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1.0 Project Introduction

1.1 Introduction

This dissertation will cover Virtual Reality game environments and how it can be implemented as a therapeutic tool to aid mindfulness. The aim of this project is to collate data from credible sources and primary research on how a VR environment would be able to promote peace and mindfulness to players. Chapter 2 will look at Psychology and Media theories that are relevant to the creation of a virtual environment and measurements of mindfulness. It will also cover present games that are to aid mindfulness and the current usage and development of VR. Chapter 3 will discuss the importance of theory and the promotion of mindfulness through distinct case studies, each followed by a unique methodology with the creation of primary research and evidence. Chapter 4 will then analyse how the research and literature reviewed can aid with the creation of a therapeutic tool for mindfulness within VR and conclude the dissertation by summarising key findings and discussing potential implications.







1.2 Abstract

	This dissertation investigates the potential of Virtual Reality (VR) game environments as a therapeutic tool for promoting mindfulness. It synthesizes relevant psychological and media theories, and reviews existing mindfulness-based games and VR technology to establish a theoretical framework. A case study approach, incorporating primary research methodologies, examines the impact of virtual environments on stress and mindfulness. Key findings suggest a capacity for immersive, nature-simulating VR experiences to promote relaxation; however, limitations, including small sample sizes and lack of existing research , are acknowledged. The dissertation concludes by stating what features of a VR environment would be needed to induce mindfulness and therapeutic techniques, whilst also emphasizing the need for further future research to validate these findings and inform the design of effective VR mindfulness applications.











2.0  Literature Review

2.1 Definitions/Abbreviations

Cortisol – The main stress hormone that controls mood, motivation, fear, and metabolism. High stress levels increase cortisol which leads to inflammation, high blood pressure, poor sleep, increased blood sugar and other symptoms [1].

Mindfulness – A state of internal awareness and surroundings, the ability to focus on the present moment only, without judgement or reaction, just observation [2].

GNT - Abbreviation of Gestalt Nature Therapy, discussed as a part of the Gestalt Nature Theory [3].

HRV – Abbreviation of Heart Rate Variability. A common method of measuring stress by looking at how much the heart fluctuates [4]. 

5 Point Likert Scale - A rating scale that quantitatively assesses opinions from participants, from giving answers on a scale of 1-5. With one being the lowest rating, and five being the highest [5]. 




Parasympathetic Activity – The role your parasympathetic nervous system plays to carry signals to relax and digest. Works alongside your sympathetic nervous system to keep the body in balance. Parasympathetic activity follows sympathetic activity in response to danger, allowing the body to calm down when safe [6]. 

Sympathetic Activity – The role your sympathetic nervous system plays to carry signals to activate fight or flight. Works alongside your parasympathetic nervous system to keep the body in balance. Sympathetic activity becomes dominant when the body believes it is in danger. Anxiety and high stress strain this system which damages parasympathetic activity also [6]. 

MAAS – Abbreviation of Mindfulness Awareness and Attention Scale. The most frequently used measurement of mindfulness [7]. 

Sound Frequencies – The vibrations that create sound, measured in hertz (Hz). Specific frequencies are shown to affect the brain in different ways and can induce calmness and relaxation [8].

Binaural Beats – Auditory illusions created by playing two different frequencies at the same time. The brain perceives the difference as a new frequency that can influence brainwave frequencies to promote relaxation or altered states [9]. 

AILE Oximeter- The specific heart rate monitor that will be used throughout this study. NHS approved, MHRA registered [10]

VR – Virtual Reality. An environment that can be perceived to be real through the immersivity of the surroundings. VR is accessed by using a VR Headset [11].

VR Headset – a technology device that is used for VR [12].

Oculus Quest 2 – The specific VR Headset that will be used throughout this study [13]. 




















2.2 Theories

Ecopsychology Theory [14]
Ecopsychology is a psychological theory, created by novelist Theodore Roszak in 1992 [15], that suggests synergistic interplay between personal well-being and the natural environment [14]. Ecopsychology can be a tool for mindfulness through exploring the depth of the interconnection between human and nature. Ecopsychology is a component of the Gaia Theory [16], However, a key difference is that Ecopsychology states that our relationship with nature affects psychological and emotional health [15].

Gaia Theory [16]
The Gaia Theory, or the Gaia Hypothesis, is named after the ancient Greek Goddess of Earth, created in the seventies by inventor James Lovelock and biologist Lynn Margulis [16]. Rather than viewing life as passively adapting to a static planet, The Gaia Hypothesis states that Earth is a closely connected system where living things and their environment are deeply intertwined, changing and evolving together. Life actively influences the planet's conditions, and these conditions affect life. This interconnectedness helps regulate Earth's environment, suggesting that life itself plays a key role in maintaining a habitable planet, and this relationship between life and nature affects our physical health [17].





Gestalt Nature Therapy (GNT) [3]
Gestalt Therapy, developed by Fritz and Laura Perls in the 1940’s, emphasizes the individual's experience within their environment and was developed as a distinct form of therapy, diverging from some of the core tenets of psychoanalysis. These principles, when applied outdoors, create Gestalt Nature Therapy (GNT). [18] GNT views individuals as interconnected wholes within their environment, stressing the importance of the mind-body connection and the impact of interactions with nature. It suggests that identity forms through choices made in response to surroundings, when practiced in nature, GNT emphasises the individual's direct sensory experience and interaction with the environment to enhance self-awareness, promote healing, and foster a deeper connection with the world. [3]. This form of therapy is often used to treat mental health disorders such as anxiety and depression [19].

Objectification Theory [20]
Barbara Fredrickson and Tomi-Ann Roberts' 1997 objectification theory posits that media representations can significantly influence an individual's self-perception, potentially leading to self-depreciation, body image issues, and heightened self-consciousness. The theory specifically states women who are subject to these representations, which are often from a sexual nature, are the most at risk for developing mental health disorders and body issues. Research has consistently linked self-objectification to various negative outcomes, including increased body dissatisfaction, anxiety, disordered eating, and diminished psychological well-being. It is recognized that other factors beyond objectification theory also play a role in these effects [20].

Theory of Place Illusion and Plausibility [21]
Mel Slater’s theory of Place Illusion and Plausibility [21] explains the realistic responses individuals have to virtual environments through the concepts of place illusion and plausibility. Place illusion is the strong feeling of being truly present and immersed, even while acknowledging the illusory nature of the constructed reality. Plausibility, on the other hand, concerns whether the VR environment feels believable and coherent, working in tandem with place illusion to enhance the sense of reality. A strong sense of Place Illusion can be undermined if the environment lacks Plausibility, and vice versa. The degree to which a user experiences place illusion and plausibility can directly impact the intensity of their emotional reactions within the VR environment. Slater's theory [21] is paramount for VR development as it underscores the critical psychological factors of presence and believability that determine the effectiveness and impact of virtual experiences across diverse applications [22].

Transportation Theory [23]
Green and Brock’s Transportation Theory [23] explains how narratives or environments can influence individuals. Deep immersion, or "transportation," into these experiences can alter attitudes, and emotions. When transported, individuals may experience heightened emotions, reduced critical thinking, and stronger connections with the narrative's elements. The theory suggests that greater immersion increases a narrative's persuasiveness [24]. In VR, this implies that highly transporting environments can shape user responses and acceptance of presented information. While the theory is influential in media studies and related fields, its application and empirical testing within VR contexts is still developing [24].
2.3 Measurements of Mindfulness

Cortisol Levels [1]
	While direct tests of cortisol levels are not a measurement of mindfulness, it serves as a physiological indicator that may be influenced by or in relation to mindfulness practices. Testing cortisol levels are primarily assessed through blood and saliva samples, these tests can determine if an individual has too little or too much cortisol, with elevated levels indicating heightened stress. It is important to note that cortisol levels are influenced by a multitude of factors beyond psychological states, including circadian rhythms, physical activity, and acute stressors, necessitating cautious interpretation when relating them to mindfulness. Consequently, it is inaccurate to directly conclude that cortisol levels fully represent the extent of a person's mindfulness [25].

Heart Rate Variability (HRV) [4]
	Heart Rate Variability measures the variation of time between successive heartbeats and deals with the balance of the body’s parasympathetic and sympathetic activity. Parasympathetic activity promotes rest and digestion functions, whereas Sympathetic activity activates fight or flight response, preparing the body for action and for the release of adrenaline. [6] High HRV indicates a healthy balance with parasympathetic influence, however low HRV indicates stress. When the heart rate becomes less variable than usual, it can suggest a shift in the balance between these two systems, often indicating elevated sympathetic activity and a reduced influence of the parasympathetic resting response [4].
Mindfulness Awareness and Attention Scale (MAAS) [7]
	The most common method of measuring mindfulness. The MAAS is a self-report questionnaire, usually consisting of Likert scale questions. The scale surveys the two components of mindfulness, observing and attending to present moment, and secondly, an attitude of curiosity, acceptance, and lack of judgement. Due to this method being subjective and self-reporting, its accuracy and efficacy is limited. Despite these limitations, MAAS is widely used in research due to its good internal consistency and validity of the scores obtained from participants opinionated answers [7].













2.4 Games That Promote Mindfulness

Calm App [26]
	Calm is a mobile application available on Android and IOS systems and it widely used by over four million paying subscribers [27] and over 150 million downloads worldwide [28]. Key features of the app include guided meditations, bedtime stories and ambient music using binaural beats, though a paying subscription is needed to access the full range of features, limiting its accessibility. The subscription is £39.99 annually [29].

Headspace [30]
	Headspace is a mobile application available on Android and iOS systems and it is widely used by eighty million users worldwide [31]. Key features of the app include guided meditations, animated videos designed to teach mindfulness techniques, and dedicated courses focused on specific life areas such as stress, sleep, and focus. Access to the full library of content, including these specialized courses, is primarily available through a paid subscription, which may affect accessibility. The subscription is £49.99 annually [32].

NatureTreksVR [33]
NatureTreks VR is a virtual reality application that utilizes immersive environments to enhance mindfulness practice. The application provides virtual nature walks and guided meditations within VR. Its strength lies in using VR to create a strong sense of presence, potentially making mindfulness more accessible and engaging. NatureTreks VR is available on SteamVR and Meta Quest VR headsets [34] at a price of $9.99 [35].

TRIPP [36]
	TRIPP is a virtual reality and mobile application that utilizes immersive and visually engaging environments to enhance mindfulness and well-being [36]. The application distinguishes itself by integrating guided meditations and breathing exercises with interactive and often psychedelic-inspired experiences, facilitating a unique approach to stress reduction and emotional regulation. TRIPP's focus on active participation with breathing and dynamic visuals offers an alternative to more passive forms of VR mindfulness. TRIPP is available on PSVR and Meta Quest VR Headsets [37] at a price of £44.99 annually [38]. 












2.5 VR in the Modern Era

Primary Usage
	The current primary usage of VR applications and VR headsets are to immerse further into virtual spaces, in comparison to consoles and PC’s using flat screen monitors [39]. Eighty-eight percent of individuals who own a VR headset use the product for a distinct purpose, and the global market for VR is projected for substantial growth, increasing by over 1300% from $16 Billion [39] to $229 Billion by 2030 [40]. VR has grown to be diverse in the modern era with almost endless uses. There is a current upward trend in VR being used for fitness purposes and being used to practice surgery and modelling organs [41]. Archaeologists explore virtual recreations of ancient ruins; therapists to treat phobias and fears, and increasingly, to explore mindfulness and wellbeing [41]. 

Popular Headsets
	The most popular headset currently is the Meta Quest 2, estimated to have sold over ten million units, generating over $2 billion revenue [42]. The Quest 2 offers the most diverse range of apps and games. The current most top-rated VR headset is the PSVR2, which offers superior visual fidelity in comparison the Meta Quest range of VR headsets. However, the PSVR2 requires a wired connection to a PlayStation 5 console, in contrast to the Meta Quest range, which are wireless and standalone devices [43].
 




Limitations
	VR Headsets are expensive to buy, making them inaccessible to many. Extended use of VR is not recommended due to eye strain, discomfort, motion sickness and fatigue [44]. The lack of standardisation of VR, coupled with the complexity of development platforms [45] limits the applications available, making well researched, evidence-based applications to aid with therapeutic or medicinal advantages to be difficult to access [46]. 

Future Plans for VR
	It is expected that companies will begin to use VR for training exercises more commonly soon, with headsets soon to provide retina-level visual fidelity [47]. The exploration of VR treadmills will open the opportunity of further immersion and experience, especially with exercise and training simulations [48]. The advancements in VR and the increase in usage should provide improved accessibility and affordability for at home use and clinical settings [49].








3.0 Case Studies and Methodologies

3.1 Ecopsychology Case Study

Many studies have shown that spending time in nature significantly reduces cortisol levels, a primary stress hormone [50] a 20–30-minute period surrounded by nature appeared to drop cortisol levels at the greatest rate [51]. Lowering cortisol can help to produce a feeling of calmness and promote mindfulness through reducing symptoms of anxiety, mood swings as well as acute and chronic stress [1]. 
The Theory of Ecopsychology [14] is often studied when looking at benefits of mindfulness. Many studies suggest that the link between Nature and Humanity is vital for wellbeing [52]. Gestalt Nature therapy (GNT) focuses on this connection through cultivating awareness of the whole body in the present moment, using all five senses and deepening a connection between human and nature, GNT is often practiced outside surrounded by nature. [3]. Individuals who have practiced GNT have shown increased mindfulness capability [53]. GNT thrives in diverse natural environments. Forests, Mountains, Rivers, and Lakes are great for promoting self-awareness, personal growth, and connection with nature, as these environments offer unique sensory experiences, symbolic meaning, and opportunities for mindfulness and reflection [18].
However, many psychologists state that GNT can worsen individuals through the increased self-awareness techniques. clients with PTSD may struggle to engage in the moment, listen to their thoughts, emotions, and sensations as this could be traumatic [54]. 
The changing of seasons affects individual psychology through changes in temperature, visuals, and daylight. [55] Spring is associated with renewal and growth, whilst summer means vitality and energy. Autumn symbolises gratitude and reflection whilst winter is a time of introspection and increased focus. [56] Stress reduction theory suggests that spending time in nature can lower stress levels, reduce anxiety, and improve mood. Aligning ourselves with the seasons encourages spending more time outdoors and engage in seasonal activities, which can promote relaxation and well-being. For example, taking a walk in the park during autumn or gardening in the spring can help reduce stress and improve our overall mental health. [57]. According to the According to the World Happiness Report of 2024, Nordic countries continue to top the chart with the highest amount of well-being [58] from investigating, I was able to find what these scandic countries have in common; four distinct seasons. [59]. However, a study by WellnessPulse [60] shows that the countries with the highest rates of Seasonal Affective Disorder are within Europe, with the top three countries being Scandinavian. [61] This is most likely due to the lack of daylight and the cold climate during the long winter season. 
It is the interplay between the four different seasons in Scandinavia that sustains mental well-being; thus, it has been suggested that engagement in activities likely to place people in close contact with the natural cycles of change would facilitate healing. A typical case in point is plein-air painting practiced in Norway [62]. It is in the natural environment that the artists encounter, which to a great extent forms and trains them in the very essence of seasons. In other words, creation itself is active mindfulness in an environment, and not surprisingly it plays a very important role in Scandinavia when it comes to well-being [62]. That offers a unique case study to investigate ecopsychology and mindfulness in different geographic areas.
 A common practice that occurs in societies across the Nordic countries, is the importance of art and wellbeing. A study from Oregon University showed that Art plays a pivotal role within education systems within Scandinavia, contributing a therapeutic effect which may help with consistently low crime rates [63]. 






















3.1.1 Ecopsychology Methodology

To adhere to the aim of researching into environments that create a sense of calmness and promote mindfulness, a SMART format that was previously outlined in the project proposal was followed. The conducted primary research involved the implementation of A/B testing and observational methods within a focus group setting. Participants utilized Google Earth, to explore environments while their engagement with ecopsychology and mindfulness principles was observed. The ten participants were university students residing in Swansea. This focus group was chosen based on location due to the tests being held in person. The use of university students was used due to higher stress levels often being present, according to a study conducted by the National Library of Medicine [64]. The aim of the test was to explore what environmental factors lowered cortisol within the participants, which was measured through fluctuations of heartrate (HRV) [4].
The test depicted four locations, each with different aspects of nature used within gestalt nature therapy [3]. Lakes, mountains, forests, and waterfalls. Participants were asked to rate the locations using the 5-point Likert scale [5], on how much peace each atmosphere emitted to them. Control measures were added to ensure the efficacy of the investigation, with the same locations being shown for the same duration and the same order for each participant. All participants heartrates were recorded with the AILE Oximeter [10] to show if the ecopsychology of the locations aided with reducing or adding stress [14]. Depicted below are the locations used within testing, from Google Earth [65]. 
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Image depicting chosen test locations [66]













1st Test Results – 19/12/2024
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Test Results 1 [67]


2nd Test Results – 29/01/2025
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Test Results 2 [68]


The Likert Scale [5] used was named 1=Least Peaceful and 5=Most Peaceful. From the gathered results, the most peaceful scenery that lowered heart beats was Lake Braies, in the Dolomites region of Italy. The most stressful scenery that increased heartrates was Times Square in New York City. However, as participants were shown Times Square as their first location, their heartrate may have been higher due to external factors such as just sitting down and not having time to relax. To avoid this, I tested the same ten participants a month after and showed the locations in a different order than before. The results still steadily show that Times Square was the most stressful location. Interestingly, The River Seine in Paris was the most peaceful within the second round of testing. Although this location is within an urban atmosphere, there is no crowding and a lot of nature within the location, with the calm river and many trees surrounding the roads around, which may be why the location appears to calm people more than Victoria Falls. Although Victoria Falls is a remote location consisting of GNT features [3], the large cliffs and loud sounds of the water may induce stress. 
The focus group were sent a screening survey to ensure they were the right fit for the test [69]. The test was originally to be conducted using a Meta Quest 2 VR [42] , however the Google Earth VR application was unavailable, so the test was conducted on a PC. The monitor used was a 4K Curved 32 Inch screen [70], which was chosen to be the closest way to maintain the immersivity of the experience of a VR application. The VR experience would have allowed for further immersivity, and more accurate results. To implement more improvement with this test, the focus group could have been narrowed down further to participants with diagnosed or self-diagnosed mental health issues, such as anxiety or depression. Focusing research on individuals with mental health disorders presents a valuable opportunity to directly assess the therapeutic efficacy of ecopsychology [14] and mindfulness within this specific population. However, ethical considerations would be paramount, including safeguarding participant well-being, ensuring informed consent, and mitigating potential risks, given the potential vulnerability of this participant group due to their mental health status.
From the conducted tests, it was discovered that the unique sensory experiences of mountains, lakes, forests, and rivers [3] were the top contenders of lowering cortisol levels [1]. These features conform to Gestalt Nature Therapy [3] and provide calmness and mindfulness from the opinion of the participants.














3.2 Mindfulness and Wellbeing Case Study

Through a randomised controlled trial, leading research publisher Frontier [71], found that as little as 20 minutes of practicing mindfulness provided an increase within a myriad of positive effects, including decreased cortisol levels and more balanced emotions. However, there was greater evidence that suggested a longer period practicing mindfulness gave further benefits to both body and mind, with increasing cognitive function and longevity [72].
	While mindfulness has gained popularity for its potential mental and emotional benefits, scientific evidence supporting long-term neurophysiological changes remains limited. While some studies suggest short-term brain activity changes that aid memory and mood [73], the extent of long-term impact of mindfulness and the brain is still under investigation, with the longest study lasting only 18 months [74]. Fifteen scholars under the National Library of Medicine [75] worked to create an article disproving long-term mindfulness and meditation. The research conducted that mindfulness-based therapy showed a mixture of moderate, low and no efficiency when treating mental health disorders [76]. 
The objectification theory suggests that media portrayals can negatively impact self-perception, potentially causing body image issues and increased self-consciousness. [20]. Studies have demonstrated that incorporating physical movement into mindfulness practices can enhance their therapeutic efficacy and help to provide a more positive outlook on an individual’s outlook on their self. For instance, research conducted at Washington State University has shown that yoga practices incorporating physical activity, breathing exercises, and meditation can effectively improve mindset and reduce self-objectification in young adults [77]. Furthermore, a study by Jianchun Yin, a Doctor of Physical Education, published in ScienceDirect [78] found that a single session of yoga had a significant effect on reducing anxiety within participants [79]. The rise of practices like Yoga Nidra and Pranayama, which emphasize mindfulness and breathwork without requiring significant physical movement, provides further inclusivity for individuals with physical limitations, potentially contributing to the global rise in yoga's popularity and overtake of meditation [80].

 With social media being used by 63.9% of people globally [81] , and by 98% of children within the ages of 12-17 [82], it is crucial to evaluate how the current trends and expectations posted online will affect adolescents and their view of themselves. However, it could be argued that social media is a great asset for providing support to those in need through the ease of networking, reposting, and sharing content [83]. Within the 2020’s googles searches including the word ‘mindfulness’ skyrocketed by . The highest number of searches were from April 2020, when the world went into lockdown, indicating a global change in routine had affected the mental health of much of the population [84]. Depicted below is the google trends search of ‘mindfulness’ from 2004-2025 [85].
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Image of google trends mindfulness [86]

The number one app for mindfulness currently is Calm [26]. The app contains guided meditations, sleep stories and music tracks to help calm individuals. The full version of the app costs $50. From a study that analysed the demographic of calm subscribers by the National Library of Medicine [87], showed that most calm subscribers used the app just before bed to aid with sleep, and had an annual income over 100,000 dollars [87]. With studies on annual income and mental health proving that lower incomes significantly deal with poor mental health [88], this suggests that the Calm app’s features are inaccessible for many wanting to improve their mental and emotional well-being due to the cost [29]. The app offers a free version that has limited access to features. 
Calm uses sound frequencies [8] and binaural beats [9] to aid users into a meditative and mindful state. Vibroacoustic therapy uses specific sounds to help with mental and physical well-being [89]. The therapy uses binaural beats [9] to synchronize brain waves to chosen frequencies [8] that hone different results. An instrument that is often used to create these frequencies is singing bowls [90]. Calm's large user base indicates public acceptance of mindfulness apps, relevant to research into VR and mindfulness coherency.










3.2.1 Mindfulness and Wellbeing Methodology 

A survey was sent out to find out the awareness and understanding of mindfulness with a total of twenty-one participants. The conducted survey was distributed across various online platforms and university channels. From extrapolating the data found, 80% of respondents indicated they knew what mindfulness is. Regarding the familiarity of specific practices and techniques of mindfulness 65% indicated a positive response of knowing some. The most common response was meditation, followed by breathwork and yoga. Seventy-five percent of respondents claimed to be interested in playing a VR video game surrounding mindfulness, with a significant portion expressing definite interest and another portion being potentially open to it. These preliminary findings indicate a significant level of awareness and perceived benefits of mindfulness. Furthermore, there is a considerable degree of interest in exploring VR as a potential medium for engaging with and enhancing mindfulness practices. These findings provide initial support for the dissertation's investigation into the potential of VR as an engaging tool for mindfulness interventions. The data revealed an equivalent distribution of responses from participants enrolled in the BA Games Design course regarding their preference for the visual environment of VR mindfulness games. Specifically, an equal proportion of this subgroup indicated a preference for VR games featuring a stylized environment and those favouring a realistic environment. Depicted below are screenshots of the survey from SurveyMonkey [91].
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Results from Mindfulness Survey [92]
To enhance the credibility of this study, a larger participant pool would have been beneficial. However, the SurveyMonkey platform [91], through which the survey was administered, restricted the number of respondents to twenty-five. Despite this limitation, SurveyMonkey [91] was selected for its ease of use, accessibility for the target audience and features relevant to the survey design.
A Single-Subject Trial Investigating the Effects of Weekly Yoga Practice on Resting Heart Rate was conducted over the course 4 weeks from 1st December 2024 until 1st January 2025. The individual participant dedicated 20 minutes to partake in Yoga 3 times a week. Blood pressure and blood oxygen was measured before the trial. The individual also conducted an ECG test to monitor any signs of Atrial Afilibriation, however this measurement may not have been accurate due to the participant not being of the age of twenty-two, which the FDA approves as the minimum age for the most accurate ECG measurements [93]. Depicted below are the results from Microsoft Excel [94].
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Results of Single Subject Trial [95]
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Visualisation of the slight decrease in resting heartrate presented in a line graph in Microsoft Excel [94][96]

While direct HRV measurements are not present, potential changes are inferred by observing the consistency or variability of the resting heart rate at different time points. At 60 minutes post-yoga, the ‘Resting BPM After 2’ indicates a further return towards the individual's baseline resting heart rate. In many instances, the heart rate at this point is very close to or even slightly below the pre-yoga resting heart rate. This suggests that the cardiovascular system recovers significantly within an hour after the yoga session and could indicate a temporary reduction in physiological stress levels immediately following the yoga practice and its recovery period. However, this is not consistent across all sessions. In some instances, the post-yoga resting heart rate (both at 5 and 60 minutes) remains slightly elevated compared to the pre-yoga rate. This variability might be influenced by factors not captured in this data, such as the intensity of the yoga session or external stressors on that particular day. Over the observed month, there is not a strong, consistent downward trend in the ‘Resting BPM’ Before the ‘Active Average BPM.’ While there are fluctuations, the overall baseline resting heart rate does not show a clear pattern of decrease. This suggests that within this one-month timeframe, we cannot definitively conclude a significant change in cortisol levels through any inferred HRV, however it is indicated by some lowering of the resting heart rate after each session. While this data tracks short-term heart rate changes, consistent yoga practice, as indicated by the results being recorded three times a week, could potentially contribute to lower overall resting heart rate and improved cardiovascular health over a longer period, which complies to studies conducted by Frontier [72]. However, this cannot be directly concluded from this one-month trial.


















3.3 VR Emotion Effects Case study

Slater’s theory of Place Illusion and Plausibility [21] explains the realistic responses individuals have to virtual environments through the concepts of place illusion and plausibility. The degree to which a user experiences place illusion and plausibility can directly impact the intensity of their emotional reactions within the VR environment. [22] Empirical support for Slater's theory [21] is provided by studies such as that conducted by Taylor and Francis [97]. 
Taylor and Francis [97] worked to prove slaters theory [21] through assessing the emotional states of participants who were tested within different virtual environments. One group of participants were placed within a ‘natural’ VR environment, whilst the other group was placed within a ‘built’ VR environment. The qualifications for a natural environment consisted of aspects of nature such as forests, parks, mountains, and bodies of water. The built environments contained urban features of man-made structures, dense cities, and concrete flooring. The study concluded that exposure to virtual reality natural environments resulted in statistically significant increases in positive affect and decreases in negative affect among participants. This suggests that immersive and believable virtual natural settings can evoke emotional responses. Conversely, exposure to virtual reality built environments did not result in statistically significant changes in either positive or negative affect. Depicted below is a bar chart displaying the contrasting results of positive effects with natural and built environments [97].
[image: ]
Bar chart of results [97]

Drawing from the established understanding within Ecopsychology [14] that human well-being is inherently connected to the natural world; these results indicate a potential transfer of psychological benefits to virtual natural settings. Consequently, the positive emotional responses elicited by VR natural environments offer a promising foundation for developing VR games specifically designed to enhance well-being and cultivate mindfulness, creating a unique and accessible aid. 
A media theory that holds similarities to Slaters theory [21] is Green and Brock’s Transportation theory [23] which posits that deep immersion into narrative or environment can connect individuals to the atmosphere and renders them susceptible to significant emotional and cognitive effects. Given its focus on creating a strong sense of presence within natural landscapes, the NatureTreks VR game [33] provides a potential platform for exploring this transportation phenomenon in the context of well-being. A research article published by Sage Journals [98] delves into the efficacy of NatureTreks VR [33] and inducing a positive mood to NHS staff impacted by workplace stress. The study used subjective measures of emotional states through measuring HRV. The study reported promising findings, with reports of increased happiness from participants, however the research lacked a control group, had a very small sample size, and had no clear connection between the correlation of the VR experience and the participants mood [99]. These limitations impact the strength of the research findings, yet it offers preliminary insights into the benefits of VR for mindfulness.
A current VR mindfulness game on the market is TRIPP [36]. It is a tool for guided meditations that includes interesting visuals and minigames but offers little interactivity. The platform of VR aids users with immersing into a meditative state, yet this is potentially compromised by visual elements that may not consistently foster a sense of presence or believability. This instability may contribute to feelings of discomfort and disorientation within the application as users have reported experiencing motion sickness due to the application’s ‘trippy’ psychedelic visuals and the camera movements, which often occur without prior indication or user control [100].
Furthermore, the limited interactive affordances of TRIPP [36] may impede user engagement and the depth of immersion, potentially diminishing its effectiveness as a mindfulness tool. This contrasts with the understanding from Slater’s theory [21] that place illusion enhances impactful VR experiences and Green and Brock’s [23] concept of transportation fostering engagement. 
Consequently, the shortcomings evident in present virtual reality mindfulness experiences, like TRIPP [36], reveal a noticeable gap in the market for a VR mindfulness application that successfully harmonizes calming visuals, user engagement, and comfort to optimally utilize the capacity of virtual reality for nurturing mindful states.
	 A study from ResearchGate [101] compared 4 VR games with how immersive they were and how much they lowered perceived anxiety [102]. Fuji [103], Nature Treks [33], TRIPP [36], and Real VR Fishing [104]. Depicted below are the graphs of the study [102].
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Charts showing immersion and anxiety [105]
A comparison of Nature Treks [33] and TRIPP [36] reveals a notable difference in median immersion levels, with Nature Treks [33] exhibiting a higher degree of immersion than TRIPP [36]. This finding aligns with the potential for Nature Treks [33]to create a stronger sense of presence and transportation, as theorized by Slater [21] and Green & Brock [23], which are crucial for effective VR mindfulness. Furthermore, the shown data shows a possible link towards lower median anxiety levels in Nature Treks [33] compared to TRIPP [36], hinting at the possibility that the greater immersion provided by Nature Treks [33] might be associated with a reduction in anxiety, a key aim of mindfulness practices. 
While TRIPP [36] did achieve a mid-range level of immersion within the studied games, and its anxiety scores occupied a central point in the distribution, indicating a moderately affective response, its limitations in interactive elements, as discussed earlier, may prevent users from fully engaging with the virtual environment. Consequently, although TRIPP [36] demonstrates some capacity to induce a sense of presence and influence anxiety, the evidence suggests that its design may not leverage the full potential of VR for cultivating mindful states as effectively as experiences like Nature Treks [33], which appear to offer a more deeply immersive and potentially calming encounter.







3.3.1 VR Emotion Effects Methodology
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Results of Horror VR study [106]




The primary research methodology involved ten university student participants, aged 18-23, with no known cardiovascular issues, who underwent a brief screening survey. Each participant experienced the Resident Evil Village VR Free Trial [107] using a Meta Quest 2 headset [13]. Heart rate was measured at three intervals: resting baseline before gameplay, average BPM during gameplay, and resting BPM two minutes after. The change in BPM across these intervals was recorded and analysed to assess physiological responses to the VR horror experience. All participants experienced an increase in heartrate during gameplay compared to their resting rate before the game. This indicates a physiological arousal response likely triggered by the horror elements and immersive nature of the VR experience. The average increase in BPM across all participants was +16 BPM, this provides a general measure of the overall physiological impact of the VR horror game on heart rate. Most participants held a higher BPM after the game compared to their initial resting BPM, this could indicate lingering stress or excitement. However, the elevation of heartrate could be attributed to the physical movement and standing of the participants during the test, rather than the horror elements of the VR environment and immersion. To determine if the observed changes in heartrate are relevant and significant, further tests with a larger focus group would be needed for more credibility and accuracy. The study could have also collected subjective data on the participants to indicate a correlation between heartrate and if the participants felt scared or stressed during the test. Depicted below are the test results and control measures.



3.4 Summary of Case Studies

	The case studies reveal a consistent trend suggesting that natural environments, both physical [50] and virtual [97], are associated with reduced stress, supporting principles of ecopsychology [14]. While mindfulness practices demonstrate immediate calming effects [72], the extent of their sustained physiological impact requires further research [74][76]. Virtual reality is shown to elicit strong emotional responses [21], and immersive virtual natural environments [33][23] appear promising for fostering calm and mindfulness, potentially more effectively than some existing VR applications [36][102]. Acknowledging the limitations of each study, the collective findings indicate a significant interplay between environment, mindfulness, and well-being, with virtual reality presenting a novel avenue for exploration [21][23].










4.0  Project Conclusion

4.1 Analysis
	To translate the dissertation's findings into practical game design, a clear emphasis on natural environments is paramount. Given the observed stress-reducing effects of settings like lakes, mountains, and forests, a therapeutic game should immerse players in detailed, visually rich natural landscapes. This immersion should extend beyond the visual, incorporating multi-sensory elements such as realistic ambient. Drawing from the principles of place illusion and plausibility [21], the game environment must feel believable and coherent, achieved through high-fidelity graphics, interactive elements that promote player agency, and a consistent virtual world. Furthermore, the game could integrate mindfulness techniques directly into the gameplay, offering guided meditations, interactive breathing exercises, and gentle, movement-based activities. To cater to individual needs, personalization options, such as environment selection and adjustable sensory input, would be beneficial. The game should strive to create a virtual space that feels both calming and engaging, drawing on the therapeutic potential of nature and mindfulness practices within an immersive VR context.





4.2 Conclusion

In conclusion, this dissertation has explored the potential of VR game environments as therapeutic tools for mindfulness. The research indicates that VR's capacity to create immersive experiences can promote relaxation and reduce stress, with findings suggesting that both real and virtual natural environments have a calming effect. However, the reliance on small case studies with methodological limitations, including the use of Google Earth as a substitute for Google Earth VR, necessitates cautious interpretation of these results. Future research should address these limitations through larger, more diverse samples and rigorous methodologies, particularly focusing on more long-term tests for effectiveness and should target populations, such as those with anxiety or PTSD, who are more in need of mindfulness and therapy. While preliminary evidence suggests VR may offer a valuable approach to promoting mindfulness and improving mental health, further high-quality research is essential to confirm its therapeutic potential and inform the development of effective applications.
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Testing Date:
19/12/2024
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Google Earth VR
Redirected to Google Earth on PC

VR Headset used:
Meta Quest 2

Control Measures:

1- New York City
2-Victoria Falls
3-Dolomites

4 - Paris and the Seinne

The same VR headset will be used for each participant.

The same locations will be shown in the same order for participants.
All participants will have the same amount of time to view images
Allrecordings will be using the 5 point likert scale to measure participants opinion.
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Testing Date:
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1-Dolomites
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The same equipment will be used for both testing dates
The same locations will be shown in the same order for participants, but will vary from previously shown order.
All participants will have the same amount of time to view images

Al participants will be asked in the same order as the previous testing date

All recordings will be using the 5 point likert scale to measure participants opinion.
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Trial Date:
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Focus Group: BPM Measurements
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Female Before 5 minutes before
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Normal Blood Pressure (109/69) Average taken during the session
Normal Blood Oxygen (99%) Resting BPM After:
23.18MI 5 minutes after
Resting BPM After 2:
@R 1nourafter
AILE SpO2 Pulse Oximeter

Other Equipment used:
Gaiam Moo Foam Yoga Mat 6mm

Yoga Control Measures:
The yoga sessions willtake place in a controlled environment using the same lighting and conducted at the same
specified time chosen by the individual.

The yoga sessions willLast 20 minutes and conducted by the same instructor

The yoga sessions willfollow a structured format of warm-up, asana’s and then savasana.

The yoga sessions can be of varied yoga types as long as the above measures are stilfollowed.

The same yoga mat will be used for the trial's duration

Participant Control Measure:
The individual was advised to avoid cafteine, alcohol and any strenous exercise before each session

Prior to participation, the individual tested their blood pressure, blood oxygen and a short test for atrial filbriation to
ensure the test results would not be affected by any unknown issues.
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Figure 2: Immersion levels measured for the investigated VR experi-
ences.
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Figure 3: Anxiety levels measured for the investigated VR experi-
ences.
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