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ABSTRACT: Background: While traditional meditation practices are known for their mental health benefits, they
often face limitations such as restricted access and environmental distractions. To address these challenges and
enhance meditation effectiveness, this study implemented an immersive virtual reality meditation (IVRM) program
and examined its potential mental health benefits among university students—a population that frequently experiences
significant psychological distress. Methods: Nineteen university students participated in eight 15-min sessions of an
IVRM program designed to promote mindfulness and relaxation over the course of one month. Perceived stress and
anxiety levels were assessed using validated self-report measures at baseline (T1) and post-intervention (T2). Two-
tailed paired t-tests were conducted to evaluate the preliminary efficacy of the program, and effect sizes were reported
using Cohen’s d. Results: Significant reductions were observed from pre- to post-intervention in perceived stress (t(18)
= 3.694, p < 0.001, SE = 0.17, d = —0.85) and perceived anxiety (t(18) = 5.113, p < 0.01, SE = 0.10, d = —1.20), both
indicating large effect sizes. Conclusion: Our findings provide preliminary evidence that the IVRM program can reduce
stress and anxiety levels in university students. The positive results suggest that IVRM has the potential to serve as a
novel, technology-based meditation intervention for individuals at elevated risk for developing mental health disorders.
Furthermore, our study suggests important implications for future research.
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1 Introduction

The mental health challenges experienced by university students are a critical public health issue, as
mental health is integral to their academic success and social and emotional well-being [1,2]. According to
the report released by the American University Health Association [3], stress (40.2%) and anxiety (34.0%)
were the top two ongoing or chronic medical conditions diagnosed or treated in the last 12 months in
university students, and only 1.4% reported that they perceived no stress within the last 30 days. Due to
high levels of stress and anxiety, research indicates that university students are more likely to experience
psychological distress compared with non-students of the same age [4]. Improving the mental health of
university students has received a critical attention from multiple stakeholders such as campus counselors,
educators, policy makers, and researchers because high stress and anxiety levels have been associated with
the academic performance and retention of university students [5,6], as well as with their health and
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wellbeing [7]. In addition, mental health problems have been shown to lead to unhealthy behaviors, such as
suicide attempts [3], alcohol and drug consumption [8,9].

Considering the detrimental effects related to the mental health challenges experienced by university
students, institutions of higher education strive to provide them with effective resources, counseling
programs, and relevant activities [10]. While there are available resources and programs, research has
provided evidence that university students have difficulties related to managing and coping with stressors
and underutilized mental counseling programs [11]. In addition, recent studies indicate that, post-COVID,
university students experienced higher levels of psychological challenges and concerns (e.g., depression,
anxiety, and loneliness), and that they had limited opportunities to experience positive social interactions and
develop social skills on campus [12]. Thus, there is an urgent need to provide support to university students
to prevent the onset of mental health issues in an effective manner.

Mindfulness-based interventions (MBIs) have been demonstrated to be one of the most effective
programs that have been used to reduce mental health challenges and subsequently improve mental health
and quality of life [13]. MBIs have been widely applied across various settings and have provided relaxation, a
reduction in elevated stress levels, and improved mental health [14,15]. Prior studies have provided evidence
that the use of MBIs contributed to better participant mental health and quality of life [16]. For example, Ren
et al. [17], who conducted a meta-analysis, found that mindfulness meditation resulted in medium to large
immediate effects on mitigating anxiety. Also, Cheng [18] conducted an integrative review of 356 reviewed
publications and found mindfulness-based meditation to be not only beneficial to the mental health of
adolescents, but also that it could be incorporated with other activities such as physical activities, art, music,
and dance to provide a synergistic effect.

While traditional MBIs have been found to be effective in promoting mental health and wellbeing, the
participation of university students in such programs has been limited by practical challenges including lim-
ited accessibility to meditation programs, a lack of individualization and customizability of such programs,
a shortage of meditation instructors, and environmental distractions [19-22]. To address these barriers and
facilitate more effective meditation practices, there is growing interest in the application of digital health
technologies as a facilitator in reducing mental health problems and improving mental health across a wide
variety of clinical settings [23-25]. Among available types of digital health technology applications, virtual
reality (VR) is a user-friendly and cost-effective application that offers non-pharmacological mental health
care [26,27].

VR-based meditation programs provide an intervention that delivers a unique and immersive applica-
tion for individuals to fully engage in MBIs and gain relaxation [28]. Due to its structure and adaptability,
immersive VR-based meditation programs (IVRM) may minimize practical barriers and challenges and
allow participants to fully engage in a variety of immersive meditation programs [29]. Recent systematic
reviews of studies on IVRM programs found that VR-based mindfulness training was more effective in
improving mental health than conventional mindfulness programs [30,31]. Specifically, the effectiveness of
IVRM programs has been demonstrated primarily across many clinical populations, including individuals
with schizophrenia [32], cardiovascular disease [33], and anxiety disorders [34]. These studies reported
improvements in stress and depression levels, positive emotion, mood, relaxation, and sleep quality.

Based on the demonstrated efficacy of IVRM programs in improving mental health, our study explored
the potential benefits of an IVRM program in reducing stress and anxiety among university students.
The IVRM program used in this study focused on a variety of personalized meditation programs that
allowed participants to select meditation settings (e.g., nature scenery, background music, and mindfulness
programs). Thus, the purpose of our study was to investigate the impact of the use of the IVRM program
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on the stress and anxiety of university students. We hypothesized that IVRM participants would report
significantly lower levels of stress and anxiety following the completion of the 4-week IVRM program.

1.1 Traditional Mindfulness-Based Interventions

The English word ‘Mindfulness’ was derived and translated from the Buddhist technical term Sati by
TW. Rhys Davids [35]. Sati refers to awareness or attention so that mindfulness is not simply remaining
passively seated, but maintaining clear awareness of one’s body, feelings, and mind in the present moment.
Due to its’ philosophy, MBIs have been receiving significant attention from both academics and practice
in the past several decades [36]. While MBIs can be delivered in various forms, mindfulness-based stress
reduction [37] and mindfulness-based cognitive therapy [38] are one of the widely adopted MBIs [39]. The
primary goals of these interventions are a) to nurture one’s ability to aware present moments and openness
and acceptance toward one’s experience, and b) to incorporate its practice to into everyday life [40]. In
line with these goals, both interventions are typically designed as 8-week group programs that not only
educate participants on emotional awareness and healthy coping strategies but also involve direct practice of
mindfulness techniques such as meditation, mindful movement, and yoga.

Substantial research over the past several decades demonstrated that MBIs can be beneficial to diverse
populations, especially individuals with mental health conditions as well as chronic pain [39]. Klainin-Yobas
et al. [41], for example, conducted a meta-analysis on 39 studies from 10 different countries. The results
demonstrated that MBIs were more effective standard care to alleviate depressive symptoms. Additionally,
multiple studies reported treatment of anxiety disorders [42] and mood-disorders [43]. Moreover, through
a systematic review, Hilton et al. [44] found small but significant decrease in pain from the chronic pain
patients in 30 out of 38 randomized controlled trials. Segal et al. [39] suggested that MBIs help individuals
mitigate the negative impacts of stress and support the discovery of a greater sense of purpose through
objective self-evaluation. Moreover, consistent mindfulness practices have been shown to activate brain
regions associated with self-regulation, body awareness, emotional regulation, and memory processing as
well as several physiological markers related to stress and immune functions.

Despite the growing evidence supporting MBIs, traditional delivery formats present some limitations
that can hinder accessibility and engagement. Since each session of MBIs takes two to three hours, it
could be burdensome for individuals with physical constraints (e.g., health conditions or limited functional
abilities) or environmental barriers (e.g., time limitations or caregiving responsibilities), as well as for staff
responsible for preparing and delivering the sessions [45]. Also, the group-based nature of traditional
MBIs may not adequately address individuals’ differences in learning styles and needs. For example, some
participants might need more personalized attention or uncomfortable sharing their experiences or emotions
with others [45,46]. These limitations or challenges highlight the need to explore more adaptable and
individualized approaches to delivering MBIs.

1.2 Immersive Virtual Reality Mindfulness Interventions

IVRM interventions have gained significant attention across various health-related fields and have
helped address challenges commonly associated with traditional MBIs, such as limited access and environ-
mental distractions. Researchers have examined the feasibility and effectiveness of IVRM programs across
diverse populations, particularly among individuals living with mental illness. For example, Navarro-Haro
et al. [47] integrated VR technology into an existing mindfulness training program to address common
challenges such as external distractions and mind-wandering. They proposed that VR could serve as
an effective tool to enhance individuals’ attention and increase their sense of presence (i.e., being fully
in the present moment) during mindfulness practice. The results indicated various benefits of the VR
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mindfulness program, including increased mindfulness and reductions in negative emotions such as sadness,
anger, and anxiety. The findings demonstrated a high acceptance for using VR technology in mindfulness
training programs.

Wren et al. [48] conducted a pilot and feasibility study to examine the preliminary efficacy of an
IVRM intervention among children and young adults with Inflammatory Bowel Disease (IBD). The results
indicated a significant reduction in both anxiety and pain levels among participants with IBD after a single 6-
min session. Additionally, the qualitative component of the study, conducted through brief semi-structured
interviews, revealed that participants responded positively to the IVRM program, reporting high levels
of enjoyment and relaxation. Moreover, participants were generally open to using IVRM as a tool for
managing stress and pain symptoms both during treatment in medical settings and in their leisure time
outside the hospital. Wren et al’s findings align with previous research demonstrating that the 3D computer-
generated environments used in IVRM can enhance the user experience by increasing participants’ sense of
immersion and presence within the virtual setting. Even brief sessions of IVRM—Ilasting approximately five
minutes—have been shown to effectively promote mindfulness, reduce anxiety, and improve psychological
well-being [49-52].

Sigmon et al. [53] conducted a study implementing a longer-term IVRM program (8 weeks) to assess
its feasibility and acceptability among students, residents, and fellows at a university medical campus.
Participants were instructed to complete an 8-10-min IVRM session using the TRIPP program at least
3-5 days per week via a VR headset over the 8-week period. The TRIPP IVRM program was found to be
effective in reducing perceived stress and increasing mindful awareness and self-compassion. Additionally,
qualitative interview data revealed participants’ positive responses to VR mindfulness, with specific features
of the TRIPP program, such as its immersive environment, gamification, and guided breathing exercises. In
sum, previous research has identified the effectiveness of the IVRM programs. Those programs were varied
in the number of sessions provided and in populations studied. Based on the literature review above, we
call for further studies that focus on non-patient populations who yet still are at higher risk of psychological
distress, such as college students. Moreover, there is a need for more longer terms and regular provisions of
IVRM (e.g., over several weeks of IVRM programs) and pilot test its effectiveness on mental health.

2 Methods
2.1 Participants

The participants in this study were 19 university students in eastern North Carolina in the United
States. Our inclusion criteria required participants to be at least 18 years of age, to speak and read English
at an 8th-grade reading level. Exclusion criteria included a history of head injury, seizure activity, or major
mental health concerns (schizophrenia or bipolar disorder), and those who had experience with the IVRM
called TRIPP. All participants provided written informed consent. Study recruitment and flow are presented
in Fig. 1. The mean age was 20.09 (SD = 3.13) and ranged from 18 to 30. There were seven men (36.8%)
and 12 women (63.2%). Ethical approval was obtained from the Institutional Review Board of East Carolina
University (UMCIRB 22-002566). All participants provided written informed consent.
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Figure 1: Study recruitment and flow

2.2 Study Procedures
2.2.1 Recruitment of Participants

Eligible participants were recruited from on-campus university residence halls. The researcher con-
tacted residence hall directors to receive permission to contact and recruit potential participants, and then
posted fliers in the selected residence halls. The investigator also recruited participants through an e-mail
in which they were provided with necessary forms and information (e.g., consent/assent form, explanation
of the purpose of the study, and withdrawal procedures). Once interested participants had contacted a
researcher after receiving an email invitation or seeing a flyer, they were asked to answer screening questions
regarding their past medical history to determine final eligibility. Potential participants were also recruited
from research methods and recreation therapy courses on campus. Contact information (e.g., name, email)
was collected, and the researcher contacted them and provided more detailed information about the research
project. Once any interested students agreed to participate in the project, they scheduled their sessions
through a scheduling system. Recruitment efforts resulted in the participation of nineteen university students
in eight sessions of IVRM.
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2.2.2 Procedure

IVRM intervention was delivered using the Oculus Quest 2 (Meta Platforms, Inc., Menlo Park, CA,
USA), the most advanced all-in-one, easy-to-set-up and navigate VR system that provides virtual worlds that
are adaptable to participant engagement. University students (n = 19) received eight sessions, each lasting
15 min, over a four-week period. Participants were asked to complete all relevant questions on a survey
instrument at baseline (T1) and at the conclusion of the program (T2). The IVRM sessions were implemented
in a dedicated VR research lab at the researcher’s university (Fig. 2).

Figure 2: Set-Up for Mindfulness-Based Virtual Reality (IVRM). The TRIPP IVRM application was pre-installed on
an Oculus Quest 2 VR headset. Participants remained seated upright in a chair

2.2.3 IVRM Program Content

This study used TRIPP (https://www.tripp.com), a VR meditation program designed to promote
mindfulness and relaxation. TRIPP offers access to more than 40 immersive meditation environments that
involve beautiful, inspiring, abstract visuals that can reduce user anxiety and provide calming sensations.
The program features guided mindfulness exercises in which participants can practice breathwork, helping
them enhance their awareness of the present moment and cultivate emotional regulation. Additionally,
TRIPP provides interactive mindfulness activities, such as brief games that reinforce sustained attention.
For example, participants must avoid colliding with incoming obstacles by successfully adjusting their head
position. Thus, the TRIPP program helps users engage in a mindfulness-based VR experience, enhancing
immersion through multiple sensory modalities and potentially contributing to stress and anxiety reduction.
Sample TRIPP scenery is presented in Fig. 3.
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EXHALE

Figure 3: TRIPP VR program. (A) The visual cue ‘EXHALE’ is designed to help participants pace their breathing;
(B) Visual Elements and Scenes are designed to promote relaxation and mindfulness

2.3 Measures

Perceived stress was assessed using the Perceived Stress Scale (PSS-10), developed by Cohen et al. [54].
The scale is comprised of 10 items that are categorized into a negativity subscale, comprised of six items,
and a positivity subscale, comprised of four items. Participants rated how often they experienced stressful
situations in the past month on a 5-point scale, from 1 (never) to 5 (very often). Sample items include: “In
the last month, how often have you felt nervous and stressed?” and “In the last month, how often have you
found that you could not cope with all the things that you had to do?” The total score was calculated by
reverse-coding the positive items and summing all the scores, with a higher score indicating higher levels
of perceived stress. The PSS-10 scale has been used in previous studies to measure perceived stress among
college students [55,56]. The perceived stress scale showed high internal consistency, with a Cronbach’s a
ranging from 0.90-0.92 between T1 and T2.

Momentary feelings of anxiety (i.e., state anxiety) were assessed using the State Anxiety Inventory (SAI)
scale developed by Spielberger [57], which includes 20 items. Example items include: “I am tense,” “I am
worried,” and “I feel calm?” Participants were asked to rate how they felt at a certain time and under certain
conditions on a 4-point Likert scale, from 1 (Not at all) to 4 (Very much). Therefore, a higher total score
indicated a higher level of anxiety. The SAI scale has been used in previous research to measure perceived
anxiety levels among university students [58,59]. The SAI scale demonstrated high internal consistency, with
Cronbach’s a ranging from 0.92 to 0.93 between T1 and T2.

2.4 Data Analysis

Descriptive statistics were used to summarize perceived stress and state anxiety levels (Table 1). Two-
tailed paired t-tests were conducted to assess preliminary efficacy by measuring changes in the perceived
stress and anxiety level of participants before and after participating in the IVRM. This analytic method was
used to test whether there were statistically significant differences in perceived stress and anxiety levels before
and after participation in the IVRM program. It is appropriate for comparing pre- and post-intervention
scores within the same group of participants over time. This approach is commonly used in intervention
studies to detect changes in outcomes and, consequently, evaluate the effectiveness of the intervention.
Additionally, effect sizes with Cohen’s d are reported. Effect sizes were interpreted using the following
thresholds: 0.2 as small, 0.5 as medium, and 0.8 as large. All analyses were conducted using IBM SPSS
Statistics 29 (IBM Corp., Armonk, NY, USA).
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Table 1: Means with standard deviation (SD) and within-group comparisons for perceived stress and anxiety

Pre Post Pre vs. Post
Mean SD Mean SD 95% CI for mean t df d
difference
Perceived stress 3.60 0.66 298 0.69 [0.27,0.97] 3.69** 18 -0.85
State anxiety 343 048 2.89 0.40 [0.31, 0.75] 511 18 -1.20

Note: **p < 0.01, ***p < 0.001. t = ¢-statistic; df = degrees of freedom; d = Cohen’s d (effect size).

3 Results

Perceived Stress. Descriptive statistics revealed a statistically significant reduction in perceived stress
following participation in the IVRM program. As shown in Table 1, mean perceived stress scores decreased
from M = 3.12, SD = 0.48 at pre-intervention to M = 2.61, SD = 0.45 post-intervention. A paired-samples
t-test confirmed that this mean change of 0.51 was significant, ¢ (18) = 3.69, p < 0.01, SE = 0.17. The results also
indicated a large effect size, Cohen’s d = —0.85; the negative direction reflects a reduction in stress. Further
analysis of the data showed that 84.0% (16 out of 19) of participants reported lower stress levels after the
intervention, while only three reported an increase. These findings support the statistical evidence for the
effectiveness of the IVRM program in reducing perceived stress.

State Anxiety. Participants also showed significantly lower levels of perceived anxiety following the
IVRM program (Table 1). Mean state anxiety scores decreased from M = 3.45, SD = 0.53 at pre-intervention to
M =2.68, SD = 0.47 post-intervention. A paired-samples t-test indicated that this mean reduction of 0.77 was
highly significant, t (18) = 5.11, p < 0.01, SE = 0.10, with a very large effect size, Cohen’s d = —1.20. The change
in perceived anxiety was highly consistent across participants, with 18 out of 19 (94.0%) reporting decreased
anxiety levels. These results suggest a robust and consistent benefit of the IVRM program in reducing anxiety
among participants.

4 Discussion

This study assessed the preliminary efficacy of the use of an IVRM program on the targeted outcomes
(perceived stress and anxiety) by focusing on university students who are at higher risk for mental disorders.
Our findings provide evidence that IVRM program use can reduce the stress and anxiety levels of these
high-risk individuals. Our findings are aligned with previous research demonstrating the effectiveness of
MBI programs in improving mental health outcomes across diverse clinical populations, including patients
with physical disorders and mental illnesses [32-34]. Through a systematic review and meta-analysis,
for example, Gonzalez-Martin et al. [60] explore the effects of MBIs on the mental health of university
students. All 21 related studies found the positive benefits of MBIs on college students’ stress, mindfulness,
depression, anxiety, psychological distress, attention, and cognitive awareness. These findings are particularly
important given that college students often report higher levels of stress and anxiety compared to other
age groups [3]. Prior research has shown that such psychological distress can negatively impact academic
performance as well as the overall health and well-being of college students [5-7]. In this context, there
is a growing need to develop digital interventions aimed at promoting mental health among university
students. Given these positive preliminary results, the IVRM program shows potential as an effective tool
to support the psychological well-being of college students. Further studies in larger randomized controlled
trials (RCTs) are warranted to determine whether IVRM use can reduce stress and anxiety levels among
more diverse individuals at higher risk for mental disorders, such as individuals with spinal cord injury,
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cancer, chronic pain, and cardiovascular disease. Environmental distractions are considered a significant
limitation in traditional meditation practices as they can disrupt concentration and diminish the effectiveness
of meditation [19,20,22]. Given our positive preliminary findings, we believe that integrating VR technology
with a meditation program can effectively address the challenges commonly faced in traditional meditation
practices, such as environmental distractions and participant difficulties in maintaining focus. Although
our study did not specifically measure the acceptability of VR technology, none of the participants reported
encountering challenges with the use of VR technology and the IVRM program during their eight IVRM
sessions. In addition, previous VR research has documented that the immersive nature of VR technology
can improve the efficacy of mindfulness practices by creating a distraction-free virtual setting that promotes
deep mental engagement and relaxation [29]. Additional qualitative studies are warranted to examine
participant satisfaction, perceptions of appropriateness, interest and willingness to participate, and any
adverse experiences through in-depth formative and summative interviews in addition to quantitative
measures. Moreover, while the present study focused on non-clinical participants (i.e., college students),
some clinical studies have provided evidence that MBIs can be an effective tool to promote mental health
among clinical patient populations, such as patients with borderline personality disorder [34]. Considering
that clinical populations often experience difficulty maintaining attention and practicing mindfulness, IVRM
may provide a context conducive to grabbing attention and improving a sense of immersion, which can
enhance the overall mindfulness experience. Previous research has suggested that universities should provide
students with a broader range of opportunities to lower their psychological stress levels and improve their
life satisfaction during their university years [21,61]. Based on our findings, we suggest that providing IVRM
program availability on campus can play a significant role in improving the mental health of university
students. Given the high levels of stress and anxiety experienced by university students, especially during
exam periods and transitional phases, IVRM program use can serve as an innovative and immersive tool to
enhance traditional university mental health services. To enhance the feasibility of offering IVRM programs
on campus, universities should first establish dedicated VR meditation spaces on campus, such as within
student wellness centers. It is also essential to provide access to trained facilitators who can lead MVBR
sessions. Additionally, we propose that promoting the availability of VR meditation through awareness
campaigns or health education sessions led by instructors, and integrating it into orientation programs for
new students, can lead to the widespread engagement of university students and facilitate the full integration
of IVRM programs into the mental health resources available on campus. Overall, our findings provide
valuable insights to campus recreation administrators and mental health service providers who wish to
design mental health promotion programs for university students.

The findings from our study also suggest an important implication for future research. We recommend
exploring the impact of varying levels of use of an IVRM intervention on mental health outcomes. For
example, Rowland et al. [62] examined 37 studies on the effectiveness of virtual reality interventions (VRI) for
mental health disorders including generalized anxiety, panic, and depressive disorders in which they found
inconsistencies in the dosage, duration, and frequency of VRI. For example, treatment frequency varied from
a single session to twenty sessions, and session lengths ranged from 5 to 120 min. We provided eight IVRM
sessions over four weeks, each lasting 15 min, and found significant reductions in stress and anxiety levels
after four weeks. The broad range of treatment parameters in previous research make it challenging to identify
the ideal dosage, duration, and frequency of IVRM sessions for mental disorders. Therefore, further research
that seeks to determine the optimal IVRM dose will help health professionals develop appropriate guidelines
and recommendations based on individual responses to various doses. Establishing such a standard will
ultimately lead to more effective, personalized, evidence-based interventions for individuals at higher risk
for mental disorders.
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We acknowledge multiple limitations in our study. This study is a feasibility study with a limited
sample size (n = 19) in which there was no control group or random assignment. That is, it is difficult to
determine whether the positive preliminary efficacy findings are due to the IVRM intervention or to other
external factors (e.g., better attention during the intervention). Therefore, larger RCTs will be needed to
clarify the effect of IVRM on mental health. Furthermore, we acknowledge that this study has limitations
associated with the lack of follow-up assessments, which may limit the generalizability of our findings on
the intervention’s effectiveness. A long-term study would be beneficial in determining whether the observed
benefits of the intervention in the present study are sustained over time. Lastly, this study measured mental
health outcomes solely through survey instruments. Self-reported data may be subject to limitations such
as recall bias and the subjective nature of participant responses. Future research should integrate objective
physiological measures of mental health outcomes, such as heart rate variability, electroencephalography
(EEG), and cortisol levels, to enhance the robustness of the findings.

5 Conclusion

Our study found significant decreases in the perceived stress and anxiety levels of participants following
eight sessions of IVRM over four weeks. These positive preliminary findings indicate that IVRM has the
potential to be a novel technology-based mediation practice for clients who are at higher risk for developing
mental disorders. This preventive approach is essential, as early intervention can help prevent stress and
anxiety from developing into more serious mental health challenges. Health professionals can use IVRM as
an effective tool for preventing mental health disorders before clients develop clinical symptoms. Additional
investigations, such as larger RCTs, will be needed to determine whether IVRM can reduce stress and anxiety
levels among a more diverse population of individuals at higher risk for mental disorders.
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