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Abstract

Aims: This study introduces and evaluates a virtual reality (VR) prototype designed for the Loving-Kindness Meditation (LKM) to support
mental health rehabilitation and relaxation in clinical contexts. The aims include the co-creation of a VR-based mindfulness experience with
clinical experts and the evaluation of its usability, user experience, and short-term effects on relaxation, affect, and self-compassion.
Methods: Following a design thinking and co-creation approach, the VR-based LKM experience was developed iteratively with input from
clinicians and computer scientists. The final prototype was implemented for the Meta Quest 3 and included five immersive scenes
representing phases of the LKM and transition scenes guided by a professionally narrated audio track. Eleven participants (M = 36.5 years,
SD = 14.6) experienced the 12-minute session. Pre- and post-session measures included relaxation, positive and negative affect schedule,
and self-compassion, complemented in the end by the Igroup Presence Questionnaire, usability measures and a semi-structured qualitative
interview.

Results: Participants reported significant decreases in negative affect (¢(10) =-2.512, p =.0307, d =-1.037) and stress (£{(10) = -3.318, p =.007,
d =-1.328), as well as increases in relaxation (t(10) = 5.487, p < .0001, d = 2.471) and self-compassion (t(10) = 2.231, p = .0497, d = 0.283).
Usability was rated as excellent (M = 92.5), and presence as good (M = 4.0, SD = 0.43). Qualitative feedback described the experience as
calming, aesthetically pleasing, and easy to engage with, highlighting the falling leaves and pulsating orb as effective design elements.
Conclusion: The co-designed VR-LKM prototype was perceived as highly usable and beneficial for inducing relaxation and self-compassion,
suggesting its potential as a supportive tool for clinical mindfulness interventions. The results indicate that immersive VR can effectively
facilitate engagement and emotional regulation, providing a foundation for future clinical trials and broader implementation in therapeutic
and wellness settings.
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1. Introduction

Maintaining a regular meditation practice can bring great benefits to well-being!!”*l. There are different forms of mindfulness
meditation, such as the Loving-Kindness Meditation (LKM)!Yl. This practice aims to focus the meditator’s attention on the silent
repetition of phrases that express kindness, compassion, and wishes of well-being toward oneself and others. Typical phrases include
“May I be well”, “May you be healthy”, “May we be safe”. The benefits of LKM include increased compassion toward oneself and
others, enhanced positive emotions and social connectedness, and overall improvements in well-being!>7l. The practice has also been

associated with a reduction in self-criticism, depressive symptoms, and stress, indicating its potential clinical applications!® 11,

However, there are certain difficulties associated with starting and maintaining a meditation practice. In general, it is difficult for
beginners to sustain a regular meditation practice given the level of motivation and attention that it requires!!> ‘.. VR may be a useful
tool to tackle these challenges. VR can be defined as a computer-generated (CG) environment that fully immerses users in a
three-dimensional simulation, creating the so-called sense of presence, or feeling of “being there” in the virtual world!'>!°l, rather
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than in the physical reality.

Previous work has shown the promise of VR in supporting mindfulness meditation, particularly among novices, with reported
benefits including greater long-term adherence to the practicel'’l, higher concentration levels!'®), and reduced effort in sustaining the
meditation!'’], due to the immersive qualities and visual feedback provided by the virtual environment. Studies have also shown that
VR can effectively support LKM, with participants reporting high motivation and curiosity to continue practicing after their first
exposure in VR, However, whether practicing LKM in VR can support mental health rehabilitation, and how such virtual
experiences should be designed for clinical contexts, remain largely unexplored.

In this paper, we introduce our work on the design, development, and evaluation of a new VR-based LKM (VR-LKM) experience. The
goals of this study are to (a) co-create a VR version of LKM together with clinical partners, (b) evaluate the usability and user
experience of this VR-LKM experience with non-clinical participants, and (c) establish the foundations for future clinical studies using
the newly developed VR-LKM experience.

2. Background

Meditation can be described as paying undivided and purposeful attention to the “present moment” while attending, in a
non-judgmental way, to the experience that unfolds moment by moment?!l. LKM uses the silent repetition of compassionate phrases
(“May I be well”, “May you be loved”, etc.) as the anchor of attention!*#l. Meditation has been popularized in clinical contexts,
particularly since the Mindfulness-Based Stress Reduction (MBSR) program was developed by Jon Kabat-Zinn in the 1970s[?%.

2.1 Mindfulness and compassion-based meditation in applied and clinical contexts

Mindfulness-based interventions such as MBSR have been widely applied in both clinical and non-clinical populationsl?23-23],
demonstrating positive outcomes for psychophysiological well-being, including the improvement of anxiety, depression, and
stress?>2°l, LKM has also been studied in clinical contexts for its potential to increase compassion, improve affect, and enhance
emotional resiliencel®l. Although LKM is not part of the original MBSR curriculum, it shares many of its attentional and emotional
regulatory mechanisms. LKM extends mindfulness practice by explicitly cultivating compassion, warmth, and prosocial emotions
toward oneself and others!®27],

Preliminary studies show that compassion practices, such as LKM, can support the treatment of psychological problems related to
interpersonal processes, including depression, social anxiety, and anger!®l. Other studies have found that the positive effects of
compassionate practices, such as self-compassion, mindfulness, and well-being, can have a lasting impact, observed six to twelve
months after the intervention!?], In general, compassion-based meditation practices have received less attention than other forms of
meditation in clinical interventions, despite the promising results in targeting maladaptive self-schemata and enhancing pro-social
behaviors?7.

From a psychological perspective, LKM is thought to work through several complementary mechanisms. First, LKM involves repeated
and sustained attention on compassionate intentions, which helps anchor the practitioner’s attention and gradually link thoughts or
representations of the self and others to feelings of warmth and carel®?°l. Second, LKM may reduce threat-based self-focused
processing by decreasing habitual self-criticism and fostering more affiliative, regulative emotional responses, as described in
compassion-focused models of emotion regulation!®*°l. In addition, previous research suggests that compassion-based practices may
also facilitate perspective taking and detachment from rigid self-concepts, supporting more flexible and self-transcending modes of
emotional processing!?’l. Together, these mechanisms highlight the importance of an emotionally engaging, safe, and
distraction-minimized context for delivering LKM.

2.2 Using VR to support meditation practices

VR has emerged as a promising tool to support meditation interventions. The immersive qualities of VR enhance the feeling of
presencel'-1%] supporting attention regulation and reducing distractionsl®!l. Furthermore, VR-based interventions offer a promising
and scalable alternative to in-person meditation-based interventions, addressing the limited availability of trained professionals
while maintaining user motivation and adherence!*?l.

Most VR mindfulness applications use head-mounted displays to deliver stereoscopic 3D environments. Visualization styles typically
correspond to: (a) 360° video environments, such as immersive forests or beach scenes paired with guided audio narration, or (b) CG
environments, which allow dynamic interaction and adaptive feedback**. Across studies, simple and calming environments that
feature natural landscapes, such as forests or flowing water, seem to promote emotional safety and attentional focus!'’l.

VR-based mindfulness studies report positive effects on psychological and physiological outcomes such as reduced anxiety,
depression, stress, and pain levels, as well as improved mindfulness, mood, and general well-beingl*’:3Y, Some of these effects,
including improvements in depression and anxiety symptoms, appear to persist beyond the VR exposurel*3.,

There are currently few virtual reality experiences available to support LKM. Wang et al.’%! co-designed an LKM VR app with couples
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in long-distance relationships, showing that the use of the app had positive effects on the couples. Quiros-Ramirez, Vahlenkamp, and
Streuberl?’] co-designed a mobile VR-based LKM application with both experienced meditators and non-meditators. After the
intervention, participants reported enhanced relaxation, mindfulness, and compassion. These applications have not been specifically
tailored for clinical users, who often present unique emotional, physical, and environmental needs. In particular, existing VR-based
LKM experiences do not consider older individuals in their co-creation process, thereby limiting the range of users who may be able
to use them in clinical contexts as well. Prior work has also offered limited examination of usability, user experience, or outcomes
related to self-compassion from a clinical perspective.

2.3 VR-meditation in clinical contexts

VR-based mindfulness interventions have expanded into clinical settings. Studies show that VR can provide a supportive environment
for cultivating mindfulness and improving health outcomes among individuals with various psychological and physical conditions,
including anxiety, depression, substance use, and chronic pain!'7-*7l. For example, VR-supported mindfulness has been shown to
decrease negative affect in patients with mood and anxiety disorders!*!l. Other pilot interventions have found reductions in pain and
anxiety in children and young adults with inflammatory bowel diseasel*), and decreases in opioid cravings and negative affect among
patients with opioid use disorder following VR-based Mindfulness-Oriented Recovery Enhancement[*7l.

VR appears to facilitate the accessibility and acceptability of mindfulness interventions, particularly for populations who might
otherwise face barriers to engagement, such as mobility limitations, cognitive overload, or emotional discomfort in traditional group
settings. Furthermore, the ability to deliver standardized, repeatable, and self-paced sessions supports scalability in clinical and
rehabilitation contexts!!>3l. The accumulating evidence suggests that VR may serve as a valuable adjunctive tool to existing
mindfulness-based therapies, enhancing engagement, consistency, and emotional safety in clinical practice.

Currently, there is no dedicated VR-based LKM intervention for clinical contexts; however, preliminary studies exist on the use of
VR-supported compassion practices. Falconer et al.l"%l tested an immersive scenario in which participants, in this case patients with
depression, delivered compassionate statements to a virtual character and subsequently embodied that same character to receive
their compassionate statements. Patients experienced reductions in depression severity and self-criticism, and an increase in
self-compassion. Halim et al.l'!l also demonstrated that individualized VR experiences can effectively increase self-compassion and
decrease depressive symptoms, suggesting that compassion-oriented VR applications may offer a feasible and acceptable approach
for emotional rehabilitation. In a systematic review, Zilinsky and Halamoval’?l concluded that VR interventions targeting
self-compassion, self-protection, and the reduction of self-criticism show promising results across both clinical and non-clinical
populations. However, larger and more controlled trials are needed.

These works indicate that VR provides a unique opportunity to support compassion-based contemplative practices. However,
evidence for VR-based LKM remains sparse, with most existing VR work focusing on self-compassion or empathy paradigms rather
than formalized LKM protocols. Moreover, prior VR-based mindfulness and compassion interventions have largely been designed and
evaluated in controlled or outpatient settings and have placed limited emphasis on the practical constraints of clinical use, such as
reduced mobility, fatigue, attentional demands, or posture (e.g., semi-reclined or bed-seated use). The present work addresses this
gap by co-designing and evaluating a VR-LKM experience tailored for potential clinical use, explicitly accounting for usability,
comfort, and feasibility in clinical contexts.

3. Design Process

We followed a design thinking approach!*’! (empathize, define, ideate, prototype, test) to iteratively design and develop the new
VR-LKM experience. Our co-creation group was composed of computer and behavioral scientists, programmers, clinical
psychologists with extensive expertise in mindfulness interventions in the clinical context, and visual computing students. Rather
than a strictly linear sequence, the process unfolded through cycles of ideation, prototyping, testing, and refinement, guided by the
shared goal of translating the principles of LKM into an accessible and emotionally resonant VR experience.

Discussions within the group led to a deeper understanding of the population that would utilize the VR-LKM. The target group
consists of stationary patients in neurology or psychology clinics (our use case at hand being in the Klinikum Bayreuth, Germany).
These patients are on average 50 years old or older, typically not experienced in meditation, and potentially wary of it and
technology in general. Their underlying mental and physical preconditions may vary. Some of them may have limited or no mobility,
and for these patients the VR-LKM intervention would be experienced in a semi-reclined or bed-seated posture.

Figure 1 shows several different idea sketches on the appearance and interactions brainstormed during our design process. Panel 1
shows different stations in a natural environment, where users could explore the different phases of the LKM. Panel 2 introduces the
idea of the sky lantern as a metaphor for the compassionate wishes. In this case, users would hold the lanterns, release them to the
environment, and observe them float into the sky as they repeat their kind wishes to themselves or others. Therapeutic mindfulness
exercises often employ visualization metaphors to facilitate decentering and non-attachment, such as imagining thoughts or worries
as leaves floating down a stream or clouds passing by!*‘l. Panel 3 introduces the concept of ‘falling objects’, in this case, celestial
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objects (inspired by the visualizations from this study!??)), to help users decenter, ground themselves, and focus on the meditation.
Finally, panel 4 depicts an alternative metaphor for falling items, in this case in the form of leaves or flowers in different seasons
(depicting spring and fall).

1

Figure 1. First ideation phase: Varied ideas.

Several ideas were discarded during the different ideation stages. Elements like fire (e.g., the sky lanterns) or waterscapes (e.g., a pier
on a lake that we had sketched during the ideation phase) were scrapped to avoid triggering users who have experienced traumatic
events involving these elements. Furthermore, dark environments were also discarded since some users may find them scary or
distressing. Mandatory interactions were also scrapped to include users with limited mobility. Considering the potential skepticism of
some users in the target group, the environmental choices were narrowed to familiar environments like forests or woods, with the
anchoring effect of falling leaves as a grounding meditative element.

3.1 Prototype

As a result of several design iterations, a final prototype was designed and developed. The chosen environment was a forest, with
various kinds of trees and bushes. Three phases of the LKM: directed toward (a) the self, (b) another person, and (c) all beings, were
represented through distinct seasonal variations of the forest: spring, summer, and autumn, presented as three different scenes. The
leaves of the trees slowly fall in each of the scenes. Users can extend their virtual hands (tracked through the controllers) and touch
the leaves, altering their trajectory. Further iterations led to the inclusion of two additional scenes: an introductory phase designed to
help participants settle into the meditation experience, and a closing phase to support their transition back to reality. In both scenes,
a softly glowing orb positioned at the center of the environment expanded and contracted slowly, mimicking the natural rhythm of
breathing and inviting users to synchronize their breathing (see Phases 1 and 5 in Figure 2). In the introductory scene, participants
received a brief explanation of the experience and were guided through a short relaxation exercise involving breathwork.

-
[ e T

— [ x
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Phase_1 Phase 2 Phase 3 Phase 4 Phase 5

Figure 2. Final prototype. Still shots of different scenes per phase.

Considering the importance of embodiment for presence, self-related processing, and even compassion!*’l, users were provided with
a virtual body. The body was created using Ready Player Me and designed to be as neutral as possible (see Figure 2, Phases 2 and 3).

Attention anchoring elements were set in each of the meditation scenes. In the Loving-Kindness to the Self phase, a mirror was placed
in front of the user, and their movements were tracked and mapped onto the virtual body using inverse kinematics, allowing users to
perceive their own reflection and representation of their ‘self’ in the virtual environment. Bodily movement was left as an optional
feature to accommodate users with limited physical mobility. In the Loving-Kindness to Another phase, a second virtual body,
matching the user’s neutral style, was placed under the tree where the mirror was before, representing the person toward whom
kind intentions are directed. Finally, in the Loving-Kindness to Everyone phase, besides the ‘another’ body, animals were carefully
placed throughout the forest environment, symbolizing the expansion of compassion to all living beings.
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A script was prepared for the meditation, including the LKM and the two extra phases (intro and end). The script was iterated upon
and improved with feedback from the co-creation group. A voice actress was recruited to read the final script (see
Supplementary materials). The script is in German. The audio track recorded by the voice actress, as well as relaxing background
music, and nature sounds (such as leaves rustling or wind whooshing) were included in the experience.

The prototype was developed for Meta Quest 3 using Unity 6,000.1.2f1 and publicly available assets from the Unity Asset Store. Final IK
(Inverse Kinematics) was utilized to solve the user’s avatar’s real-time full-body motion based on the positional and rotational data
from the headset and handheld controllers, without additional full-body trackers. This approach allowed for an approximate
full-body representation while minimizing hardware requirements and setup complexity. The avatar was visible in the first-person
perspective (e.g., if the user looks down to see their body). The user’s avatar was only presented in a third-person perspective in the
Loving-Kindness to the Self phase, through the reflection in the virtual mirror.

The prototype is designed to be utilized either independently or with the assistance of another person, such as clinical staff. In its
current implementation, an assisting person can start the application in advance and then support the user in placing and adjusting
the headset. To accommodate this process, the prototype includes a 10-second standby delay at the beginning, allowing time for
physical adjustments and brief explanations.

To reduce cognitive and operational demands, the interaction is intentionally kept minimal. Scenes can be skipped using a single
button (“B”) on the right-hand controller if the assisting person deems it necessary to shorten or simplify the experience. In addition,
audio volume can be adjusted to account for individual hearing needs.

Iteratively, different versions of the prototype were tested in three small pilot sessions in Germany and Switzerland. Feedback from
volunteers was collected and used to refine the prototype prior to the experimental evaluation.

4. Experimental Evaluation

After the design thinking process, which included pilot evaluations, we set up an experiment to evaluate whether the prototype of the
LKM in VR works as expected. We have two different goals for this experiment: (1) to ensure the prototype is usable and the
experience of the users’ is satisfactory, (2) to evaluate whether it is inductive of relaxation, self-compassion, and improvement of the
user’s affective states. The study was conducted in accordance with the Declaration of Helsinki.

4.1 Materials and methods

4.1.1 Apparatus and stimulus

We used the final VR-LKM prototype resulting from our design thinking process (see Section 3). The Meta Quest 3 was used as a VR
headset.

4.1.2 Measures

Three constructs were measured before and after the intervention:

Self-compassion. Self-compassion was evaluated using the Self-Kindness subscale of the Self-Compassion Scale (SCS)[*’l, which
consists of five items assessing kind, understanding, and supportive responses toward oneself in times of difficulty. Responses were
given on a 5-point Likert scale ranging from almost never to almost always, with higher scores indicating greater self-kindness.

Relaxation. Relaxation was assessed using two single items, “I feel relaxed” and “I feel stressed,” each rated on a 5-point Likert scale.
These items were selected to capture immediate subjective experiences of relaxation and stress before and after the VR-LKM
intervention.

Affect. Affect was measured using the German version of the positive and negative affect schedule (PANAS)!“°l. The PANAS has two
subscales assessing positive and negative affective states, respectively, each consisting of multiple emotion descriptors rated on a
5-point Likert scale. Higher scores indicate higher levels of the respective affective dimension.

After the intervention, usability and experience were evaluated using the following instruments:

Usability. Usability was evaluated using the System Usability Scale (SUS)*], a widely used 10-item questionnaire rated on a 5-point
Likert scale. The SUS yields a total score ranging from 0 to 100, with higher scores indicating better perceived usability.

Simulator sickness. Potential cybersickness symptoms were assessed using a sub-selection of the Simulator Sickness Questionnaire
(SSQ*8), focusing on common discomfort indicators relevant to short VR exposures.

User experience and environment. A self-developed set of questions tailored to the prototype was used to assess different aspects of
the meditation experience, including the virtual environment, visual elements, and audio design. These questions aimed to capture
subjective impressions relevant for evaluating immersion, comfort, and emotional impact.
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Presence. Presence was measured using the IGroup Presence Questionnaire (IPQ!*l, which assesses dimensions of spatial presence,
involvement, and experienced realism using Likert-scale items. Higher scores indicate a stronger perceived sense of presence in the
virtual environment.

Qualitative feedback. A semi-structured interview was conducted following the VR session to collect in-depth qualitative feedback
on participants’ experiences and to inform future design iterations of the VR-LKM prototype.

4.1.3 Procedure

Participants were welcomed into the Social VR Lab of the University of Coburg. At the beginning, they received an information sheet
about the experiment and could ask questions to the experimenter. Afterwards, the participant gave written informed consent for
their participation in the experiment. Participants then filled out a demographic questionnaire including information about their age,
gender, meditation experience, and their VR/gaming experience. Before the VR experience, participants filled out pre-intervention
questionnaires consisting of the SCS, PANAS, and two single items, “I feel relaxed” and “I feel stressed”, evaluated on a 5-point Likert
scale.

Afterwards, participants received the VR headset, and the trial coordinator explained how to use the controllers and adjust the
headset. Once participants indicated that they were comfortable with the device and had no further questions, the coordinator
assisted with the headset fit and initiated the LKM-VR experience. During the VR session, participants were seated, allowing us to
maintain a consistent and controlled posture across all participants. The coordinator remained present throughout the session to
provide assistance or troubleshooting if needed. The VR experience lasted approximately 12 minutes.

After the intervention, participants filled out the post-intervention questionnaires, including the SCS, PANAS, SUS, SSQ-subset, IPQ,
and the extra items evaluating the experience.

Afterwards, a semi-structured interview was conducted to collect feedback about participants’ subjective experience during the
VR-LKM experience. Finally, participants were debriefed and thanked for their participation.
4.1.4 Participants

A convenience sample of 11 people from ages 18 to 60 (M = 36.5, SD = 14.6, female = 6, male = 5), all without diagnosed mental health
conditions, was recruited from the University of Coburg and its surroundings. All participants were informed about the nature of the
experiment, gave written informed consent, and were free to withdraw from it at any time.

4.2 Results

For completeness, we report both frequentist statistics and Bayes factors (BF10). BF10 quantifies the strength of evidence for the
alternative hypothesis relative to the null hypothesis (e.g., BF10 = 5 indicates that the data are five times more likely under the
alternative than under the null).

4.2.1 Relaxation and affect

The results of PANAS, SCS, and relaxation in pre- and post-intervention are shown in Figure 3. Paired-samples t-tests were conducted
to test the significance of the observed differences.

PANAS (Pos. Affect) PANAS (Neg. Affect) Self-Kindness (Compassion-SCS)
(0]
é 51 ns. 51 *
0 51
44 4

o
£ -1
531l oo .
© L
g 14 11 .

pre post pre post 3 o*

"| feel relaxed" "| feel stressed"
o okok
S 51 = 57 % .
v 44 4 21
o R S
C
S 31 [ 34 ’
o
€21 = 21 11 . o
21 {50 mem

pre post pre post p're pz;st

Figure 3. Pre- and post-self-report for PANAS questionnaire, the items stress, relaxation, and Self-kindness. PANAS: positive and negative affect schedule;

SCS: Self-Compassion Scale.
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A paired-samples t-test was conducted to compare the Positive and Negative Affect Scores between pre- and post-treatment. There
was a significant difference between pre (M = 1.464, SD = 0.575) and post (M = 1.036, SD = 0.092) in the Negative Affect Score of PANAS,
t(10) = -2.512, p = .031, d = -1.038, BF10 = 2.48, indicating a large effect of the intervention. Specifically, Negative Affect scores
decreased from pre to post. However, there was no significant difference in the Positive Affect scores of PANAS between pre
(M =2.991, SD = 0.521) and post (M = 3.227, SD = 0.59), t(10) = 1.708, p = .118.

There was an increase in relaxation, as measured by the item “I feel relaxed” on a 5-point Likert Scale. A paired-samples t-test
revealed significantly higher relaxation scores in post-treatment M = 4.818, SD = 0.405 compared to pre-treatment (M = 3.272,
SD = 0.786), t(10) = 5.487, p < 0.001, d = 2.472, BF10 = 124.04, indicating a large effect of the intervention. Furthermore, participants
were significantly less stressed post- (M = 1.181, SD = 0.603) compared to pre-treatment (M = 2.454, SD = 0.121), t(10) = -3.328, p = 0.008,
d =-1.328, BF10 = 7.424.

4.2.2 Self-compassion

The evaluation of the five Self-Kindness Items from the SCS revealed a small but significant increase in self-compassion
post-intervention. The mean self-compassion score pre-intervention was M = 3.164 (SD = 1.08) and post-intervention M = 3.454
(SD = 0.976), t(10) = 2.231, p = 0.049, d = 0.283, BF10 = 1.715, indicating a small effect of the intervention. The scores are shown in
Figure 3.

4.2.3 Usability and user experience

The SUS resulted in a very high usability rating with an overall mean of M = 92.5. Figure 4 (left) shows the usability scores per age for
illustrative purposes.

SUS IPQ

Gp [ sp IN
100,0 — — 5
95,0 92,5 90,6 4 T
75,0 — — —_— 4 B
[%2]
2 3 —
£ 500 — — — 2,9
2 2
5
a
25,0 — — — .
0,0 0
18-24 2535 >35

Figure 4. Responses to the SUS and IPQ questionnaires. SUS: System Usability Scale; IPQ: IGroup Presence Questionnaire.

Regarding presence, the score for general presence was generally high (M = 4.000, SD = 0.426). The average score for spatial presence
is M = 3.011 (SD = 0.369), and for involvement, M = 2.864 (SD = 0.568). Given the lack of active interaction, the somewhat lower scores
in the spatial and involvement were expected.

Only one participant reported simulator sickness symptoms (slight headache and mild eye strain were reported in the
post-questionnaire). In addition, some participants reported positive physical sensations in their free-text responses, such as
“well-being” or “improved balance”.

The additional feedback items showed a generally positive experience. The VR experience was perceived as pleasant (M = 4.727,
SD = 0.617). Most people found it easy to engage in meditation (M = 4.454, SD = 0.498) and reported that meditation contributed to
relaxation (M = 4.364, SD = 0.771). The breathing exercise was rated as helpful (M = 4.273, SD = 0.962), as well as the effect of the falling
leaves (M = 4.455, SD = 0.656). Participants could imagine using the system regularly (M = 4.364, SD = 0.771), and would be interested in
testing it at least one more time (M = 4.636, SD = 0.643). The system was perceived as very easy to use (M = 4.818, SD = 0.386).

Since people in meditation tend to close their eyes, we directly asked the participants whether they closed their eyes during the LKM
in VR experience. This occurred rarely across our participants (M = 2.182, SD = 1.266).

4.3 Qualitative evaluation

After completing the post-questionnaire, participants took part in a semi-structured interview to gather individual impressions,
subjective feelings, and suggestions for improvement. Conversations were recorded in notes, key statements were transcribed, and
analyzed thematically. The main findings are summarized below and illustrated with sample quotes. Participants varied in their
familiarity with meditation, yet overall impressions were consistent across experience levels.
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General experience. The majority of the participants evaluated the VR-LKM as positive, relaxing, and refreshing. Frequently used
keywords to describe the experience were beautiful, calming, interesting, cool, pleasant, and unwinding. One participant described:
“When the leaves fell in Autumn, I could forget all my worries; it was as if I could let go of pressure and fears about the future”.
Another emphasized the special atmosphere: “It was pretty cool, like in the movies, simply a new experience of relaxation”. Even
participants without previous meditation or VR experience reported being able to settle in easily: “Interestingly, it was more relaxing
than expected, even though I've never tried VR before”.

Facilitators and Barriers. Almost all of the participants said they found it easy to engage with the experience, frequently using words
such as simple, intuitive, and easy. The pulsing orb was mentioned as particularly helpful: “The orb with the flow of breath, you
immediately get into the rhythm, which was very nice”. Some participants noted that they were tempted to close their eyes but
decided against it, not to miss anything of the visual experience. Some difficulties were mentioned as well. One experienced VR user
described a spontaneous urge to move around freely: “I would have liked to walk around, but that would probably have been
distracting”.

Meditative effect. The guided meditation was predominantly described as effective. The narrator’s voice was particularly praised:
“The voice was pleasant, calm, and easy to understand, which allowed me to concentrate well on the meditation”. Some participants
said that they were able to focus much better than with other media-based meditation options (e.g., guided meditations on YouTube):
“I'm usually too distracted, but here I was able to get much more involved”. Keywords such as letting go, putting worries aside,
cleansing, and relaxation were mentioned repeatedly.

Design aspects. The falling leaves were a central design element, described as particularly successful. Several participants associated
this visual feature with an inner metaphor: “The leaves reminded me of my worries, which I was able to let go of”. Others noted
physical sensations such as their shoulders dropping or jaw muscles relaxing when watching the leaves fall. Opinions about the
animals were mixed. Some wanted more realism and movement (“The deer could have moved, perhaps grazing on the ground”),
while others found the static representation more pleasant because it was not distracting (“Precisely because only the leaves were
moving, | was able to concentrate better”). Alternative design ideas included having an abstract or neutral representation of the
animals, similar to the avatars, more dynamic lighting (e.g., sun effects, raindrops in the sunlight, more colors), and clearer
instructions for the interactive elements. Not all the participants were aware of the possibility of interaction with the leaves (touching
leaves, blowing them away, or catching them) or the use of the mirror (“It could have been stated more clearly: ‘Wave to yourself !')”.
This suggests that some functions were not discovered intuitively and may require guidance.

Script feedback. One participant noted that one of the selected kindness phrases, “May I be free”, although meant to evoke a feeling
of release within meditation, could be interpreted in a distressing way by individuals with severe psychological strain or suicidal
ideation.

5. Discussion

The present study investigated the effectiveness and user experience of a VR-LKM prototype developed through a co-creation
process involving experts from Computer Science and Clinical Psychology. The results show that the VR-LKM was well-received, easy
to use, and effective in increasing relaxation, decreasing negative affect and stress, and increasing compassion (as kindness to the
self) in a non-clinical convenience sample. Our quantitative and qualitative results suggest that VR-based compassion meditation may
be an accessible and engaging approach to support well-being.

Participants reported a high level of usability and engagement, as well as clear relaxation effects after the intervention. The prototype
was described as calming, beautiful, and refreshing, which is consistent with the intended meditative atmosphere. The results from
the PANAS and the self-reported relaxation item support these subjective impressions, showing reductions in negative affect and an
increase in perceived relaxation. These findings align with previous studies reporting stress reduction and enhanced mindfulness
through VR meditation and compassion interventions!!’-1%4%, The co-design process appeared to be a key factor in achieving this
positive outcome, as it allowed the integration of aesthetic, emotional, and usability feedback from both clinical and design
perspectives.

While the intervention produced clear changes in relaxation and affect, the increase in self-compassion was more modest. This
pattern is not unexpected and can be understood in light of the nature of the construct itself. The relatively small effect size for
self-compassion is consistent with the stability of this construct. Unlike stress, relaxation, and affect, which are state-like and
responsive to immediate stimuli, self-compassion tends to be more trait-like and typically increases only through repeated or
longer-term practice. Meta-analytic findings report larger effects (e.g., D = 0.70) primarily in multi-week compassion-based
programs rather than single-session interventionsl>’l. Accordingly, the modest change observed here is compatible with expectations
for an early-stage, one-time prototype exposure. Together, these results suggest that VR-LKM may reliably influence short-term
emotional states, while longer or repeated practice may be required to produce more substantial shifts in self-compassion.

The qualitative results point to the elements that supported immersion, engagement, and relaxation. Design elements such as the
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pulsing orb and the falling leaves were experienced as central anchors for attention and emotional grounding. The mirror and
embodied avatar supported a sense of presence without introducing body-related discomfort, which may be relevant for future
applications in clinical settings. Importantly, participants emphasized the narrator’s voice and pacing as crucial in helping them focus
and relax, suggesting that subtle design choices in sound, rhythm, and language can significantly influence emotional outcomes.

At the same time, some participants expressed curiosity about interacting with the environment or moving more freely, while others
appreciated the stillness and simplicity. While potentially triggering or highly dynamic elements were intentionally avoided to reduce
risk for vulnerable users, such constraints may limit engagement for individuals who prefer more interactive or exploratory
experiences. This engagement, may at the same time, have a therapeutic component for specific users. This contrast highlights a
fundamental challenge in clinical VR design: creating experiences that are sufficiently engaging while remaining predictable,
calming, and cognitively accessible. Rather than resolving this trade-off through a single design choice, future iterations will explore
adjustable levels of interactivity and visual complexity. This approach aims to support individualized use without compromising
psychological safety.

One feature of the LKM is the possibility of modifying and varying the kind intention ‘scripts’. The feedback received regarding the
phrase “May I be free” highlights the importance of linguistic and emotional sensitivity when adapting meditation scripts for
vulnerable populations. Future iterations will optionally substitute this phrase with established, less ambiguous alternatives
(e.g., “May I feel protected and safe”!! or “May I have ease and well-being”*?l), and allow clinicians to select or adapt scripts based on
the needs of the target population. Together, these reflections point to the importance of continuous interdisciplinary collaboration
when translating contemplative practices into virtual environments.

Although the VR-LKM prototype was designed with potential clinical use in mind, the present findings were obtained in a non-clinical
convenience sample and need to be carefully translated to the final target population. In practice, clinical users may face additional
barriers, such as reduced cognitive capacity, heightened anxiety, sensory sensitivity, fatigue, or limited familiarity with immersive
technologies, to name a few. The co-design process employed in this study offers a partial mitigation of these challenges by
integrating clinical expertise into early design decisions, including the simplification of visual environments, controlled pacing, and
conservative interaction demands. The option for staff-assisted setup and the ability to intervene or adapt the session further support
accessibility for first-time VR users and individuals with limited digital literacy. Ongoing collaboration with clinical staff will allow
these considerations to be refined through rapid prototyping, on-site observations, and iterative adaptation as the prototype is
introduced into real clinical environments.

5.1 Limitations and future work

There are several limitations to our current study. The sample size was small and consisted of healthy adults, limiting the
generalizability of the findings to clinical populations. This sample selection was intentionally chosen as the first applied evaluation
within the co-design process for two reasons: (1) to evaluate the basic feasibility of the prototype and its effects on target constructs
(e.g., compassion, relaxation, affect) before administering it in a clinical context, and (2) to establish a baseline prior to conducting
research with users with diverse mental health conditions, whose needs related to mobility, comfort, and symptom profiles may
differ. With this baseline now established, future work will include clinical studies with larger and more diverse samples.

Moreover, the design did not include a control condition or physiological measures, so conclusions about efficacy must be
interpreted with caution. This choice was intentional in the context of this feasibility and co-design study, where the primary aim
was to assess whether the VR-LKM prototype could effectively address the target constructs (e.g., compassion, relaxation, affect) and
to evaluate its acceptability among users. Given the needs of future clinical users, who may have limited mobility and spend extended
time in inpatient settings, VR was selected as the modality for initial evaluation due to its potential to provide immersion and a sense
of presence beyond what audio- or video-based interventions could provide. Future work will incorporate control conditions and
compare VR-based LKM with alternative delivery formats to determine whether VR confers additional benefits.

Additionally, participants completed the VR session in a seated position to maintain methodological consistency in this pilot phase. In
clinical settings, the intervention is expected to be used also in semi-reclined or bed-seated postures. Future studies will evaluate the
feasibility and experiential impact of delivering the VR-LKM in these alternative positions, and subsequent adaptations of the
prototype will be informed by feedback from clinical staff and patients.

Future co-design iterations will extend the current design to include iterative testing within clinical wards, informed by direct
observation of environmental constraints and patient-caregiver workflows. Planned adaptations include configurable control
settings (e.g., visual complexity, motion dynamics, audio intensity, and interaction simplicity), enabling caregivers to tailor the
experience to individual patients’ cognitive, emotional, and physical needs. This approach aims to balance standardization with
flexibility while preserving emotional safety in diverse clinical contexts.

In summary, future work will include more co-design iterations to improve the current prototype, in particular, its customization to
cater to diverse clinical populations. We aim to evaluate the VR-LKM in clinical or rehabilitation contexts, where stress regulation and
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emotional recovery are of particular relevance. Larger-scale and longitudinal studies could further examine whether repeated use
enhances self-compassion and resilience over time. Comparing VR-based meditation with traditional or audio-guided formats, as well
as alternative non-meditation VR experiences, would clarify the specific contributions of immersion, embodiment, and sensory
design.

6. Conclusion

Following an iterative co-design process, we developed and evaluated a VR-LKM prototype designed to promote relaxation and
compassion. Our findings indicate that the VR-LKM was well accepted, easy to use, and effective in enhancing relaxation and
self-compassion, as well as reducing negative affect. Participants described the experience as calming, beautiful, and emotionally
grounding. Designed with future clinical use in mind, this prototype demonstrates that virtual reality can serve as an accessible and
engaging medium for compassion-based practices, with promising applications to support mental health and emotional well-being.
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