) reported significant periods of stress or feeling ver...
	How do you feel your current or most recent work impacts your wellbeing? As seen in Figure 51, when asked about the impact work had on their wellbeing, there were more negative responses (29.6%) than positive response (21.6%). However, almost half of ...
	How supportive do you think your workplace management would be in allowing staff to take VR stress reduction breaks at work? When asked about how supportive they felt management would be regarding the introduction of a workplace VR stress reduction in...
	How do you think using a VR stress reduction break would be viewed by co-workers? In contrast to these perceptions of management support, 69.6% of respondents felt that their co-workers would be mostly or very supportive of the introduction of a VR st...
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	Correlations
	Demographics and Work Patterns. A significant correlation was found between the reported average number of hours spent working at a desk and level of education, with those with a higher level of education reporting spending more hours working at a des...
	Support of VR Interventions in the Workplace. Those who were more receptive to the introduction of VR relaxation interventions in the workplace were significantly more likely to report higher skill and confidence with mobile and wearable devices (r = ...

	Open Response Questions
	Prior Experience with Relaxation. As seen in Table 15 below, when asked about their prior experiences with relaxation activities, participant responses fell into a relatively even split between the four categories, with more than half of them undertak...
	VR Programs Chosen by Employees or Workplace. Participants were asked if they believed that potential VR stress reduction programs should have to be approved by a workplace, or if employees should be allowed to source their own programs. Responses fro...
	Dedicated VR Device or Phone-Based VR. Participants were also asked if they would prefer to use a dedicated VR device for a workplace VR intervention, or one that allowed you to insert your own personal smartphone to use as the screen, and to explain ...
	Barriers to VR Usage for Relaxation in the Workplace. The most frequently mentioned perceived barriers to the commonplace use of VR in the workplace related to cost, and infrastructure concerns, with 69 (61.06%) of the 113 participants discussing thes...
	Privacy. When asked explicitly if they had concerns regarding self-consciousness or privacy while using a VR device for stress reduction at work, 65 participants (58.04%) provided answers indicating that they did have concerns about this, with the rem...
	Workplace Changes. Participants were asked if they had ideas or concerns regarding what changes could or would need to be made to their workplace that would positively influence or facilitate the use of VR technology for relaxation. Eight-five partici...
	Program Suggestions. Participants were also asked if they had any suggestions regarding the types of programs that would be helpful and desirable for use in a VR relaxation intervention context, with 80 participants putting forward their ideas for thi...
	Other Comments. At the end of the survey participants were given the chance to expound on any other thoughts they may have regarding VR as a relaxation intervention in workplaces currently or in the future. These comments have been coded as shown in T...
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