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LIST OF ABBREVIATIONS

BP  Blood pressure
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CRH Corticotropin-releasing hormone
DBP Diastolic blood pressure
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GAD Generalised anxiety disorder
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SAD Social anxiety disorder

SAM Sympathetic-adreno-medullary
SBP  Systolic blood pressure

SCI  Spinal cord injury

SCL  Skin conductance level

STAI State-Trait Anxiety Inventory
VAS Visual analogue scale

VR  Virtual reality

VRET Virtual reality exposure therapy
VRT Virtual reality therapy



1. INTRODUCTION

As psychological stressors continue to rise, it is essential to find innovative
solutions that can mitigate stress responses, improve well-being, and complement existing
therapeutic methods. The purpose of this dissertation is to explore the application of
virtual reality (VR) technology as a tool for managing stress in children and young adults.
The introduction begins with an overview of the background and significance of stress,
emphasising its biological and psychological components. Next, the role of VR in
medicine is presented, detailing its capacity to create engaging, customizable
environments that can enhance the sense of presence and help reduce stress levels. The
discussion then transitions to the specific application of VR for stress reduction during
acute medical procedures and in mindfulness-based interventions. This framework sets
the stage for the subsequent detailed examinations of three major research projects.

Project I examines the effects of mindfulness-based VR exercises on young adults.
This project compares VR-delivered mindfulness sessions with tablet-based meditation,
hypothesising that the immersive quality of VR may lead to greater anxiety reduction.
Project II focuses on children undergoing chemotherapy. This study employs a crossover
design to assess the impact of a VR experience on both psychological outcomes and
physiological markers of stress. Project III investigates the efficacy of VR as a
preparatory tool for children facing MRI examinations. Through an ongoing randomised
controlled trial, this study assesses whether VR-based preparation can reduce the need for
anaesthesia and alleviate pre-procedure distress compared to traditional educational
booklets or standard care. The beginning of the thesis lays the groundwork for an in-depth

exploration of VR’s potential to transform stress management in clinical practice.

1.1. Fundamentals of Stress

1.1.1. Definition

Stress is a complex biological and psychological process that has been defined in
various ways. Hans Selye proposed the earliest and most widely recognised definition of
stress: “Stress is the non-specific response of the body to any demand” (1). According to
behavioural scientists, stress is “the perception of threat, resulting in anxiety, discomfort,

emotional tension, and difficulty in adjustment” (2). From a biological perspective,



specifically neuroendocrinology; “stress is any stimulus that provokes the release of
ACTH and adrenal glucocorticoids”, which definition comes from FEugene Yates (3)
Another essential definition comes from Richard Lazarus, who defined stress as a
“particular relationship between the person and the environment that the person appraises
as taxing or exceeding his or her resources and endangering his or her well-being” (4). In
the following section, the potential classifications of stress will be examined.

First, stress can be categorised into acute and chronic forms. Acute stress is short-
term and typically occurs in response to immediate threats, such as accidents, moving, or
exams. It contributes to the body's fight-or-flight response, which triggers temporary
physiological changes, including a rise in heart rate (HR) and the release of adrenaline.
Acute stress is often adaptive, aiding in task performance and survival. However, when
stressors are prolonged or repeated over time, such as in long-term hospitalisation, it is
referred to as chronic stress. It is detrimental to both physical and mental health,
contributing to various disorders such as cardiovascular disease, depression, and
anxiety (5). Secondly, it is crucial to distinguish between positive stress (eustress) and
negative stress (distress). Eustress refers to stress perceived as manageable and
motivating, leading to improved performance and resilience. It occurs when individuals
perceive challenges as exciting, achievable, and beneficial for personal development,
such as a promotion at work (6). Distress results when demands exceed an individual’s
coping ability, causing emotional and physiological strain. It often appears when losing a
job or the death of a family member, and leads to anxiety, reduced performance, and
potential burnout (4). The individual’s perception of the stressor, their coping resources,
and the context in which stress occurs all play key roles in determining whether stress
will have positive or negative outcomes. Based on the different forms and definitions of
stress, physiological and psychological factors play crucial roles in understanding

the effects of stress.

1.1.2. Pathomechanism

The stress response is regulated through a complex interaction of nervous,
endocrine, and immune mechanisms, involving the activation of the sympathetic-adreno-
medullary (SAM) axis, the hypothalamic-pituitary-adrenal (HPA) axis, and the immune

system (7). SAM plays one of the most prominent roles, which activation increases



norepinephrine and epinephrine release from the adrenal medulla and sympathetic nerves,
elevating norepinephrine levels in the brain. These hormones interact with a- and (-
adrenergic receptors in the central nervous system and on smooth muscle cells, initiating
a signalling pathway that quickly activates cellular responses. This results in smooth and
cardiac muscle contractions, causing elevated blood pressure (BP), HR, glucose levels,
oxygen consumption, reduced intestinal motility, and bronchiolar dilation. Additionally,
SAM activation boosts behaviours such as alertness, vigilance, focus, and pain tolerance
(8). Another important biological factor in understanding stress development is HPA axis
activation, where corticotropin-releasing hormone (CRH) is released from the
hypothalamus and induces adrenocorticotropic hormone (ACTH) release from the
pituitary gland. ACTH then stimulates the adrenal cortex to secrete cortisol, the main
glucocorticoid hormone, often referred to as the stress hormone. Cortisol helps the body
manage stress by mobilising energy reserves, supporting cardiovascular function, and
controlling inflammation. Cortisol also affects brain areas like the hippocampus and
amygdala, influencing memory, mood, and emotional processing (9). Generally, a
stressful situation triggers the SAM and HPA axis, initiating the fight-or-flight response.
This acute response is driven by epinephrine, norepinephrine, and cortisol; therefore, this
change increases BP, redirects blood flow to muscles, raises blood glucose, and enhances
muscle strength and mental alertness, preparing the body for intense physical activity.
Once the threat subsides, physiological functions return to normal.

Stress significantly impacts multiple bodily systems, with both acute and chronic
forms eliciting distinct physiological responses. One of the most well-documented
consequences of stress is its impact on the cardiovascular system. Acute stress increases
HR and redirects blood flow to muscles, while chronic stress elevates cortisol and
epinephrine levels, leading to oxidative stress and atherosclerosis and heightening
cardiovascular risk (10). The respiratory system also reacts to stress with bronchial
hyperresponsiveness and altered breathing, potentially exacerbating asthma and COPD
due to immune system compromise. In the gastrointestinal system, stress hormones delay
gastric emptying, reduce blood flow, and disrupt gut motility, contributing to symptoms
like IBS and impairing gut barrier integrity (11). Stress-mediated dysregulation of the
gut-brain axis worsens gastrointestinal diseases via two-way communication between the

central nervous system and gut microbiota (12). Chronic stress affects the



musculoskeletal system by causing muscle tension and reducing bone density, increasing
susceptibility to conditions like tension headaches and fibromyalgia. Under chronic
stress, the immune system experiences suppression, raising susceptibility to infections
and promoting inflammatory conditions (13). Chronic stress induces systemic
inflammation by upregulating inflammatory mediators, contributing to the development
of chronic inflammatory disorders (14). The reproductive system is also affected by
disrupted hormone regulation, leading to menstrual irregularities, infertility, and sexual
dysfunction (15). Finally, early-life stress has been linked to the development of a wide
range of chronic conditions in later life, including cardiovascular diseases, metabolic
disorders, and immune dysfunction (16).

The physiological and psychological effects of stress are equally significant.
According to Lazarus, there is no clear distinction between physical stressors, which
affect biological tissue systems, and psychological stressors (4). Stress influences the
brain’s structure and function, particularly in regions involved in memory, learning, and
emotional regulation, such as the hippocampus, amygdala, and prefrontal cortex. Chronic
stress leads to elevated cortisol levels, which, over time, can result in hippocampal
atrophy, impairing memory and cognitive function (17). Stress also affects the prefrontal
cortex, the brain region responsible for higher-order cognitive functions such as planning,
impulse control, and emotional regulation. Prolonged stress can weaken the connections
between the prefrontal cortex and other brain regions, impairing decision-making and
emotional reactivity (18). Individuals experiencing chronic stress may adopt maladaptive
coping mechanisms, such as overeating, substance misuse, or social withdrawal.
Maladaptive behaviours may initially provide relief but can ultimately increase
psychological strain and lead to dependency (19). Stress has a profound impact on both
depression and anxiety, two of the most prevalent mental health conditions worldwide.
Previously mentioned mechanisms of stress in relation to depression and anxiety are
interlinked, involving both neurochemical changes in the brain and psychological
responses that exacerbate these conditions. Chronic stress alters brain chemistry,
particularly by affecting neurotransmitters such as noradrenaline, which are crucial for
mood regulation. A study by Kendler et al. demonstrated that individuals exposed to
stressful life events are more likely to develop depressive symptoms, especially those

with a genetic predisposition (20). This relationship is partly mediated by dysregulation



of the HPA axis, leading to increased cortisol levels that disrupt mood balance. Additional
studies indicate that stress-induced changes in the hippocampus, a region associated with
memory and emotional regulation, can contribute to depressive symptoms due to
impaired cognitive function and emotional processing (21). Elevated cortisol levels also
contribute to feelings of hopelessness, helplessness, and anhedonia, which are core
features of depression (22). Stress also plays a critical role in the development and
maintenance of anxiety disorders. Prolonged stress exposure can lead to hyperactivity in
the amygdala, the brain’s fear centre (23). Consequently, individuals under chronic stress
are more prone to heightened anxiety, panic, and excessive worry, all of which contribute
to generalised anxiety disorder (24). While acute stress may cause temporary anxiety,
chronic stress tends to establish a feedback loop that perpetuates and intensifies anxiety
symptoms. Depression and anxiety often interact with stress in a cyclical manner, where
each condition amplifies the other. Anxiety heightens perceived stress levels by
increasing sensitivity to everyday challenges, while stress can deepen depressive
symptoms. As noted by Hammen et al., individuals suffering from both depression and
anxiety typically report higher levels of perceived stress, making them more vulnerable

to further stressors (25).

1.2.  Coping with stress

1.3.1. Measurement

There are several opportunities to measure stress using psychological and
physiological approaches. One of the main methods involves measuring stress hormone
levels (cortisol, epinephrine, and norepinephrine) in blood, saliva, and urine. These tests
offer objective metrics for assessing physiological stress responses. These biomarkers
represent the functional activity of the HPA axis and the SAM system. Another effective
method is the measurement of heart rate variability (HRV), which evaluates the variations
in time intervals between successive heartbeats, offering insights into the autonomic
balance between the sympathetic and parasympathetic systems. A reduced HRV typically
indicates sympathetic predominance and elevated stress, while a higher HRV correlates
with greater stress resilience and improved cardiovascular function. Another method that
measures cardiac outputs involves monitoring shifts in blood pressure and HR, providing

valuable information on cardiovascular responses to stress (26). Electrodermal activity
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(EDA), assessed via skin conductance, tracks changes in sweat gland activity due to
sympathetic nervous system arousal. Increased EDA signifies increased autonomic
activation associated with stress (27). Finally, evidence indicates that the human body
temperature shifts in response to stress (28).

Another way to measure stress levels involves self-reported questionnaires,
providing a practical yet subjective assessment of stress. Several validated questionnaires
are used daily in clinical practice. These instruments can capture both general and specific
aspects of stress, including perceived stress levels, frequency of stressors, and personal
coping strategies. One widely recognised tool is the Perceived Stress Scale (PSS),
developed by Cohen et al., which assesses how different situations affect participants'
feelings and perceived stress. The PSS is comprised of a 10-item, 5-point Likert scale,
valid in many languages (29). Another well-established measure is the State-Trait
Anxiety Inventory (STAI) developed by Spielberger et al., which measures state anxiety
(temporary condition of emotional arousal) and trait anxiety (stable tendency to
experience anxiety). Although primarily designed for anxiety, the STAI provides insight
into stress responses, as anxiety often coexists with stress reactions, offering clinicians a

more nuanced understanding of stress-related affective states (30).

1.3.2. Treatment

Coping refers to a person's cognitive and behavioural efforts to manage specific
external and internal demands appraised as taxing or exceeding the person's resources (4).
These efforts can involve addressing stressful situations directly, modifying their
emotional responses, or finding ways to avoid the stressors altogether. There are several
psychotherapeutic methods which can improve individuals’ coping skills. One of the most
common is cognitive behavioural therapy (CBT), which focuses on identifying and
modifying negative thought patterns and behaviours contributing to stress. By helping
individuals develop healthier coping strategies and improve emotional regulation, CBT
can reduce stress levels and prevent stress from escalating into chronic conditions such
as anxiety or depression (31). CBT can be applied in various settings (individual, group,
or online). However, it requires a time commitment and active participation, which may
be difficult for individuals experiencing high-stress levels. Another technique that can

help individuals focus on the present moment, improving awareness and reducing the
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physiological and psychological impacts of stress, is mindfulness. Mindfulness has been
shown to reduce cortisol levels, improve emotional regulation, and enhance overall well-
being (32). Mindfulness is a cost-effective, accessible technique that can be practised
independently or in a structured group setting. On the other hand, there is individual
variability in finding mindfulness techniques effective and easy to incorporate into their
daily routine. In addition to psychotherapeutic tools, there are other options for reducing
stress. One is regular physical activity, which can be the most effective way to manage
stress. Exercise reduces levels of the body’s stress hormones, such as cortisol. Activities
like running, swimming, and cycling have been shown to improve mental health by
reducing anxiety and improving mood (33). It also provides a targeted psychological
treatment that may be especially effective for patients who find more traditional
psychological interventions less acceptable. Moreover, exercise is widely accessible and
can be adapted to individual preferences and abilities, although it can be challenging or
painful for those with physical limitations. Finally, pharmacological approaches such as
anxiolytics (e.g., benzodiazepines) and antidepressants (e.g., selective serotonin reuptake
inhibitors) are often prescribed to manage stress-related conditions, especially when
stress leads to anxiety disorders or depression. These medications can help stabilise mood,
reduce anxiety, and improve sleep, thus helping individuals cope with stress more
effectively (34). With pharmacotherapy agents, rapid relief of stress-related symptoms is
available, especially for individuals who cannot attend psychotherapy methods because
of their severe symptoms. All medications can have side effects (gastrointestinal issues,
sedation, sexual dysfunction), and long-term use, like benzodiazepines, carries the risk of

dependency.

1.4.  Virtual reality in medicine

1.4.1. Definition and presence

VR is an immersive technology that simulates a computer-generated, three-
dimensional environment where users can interact in real time. Typically, VR systems
include a combination of hardware (head-mounted displays - HMDs and controllers) that
track the user’s movements and adjust the virtual environment accordingly (see Figure
1). This creates the sensation of physical presence in a virtual world, allowing users to

interact with objects or scenarios as if they were in the real world (35). VR aims to
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transcend reality and provide environments that might be impossible, impractical, or
unsafe to recreate in the real world. For these reasons, it is suitable for specific therapeutic
purposes. The effectiveness of a VR system largely depends on the user's sense of
immersion and the intensity of their perceived presence within the virtual environment
(36). Presence goes beyond simple engagement; it is a deeper cognitive and emotional
state wherein the virtual world feels genuinely real, allowing users to interact with and
react to virtual stimuli as if they were tangible. This sense of presence can lead to deeper
engagement, enhanced memory retention, and heightened emotional responses compared
to traditional media (37, 38). For example, VR is more effective in creating emotional
responses during experiences such as simulated public speaking, leading to better training
outcomes for anxiety management (39). VR’s ability to create tailored environments is
another notable advantage. Unlike traditional methods, VR environments can be
customised to meet specific user needs, making them versatile tools across disciplines,

such as an operating room for surgery education or a snowy landscape for burn victims.

Figure 1. VR system in action (own photograph).

Researchers often distinguish between different types of presence in virtual
environments. Physical presence refers to the sensation of being physically located within
the virtual world (40). Users experience this form of presence when they feel like they
are truly inside the simulated environment, moving and interacting with virtual objects as
they would in the real world (41). Based on another definition, presence is described as a
subjective psychological experience composed of three key elements: the feeling of being
there, responding to what is there as if it were real and recalling the environment as a

familiar place, much like real life (42). Witmer and Singer proposed that increased
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involvement and immersion in virtual environments correlate with heightened levels of
presence (43). This type of presence is particularly crucial in applications such as surgical
VR training, where realistic simulations can significantly enhance learning outcomes.

Another form of presence in VR is social presence, which involves perceiving
other virtual characters or avatars as real individuals. Short, Williams, and Christie
introduced the concept of social presence to explore how different communication media
compare to face-to-face interactions and how well each conveys social cues (44). They
defined social presence as the degree to which one feels the presence of others during
interaction, significantly influencing interpersonal relationships. The main idea across
these theories is that social presence increases as the quality of the medium improves,
with face-to-face communication typically offering the highest sense of presence. Social
presence makes virtual interactions feel more real, helping users feel connected to others
within a virtual space. It can be important in VR simulations to place patients in social
scenarios that provoke anxiety, such as group gatherings. Patients can practice managing
their responses to social situations by interacting with virtual characters in a controlled
and safe environment.

Beyond the basic idea of “just being there” or simply being present in the virtual
world, researchers have introduced a related concept called co-presence, which focuses
on a deeper psychological feeling of togetherness (45). Originating from Goffman’s
work, co-presence describes a sense of shared space in a virtual environment where
people become available, visible, and able to interact (46). Co-presence includes sensing
the presence of others and perceiving their awareness of oneself, fostering a sense of
belonging to a group (46). While social presence is more about the medium’s quality and
the user’s perception of others, co-presence emphasises a direct, psychological
connection between people (47). Co-presence is valuable in therapeutic VR settings, such
as group therapy or support groups, where individuals benefit from mutual awareness and
emotional support.

Several factors influence user experiences of presence in virtual environments.
Technological immersion has a moderate impact, with evidence suggesting that higher
levels of user tracking, stereoscopic visuals, and wider fields of view significantly
enhance presence more effectively than improvements in visual and auditory content

alone (48). Additionally, a consistent and coherent virtual world, free from unrealistic or
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contradictory elements, sustains higher levels of presence (39). User engagement also
plays a crucial role; prior experience with VR, individual spatial abilities, and current
mental states significantly influence perceived immersion. Presence relies on focused
attention and is driven by the interaction of sensory stimuli and environmental factors that
foster immersion and engagement. Witmer et al. developed the Immersive Tendencies
Questionnaire to assess individual variations in experiencing presence. Users familiar
with immersive technologies or open to new experiences typically report higher presence
levels (49). Conversely, individuals experiencing greater simulator sickness tend to

perceive lower presence levels compared to those with fewer symptoms.

1.4.2. Side effects

While VR offers numerous benefits, it also presents several challenges and
potential negative consequences. These downsides come from both the technological
limitations of VR systems and the psychological, social, and physical effects on users.
Understanding these negative aspects is crucial for the responsible development and use
of VR technologies, especially as their adoption becomes more widespread. One of the
most well-documented negative side effects of VR is cybersickness, a condition similar
to motion sickness. The pathomechanism of cybersickness is not exactly known;
however, it is possibly connected to the vestibular system. It often occurs when the user’s
eyes perceive movement in the virtual world, but their body remains stationary. Common
symptoms of cybersickness include nausea, dizziness, headaches, and fatigue (50).
Prolonged exposure to VR can exacerbate these symptoms, limiting the time users can
comfortably spend in virtual environments. Technological advancements, such as
improving frame rates, reducing latency, and optimising motion tracking, have helped
mitigate cybersickness. Extended use of VR systems can also lead to physical discomfort.
Eye strain is common, as users spend long periods focusing on screens close to their eyes,
leading to visual fatigue and discomfort. In addition, musculoskeletal strain can result
from holding VR controllers or maintaining certain postures during VR sessions. VR's
immersive and engaging nature also brings the potential for addiction or overuse. The
addictive potential of VR apps, as they currently exist, is scarcely distinct from other
online activities rooted in traditional media, such as video games or social networking

platforms. However, the fact that feelings of embodiment predict addictive VR use
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suggests that future applications utilising more immersive technologies could become
even more addictive for users (51).

There are some cases when the use of VR is contraindicated because the side
effects can cause serious health problems. Research indicates that individuals with a
history of epilepsy, especially photosensitive epilepsy, are at increased risk of seizure
when exposed to VR stimuli. VR heavily relies on multisensory integration; thus, severe
visual impairments (e.g., monocular vision or significant uncorrected visual deficits) or
auditory impairments can limit the VR experience and, in some cases, compromise safety.
VR use following head injuries can lead to exacerbated symptoms, including dizziness,
headaches, and cognitive strain. Most companies set an age limit above 10 to use VR
devices; however, based on several studies in a controlled environment, it is possible to
use VR safely for those above 4 years old (52). Finally, there are some psychiatric
disorders like psychosis or serious mental retardation which prevent to use VR.

The cost-effectiveness of VR in various applications, including healthcare,
presents a complex, ambivalent picture. On one hand, high-quality VR hardware, such as
HMDs, can be expensive, with significant upfront costs required for hardware, software
development, and maintenance. These costs may initially pose a financial barrier. For
instance, purchasing a VR system for therapeutic purposes involves the equipment and
the training of professionals to implement it effectively. However, when considering
long-term use and scalability, VR can become more cost-effective than traditional
methods, particularly in therapeutic and educational settings. For example, in
psychological therapy, the cost of a single session with a psychologist can be high,
especially for long-term or intensive treatments. VR-based therapeutic tools, once
developed, can offer scalable solutions that allow for repeated, guided, self-administered
therapy at a fraction of the cost of in-person sessions. We now have a much clearer
understanding of which therapeutic techniques are most effective. However, a shortage
of suitably trained therapists remains, and maintaining quality control is a persistent
concern. VR and related technologies could help address this challenge by making the
best therapeutic techniques accessible to a broader audience. Nevertheless, VR's potential
extends beyond merely enhancing psychological treatment delivery. VR enables
experimentation with approaches that would be challenging to implement in real-world

settings (53).
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1.4.3 Fields where VR could be revolutionised

One of the most prominent applications of VR is in surgical training. VR surgical
simulations allow surgeons to refine their skills and gain experience with complex
procedures before performing them on actual patients. Results suggest that HMD provide
enhanced immersion, spatial awareness, and interactivity, aligning with motor skill
acquisition and constructivist educational theories. Nevertheless, issues including limited
system fidelity, operational difficulties, and physical discomfort were identified. Many
studies reported comparable or superior outcomes to traditional methods, highlighting the
significance of social interaction (54).

VR has also proven to be valuable in training emergency medical personnel.
Virtual simulations can replicate real-world emergency scenarios, such as trauma cases
or mass casualty incidents, allowing healthcare workers to practice rapid decision-making
and team coordination under pressure. These simulations provide a safe space for
learning, enabling medical teams to rehearse responses to critical situations without
putting patients at risk. According to the results, the students have high, sustained
acceptance and ease of use. Most students find VR engaging and valuable for learning
emergency medicine skills. Notably, the occurrence of motion sickness was minimal.
These results suggest that VR can significantly enhance medical education by enabling
immersive, high-fidelity training in emergency and high-pressure clinical contexts (55).

VR has also shown great promise in pain management, particularly for chronic
pain patients or those undergoing painful medical procedures. With a sense of presence,
VR can offer distraction-based therapies that reduce pain perception by engaging patients
in immersive virtual environments. These VR experiences act as a form of cognitive
distraction, diverting attention away from pain and towards a more engaging virtual
world. VR pain relief has been applied in various contexts, including burn wound care,
physical therapy, and during labour. Spiegel et al. created a prospective, randomised,
comparative effectiveness trial conducted in hospitalised patients. Patients in the
experimental group experienced 21 VR sessions delivered through an HMD, while
control patients viewed specialised television programming focused on health and
wellness. The primary outcome was patient-reported pain, measured using a numeric
rating scale and recorded by nursing staff during routine care. Results showed that VR

significantly reduce pain compared to an active control condition in hospitalised patients,
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with the greatest effect observed in cases of severe pain (56). Patients with chronic pain
endure long-term discomfort that adversely impacts their daily lives and mental health.
Pharmacological treatments for chronic pain and pruritus may involve side effects,
leading to a search for non-invasive, non-pharmacological options. Wong et al. conducted
a systematic review that included seventeen peer-reviewed articles. In the analysed
studies, 1 to 20 VR sessions were used, each lasting between 1 and 120 minutes.
Furthermore, patients were able to experience the positive effects of VR at home in two
of the studies. Patients suffering from phantom limb pain, chronic headache, chronic neck
pain, and chronic low back pain have shown improved pain outcomes with VR (57).
Furthermore, VR is a feasible, acceptable, and safe intervention for children and
adolescents with chronic pain across a range of conditions, offering promise as an
adjunctive treatment to enhance pain management and quality of life (58).

VR is increasingly being utilised in rehabilitation, offering interactive, task-
specific therapy for patients recovering from strokes, spinal cord, or musculoskeletal
injuries. In traditional rehabilitation, patients often engage in repetitive exercises to
restore movement, strength, and function. VR enhances this process by providing
engaging, goal-oriented activities within a virtual environment that simulate real-life
tasks. The use of VR in rehabilitation has been shown to improve patient motivation, as
the immersive environments make the exercises feel more like games than repetitive,
monotonous tasks. Additionally, VR systems can track patients’ progress in real-time,
providing immediate feedback on performance and allowing therapists to adjust treatment
protocol. For instance, spinal cord injury (SCI) is a prevalent neurological condition
characterised by damage to the spinal cord. In neurological rehabilitation, VR is
increasingly utilised to assess and address the physical limitations associated with SCI.
VR has demonstrated the potential to improve walking ability and balance in individuals
with SCI (59). Additionally, VR-based therapy effectively complements physical therapy
within anterior cruciate ligament (ACL) rehabilitation programs, as it reduces pain and
enhances knee function, strength, range of motion, and dynamic balance following ACL
injury (60).

Mental health is the field where VR technology is most used. One of the most
researched fields is phobias. In traditional exposure therapy, patients are gradually

exposed to anxiety-provoking stimuli in a controlled environment to desensitise them to
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these stimuli. VR enhances this process by enabling therapists to create highly realistic
and customizable virtual environments where patients can confront their fears in a safe
and controlled setting. The results showed a positive effect on VR-based exposure therapy
in treating most phobias (61). Similarly, for post-traumatic stress disorder (PTSD)
patients, VR exposure therapy allows them to re-experience traumatic events in a
therapeutic environment. Unlike in vivo exposure, where real-world settings might be
difficult or impossible to recreate, VR can simulate these traumatic experiences with high
fidelity. For instance, soldiers can relive battlefield scenarios, or accident survivors can
re-experience the traumatic event under the guidance of a therapist. Heo et al.'s findings
demonstrated the superiority of using VR for PTSD symptoms compared to controls,
highlighting the importance of immersive treatments for PTSD (62). VR is suitable for
developing diagnostic procedures (for example, attention deficit hyperactivity disorder -
ADHD) as well as therapeutic methods. Recent studies on VR-assisted psychiatric
assessments have been conducted to validate VR environments (63). In virtual
environments, physicians can examine patients' mental symptoms in real-time. For
instance, a Spanish company developed a classroom with many exciting stimuli for
children who are diagnosed with ADHD (64). In this virtual classroom, psychiatrists can
observe hyperactivity, lack of inhibitory functions, and a continuous urge to speak. VR
can be helpful in reducing generalised anxiety disorder (GAD) and social anxiety disorder
(SAD) symptoms. Malbos et al. evaluated the effectiveness of VR combined with
relaxation for GAD, comparing VR relaxation therapy with standard mental imagery
exposure. This study randomly assigned participants to one of the therapies, each
delivered in six weekly 30-minute-long sessions. VR participants could choose from six
relaxing virtual environments to apply their techniques. Results showed significant
improvements in anxiety, worry, mood, and positive functioning in both groups, though
no significant difference was found between them (65). Kampmann et al. conducted a
study with patients diagnosed with SAD, randomly assigning them to individual virtual
reality exposure therapy (VRET) (n=20), individual in vivo exposure therapy (n=20), or
a waiting list (n=20). The treatments consisted of ten 90-minute-long sessions twice
weekly, with VRET including virtual one-to-one and group scenarios designed to trigger

anxiety. Results showed symptom improvement from pre- to post-assessment in both
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VRET and in vivo exposure therapy groups; however, greater symptom reduction

was observed in the in vivo exposure therapy group (66).

1.5.  VRn acute stress management

Acute stress is a significant challenge in medical settings, where patients often
face fear, uncertainty, and discomfort related to medical procedures, diagnoses, and
treatments. Stressful events such as diagnostic imaging and chemotherapy can elicit both
psychological and physiological stress responses (67, 68). These acute stress reactions
can negatively affect patient outcomes and increase the need for sedative or analgesic
medications (67, 69). As a result, healthcare professionals are increasingly exploring
innovative interventions to mitigate stress, enhance patient experience, and improve
overall well-being. One promising approach is the use of technology innovations like VR
technology.

VR, through its sense of presence, provides patients with immersive, interactive
environments that can distract them from stress-inducing stimuli in medical settings, such
as the sights, sounds, and sensations associated with medical procedures. By transporting
patients to calming virtual worlds, VR can reduce stress and anxiety, making medical
procedures more tolerable (70). Furthermore, VR is extremely suitable for education (71).
In many cases, the source of stress is a lack of knowledge. Specialists can create specific
virtual environments, such as a radiotherapy machine or an MRI scanner, so patients can
relive the experience before the real procedure (72, 73).

In the following studies, our main goal was to mitigate stress with virtual reality
in real-life medical settings. Therefore, the final section of the introduction will explore
specific areas where we conducted investigations into reducing acute stress with VR.
These settings included diagnostic imaging (MRI scans) and chemotherapy treatments.
Additionally, we investigated how virtual reality can complement traditional psychology

methods such as mindfulness.

1.5.1. Mindfulness-based VR interventions

Mindfulness-based interventions have long been recognised as effective tools for
treating stress, anxiety, cancer-related symptoms, and depression (74). Traditionally,

mindfulness practices, such as meditation, breathing exercises, and body scans, have been
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conducted in physical environments through structured programs like Mindfulness-Based
Stress Reduction (MBSR) (75). However, with the advent of VR technology, mindfulness
practices have been given a new, immersive dimension that enhances the engagement and
accessibility of these interventions.

VR exhibits promising features for supporting mindfulness practice, particularly
with immersive and multisensory experiences. Most studies indicate that VR facilitates
greater relaxation self-efficacy, decreases cognitive drift, and promotes the maintenance
of attentional focus (76). Tarrant et al. compared a brief nature-based mindfulness VR
experience to a resting control condition in anxious participants. Self-reported anxiety
symptoms and resting-state EEG were recorded across intervals of quiet rest or the VR
intervention. Results showed that both the quiet rest control and VR meditation
significantly reduced subjective anxiety reports, aligning with a physiological reduction
in anxiety. This pilot study offers preliminary evidence supporting the therapeutic
potential of VR for anxiety management and stress reduction programs (77).

Another study investigated 44 participants at a mindfulness conference who wore
an HMD, experiencing a calm, 3D-generated virtual river while listening to specific,
digitised mindfulness training instructions. VR supports mindfulness development by
minimising real-world distractions, enhancing the sense of presence, and providing an
engaging environment for mindfulness practice. Participants reported increases in
mindfulness states and decreases in negative emotions. After VR, they noted significantly
reduced sadness, anger, and anxiety, along with a notable increase in relaxation. These
findings offer promising preliminary evidence for the feasibility and acceptability of VR-
based mindfulness training based on expert clinical feedback (78).

VR can establish virtual scenarios that support mindfulness practice, as shown in
the Modrego-Alarcon randomised controlled trial that examined the effects and
acceptability of mindfulness-based VR environments among university students.
Specifically, a single group (n = 93) underwent an intervention consisting of six brief VR
mindfulness sessions. Participants’ mindfulness and emotional state were measured
immediately before and after each VR environment session. VR is an appealing,
immersive environment that aids participants in visualising complex ideas, creating
interactive simulations, and mastering practical skills within a controlled setting. These

insights align with research indicating that immersive technologies in higher education
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encourage active, engaging learning among students. Overall, the sample of 93 university
students responded positively to VR as a mindfulness technique, reporting high initial
expectations and, upon completing the intervention, expressing high satisfaction and
perceived usefulness (79).

The same mindfulness meditations delivered via VR and computer were
compared in a between-subjects study. The study aimed to enhance exam performance,
potentially by reducing pre-exam anxiety. Students exposed to the VR-based meditation
benefited more from this relaxation technique than the video-based control group. VR
technology may facilitate deeper immersion in meditative environments for learners,
thereby promoting greater relaxation and improved performance (80). In a pilot
randomised trial by Poetar et al., desktop-based mindfulness meditations were also
compared. This study evaluated the effects of negative and positive emotions using the
Positive and Negative Affect Schedule questionnaire (81). Both VR and computer-based
mindfulness practices effectively reduced negative emotions. Notably, positive emotions
significantly increased only in VR, with no significant reports of cybersickness. These
findings suggest potential advantages of VR-based mindfulness meditation over
computer-based approaches, particularly enhancing positive emotions.

Several design concepts suggest that VR could introduce interactive and body-
centred innovations to mindfulness practice. The latest developments in VR systems
allow for personalised mindfulness environments tailored to the individual’s preferences,
thereby increasing patient engagement and intervention efficacy. As VR systems become
more accessible and cost-effective, their integration into routine healthcare practices
could become more feasible, broadening mindfulness interventions' reach to patients

needing psychological support during treatment.
1.5.2. VR for stress reduction during procedures

1.5.2.1. Reducing stress during chemotherapy treatment.

Chemotherapy is often lengthy and uncomfortable, and it is one of the most
emotionally and physically taxing experiences for children with chronic illnesses. In
paediatric oncology, children face multiple layers of stress: the pain and side effects of
treatment, fear of medical procedures, disruption of daily routines, and prolonged

hospitalisation. These factors can lead to elevated anxiety, a sense of helplessness, and
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long-term emotional consequences. Moreover, the unfamiliar and clinical hospital
environment often intensifies distress, especially in younger patients who may not fully
understand the purpose of their treatment. According to a cross-sectional study, more than
a quarter of participants experienced anxiety or depression. Psychological symptoms
were more frequently observed among those who had received a lower number of
chemotherapy sessions (82). These difficulties affect not only the child but also the entire
family system. Chronic parental stress has been linked to lower emotional, physical, and
social functioning in paediatric patients (83). Given these challenges, there is a growing
need for supportive interventions that help children cope with the emotional burden of
chronic illness. As a result, existing guidelines like the Pediatric Psychosocial Standards
of Care advocate for a multimodal therapeutic approach. (84). A key recommendation is
the routine assessment and management of stress using age-appropriate, non-
pharmacological methods such as cognitive-behavioural strategies, play therapy,
psychoeducation, and family-centred care. VR could be a new element of this
comprehensive approach during chemotherapy.

Several studies have investigated the effects of VR technology on physiological
and psychological variables in adult patients. In a study involving 66 women with breast
cancer undergoing adjuvant chemotherapy, the intervention group viewed beach and
nature scenes through VR glasses for 30 minutes, while the control group received
standard care. Data was collected using an Introductory Information Form, the State
Anxiety Scale, and the Cancer Fatigue Scale, with assessments conducted for each cycle
across four cycles. Results showed a reduction in mean post-application anxiety scores in
the intervention group compared to their pre-test scores, with their anxiety levels
continuing to decrease from the first to the last cycle. Additionally, the intervention
group’s mean post-test anxiety scores were consistently lower across all four cycles
compared to those of the control group (85). Another randomised controlled trial included
80 breast cancer patients. They were randomly allocated to either a VR group or a control
group. Results indicated that a single session combining immersive VR with morphine
significantly reduced self-reported pain and anxiety scores compared to morphine alone.
The use of VR as an adjunct to traditional pharmacological treatment was more effective
than morphine alone and demonstrated a higher safety profile than pharmacological

options (86). Besides pain and anxiety reduction, Schneider et al. investigate the impact
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of VR on time perception during intravenous chemotherapy. Each participant underwent
two matched chemotherapy sessions, one of which involved the use of VR as a
distraction-based intervention. The findings suggest that VR is a non-invasive tool that
can improve the tolerability of chemotherapy by altering patients' perception of time (87).
Biological variables can increase the evidence of VR's positive effect. loannu
evaluated whether VR can improve mood and biophysical parameters in cancer patients
through interaction with an immersive environment; a comparison was made with
patients experiencing a Guided Imagery (GI) intervention. Patients in the VR group
showed greater significant improvements in mood across all mood sub-scales compared
to those in the GI group. Systolic blood pressure (SBP) decreased from baseline in both
groups, with a progressive decline observed across successive interventions for the GI-
VR group. Similar patterns were noted for diastolic blood pressure (DBP) and HR (88).
Children often perceive the stress, nausea, and fatigue linked to treatment as more
distressing than the illness itself (89). A randomised controlled trial was conducted to
investigate the feasibility and acceptability of using immersive virtual reality to manage
anxiety, nausea, and vomiting in paediatric cancer patients undergoing their first
chemotherapy. Paediatric patients in China undergoing their initial intravenous
chemotherapy were enrolled and randomly assigned to either the intervention group
(three immersive virtual reality sessions) or the control group (standard care). The results
indicated that the intervention was feasible, demonstrated by a high consent rate and low
withdrawal rates. The intervention group showed significantly greater improvement in
anxiety and a more substantial reduction in acute nausea compared to the control group.
Another randomised controlled trial included 41 children, aged 7 to 16, receiving
chemotherapy in a university hospital's paediatric haematology and oncology wards. Data
were collected using the Child Anxiety Scale-State, Child Fatigue Scale-24-Hours, and
Visual Fatigue Scale in both groups before and during the first three days of
chemotherapy treatment. A statistically significant difference was observed between the
intervention and control groups' mean anxiety and fatigue scores across group, time, and
group—time interaction (90).
Cancer patients often endure severe pain due to their illness, the stages of
chemotherapy they undergo, and its side effects, which can increase stress levels and

decrease daily activities. Sharifpour et al. aimed to assess the impact of virtual reality
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therapy (VRT) on pain variables in 30 adolescents with cancer during chemotherapy. The
experimental group participated in eight 30-minute VRT sessions once a week over 2
months, while the control group was placed on a waiting list. Results showed significant
differences in pain variables between the experimental and control groups. Additionally,
the effects of the treatment were sustained during the first and second follow-up periods
91).

VR is increasingly recognised as an effective tool for alleviating the physical and
psychological burden of chemotherapy. Research demonstrates that VR interventions can
significantly reduce anxiety, pain, fatigue, and nausea in adults undergoing treatment
(92). VR has been shown to enhance the effectiveness of pharmacological treatments and
offer sustained benefits over time (91, 93). While the feasibility and acceptability of VR
in clinical settings are well-documented among adults, further research is needed to
explore its effects in children. Moreover, there is a lack of studies investigating the impact
of VR on physiological variables. Our aim is to examine the effectiveness of VR among
children undergoing chemotherapy, which Project II will later address in Chapter 3.2.
Understanding the underlying mechanisms and optimising its application could solidify

VR's role in improving the chemotherapy experience for children.
1.5.2.2. Reducing stress during MRI scans

The unfamiliar environment of MRI procedures can be highly stressful for
children and their parents, often causing significant anxiety. Patients are enclosed in a
narrow, noisy tube and must remain still for extended periods. Claustrophobia is a notable
concern during MRI, with approximately 1 in 100 patients requiring premature scan
termination due to claustrophobic reactions (94). According to a study by Shanbari et al.,
of the 465 participants had undergone an MRI (95), over half (55.9%) reported moderate
MRI-related anxiety. While 74% desired more specific information, 48% experienced
breathing difficulties and 51% reported panic. This discomfort and anxiety can increase
minor movements during the scan, resulting in poor-quality MRI images or failed scans.
As a result, general anaesthesia has become a core part of MRI procedures for children.
A study found that the use of general anaesthesia in children’s MRI procedures increased
between 2011 and 2014 (96). However, general anaesthesia is not risk-free, with common
side effects such as nausea, headache, and dizziness as well as potential severe reactions

like respiratory distress, allergic reactions, or arrhythmias (97). Anaesthesia also adds
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considerable costs due to the need for specialised equipment and personnel. Since anxiety
has been associated with higher doses of anaesthetic drugs, reducing anxiety may lessen
anaesthesia-related complications, especially for dose-dependent side effects, such as
those linked to opioids (98).

Research has shown that adequate preparation and information can reduce the
need for general anaesthesia in MRI procedures. Various methods, such as step-by-step
instructional videos and MRI models, have been used to prepare children. (99) Rothman
et al. reported that fewer children needed anaesthesia when they received comprehensive
instruction (booklet, movie, and simulator practice) than when they received only
booklet-based preparation, suggesting that proper preparation may ease anxiety and make
anaesthesia unnecessary or reduce its required dosage (100).

A few studies have explored VR use for MRI preparation, though they have
involved small samples. One study involved adults (n=20) who experienced VR and a
mock MRI scan. Anxiety, comfort, and relaxation were assessed at five time points, with
no significant differences in anxiety or comfort between the conditions, and participants
reported both experiences as equally real. VR offers advantages over mock MRI
equipment, including lower space requirements and cost-effectiveness. Furthermore, an
awake MRI was successfully completed in 4 out of 5 children who would otherwise have
required general anaesthesia for the procedure under routine care (69). Another study
with 4-12-year-old children (n=23) used a 360-degree interactive VR experience before
MRI. Four of the five children who typically require anaesthesia completed an awake
MRI. All children reported feeling more positive about the MRI experience and stated
they would recommend VR preparation to others. Stunden et al. conducted a randomised
controlled trial with 92 children aged 4-13 divided into VR, brochure, and no-preparation
groups in a simulated MRI setting. Questionnaires measured anxiety and procedural
knowledge, and movement was recorded. No significant differences were found among
the groups, although a correlation was noted between children’s and parental anxiety (68).

Studies highlight that proper preparation, using tools like instructional videos,
booklets, and mock MRI simulators, may reduce anxiety and the need for anaesthesia.
(99, 100) Emerging evidence suggests that VR could be a promising alternative for MRI
preparation. Few studies have demonstrated that VR experiences can reduce anxiety,

occasionally eliminating the need for general anaesthesia (GA) (68, 69). However, high-
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quality randomised trials comparing VR to other preparation methods have yielded mixed
results and did not investigate the GA need as a primary objective. Therefore, we have
initiated a randomised controlled trial (RCT, Project III) to explore the need for
anaesthesia as a primary outcome and to measure the psychological variables of children
and their parents too. Positive results can contribute to replacing or complementing

traditional preparation methods for children's psychological well-being.

27



2. OBJECTIVES

Our research focuses on the stress-reducing effects of VR technology among
children and young adults. We conducted three studies examining the relationship
between VR and stress. First, we studied the effects of mindfulness-based virtual
experiences among young adults (Project I), and then we conducted a study among
children with cancer undergoing chemotherapy (Project II). Finally, our research centred

on reducing the stress associated with MRI examinations in children (Project III).

2.1. Project I. — Effects of a VR-based mindfulness exercise on young people

While the number of studies investigating VR-based mindfulness interventions is
growing (101, 102), very few have directly compared VR with other digital modalities,
such as tablet or desktop devices. Most notably, prior comparative studies (80, 81) used
between-subject designs with limited outcome scopes. In contrast, our study used a
within-subject design to compare VR and tablet-based mindfulness, reducing
interindividual variability. It uniquely combined psychological, physiological, and time
perception measures to assess immersion, flow state and emotional impact, offering a
more comprehensive view of the user experience than prior studies.

Based on these findings, we hypothesised that the VR condition contributed to a
significant reduction in anxiety compared to the tablet condition. Additionally, we
investigated whether VR would promote greater parasympathetic dominance reflected in
lower HR, stabilised body temperature, and reduced EDA both during and after the
intervention. Finally, we expected that participants immersed in the VR experience would

perceive the duration of the exercise as shorter than its actual length.

2.2.  Project II. — The impact of VR on children undergoing chemotherapy

To date, very few studies have explored the application of VR for stress reduction
during paediatric chemotherapy (103, 104). Among those, none to our knowledge has
used a within-subject design, which significantly reduces noise from between-subject
variability arising from different diagnoses and temperament. Another novel aspect is the

inclusion of physiological data, such as EDA and peripheral temperature, which offer
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objective insights into stress response. The VR content was also custom-developed,
which may maximise the stress reduction effect of VR in phase II.

To complement these findings, we created a study which investigated the impact
of VR in chemotherapy-treated children. It had two phases; the first phase examined the
effects of an interactive VR experience and a mobile phone condition through a crossover
design on multiple psychological and physiological variables during chemotherapy,
assessing its potential to enhance patient well-being within a clinical context. We
hypothesised that VR sessions would reduce anxiety, nausea, and fatigue while also
improving mood during chemotherapy. Additionally, we anticipate that VR would
attenuate sympathetic nervous system activity, as evidenced by reductions in HR, SBP,
and EDA. A crossover design was again utilised in the second phase of the investigation.
We developed a custom-made VR experience and compared it to the VR experience used
in Phase I. We hypothesised that the specifically developed VR experience would reduce
anxiety, HR, EDA, and peripheral temperature more effectively than a freely available
VR game.

23 Project III. — Efficacy of a VR-based simulation in preparing children for

MRI examinations

Most existing studies on MRI preparation in children have been limited by small
sample sizes, lack of randomised controlled designs, and implementation in experimental
settings. Furthermore, while passive interventions such as videos, role play, or mock
scanners are commonly used, immersive virtual reality tools remain underexplored (68,
69, 100).

In contrast, we designed a randomised controlled trial with a specifically
developed VR experience to evaluate the efficacy of a VR-based preparatory approach in
children before MRI examinations. We hypothesised that a smaller proportion of children
in the VR group would require anaesthesia for MRI compared to those in the booklet and
control groups. Furthermore, we expected that children in the VR group would show more
significant improvements in fear, mood, and distress and a higher level of familiarity with
the MRI procedure. We also anticipated a stronger preference for the VR intervention
among children compared to the booklet and control groups and an increased willingness

among VR group participants to undergo future MRI scans. Additionally, we
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hypothesised that the VR intervention has the potential to reduce the required dose of

anaesthesia in comparison to the control groups.
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3. METHODS

3.1. Project I. — Effects of a VR-based mindfulness exercise on young people

3.1.1. Participants

Participants were recruited via social media, specifically through Facebook
groups, to reach young adults who met the specified eligibility criteria. Inclusion criteria
specified that participants were to be between 18 and 30 years of age, self-reporting basic
proficiency in English, and either currently enrolled in or having completed university
studies. A total of 50 volunteers (26 females and 24 males, with 47 being university
students) were selected, with ages ranging from 19 to 28 years (M =23, SD = 1.93 years).
All participants were able to attend both scheduled mindfulness sessions. The sample

sizes were informed by similar earlier studies in the literature.

3.1.2. Procedure

The study received ethical approval from the Semmelweis University Regional
and Institutional Committee of Science and Research Ethics. (registration date:
8.01.2021; registration number: 183/2020) Data collection was carried out between
October 2020 and June 2021. This randomised crossover trial examined and compared
the effects of two device-assisted mindfulness interventions on time perception,
physiological responses, and psychological states in young adults. Each participant
engaged in two mindfulness sessions: one delivered via a VR headset (experimental
condition) and the other via a tablet device (control condition). The sequence of
conditions was randomised, using a pre-generated random sequence, ensuring that 25
participants commenced with VR and 25 with the tablet. Due to the nature of the
interventions, neither the participants nor the experimenter was blinded to the conditions.
Before the first session, participants were informed about the study, and written consent
was obtained.

Mindfulness sessions were administered using an Oculus Go VR headset (Oculus
VR LLC, California, USA, 2018) and a Samsung Galaxy Tab A tablet (Samsung
Electronics, Suwon, South Korea, 2019) equipped with an Acer Predator Galea 311
headset (Acer Inc., New Taipei City, China, 2020). The Guided Meditation VR™
experience (Cubicle Ninjas, Chicago, USA, 2018) provided a 20-minute English-
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language relaxation program on a virtual beach without background music. Participants
were guided by a female voice through breathing exercises, body scanning, and
visualisation (e.g., imagining birds flying in virtual surroundings). The VR session was
recorded using the device’s internal system and downloaded as a 20-minute video. The
tablet version featured visuals and audio identical to those of the VR application.
Sessions were held in a quiet room within an office setting to provide a calm
environment. Upon arrival, participants wore an Empatica E4 device on their left wrist.
After, they had the initial 20 questions of the STAI-Y to assess state anxiety. Following
the survey, they participated in the mindfulness session via the assigned device. Upon
completing the session, participants filled out the STAI-Y once more and responded to a
brief question about time perception. No methodology or outcome measures changes

occurred after the study’s initiation.

3.1.3. Measures

Physiological data were collected using an Empatica E4 wristband (Empatica Inc.,
Cambridge, USA) same as in Project I, measuring HR (average HR values calculated over
10-second intervals), body temperature (recorded in Celsius at a sampling rate of 4 Hz),
and EDA (measured in uS at 4 Hz). Data were uploaded to Empatica’s Web Portal, E4
Connect, for visualisation and download in CSV format. The STAI-Y is a validated
psychological instrument for assessing anxiety levels in young adults; we employed the
Hungarian version (105). This self-report scale is used to gauge momentary (state)
feelings, with the internal consistency coefficient being oo = 0.91. The questionnaire was
completed independently by participants. Time perception was measured with the

question: “How long do you think the exercise lasted?”

3.1.4. Data Analyses

Metrics for pre- and post-intervention states were calculated by averaging data
over two-minute intervals immediately before and after the mindfulness session, while
data collected during the session were also averaged. State anxiety scores were
determined based on the STAI-Y Manual.

The raw HR, body temperature, and EDA data were processed using R Statistical
Software (v4.3.2, R Core Team, 2021). (106) Due to substantial individual variability in
EDA, a bandpass filter with a 0.01 uS to 100 puS range was applied as in Project I. No HR
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and body temperature filtering was necessary as values remained within physiological
limits. All HR, body temperature, and EDA signals underwent visual inspection to
identify any instability during data capture. No data were excluded due to poor signal
quality. Statistical analyses involved averaging data over two-minute periods before and
after the mindfulness sessions. A repeated-measures ANOVA analysis was conducted,
with paired t-tests for post-hoc analysis. Dependent variables included physiological
measures and STAI-Y scores, with time and condition as within-subject factors.
Additionally, sign tests were performed separately for the VR and tablet conditions to
assess whether time underestimation or overestimation differed significantly from zero.
Bonferroni correction was applied to control for multiple comparisons, setting the

significance threshold at P = .025.

3.2.  ProjectII. - The impact of VR on children undergoing chemotherapy

3.2.1. Participants

The study involved thirty-five children, aged 10 to 18, undergoing chemotherapy
treatment. Participants were recruited from the oncology units of the Second Department
of Paediatrics, Semmelweis University, between August 2018 and February 2020. Of
forty-three children approached, eight declined to participate for various causes (e.g., lack
of interest, feeling unwell). Although VR devices are typically recommended for
individuals aged 13 and above, we concluded that this age limit could safely be lowered
in a controlled setting. Children aged eight years and older were included, as they
demonstrated sufficient maturity to understand the tasks and independently use the VR
device and controllers. The inclusion requirements were active chemotherapy treatment,
inpatient status at an oncology unit, age 8-18, and stable participation condition (as
evaluated by nursing staff). Exclusion criteria were the following: visual impairments,
eye movement disorders, primary neurological conditions, or intellectual disabilities.

Phase II was in the same oncology units at Semmelweis University from
September 2020 to July 2022. Thirty children were recruited for the investigation, and
seven declined to participate for different reasons. Inclusion and exclusion criteria
remained the same. The sample sizes of both studies were guided by previous similar

research.
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3.2.2. Procedure

A crossover design was utilised in phases I and II, where all participants were
enrolled in experimental and control conditions. The sequence of conditions was
randomised across participants, with a pre-determined random sequence indicating the
starting session for each participant. Sessions were scheduled to ensure that each child
received the same chemotherapeutic agents in both conditions, thereby controlling for the
varying effects of different drugs. Research protocols were authorised by the Semmelweis
University Regional and Institutional Committee of Science and Research Ethics (Phase
I - registration number: 79/2018, registration date: 22.05.2018; Phase II — registration
number: 184/2020, registration date: 0.10.2020). The children and their parents were
informed that participation was voluntary and that they could withdraw without providing
a reason. Written consent was obtained from the parents at the beginning of the study.

The experimental VR condition utilised the full version of A Night Sky (Coatsink
Software LTD, UK, 2017) in phase 1. This game was chosen because it avoids sudden
positional changes, reduces the risk of cybersickness, and features an interactive design
that enables children to manipulate the virtual environment using a controller, potentially
enhancing immersion and a sense of control. In the game, participants connect stars in an
Arctic landscape, with successful star-linking rewarded by the appearance of mythical
creatures. The game was demonstrated on a Samsung Gear VR (Samsung Galaxy S7
Edge, Samsung Electronics Co., Seoul, South Korea, 2016) or Oculus Go (Oculus VR
LLC, California, USA, 2018) device, each featuring a 5.5-inch display with 2560 x 1440
resolution and a 3-degrees-of-freedom motion detection system, allowing orientation
tracking but not position tracking, so that children could look around but not move in the
virtual experience. The VR environment was mirrored onto a computer screen, enabling
the experimenter to monitor and guide the children. All devices were thoroughly sanitised
using antiseptic wipes before and after each use. In the phase I control condition, children
were allowed to choose a mobile game on their own device, selecting one that suited their
current state, which helped reduce individual variability.

In phase II, the control condition was the A Night Sky VR experience (phase I
experimental condition). After six months of planning and collaboration between doctors,
psychologists, and IT specialists, we created a VR experience for phase II. Because there

is no formal guidelines currently exist on what constitutes an effective or child-friendly
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VR experience. Our design was informed by developmental and clinical considerations.
We prioritised ease of use, environments that clearly contrast with hospital settings, and
included metaphorical elements related to recovery. (e.g. pills) The game features a low-
poly design, and it is customisable to give the child back control; for example, children
can change the character. The game has a short storyline where patients assist a dragon
whose island has been overrun by various enemies, symbolising the challenges of
hospitalisation (see Figure 2). These enemies can be defeated through logical and action-
based mini-games where patients can use medical tools to win.

Initially, we encountered technical difficulties such as unstable screen mirroring
and headset calibration issues. However, advances in standalone VR technology,
particularly the release of Oculus Go have significantly improved usability and screen
mirroring also helped the experimenter to support children in a virtual environment. With
this device, the systems are quick to set up (under 5 minutes) and can be managed by our
volunteers after a brief 45—-60-minute training. However, the use of the device necessitates
a trained volunteer for the safety of the experience. Devices are disinfected between uses
and are easily portable, allowing flexibility across different wards and examination
rooms. The research procedure, including the tools and design used, remained consistent

in all phases.

Figure 2. Specifically developed “OncoVR game” beginning scene (own
photograph).
3.2.3. Measures

Phase I HR and SBP were evaluated with an automatic blood pressure monitor on
the upper arm. EDA was examined with an Obimon device featuring a 22-bit analogue-

to-digital converter, a zero-drift operational amplifier, and a constant voltage EDA
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method, with electrodes attached directly to the device. The Obimon device collected
EDA data every 125 ms. Psychological variables (including happiness, joy, fear,
nervousness, anxiety, alertness, patience, pain, and nausea) were evaluated using an 11-
point Likert scale. Physiological data were collected immediately before and after each
session, beginning with HR and SBP, followed by a 3-minute EDA measurement taken
from the palm with the Obimon device while the child stayed seated. Following these
measurements, the children filled out the questionnaire with verbal support from a
researcher if needed. Each session, held in the afternoon at the child's hospital bedside,
lasted no longer than 30 minutes. The exact measurements (HR, SBP, EDA, and
questionnaire) were repeated post-session.

Empatica E4 wristband (Empatica Inc., Cambridge, USA) was used in phase II to
collect physiological data. It is a wearable device for real-time physiological data
collection commonly used in research settings (107). It features multiple sensors,
including a photoplethysmography that captures blood volume pulse, enabling HR and
inter-beat interval analysis. Moreover, it has an EDA sensor, a 3-axis accelerometer, and
an optical thermometer that measures skin temperature, providing insights into the
vegetative nervous system. The E4 wristband was applied 2 minutes before the
intervention and taken off after 2 minutes at the end of the game. During this period, EDA
(sampling rate was 4 Hz, measured in puS), HR and peripheral temperature (calculated
every 10 seconds) were measured continuously. The psychological variable was
determined by the STAI-Y questionnaire in phase II. This is a psychological tool designed
to assess anxiety by distinguishing between temporary emotional states, known as state
anxiety, and enduring personality characteristics, referred to as trait anxiety. It comprises
40 items, split evenly between these two forms of anxiety, with responses rated on a 4-
point Likert scale. This inventory is widely used in clinical psychology and research to
evaluate stress responses, the effectiveness of interventions, and the psychological impact
of various conditions (108). Only the first 20 items (state anxiety) were employed in the

study. Before and after the intervention, children completed the STAI-Y questionnaire.

3.2.4. Data Analyses

In phase I and II statistical analyses, the EDA artefacts were manually excluded

based on criteria set out by Kocielnik et al. (109). Second-to-second fluctuations
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exceeding 0.5 pS in baseline skin conductance levels (SCL) were omitted. Due to
individual variability, SCL filters of 0.01 uS (minimum) and 100 uS (maximum) were
applied. HR and body temperature data were not filtered, as all values fell within
physiological limits. Visual inspection was performed on all HR, body temperature, and
EDA signals to identify irregularities or inconsistencies during data collection. No data
were excluded due to signal quality concerns. Statistical analyses were performed by
averaging the data before and after the intervention.

All phase statistical analyses were conducted using R (R version 3.6.1, R Core
Team) (110). Normality was assessed through visual inspection. A square transformation
was applied to variables with right-skewed distributions (e.g., happiness), while left-
skewed variables (e.g., EDA) underwent a square-root transformation for analysis.
Multiple two-way repeated measures ANOV As were conducted to compare questionnaire
responses and physiological parameters before, after, and during (in phase II) the
intervention by condition, using time and condition as independent variables via the
‘anova test’ function in the *rstatix* package. Repeated measures ANOVA accounted
for interdependent data from the crossover design. Post-hoc paired t-tests revealed
significant interaction effects. Changes in pain and nausea were categorised into three
categories (decreased, unchanged, and increased) and analysed through ordinal logistic
regression in phase I. Time perception values were investigated with paired t-tests during

phase II analyses.

3.3. Project III. — Efficacy of a VR-based simulation in preparing children for

MRI examinations

3.3.1 Participants

Participants were recruited from the two departments of the Paediatric Centre at
Semmelweis University, who were scheduled for anaesthetised MRI examinations. A few
days before their examination, patients were pre-screened for inclusion and exclusion
criteria. All inpatient or outpatient children aged 4 to 18 at the Paediatric Centre of
Semmelweis University who are fluent in Hungarian were eligible for the study. Parents
were required to provide informed consent, indicating their willingness to participate.
Exclusion criteria included severe visual impairment or hearing loss, major face or cranial

deformities, wounds on the face and head and severe intellectual disability that would
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hinder participation in the VR and booklet experience. In the case of epilepsy, the treating
physician will be contacted to obtain permission to include the children in the study.
Children receiving inpatient care will be excluded if the treating physician determines

they are too unwell to participate in the study.

3.3.2 Sample size

Our sample size was determined based on the primary endpoint: the proportion of
children requiring general anaesthesia. To our knowledge, no prior study had investigated
the impact of VR-based MRI preparation on anaesthesia need. Therefore, we based our
assumptions on a randomised controlled trial by Rothman et al. (100), which compared a
multimodal preparation protocol (booklet, simulation, and interactive session) to booklet-
only preparation. In that study, 27% of children in the intervention group required
anaesthesia, compared to 47% in the control group (OR = 0.42). Using these proportions,
we calculated the required sample size for a chi-square test with 80% power and o= 0.05,
resulting in a minimum of 91 participants per group. To allow for a 5% dropout or

crossover, we planned to enrol 96 children per group, for a total of 288 participants.

3.3.3. Procedure

This study investigated the clinical efficacy of a newly developed VR with a three-
arm randomised controlled trial. On the day of the examination, a research assistant
approached the caregivers of eligible patients to explain the study and obtain written
consent from the caregiver as well as verbal assent from the child. Pre-intervention
questionnaires (T0) were completed via a custom-made online platform, which was also
used to facilitate a randomisation process. Participants were randomly assigned to one of
three groups: VR, booklet, or passive control. Using a computer-generated blocked
randomisation schedule (R “blockrand” package), children were allocated to the groups
with a 1:1:1 ratio, stratified by age (4—6 years and 7—18 years). Participants underwent
the preparation assigned to their group once, on the day of their MRI scan. Adverse effects
and intervention times were monitored. Upon arrival for the MRI, a second, blinded
research assistant administered post-intervention questionnaires (T1) via tablet in the
online platform. The anaesthesiology team was also blinded to group assignments. The
decision to perform general anaesthesia during MRI was made independently by the

clinical anaesthesia team. GA were carried out by rotating teams of anaesthesiologists;
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thus, multiple teams were involved throughout the study. After the MRI, the second
assistant collected anaesthesiology records, including details about anaesthesia use,
medication doses, adverse events, and administered post-procedure questionnaires (T2).

The study design is illustrated in a flow chart, as shown in Figure 3.

Pre-screen potential participants by inclusion and exclusion criteria

[ Conduct informed consent process. Complete TO questionnaires '
(visual analogue scales, demographic and medical data)
Total N: 288

Randomization

A Y
sl Sy
| 4 -
VR Booklet Usual care
Total N: 96 Total N: 96 Total N: 96

Complete T1 questionnaires (visual analogue scales)

Perform MRI scan

Complete T2 questionnaires (visual analogue scales). Collect
medical documentation

Figure 3. Flow chart of the study design (111).

The VR group experienced a custom-developed 360° VR environment designed
to prepare children for MRI scans. The experience ranged from 16 to 25 minutes,
depending on the child's needs and familiarity with VR. The environment comprised two
parts: The first session focused on enhancing familiarity, awareness, and a sense of
control, while the second session taught children techniques-based ACT to stay calm
during the MRI scan. VR experience developed for Meta Quest 2 or 3 (Reality Labs,
USA) VR headset provided a high-quality, immersive experience. Parents and the
research assistant could observe the child’s VR session via online streaming to a laptop
using the Side Quest (2020, Side Quest Media, USA) application.

The booklet condition functioned as an active control, utilising a custom-made
educational booklet to prepare children for the MRI examination through colourful
illustrations and simple, easy-to-understand sentences. The passive control condition
represented the standard care provided in participating departments, typically consisting

of a brief verbal explanation of the MRI procedure by staff.
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The Semmelweis University Regional and Institutional Committee of Science and
Research Ethics approved the study protocol (registration number: 202/2021). The trial
was registered on ClinicalTrials.gov under the identification number NCT06132854 on
11/06/2023 and was updated on 26/02/2024. The reason for the update is that the
introduction of Oculus Quest 3 VR headsets has provided the opportunity to lower the
age limit from 6 years to 4 years, as the device is lighter, and its design is more suitable
for younger children.

For the current thesis, we made an interim data analysis on the data collected

between November 2023 and November 2024.

3.3.4. Measures

Data on the use of anaesthesia and medication doses were collected from the
anaesthesiology records. At three data collection points, 100-unit visual analogue scales
(VAS) were used to measure the children's nervousness, fear, and mood. Furthermore,
introducing them to the MRI machine in a virtual environment makes them familiar with
the challenges of a real MRI examination, such as loud, mechanical noises and the
confined space; thus, we measured familiarity with the MRI examination using VAS as
well. To evaluate children’s preference for VR preparation over traditional methods, VAS
was used to measure their willingness to participate in a future MRI examination and how
much they liked the preparation method. Children completed questionnaires on their own,
with verbal support from a researcher if needed. Enhanced parental well-being and
familiarity with procedures may improve cooperation with medical staff and have a
calming effect on children. VAS was used to assess parents' nervousness, fear, mood, and
familiarity in three data collection points. Similarly, using VAS, parents evaluated their

children's nervousness, fear, mood, and familiarity with the MRI.

3.3.5. Statistical analysis

We compared the need for anaesthesia across the three groups using logistic
regression. Univariate regression models were applied to assess age, gender, previous
MRI experience, parental education, and MRI region to identify covariates for the final
multivariate model (included if P-values < .25). Age and gender were included as
covariates due to their potential influence on interest in gaming and technology. Previous

MRI experience may affect familiarity, while parental education could influence a child's
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sensitivity to the techniques used, and brain MRI might reveal neurological deficits that
could alter the intervention's effects. Additionally, brain MRI may cause increased
distress, especially as the scanner covers the child’s head.

Children, parents, and data provided by parents about their child’s mood, fear,
nervousness, and familiarity were analysed using ANCOVA to examine the main effects
of time and intervention on mean differences, as well as the interaction between
intervention and changes in VAS scores. If significant main effects or interactions were
identified, post-hoc t-tests were conducted to determine pairs that differed. For covariate
selection, univariate repeated measures ANOVA models were applied to factors such as
age, prior MRI experience, gender, previous VR exposure, parental education level,
familial history of MRI examinations, and brain MRI. Predictors with a P-value < .25
were included in the final multivariate model.

Linear regression was used to analyse the likelihood of participating in a future
MRI examination, incorporating age, gender, parental education, and MRI region as
potential covariates. Covariate selection for the final model followed the approach

described above.
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4. RESULTS

4.1. ProjectI. - Effects of a VR-based mindfulness exercise on young people

4.1.1. Baseline Characteristics of Patients

The two mindfulness sessions were scheduled approximately one week apart (M
= 7.04 days, SD = 0.35 days), with each session lasting between 23 and 32 minutes,
including 20 minutes of mindfulness exercise and additional time for the STAI-Y
questionnaire and time perception question (M = 27.80 minutes, SD = 1.77 minutes). The
average age of the 50 participants (female = 26, male = 24) was 23.02 years (SD = 1.92
years). Only one participant reported mild dizziness and a headache following the VR-
based mindfulness session, but was able to complete the exercise without any

interruption.
4.1.2. Psychological and physiological variables

One participant was excluded from the analysis due to a misunderstanding of the
STAI questionnaire, which was only reported post-session. Analysis revealed no
significant main effect of condition (F(1, 48) =.76, p =.39) or interaction effect (F(1, 48)
=.06, P = .81) between the VR (Moefore = 37.10, SDpefore = 8.13; Mafier = 29.41, SDafier =
5.78) and tablet (Mpefore = 36.66, SDbefore = 8.52; Mafier = 28.30, SDafier = 6.20) conditions
concerning state anxiety. However, there was a significant reduction (F (1, 48) = 164.47,
P <.001, n? = 0.23) between pre-exercise (M = 47.46, SD = 7.35) and post-exercise (M
=40.40, SD = 5.35) measures, indicating both mindfulness sessions effectively reduced
anxiety.

With data from 47 participants analysed, a sign test showed a significant
difference in positive and negative deviations from zero in the VR condition (p = 0.006)
but not in the tablet condition (P = .39). Specifically, there were nine positive and 26
negative deviations in the VR condition, indicating a consistent tendency to underestimate
intervention time, whereas in the tablet condition, there were 14 positive and 20 negative
deviations.

A repeated-measures ANOVA showed no significant main effect of condition for
HR (F (1, 45) = 1.31, P = .26), body temperature (F (1, 46) = 3.33, P =.07), or EDA (F
(1, 46) = .007, P = .93). Similarly, there was no significant interaction effect for HR (F
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(2,90) =0.31, P = .73), body temperature (F (1.21, 55.57) = 2.18, P = .14), or EDA (F
(1.32, 60.84) = .59, P = .49).

A significant main effect of the session was observed for HR (F (2, 90) = 10.58,
P <.001, n? =.03). Post-hoc t-tests revealed a lower HR during the mindfulness session
compared to both pre-session (t (91) =4.14, P < .001, d = 0.17) and post-session (t (91)
=3.37,P=.001, d = 0.25) measures, with no significant difference between pre-and post-
session HR (t (91) =1.70, P =.09). The session had no significant effect on EDA (F (1.33,
61.21)=2.32,P=.13).

For body temperature, a significant main effect of the session was found (F (1.09,
50.36) =60.93, P <.001, n*=0.09). Post-hoc tests indicated significant increases between
pre- and intersession (t (93) = 9.05, P <.001, d = .46), intersession and post-session (t
(93) = 6.74, P < .001, d = .36), and pre- and post-session (t (93) = 8.87, P <.001, d =

0.75). Table 4 shows the means and standard deviations of the variables.

Table 1. Means and standard deviations by condition before, during and after the

mindfulness practice (107).

VR Tablet
Means (SD) Means (SD)
before during after before during after
Anxiety (score) 371 29.41 36.66 28.3
Y (8.13) (5.78) (8.52) (6.2)
83.06 77.63 80.55 79.88 78.91
HR (bpm) (12.03)  (1442) (10.42) (10.15) 75.68 (14.78) (9.22)
o 32.25 33.27 33.75 31.33 33.34
Body temperature (°C) 2.13) (1.92) (2.0) 2.91) 32.54(2.4) (2.14)

4.2. Project II. - The impact of VR on children undergoing chemotherapy

4.2.1. Phasel.
4.2.1.1 Baseline Characteristics of Patients

Data from 29 children (8 females, 21 males) were analysed. Six children,
consisting of three females and three males, were excluded from further analysis for the
following reasons: one due to cybersickness, one due to a hospital transfer, and four due

to incomplete questionnaires. The mean age of excluded children was 13.66 years (SD =
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3.61 years). Four children withdrew following the control condition, while two
discontinued after the VR condition.

The mean age of participants was 15.28 years (SD = 2.44 years, range 10.28—
18.69 years). Patients were undergoing chemotherapy for the following diagnoses: acute
lymphoblastic leukaemia (ALL) in nine cases, Hodgkin lymphoma in eight, osteosarcoma
in four, Ewing sarcoma in three, non-Hodgkin lymphoma in two, germ cell tumour in
two, and rhabdomyosarcoma in one. Additionally, four participants had relapsed disease.
Participants were randomly allocated to start with either the control condition (n = 10) or
the VR condition (n = 19). The median interval between sessions was 27 days (IQR = 24
days). The mean session duration was 22.5 minutes (SD = 3.43 minutes). The mean time
since diagnosis was 106.3 days (IQR = 54 days), and the mean hospital stay immediately
before intervention was 2.45 days (IQR = 2 days). These data suggest that participants

were midway through their treatment regimens.

Table 2. Summary of the main and interaction effects of the repeated measures

ANOVA on psychological and physiological variables in Phase I (112).

Main effects Interaction effect
Condition Time Condition x Time
Eta
F P Eta F P Eta F P square
squared squared d
Happiness 0.04 0.838 16.54 <.001 0.046 10.56 0.003  0.031
Joy 0.28 0.602 9.07 0.005 0.036 6.68 0.015 0.01
Fear 478 0.037 0.029 34 0.076 2.16 0.153
Ne”s‘;usne 041 0.528 294 0.098 0.1 0.759
Anxiety 2.7 0.112 11.43 0.002 0.03 1.08 0.307
Alertness 0.44 0.514 1.67 0.207 0.18 0.673
Patience  3.43 0.075 6.66 0.015 0.019 0.001 0.97
Heartrate - 0.61 ) 439 0.06 0916 071 0407
(minutes™) 7
SBP 0.07 0.787 0.09 0.772 1.51 0.23
(Hgmm)
EDA (uS) 1.78 0.193 7.16 0.012 0.008 4.97 0.034  0.008

df =1, 28; Eta squared is not presented if the effect was not significant.

4.2.1.2. Effects of VR on Psychological and Physiological Variables

For happiness and joy, a significant main effect of time was found (happiness:

F(1,28) = 16.54, P < .001, * = 0.046; joy: F(1,28) = 9.07, P = .005, 1 = 0.036) along
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with a significant time-by-condition interaction (happiness: F(1,28) = 10.56, P =.003, n?
=0.031; joy: F(1,28) = 6.68, P = .015, n? = 0.01). Post-hoc tests indicated a significant
increase in happiness (P <.001) and joy (P =.003) exclusively in the VR condition. The
main effect of the condition was not significant for either measure. The interaction effect

is demonstrated in Figure 4.
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Figure 4. Interaction effects of group and time on happiness and joy.

For fear, a significant main effect of condition was noticed (F (1,28) =4.78, P =
.037,1?=0.029), while the interaction between time and condition and the main effect of
time were non-significant. Post-hoc analyses revealed that children exhibited greater fear
before the VR intervention than before the control condition (P = .005), with no
significant difference between conditions after the intervention (P = .276).

For anxiety and patience, a significant main effect of time was detected (anxiety:
F (1,28)=11.43, P =.002, n* = 0.03; patience: F (1,28) =6.66, P =.015, n* = 0.019), but
no significant interaction between time and condition or main effect of condition was
observed. These findings suggest that anxiety decreased, and patience increased similarly
across both conditions. No significant main effects or interaction effects were observed
for nervousness or alertness.

Regarding physiological variables, no significant main or interaction effects were
observed for HR and SBP. A significant main effect of time (F (1,28) =7.16, P=.012, 1
=0.008) and a time-by-condition interaction (F (1,28) =4.97, P =.034, n* = 0.008) were
observed, while the main effect of condition was non-significant for EDA. Post-hoc
analysis revealed a significant reduction in EDA in the control condition (P = .005), but
no significant change in the VR condition (P = .993). A three-way mixed ANOVA was
performed on all variables to assess potential order effects; however, no significant
interactions were found. All main effects, interaction effects, and mean differences with

95% confidence intervals are presented in Tables 1 and 2.
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Changes in pain and nausea scores were analysed using ordinal regression.
Condition was not a significant predictor of changes in nausea (f = —0.14, P = .81, OR =

0.87,95% CI=0.26-2.81) or pain (B =0.31, P =.698, OR = 1.37, 95% CI = 0.28-7.53).

Table 3. Mean differences with 95% confidence intervals by condition and post-

hoc paired t-tests on psychological and physiological variables in Phase 1. (112)

VR Control
MD 95% CI P-value MD 95% CI P-value
Happiness! 22.21 11.39, 33.03 <.001 2.34 -3.8, 8.49 0.441
Joy! 16.59  6.09, 27.08 0.003 5.14 -1.19, 11.47 0.108
Anxiety!? 15 2.78,27.22 0.018 6.9 -1.21, 15 0.092
EDA (uS)? 0.02 -5.18,5.23 0.993 -10.2 -17.03, -3.32 0.005

Squared for analysis, > Reversed scale, 3 Square root transformed for analysis

4.2.2. Phase II.
4.2.2.1. Baseline Characteristics of Patients

Data from 19 children (15 females, 4 males) were analysed. Six children (5
females and 1 male) were excluded from further analysis due to incomplete
questionnaires. The mean age of excluded children was 13.16 years (SD = 2.31 years).
Six children dropped out after the first occasion involving a specifically developed VR
game.

The mean age of participants was 14.5 years (SD = 2.1 years). Patients were
receiving chemotherapy for ALL (9), Hodgkin lymphoma or non-Hodgkin Lymphoma
(6), Ewing sarcoma (3), and germ cell tumour (1). Participants were randomly assigned
to begin with either the specifically developed VR game or the control VR condition (10

and 9, respectively).
4.2.2.1 Effects of Specific VR Intervention on Psychological and Physiological Variables

Investigating psychological variables, we found a significant main effect of time
for STAI-Y (F (1,18) = 25.06, P <.001, n* = 0.097). Neither the condition nor the time-
by-condition interaction showed significant results. Post-hoc tests demonstrated a
significant decrease in anxiety levels in both specific-developed (P = .001, (Mbefore =

34.10, SDpefore = 8.93; Mafier = 29.90, SDasier = 6.80) and control VR conditions (P <.001,
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(Mbefore = 34.10, SDyefore = 8.86; Mafier = 28.50, SDafier = 5.43). A summary of the main
and interaction effects can be seen in Table 3.

We examined whether repeated gameplay influenced the anxiety-reducing effect.
Therefore, we conducted a two-way ANOVA to examine the effects of condition and
occasion (playing a VR game for the first or second time during chemotherapy treatment)
and their interaction on STAI change scores. The results indicated that the occasion had
no significant effect on change scores. (F (1,34) = 0.089, P =.767). Similarly, the main
effect of condition was not significant (¥ (1,34) = 0.754, P = .391). Additionally, the
interaction effect between occasion and condition was also non-significant. (F' (1,34) =
0.789, P = .381) Consequently, whether the child played the VR game for the first or
second time did not affect the reduction in STAI scores.

Time perception values were analysed with paired t-tests. The results showed no
significant differences (t =-1.57, P = .124, 95% CI = -6.02-0.75) between the developed

VR experience and the control VR game.

Table 4. Effects of condition and time on Anxiety and Physiological Responses:

Summary of Repeated Measures ANOVA Results in Phase II.

Main effects Interaction effect

Condition Time Conqltlon X

Time

F P F P n F P
STAL-Y score 0.226 0.64 2507  <.001 0.97 1437 0.246
Peripheral 0.439 0516 1224  <.001 0.481 0243 0.643

temperature (°C)
Heart rate 2.086 0.152 0478  0.621 0.094 091
(minutes™)

EDA (uS) 0.072 0789 1963  0.146 012  0.887

Statistical analysis with EDA and HR values did not have main or interaction
effects for physiological variables. A significant main effect of time was found for
peripheral temperature (F (2,36) = 12.24, P <.001, n?=.037). The post-hoc test presented
a significant increase in peripheral temperature (decreased sympathetic nervous activity)
in the control VR experience (P = .016, Mpefore = 33.40, SDvpefore = 1.85; Mafier = 34.30,
SDafer = 1.39) with no significant difference in the specifically developed VR game (P =
213, Moefore = 33.70, SDbefore = 1.27; Mafter = 34.30, SDafter = 1.68).
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4.3. Project II1. — Efficacy of a VR-based simulation in preparing children for

MRI examinations

4.3.1. Baseline Characteristics of Patients

Data from 120 participants (65 males and 55 females) were analysed. The mean
age was 6 years (SD = 2.06 years). Twenty-six participants were classified as the 7-18
age group, and 94 as the 4-6 age group. Patients were undergoing MRI examination for
diagnosis or follow-up of a cancer disease (59), neurological disease (25), orthopaedic-
rheumatology disease (8), endocrine disease (7), blood vessel malformation (7),
gastroenterological disease (4), ophthalmology causes (2), and other reasons (8). After
randomisation, 36 children had a VR session, 40 went through the educational booklet,
and 44 were in the control condition. Seventeen participants had prior experience with
VR, while 103 had no previous exposure. Additionally, 90 participants had undergone an
MRI before, whereas 30 had not. 64 mothers and 49 fathers had higher education.
Furthermore, 48 mothers and 57 fathers hold a secondary education qualification. 10
mothers and 14 fathers had elementary school or less. Out of 121 children, 17 participants
reported having used VR before, and only 7 participants reported having a VR device at

home.
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Pre-screened participants

(n=740) Excluded due to

Age (n=415)

Intellectual disability (n=74)

Hearing or visual impairments (n=65)
Epilepsy (n=13)

Face or cranial deformities (n=10)
Other reasons (n=3)

Not fluent in Hungarian (n=1)

Eligible patients (n=159)

Excluded due to
declined participation: (n=21)
insufficient data collection (n=17)

Enrolled patients to the study
(n=121)

Randomised to

VR group (n=36)
Booklet group (n=40)
Control group (n=45)

Figure 5. Participant flowchart (111).

The duration of interventions varied across the groups. Participants in the VR
session had an average intervention time of 25.80 minutes (SD = 8.93), while those who
read the educational booklet spent an average of 8.29 minutes (SD = 4.56). The mean
duration of MRI scans across all participants was 35.45 minutes (SD = 9.89). During the
VR intervention, it was necessary to pause the session on 12 occasions for various
reasons, including participant discomfort or technical issues. Reported side effects of the
VR intervention included eye strain (10 cases), nausea (8 cases), vomiting (4 cases), and

headache (5 cases). Participant enrolment and attrition rates are illustrated in Figure 5.
4.3.2. Psychological and physiological variables

It is important to highlight that our current findings are reported approximately
halfway to the total sample size. A logistic regression analysis was conducted to examine
the factors predicting the need for anaesthesia during MRI. Univariate regression models
are used to assess age, gender, previous MRI experience, parental education, and MRI

region to identify covariates. Condition, age, father’s and mother’s education levels were
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identified as relevant covariates (P < .25) and incorporated into the final multivariate

analysis. Results of univariate analysis can be seen in Table 5.

Table 5. Univariate logistic regression analysis predicting the need for

anaesthesia in Project I11.

Predictor OR 95% CI P
Condition Booklet 3.51 1.21,10.24 0.021
Condition VR 2.13 0.78,5.82 0.142
Age 0.85 0.7, 1.02 0.083
Mother's education Primary education qualification ~ 4.7x107  1.7%¥10'€9.7*10"*  0.987
Mother's education Secondary education qualification 9.27 0.87, 98.57 0.065
Mother's education Higher education qualification 7.24 0.7, 74.54 0.096
Father's education Primary education qualification 9 0.24, 473 0.213
Father's education Secondary education qualification 3.23 0.19,55.31 0.418
Father's education Higher education qualification 1.69 0.1, 28.88 0.718
Gender Female 0.85 0.37,1.96 0.708
Previous MR 1.35 0.57,3.2 0.501
occasions

A significant effect was found for the booklet condition compared to the control
condition (OR =3.84,95% CI=1.24,13.17, P =.024), indicating higher odds of requiring
anaesthesia in condition B. In booklet condition, anaesthesia was required in 31 out of 37
cases. In the control group, 25 out of 42 participants received anaesthesia. In the VR
group, anaesthesia was administered in 25 out of 33 cases. However, the VR condition
did not differ significantly from the reference condition (OR =2.05, 95% CI=0.67, 6.67,
P = .22). Table 6 summarises the multivariate logistic regression analysis predicting the

necessity for anaesthesia.

Table 6. Multivariate logistic regression analysis predicting the need for

anaesthesia in Project III.

Predictor P OR 95% CI
Condition Booklet .02 3.84 1.24,13.17
Condition VR 22 2.05 0.67, 6.67
Age .06 0.82

Mother's education Primary education qualification .99 1.51x10?

Mother's education Secondary education qualification .99 1.44x10*

Mother's education Higher education qualification .99 2.29x10"

Father's education Primary school education .99 2.65x10°®

Father's education Secondary education qualification .99 1.28%1071*

Father's education Higher education qualification .99 4.61x107
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The likelihood of taking part in a future MRI examination and preference for the
preparation method were measured on a 100-unit-long visual analogue scale after the
MRI examination, and compared between the three arms with linear regression, with
potential covariates. The model included the preparation age as a covariate for the
likelihood of future MRI participation. The analysis did not reveal a significant effect of
the condition (Booklet: B = 1.74, 95% CI = -18.74, 22.22, P = .87; VR: B =-2.39, 95%
CI =-22.79, 18.02, P = .82). However, age was significantly associated with a lower
likelihood of future MRI participation (p = -4.46, 95% CI =-8.34, -0.57, P =.02). For the
preference for the preparation method, the model included the father’s and mother’s
education levels as covariates. As shown in Table 7, no significant effects were found for
any of the predictors, indicating that the preparation condition, mother’s, and father’s
education did not significantly influence participants' preference for the preparation

method.

Table 7. Linear regression analysis of factors influencing reference for the

preparation method in Project III.

Predictor Beta P value 95% CI
Condition Booklet 7.99 0.31 -4.89, 26.10
Condition VR 342 0.66 -12.63, 18.92

Mother's education  Primary education qualification -40.79  0.11 -40.79, 110.17
Mother's education Secondary education qualification 21.59 0.06 -16.17,134.79
Mother's education ~ Higher education qualification  -29.88  0.24  -29.88, 123.37
Father's education Primary school education -44.18  0.19 -44.18, 63.23
Father's education Secondary education qualification -62.33  0.41 -62.33,29.28
Father's education Higher education qualification  -51.52  0.31 -51.52,41.99

Repeated measures ANOVA was used to evaluate the main effects and the
interaction effects of mood, anxiety, fear, and familiarity. In the case of patients’ anxiety,
a significant main effect of time was observed (F (2, 166) = 3.43, P = .034, n* = 0.039),
while no interaction effect was detected. However, no significant interaction effect
between condition and time was found (F(4, 166) = 0.7, P = .6), and the main effect of
condition was not significant either (F(2, 85) = 2.63, P = .08). Post-hoc tests indicated
that children’s anxiety decreased significantly between the TO and T1 measurements (Mo
= 64.63, SDto = 36.30; Mt1 = 70.93, SD11 = 36.69, P = .04). There was a marginally
significant decrease between T0 and T2 (P = .07), but no significant change between T1

and T2 (P = .96). No statistically significant pairwise differences were observed when
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examining the condition's effect within each time point. A significant main effect of time
was found in the parental anxiety (F (2, 196) = 6.37, P =.002, n?> = 0.06), indicating that
parental anxiety levels changed over the three measurement points. However, neither the
main effect of condition (F(2, 98) = 0.90, P = .41) nor the interaction effect between
condition and time (F(4, 196) = 0.84, P = .50) reached statistical significance. According
to the post-hoc t-test, parents’ anxiety decreased significantly between TO and T2 (Mo =
48.94, SD1o = 36.25; M12 = 60.66, SD12 = 34.55, P = .024), while the comparisons
between TO and T1 (p =.140) and between T1 and T2 (P = .28) did not yield statistically
significant results.

In analysing the child’s familiarity values with the upcoming MRI examination,
which can be an important predictor of children's mental state, as familiarity with the
environment may reduce anxiety. We observed significant main effects of time (F (2,
160) = 7.034, P =.001, n?> = 0.07) and time-by-condition interaction effect (F (4, 160) =
3.725, P = .006, n* = 0.07). The main effect of condition was not significant (F(2, 83) =
1.504, P = .228). Post-hoc tests revealed the advantage of VR before MRI scanning (Mc
=68.2, SDc=39.8; Mvr =78.7, SDyr = 35.7, P =.02) compared to the control condition.
Furthermore, the informational booklet condition demonstrated significant differences
from the control condition after MRI scanning. (Mc = 61.1, SDc = 42.8; MBookiet = 78.6,
SDgooklet = 35.7 P =.003) At TO, no significant differences were found between groups
(P =.78). Additionally, within-subject post-hoc comparisons across time points (averaged
across conditions) revealed a significant increase in familiarity was noticed between TO
and T1(P = .001) and between TO and T2 (P = .003) time points (Mto = 58.42, SDto =
40.45; Mt = 71, SDt11 = 39.50; M12 = 68.88, SDT2 = 39.69). There was no significant
difference between T1 and T2 (P = 7.933). The mood and fear analysis revealed no
significant main or interaction effects. Detailed statistics for anxiety, mood, fear, and

familiarity outcomes are presented in Table 8.
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Table 8. Summary of repeated measures ANOVA results on psychological

variables in Project I1I.

Effect Df  Sum Sq MS";“‘ F P
Condition 2 2.73 1.37 0.57 0.57
Anxiety Time 2 7.98 3.99 3.34 0.04
Condition-Time 4 4.75 1.19 0.99 041
Condition 2 1.22 611.9 0.42 0.66
Mood Time 2 7 3.5 0.00 1.00
Condition-Time 4 1.88 470.1 0.59 0.67
Condition 2 3.13 1.57 0.72 0.49
Fear Time 2 6.7 3.35 2.82 0.06
Condition-Time 4 493 1.23 1.04 0.39
Condition 2 6.612x107  33.06 1.50 0.23
Familiarity Time 2 1.627x10®  81.36 7.03 0.00
Condition-Time 4 1.723x10®  43.08 3.73 0.01
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5. DISCUSSION

Stress is highly prevalent across populations; therefore, improving coping
strategies and treatment opportunities is crucial. Besides classic psychological and
pharmacological methods, VR appears to be a highly relevant option for mitigating stress
levels in clinical settings. Beyond health education, pain management and rehabilitation,
mental health is the area where VR technology finds its most significant applications, and
it has proven to be a versatile tool in stress management, especially in clinical and
therapeutic settings. This dissertation examines its use in paediatric oncology,
mindfulness-based interventions, and preparation for MRI procedures in children.

In Project I, fifty young adults aged 18-30 participated in this randomised
crossover trial comparing VR and tablet-based mindfulness. Physiological responses
(HR, peripheral temperature, and EDA) and time perception were measured.
Furthermore, the STAI-Y questionnaire was filled out to investigate anxiety before and
after each session. This project hypothesised that VR would reduce anxiety, change time
perception, and cause a parasympathetic nervous system dominance effect compared to
the tablet.

Our findings indicate that VR positively influences the perception of time, not
only in chemotherapy-treated patients, as demonstrated in prior studies, but also in young,
healthy volunteers. (87) The results highlight that VR can effectively modify time
perception, where individuals perceive time as passing more quickly, enhancing the
overall experience. This approach can significantly enhance long-term adherence to
meditation practices, as it creates an engaging and immersive experience that encourages
individuals to return to the activity consistently over time. Furthermore, it may help
individuals attain a deeper and more intense meditative state, as observed in previous
studies. (80) About the additional variables examined in this study, our findings are
consistent with previous research, which demonstrated that mindfulness interventions
supported by electronic devices effectively reduce stress. (80, 81)

This stress reduction was evidenced by decreases in self-reported anxiety levels
and measurable physiological changes. Specifically, participants exhibited reduced HR
and increased body temperature during mindfulness exercises, changes that align with a

parasympathetic nervous system response. These physiological outcomes are consistent
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with those observed in prior meditation studies, further reinforcing the calming effects of
mindfulness practices. (77) While one participant reported experiencing mild
cybersickness characterised by dizziness and a headache during the VR session, this side
effect did not prevent them from completing the meditation exercises. All participants
completed the VR-based meditations without encountering significant difficulties,
providing strong evidence for the safety and feasibility of VR as a tool for facilitating
mindfulness practices. These findings underscore the potential of VR technology as a
reliable and accessible medium for enhancing meditation experiences and promoting
stress reduction in diverse populations.

In Project II, we examined two phases to explore the impact of VR on children
undergoing chemotherapy. A crossover design was implemented in both phases (VR-
mobile game and custom-made VR experience condition) to reduce the variability
induced by interindividual differences. Variables were compared regarding the children’s
emotional states, anxiety levels and physiological measurements of stress response (e.g.
HR, SBP, EDA). Both phases hypothesised that VR would positively influence
physiological variables and a reduction of physiological stress markers.

Our findings confirmed our objectives regarding two variables related to mood.
Children reported increased scores in both happiness and joy following the intervention
in the VR condition. However, no changes were observed in the mobile condition. These
results are similar to those of loannou et al., in which patients reported improvements in
mood scales filled out by adults after attending a VR experience compared to a GI
intervention. (88) In phase I, anxiety values, which were measured with the Likert scale,
decreased in both conditions, suggesting that VR provides no additional benefit compared
to the control, which was a mobile session. We confirmed this result in phase II using the
STAI questionnaire, where both VR and a specifically developed VR experience could
reduce anxiety levels. These results imply the anxiety-reducing effects of VR and are
consistent with the research where anxiety reduction was demonstrated before. (85, 89,
90, 93) In Phase II, the change in STAI scores was not dependent on whether the children
played with the VR experience for the first- or second time during chemotherapy
treatment. This suggests that the anxiety-reducing effect of VR remained constant. This
observation was also noted by Sharifpour et al.(91). Back to Phase I results, patience

increased in both conditions following the intervention. Additionally, greater fearfulness
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was observed before the VR condition, while no significant differences were found after
the interventions. Notably, both anxiety and fearfulness scores remained relatively low
throughout the interventions. Thus, the higher levels of anxiety and fear, as well as the
lower patience levels before the intervention, may be attributed to the excitement
experienced by the children. However, it is also plausible that the interventions reduced
anxiety and increased patience through the presence effects of either the games or the
interaction with the experimenter.

Although there are results that VR can reduce pain during chemotherapy
treatment, we did not find significant main or interaction effects in children. (86) Time
perception, pain, and nausea did not differ between the conditions and did not change
after the interventions. VR did not provoke cybersickness symptoms in most cases;
however, one child withdrew due to such symptoms.

Regarding physiological parameters, our investigations attempted to assess
information about the state of the autonomic nervous system. In Phase II, a significant
main effect of time was noted in peripheral temperature. This result is consistent with our
hypothesis and previous investigation that VR could contribute to decreasing stress-
related psychological variables. (88) In contrast, EDA significantly decreased in the
Phase I control condition, but no change was observed after the VR session. This may
reflect excitement before the session, like the other psychological parameters (anxiety
and patience). The fact that the children chose a familiar mobile game and the novelty of
VR, may affect the physiological measurements. In Phase I, there was no increase in SBP,
nor was there any change in EDA during Phase II. We did not observe significant changes
in HR, possibly because HR reductions are typically reported in studies involving
invasive procedures (113). A single VR session may have a more prominent effect in
reducing an acute stress reaction than a more chronic type of stress.

Furthermore, our goal was to understand how VR could be integrated into
paediatric oncology centres effectively. Overall, our experience was positive; children
were enthusiastic about VR and quickly mastered the necessary skills. Additionally,
parents and staff were supportive of our research program. Although we did not collect
objective data on this, we had the subjective impression that our intervention did not
interfere with any hospital routines, allowing us to incorporate the VR sessions into

everyday hospital life seamlessly.
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Project III evaluates the efficacy of a VR-based preparatory method in children
undergoing MRI scans. This study is a randomised controlled trial, where 120 children
aged 4-18 participated in three arms: VR, an educational booklet and a passive control.
Psychological and physiological variables, such as anxiety, familiarity, mood, and fear,
were assessed three times to evaluate the effectiveness of the interventions. We
hypothesise that the VR arm will result in the lowest proportion of children requiring
anaesthesia, alongside more significant improvements in emotional states and better
familiarity with the MRI procedure.

It is important to note that Project III results were reported approximately halfway
through the study, meaning that conclusions cannot be drawn at the current stage.
According to our interim results, conditions may induce changes in the number of general
anaesthesia cases and can change psychological variables such as anxiety and familiarity.
The research is expected to be completed in December 2026. (69) Although mild side
effects, such as eye strain, nausea, and headaches, were reported among participants in
the VR group, these effects were generally transient. They did not significantly hinder the
children’s ability to fully engage with or complete the intervention. This outcome
highlights not only the tolerability of the VR experience but also its practicality as a tool

for preparation in medical settings.
5.1.  Limitations

There are some limitations to our projects. The most significant limitation was
that the experimenter was not blinded to the participants’ condition or the studys’ aim in
any of the studies. This might have led to an unconscious influence on some participants.
However, masking the participants' condition with the help of a research assistant would
have been impossible in these studies. Another limitation of this study was that most
participants were unfamiliar with VR technology, which could have triggered a
sympathetic response in their bodies and potentially influenced our findings. Another key
limitation is the wide range of ages. We also used the same VR experience for the six-
and seventeen-year-old children; however, their psychological needs may differ.

In Project I, the significance of this phenomenon should be evaluated, considering
that most MBSR programs typically span 8 weeks with at least 1 hour per week (114).
Our study was designed as an exploratory trial, where our primary aim was to examine

whether a single VR session could already lead to measurable changes in stress and
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emotional state. Because this was a new area of application in our clinical settings, we
prioritised practicality and feasibility. We aim to extend our research with additional
sessions and prolonged mindfulness practices to obtain more robust results regarding
mental health impact and overall well-being. Furthermore, due to the pilot nature of our
study and the constraints on personal interactions imposed by the COVID-19 pandemic,
we did not conduct follow-up assessments with home practice to determine the long-term
sustainability of these effects. Additionally, the mild immersion effect of the meditation
program used in our experiment could have influenced our measures. (115) A more
immersive meditation program could have caused a significant difference between the
VR and tablet devices regarding psychological and physiological measures. It could have
caused a more significant difference regarding time perception. In Project II, the second
condition was later in the chemotherapy treatment process. Therefore, participants might
have been in varying mental states and experienced different side effects at that stage.
However, we counterbalanced the order of the interventions and confirmed that the order
did not influence our results. Additionally, due to errors in data collection, detailed
information about the children who declined participation is unavailable. In Project III,
the main limitations were the complexity of evaluating psychological states in young
children. VAS are widely used and valuable tools for quick and straightforward
assessments of psychological variables, but they come with certain limitations. VAS
relies heavily on self-reporting, making the data subjective, and it may lack the precision
needed to capture subtle differences in psychological states. Despite these constraints, no

better validated measuring tool exists for evaluating psychological variables in this age

group.
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6. CONCLUSION

Stress is a complex process with significant physiological and psychological impacts.
The findings of this thesis highlight the pressing need for innovative interventions to
mitigate stress. (7) VR emerges as a promising, state-of-the-art tool for stress
management in clinical settings, offering immersive and engaging experiences that
extend beyond traditional psychological and pharmacological methods. (70)

Project I explored the application of VR in mindfulness-based interventions for
young adults. The results showed that VR significantly enhanced time perception,
creating a sense of accelerated time passage during meditation sessions. This effect has
implications for improving long-term adherence to mindfulness practices. Physiological
measurements, including reduced heart rate and increased peripheral temperature,
confirmed the calming effects of VR-mediated mindfulness, indicating parasympathetic
nervous system dominance, although the reduction was similar to that of the control
group. No side effects were reported by participants. These findings demonstrate the
potential of VR to enrich meditation experiences safely, reduce stress, and promote
mental well-being in young adults.

In Project II, which investigated the impact of VR on children undergoing
chemotherapy, VR interventions demonstrated notable benefits for emotional states.
Children reported increased happiness and joy following VR experiences, while anxiety
reduction was comparable between VR and mobile-based interventions. Fearfulness
decreased, and patience improved after interventions, potentially influenced by the games
and experimenter interactions. VR did not cause significant cybersickness, although one
child withdrew due to this issue, and no changes were observed in pain, tiredness, or
nausea. In Phase II, the custom-developed VR experience produced an anxiety reduction
effect as the control group (standard VR game). However, the anxiety relief effect did not
change over time, indicating VR could be effective in the long term. Physiological
findings showed a decrease in peripheral temperature, indicating reduced stress, while
other measures, such as HR and EDA, remained unaffected. Importantly, VR was well-
received, easily integrated into clinical routines, and supported by children, parents, and
staff. These findings suggest that VR is a feasible tool for mood enhancement and stress

management in paediatric oncology.
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Project III evaluated the efficacy of a VR-based preparatory method for children
undergoing MRI scans. Since this is only an interim analysis, no definitive conclusions
can be drawn. However, based on the data, the conditions may have the potential to
modify the number of general anaesthesia cases, and VR may positively influence
children’s anxiety levels and familiarity. These findings may validate the psychological
benefits of VR-based preparation in a real-world medical diagnostic context,
demonstrating its potential to enhance the MRI experience for children and their parents.

Across all projects, VR was shown to be a practical and well-tolerated tool, with
mild and transient side effects reported in a minority of participants. We did not observe
any seizure-like events during the studies. The findings highlight the feasibility of
integrating VR into clinical settings, complementing traditional stress management
methods and enhancing patient experiences. Several significant findings have been
achieved regarding the role of VR in stress management in adults. Our current study
contributes to the growing body of research on paediatric populations, providing positive
outcomes on its practical applications. Future research should prioritise large-scale, multi-
centre, randomised controlled trials focusing on specific clinical populations (e.g.,
paediatric oncology patients or children before a medical procedure) to validate the
efficacy of VR interventions in reducing psychological and physiological variables.
Longitudinal studies are also needed to assess the sustained impact of VR on stress
reduction, providing insights into long-term benefits and the necessity of repeated
sessions. Developing personalised VR content tailored to age, cultural background, and

specific needs could enhance engagement and outcomes.
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7. SUMMARY

Stress is a significant contributor to poor physical and mental health, with acute
and chronic stress linked to conditions such as cardiovascular disease, depression, and
anxiety. Addressing stress effectively is crucial for improving health outcomes,
particularly in vulnerable populations such as children and young adults. VR, a
technology offering immersive and interactive experiences, has shown promise in
reducing stress in medical contexts.

This thesis explores the role of VR in stress management through three key
projects. In paediatric oncology, children undergoing chemotherapy often face
heightened levels of anxiety and discomfort. Project I investigated VR-assisted
mindfulness exercises in young adults compared to traditional tablet-based exercises.
Both methods effectively reduced state anxiety, but the VR intervention provided
modified time perception, likely due to its immersive features. MRI is often stressful for
children, necessitating general anaesthesia in many cases. In Project I, a crossover study
evaluated the effects of VR experiences on stress markers. Compared to standard mobile
games, the VR experience led to a significantly enhanced mood. Compared to another
VR game, both conditions resulted in significant anxiety reduction, and the anxiety
reduction did not change over time. These results support the feasibility of this technology
in hospital settings. Mindfulness practices are well-established interventions for stress
reduction, but their accessibility can be limited. In Project III, a three-arm randomised
controlled trial examined the impact of VR preparation on reducing pre-procedure anxiety
compared to educational booklets and standard care. Initial findings indicate that VR
significantly decreases anxiety levels and increases familiarity. However, it does not
affect the need for GA.

The findings suggest that VR can be a powerful tool for mitigating stress in
medical environments. Its applications extend from enhancing mindfulness practices to
improving patient preparedness for stressful procedures. We observed a few mild side
effects when using VR, and overall, it was well-tolerated and safe to use during projects.
Future directions include optimising VR content and conducting large-scale studies to
further validate its efficacy in clinical settings. VR has the potential to transform stress
management, offering scalable, cost-effective, and engaging solutions for diverse

populations.
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