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Introduction: University students are experiencing more and more stress, which can negatively impact their mental health. Therefore, new ways are needed to address this issue. To this end, we examined the effectiveness of an app-delivered mindfulness-based stress training and a possible interaction with additional group meetings within a university setting.

Methods: A randomized mixed experimental design was used to assess an 8-weeks Mindfulness-Based Intervention (MBI) delivered via podcasts and supplemented by group meetings, either in video calls (VC) or a virtual reality (VR) environment. The intervention aimed to improve mental health, focusing on risk factors stress and loneliness as well as protective factors such as self-compassion and self-efficacy.

Results: Our results indicated partial overall effectiveness of the MBI, with significant reductions in stress experience and loneliness and increases in self-compassion, yet all at the facet level. Exploratory analyses revealed that group meetings enhanced mindfulness, which in turn contributed to stress reduction, but the relationships of VR immersion and stress reduction yielded mixed results.

Discussion: Our findings give novel insights into how the specific positive effects of the MBI might interact with digital group meetings, which could pave the way for further research with optimized intervention settings.
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Introduction

Mental health in higher education has become a critical concern, especially since the onset of COVID-19, where lockdowns had a direct impact on the way we socially interact. As a result, stress levels among young adults have surged, leading to increased depression, anxiety, and psychosomatic symptoms (Madigan et al., 2023). Students also face stress from the transition to university and persistent challenges including academic workload, financial concerns, and performance pressure (Hill et al., 2018). Therefore, stress-reducing psychological support programs, as well as their empirical evaluation (Amanvermez et al., 2023; Yusufov et al., 2019), are of great importance especially for student populations. In this context, digital learning expands implying a growing demand for accessible digital mental wellbeing initiatives (Haleem et al., 2022). Indeed, innovative approaches, such as serious games, not only offer novel ways to socially interact, but they also can enhance therapeutic strategies for emotional wellbeing (David et al., 2020). This study aims to bridge the gap between stress-reducing mental health programs and digital social interaction by examining the effectiveness of a digital mindfulness-based intervention delivered via the 7Mind® app. The study focuses on both risk-related and protective mental health outcomes and also investigates whether digital group meetings held via conventional video calls or a virtual reality (VR) environment enhance the effectiveness of the intervention.

Mindfulness, defined by Kabat-Zinn (2003) as “the awareness that emerges through paying attention on purpose, in the present moment, and nonjudgmentally to the unfolding of experience moment by moment” (p. 145), is central to the mindfulness-based stress reduction (MBSR) approach. Developed for patients with physical symptoms (Kabat-Zinn, 1982), such as chronic pain, MBSR is an 8–10-week course with weekly 2-h sessions, combining meditation, physical exercises, and Hatha yoga. Its efficacy is comparable to cognitive-behavioral therapy (CBT) for anxiety reduction (Yusufov et al., 2019) and equivalent to treatments such as escitalopram (Hoge et al., 2023). Moreover, MBSR has also been shown to reduce loneliness (Teoh et al., 2021) and improve confidence in managing it (Besse et al., 2022), which is characterized by dissatisfaction with social relationships. Importantly, loneliness is particularly prevalent among young (and older) adults (Victor and Yang, 2012; Hawkley et al., 2022) and has been linked to physical and psychological risks, including increased mortality and immune dysfunction (Holt-Lunstad et al., 2015).

Apart from positive effects on health-risk outcomes, such as stress, anxiety and depression (Grossman et al., 2004; McConville et al., 2017), MBSR can also impact on health-protective outcomes. For instance, mindfulness-based interventions have been shown to increase self-compassion (Kriakous et al., 2021), which is crucial for mental wellbeing and can be defined as the ability to treat oneself kindly in difficult situations. Resilience, i.e., the capacity to adapt to stress, can also be improved through mindfulness training by promoting emotion regulation and reducing over-identification with stressors, as seen in nursing staff (Lin et al., 2019). Furthermore, MBSR can increase self-efficacy (i.e., the belief in one's ability to influence outcomes), leading to reduced stress and anxiety in various populations, including migraine patients (Wells et al., 2021). Finally, life satisfaction can also be improved by mindfulness practices (Aşik and Albayrak, 2022).

Findings from several systematic reviews and meta-analyses support the effectiveness of MBSR interventions among university students. Dawson et al. (2020) reported small to moderate effect sizes for improvements in stress reduction and psychological wellbeing (e.g., anxiety, depression, overall wellbeing), though questions remain about the suitability of digital delivery formats for student populations. Zuo et al. (2023) confirmed the efficacy of MBSR for addressing anxiety, depression, and stress in university students, but highlighted heterogeneity in delivery formats and a lack of comparative evidence between app-based and traditional approaches. Similarly, Chiodelli et al. (2022) emphasized variability in implementation fidelity and noted that modern technology platforms such as mobile apps and VR remain underutilized. Collectively, these reviews underscore the university context and indicate the growing need for (a) scalable, tech-integrated interventions, (b) rigorous evaluations of app-based MBSR in academic settings, and (c) further investigations of the role of group support mechanisms.

In recent years, app-delivered mindfulness programs have emerged as cost-effective, flexible alternatives to in-person courses. Although they are well-suited to the busy lifestyles of university students, current research only provides preliminary evidence for their effectiveness. For example, Huberty et al. (2019) showed that the “Calm” app reduced stress and increased mindfulness and self-compassion in highly stressed students. Another study showed promising results for online MBSR during COVID-19 (Riley et al., 2022). However, high dropout rates and small sample sizes remain persistent issues. For instance, Alrashdi et al. (2023) conducted a meta-analysis focusing on university students and found notable attrition, often due to a lack of engagement and support mechanisms. Similarly, Linardon (2023) reported weighted meta-analytic attrition rates in app-based mindfulness trials and highlighted the urgent need for improved retention strategies. Moreover, methodological shortcomings such as the lack of control groups and non-randomized designs hinder the interpretability of outcomes. Spijkerman et al. (2016) and Sommers-Spijkerman et al. (2021) emphasize these flaws and stress the need for rigorous randomized controlled trials with clear and comparable conditions.

While app-based courses offer several advantages, they also face challenges due to the lack of social interaction and direct trainer guidance, which may impact adherence and engagement. To enhance engagement and effectiveness, various strategies have been proposed, including the use of digital group meetings and immersive technologies. Winter et al. (2022) reviewed adherence-boosting methods and found that personalized reminders, guided facilitation, and community-based platforms can significantly improve retention rate. Virtual community interventions, as explored by El Morr et al. (2020), and group-facilitated sessions with VR components (Krägeloh et al., 2019), also showed promise for increasing both adherence and psychological benefits, though often in small pilot samples.

Professional guidance has been shown to improve adherence in online interventions (Musiat et al., 2022), which indicates that additional, regular (online) group meetings could facilitate the effectiveness of an app-based MBSR intervention. This could be achieved by promoting social support and collective self-efficacy, which are both key for stress reduction (Cruwys et al., 2020; Yusufov et al., 2019). In practical terms, digital group meetings may be conducted via conventional video call software (as represented in 2D, e.g., on a laptop monitor) or alternatively, within a VR environment (as represented in 3D on VR glasses). The latter offers an innovative way to enhance mindfulness by creating immersive environments and enables the user to explore computer-generated worlds that simulate real-life experiences, potentially enhancing the emotional and sensory impact of mindfulness training (Turner and Casey, 2014). Research also suggests that VR-based mindfulness may be more effective than traditional methods (Ma et al., 2023), or at least promote adherence (Modrego-Alarcón et al., 2021). More generally, VR may promote learning through enhanced motivation and engagement, especially among younger students (Jiang and Fryer, 2024; Lin et al., 2024).

The present study focuses on the 7Mind® course, an eight-week online intervention delivered via 45-minute podcasts (see Methods). While the program was certified as a MBSR prevention program by the Central Prevention Testing Center (ZPP) (course ID: KU-ST-NAKHWV) and followed an 8-week structure and incorporated guided meditations and thematic content, it should be considered an MBSR-inspired rather than a fully standardized MBSR intervention. Therefore, we call it Mindfulness-Based Intervention (MBI). For additional details, see Supplementary material. Initial research, using the same app intervention, has shown promising but mixed results (Karing, 2024). Specifically, it revealed positive effects of the 7Mind®app on several measures, including mindfulness, emotion regulation, and stress over a short, medium and long-term. However, there were no significant differences compared to other conditions (including a face-to-face mindfulness intervention alone, a combination with the app, and an active control condition).

Taken together, mindfulness-based interventions can have positive effects on mental wellbeing but the effectiveness of app-based interventions are less clear. Moreover, social interactions via digital group meetings may further promote motivation and adherence to mindfulness practices. Therefore, we hypothesize (a) that the online MBI using the 7Mind®app will have beneficial effects compared to a control group, specifically by reducing health risks and strengthening health-protective outcomes (H.1); (b) that regular group meetings will enhance the course's effectiveness (H.2); and (c) that integrating VR into group meetings will further boost effectiveness (H.3). Additionally, we pose two exploratory questions. E.1: Does mindfulness mediate the course's effects on health-related outcomes? Mindfulness has been shown to reduce stress and improve mood (Keng et al., 2012; Birnie et al., 2010). E.2: Does VR immersion intensity correlate with intervention effectiveness, as it may increase emotional engagement and adherence (Modrego-Alarcón et al., 2021)? This interventional study was conducted with psychology students from the University of Lübeck, integrated into their curriculum.

This study was not preregistered in a formal registry, but a detailed study protocol, along with ethical approval, the dataset, codebook, and R analysis code, is available on OSF: https://osf.io/zs9xe/files/osfstorage.



Method


Procedure

The study began with a preparation meeting (about 80 Min) including an information brochure and the possibility to ask questions. The investigator (A.R.) explained eligibility criteria, emphasizing voluntary participation and the option to withdraw without giving reasons. After signing consent forms, participants downloaded the 7Mind® app (7Mind®, 2024) and received instructions. Those in group meetings received organizational details, while VR participants were introduced to the Meta Quest 2 headset and Horizon Workrooms software (Meta, 2024). Loaned headsets allowed familiarization with the VR software a week before the course. Pretest data were collected, participants were randomly assigned to conditions, completed the MBI (groups: active control, AC; video call, VC; virtual reality; VR) or waited (passive control group, PC), and then took post-test measures before compensation. At the end of the investigation period, a 45-min follow-up meeting was held.

The MBI course by 7Mind® was based on the principles of mindfulness-based programs (Crane et al., 2017). It included eight 60-min audio modules on stress, mindfulness exercises, and meditation. After each session, participants received a summary handout and were instructed to practice independently. The course required weekly module completion and passing a quiz to advance (7Mind®, 2024). The MBI was accompanied by weekly online meetings in small groups of five to seven participants (i.e., 8 × 60 min) within two intervention conditions: either as 2D video call meetings (using Webex, VC group) or in a virtual 3D meeting room using VR glasses (VR group, see below). The group meetings served to structure and elaborate the 7Mind® podcasts and to facilitate experience-based group exchange. The course instructor (A.R.) was psychologist by training (M.Sc.) and had teaching experiences with university students.

Participants were randomly assigned to one of four conditions. However, minor irregularities in randomization could not be avoided for organizational reasons (see SM1 in Supplementary material for details). The passive control group (PC) only completed pre- and post-test assessments (n = 32). The active control group (AC) completed the MBI (n = 35), but without weekly group meetings. Two additional groups supplemented the MBI with weekly online meetings as described above. Specifically, the video call group met via a 2D video platform (VC, n = 31), while the VR group used Meta Quest 2 VR glasses to meet in a 3D environment on Horizon Workrooms (VR, n = 29), featuring a virtual landscape with avatars around a table (for demonstration see SF1 in Supplementary material). Apart from this, the group meetings were held in the same way in both intervention groups. A flowchart of the study design is shown in Figure 1.
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FIGURE 1
 Flowchart of study design. PSQ-30/PSQ-20, perceived stress questionnaire (30 or 20 items version); PSS-10, perceived stress scale; BSCL, brief symptom checklist; UCLA-D, German UCLA loneliness scale; SCS-D, German self-compassion scale; RS-13, resilience; SWE, general self-efficacy scale; SWLS, satisfaction with life scale; FMI, Freiburg mindfulness inventory; MPS, multimodal presence scale; RCT, randomized control trial; PC, passive control; AC, active control; VC, video call; VR, virtual reality.




Participants

Participants were recruited via the Online Recruitment System for Economic Experiments (ORSEE) (Greiner, 2015), and gave written informed consent in accordance with the Declaration of Helsinki before taking part. The study was approved by the local ethics committee (University of Lübeck). All participants confirmed that they were students at the University of Lübeck, of legal age and in good health (i.e., no former or current mental or physical illnesses such as anxiety disorders or cardiovascular problems), consumed alcohol and nicotine only in moderation, had a good sense of balance and were physically healthy, and that they were currently not taking any prescription medication (except birth control pill). A total of 130 participants were recruited via email. Two participants withdrew from the study due to time constraints. One participant was excluded due to missings across all measurements. The final sample with minimal missing data and three dropouts at second measurement point (see Supplementary material) contained a total of 127 students participated (105 female, 21 male, 1 unspecified), with a mean age of 24.06 years (SD = 5.02, range = 18–52). Of these, 72 were psychology students, and 33 had a Bachelor's degree, averaging 4.21 semesters of study (SD = 2.63).

Nineteen subjects demonstrated elevated levels of mental stress, identified by the Brief Symptom Checklist (BSCL, see below) pretest scores (T ≥ 63 indicating high-risk subjects; Franke et al., 2015). However, we did not remove these participants from the final sample, assuming these were acceptable variations within the normal range. In the intervention groups (n = 88), 26 reported prior VR experience, though none owned a headset. Participants chose either €100 or €75 plus five hours of course credits as compensation. Additionally, all subjects had 12 months of free access to the 7Mind® app (7Mind®, 2024); the PC group received access only after the end of their study participation.



Instruments

We report all collected variables, including those not analyzed, in accordance with JARS guidelines (Appelbaum et al., 2018). While not part of the main analyses, additional self-generated variables were assessed to evaluate participants' experiences in the MBI groups (AC/VC/VR) and included open-ended responses (e.g., perceived usefulness or potential barriers of the VR glasses). Free-text responses are summarized in the Supplementary material. The Supplementary material and OSF material provides additional methodological details, sample characteristics, and supplementary analyses. These materials enhance transparency and allow for replication.

All measures contained self-reported Likert scales. Unless otherwise specified, mean values were calculated for all scales. Cronbach's alpha was used to assess internal consistency; for pre- and post-test measurements, separate alpha values were reported.


Perceived stress (PSQ/PSS-10)

Perceived stress was operationalized using several scales (PSQ-30, PSQ-20, and PSS) for two reasons. Firstly, these instruments capture different aspects of the stress experience (experience of external stressors vs. perceived coping resources) and, secondly, the construct validity of these scales is still discussed in light of chronic stress (Schmidt et al., 2020). The original Perceived Stress Questionnaire contains 30 items (Levenstein et al., 1993) and is available in two German-language versions (Fliege et al., 2009): as both the PSQ-30 (αs = 0.94/0.95) and a short version (PSQ-20; αs = 0.92/0.93). The PSQ-20 consists of four subscales: tension (αs = 0.82/0.83), demands (αs = 0.81/0.82), joy (reverse-coded; αs = 0.80/0.82) and worries (αs = 0.84/0.86). Example item: “You have too many things to do.” The 10-item Perceived Stress Scale (PSS-10; Schneider et al., 2020) is an economic alternative to assess perceived stress and based on appraisals of own coping resources (αs = 0.82/0.82). PSS-10 subscales included helplessness (αs = 0.81/0.86) and self-efficacy (reverse-coded; αs = 0.76/0.67). Example item: “In the last month, how often have you been able to control irritations in your life?”



Stress symptoms (BSCL)

The Brief Symptom Checklist (BSCL; Franke, 2017), a 53-item scales, assessed general stress symptoms (αs = 0.96/0.95) with ten subscales: aggressiveness/hostility (αs = 0.71/0.71), anxiety (αs = 0.82/0.72), depression (αs = 0.86/0.83), paranoia (αs = 0.73/0.80), phobia (αs = 0.80/0.80), psychoticism (αs = 0.83/0.67), somatization (αs = 0.78/0.71), insecurity in social contacts (αs = 0.76/0.76), compulsivity (αs = 0.84/0.80), and an unspecified additional scale (αs = 0.70/0.70). Example item: “I feel anxious.” A cut-off value by T ≥ 63 indicates high-risk subjects (Franke et al., 2015).



Loneliness (UCLA-D)

Loneliness was measured using the 20-item German UCLA Loneliness Scale (UCLA-D; Döring and Bortz, 1993), with excellent reliability (αs = 0.92/0.93). Subscales included emotional isolation (αs = 0.86/0.84), feelings of loneliness (αs = 0.82/0.86), and social isolation (αs = 0.76/0.78). Example item: “I have no one I can turn to.”



Self-compassion (SCS-D)

Self-compassion was measured using the 12-item German Self-Compassion Scale (SCS-D; Hupfeld and Ruffieux, 2011), with excellent overall reliability (αs = 0.91/0.90) and six subscales: self-kindness (αs = 0.72/0.69), self-judgment (αs = 0.88/0.86), common humanity (αs = 0.60/0.61), isolation(αs = 0.61/0.67), mindfulness (αs = 0.64/0.62), and over-identification (αs = 0.68/0.68). Example item: “I disapprove of and condemn my own mistakes and weaknesses.”



Resilience (RS-13)

The 13-item RS-13 scale (Leppert et al., 2008) assessed resilience with strong reliability (αs = 0.87/0.87). Example item: “I am determined.”



Self-efficacy (SWE)

Self-efficacy was measured using the General Self-Efficacy Scale (SWE; Schwarzer and Jerusalem, 2003), showing high reliability (αs = 0.87/0.89). Example item: “It is not difficult for me to realize my intentions and goals.”



Life satisfaction (SWLS)

Life satisfaction was assessed using the 5-item Satisfaction with Life Scale (SWLS; Janke and Glöckner-Rist, 2014), with solid reliability (αs = 0.82/0.89). Example item: “I am satisfied with my life.”



Mindfulness (FMI)

Mindfulness was assessed with the 14-item Freiburg Mindfulness Inventory (FMI; Walach et al., 2006; αs = 0.84/0.81) only in the MBI conditions (AC/VC/VR). Example item: “I am open to the experience of the present moment.”



VR immersion (MPS)

The VR immersion was measured with the 15-item Multimodal Presence Scale (MPS; Volkmann et al., 2018) only in the VR condition (α = 0.85), including subscales for physical presence (α = 0.81), self-presence (α = 0.92), and social presence (α = 0.85). Example item: “The virtual environment seemed real to me.”




Data analysis

With respect to BSCL, several outliers were identified based on QQ normality plots. Therefore, we used an alternative operationalization based on a “tendency toward stress” approach (counting items > 0; see Franke, 2017). This adjustment reduced outliers in QQ plots, mitigating severe violations of parametric assumptions and allowing us to avoid removing data points. Missing data were minimal and handled by mean imputation at the item level within each scale, consistent with recommendations for handling small proportions of MCAR data (Tabachnick and Fidell, 2019).

For hypothesis testing, we used Linear Mixed Models (LMM) and Ordinary Least Squares (OLS) regression models, reporting unstandardized regression coefficients (b), standard errors (SE), p-values, and effect sizes (R2 as well as Cohen's d for mean differences). Given only minor deviations from normality, we relied on parametric significance estimates for hypothesis testing. To assess robustness, we also computed bias-corrected and accelerated (BCa) bootstrap confidence intervals (95% CI, 5,000 samples) for (fixed) effects (LMM/OLS). Furthermore, we calculated parametric bootstrap confidence intervals (95% CI, 5,000 samples) for random effects (LMM). We report only the BCa confidence intervals as an additional robustness check, even in cases where these intervals may include zero. Data were analyzed using R, version 4.2.2 (R Core Team, 2022), with lme4 (Bates et al., 2015) for mixed-effects modeling, ggplot2 (Wickham et al., 2016) for visualization, mediation (Tingley et al., 2014) for conducting mediational analyses, pwr (Champely et al., 2020) and simr (Green and MacLeod, 2016) packages for a post-hoc power and sensitivity analyses.



Post-hoc power and sensitivity analysis

A post-hoc sensitivity analysis assessed the model's power to detect the strongest observed interaction effect (PC vs. AC/VC/VR × time on self-compassion: self-kindness) using pwr package. For the obtained effect size of b = 0.10 [f2 = 0.071; representing a small-to-moderate effect size according to Cohen's (1988) guidelines] with df = 126 and α = 0.05, the analysis yielded a power of 1 – β = 0.85, indicating sufficient sensitivity for detecting the hypothesized interaction (see Subscale's Analyses). In addition, to evaluate the sensitivity of the model testing, a simulation-based power analysis was conducted using simr package. Based on the same model (PC vs. AC/VC/VR × time on self-compassion: self-kindness) with 251 observations, the minimum detectable effect size (MDES) was estimated. With 2,000 simulations at α = 0.05, the model achieved 81.05% power (95% CI: [79.26%; 82.75%]) to detect an effect estimate of the interaction term PC vs. AC/VC/VR × time of b = 0.10. Thus, the analysis confirms that the empirical effect was detected with sufficient statistical power.




Results


Preliminary analyses: independence checks and intercorrelations

To test if baseline characteristics (e.g., sociodemographic and pretest scores) were independent of intervention conditions, χ2 tests, ANalyses Of VAriance (ANOVAs), and Ordinary Least Squares (OLS) regressions were conducted. χ2 tests showed independence for gender [χ2(3) = 1.603, p = 0.659], study program [χ2(3) = 0.885, p = 0.829], study degree [χ2(3) = 3.481, p = 0.323], and VR experience [χ2(2) = 4.497, p = 0.106]. ANOVAs showed no significant differences by condition for age [F(3, 123) = 1.261, p = 0.291] and semester [F(3, 121) = 0.157, p = 0.925]. OLS regressions for pretest scores indicated overall minor dependencies for BSCL subscale depression [F(3, 121) = 3.136, p = 0.028], but no systematic differences (all ps ≥ 0.05) for remaining outcomes. Minor trends emerged for loneliness and life satisfaction (0.05 ≥ps < 0.10). High-risk subjects (derived from BSCL: T ≥ 63; Franke et al., 2015), were evenly distributed across conditions [χ2(3) = 2.499, p = 0.518]. Thus, baseline characteristics were considered sufficiently independent of intervention conditions. Additionally, the dependent variables showed the expected pattern of intercorrelations. For details refer to ST1 (Supplementary material).



Analysis procedure

To test our hypotheses, hierarchical Linear Mixed Models (LMM) were conducted with subjects as random intercepts. Model 1 included intercepts only, while Model 2 added time (pretest vs. post-test, coded 0/1), and Model 3 included three orthogonal Helmert contrasts for intervention conditions: (1) PC vs. AC/VC/VR (PC: −3, others: 1); (2) AC vs. VC/VR (AC: −2, others: 1); and (3) VC vs. VR (VC: −1, VR: 1). These unscaled contrasts reflect the stepwise structure of the intervention manipulation. Coefficients are based on raw contrast weights; hypothesis tests remain unaffected by contrast scaling (Cohen et al., 2013). The last saturated Model 4 included the three interaction terms [time × contrast (1), time × contrast (2), and time × contrast (3)] for testing the hypotheses H.1, H.2, and H.3. For model comparison, χ2-Tests were conducted for testing incremental increases in variance explanation.



Overall changes by time

Analyses began with overall scales and proceeded to subscales. The intercept-only model (Model 1) showed substantial within-person variability across measures (ICC range: 0.30–0.82). Main effects by time in Model 2 (pre- vs. post-test) showed reductions in perceived stress [PSS-10: b = −0.17, SE = 0.04, 95% Boot CI = (−0.274; −0.058), Boot SE = 0.06, d = −0.33, p < 0.001] and increases in self-compassion [b = 0.17, SE = 0.04, 95% Boot CI = (0.069; 0.275), Boot SE = 0.05, d = 0.37, p < 0.001], self-efficacy [b = 0.09, SE = 0.03, 95% Boot CI = (0.024; 0.166), Boot SE = 0.04, d = 0.28, p = 0.002], and life satisfaction [b = 0.25, SE = 0.06, 95% Boot CI = (0.107; 0.395), Boot SE = 0.07, d = 0.39, p < 0.001]. Subscale time effects yielded reductions in stress [e.g., helplessness: b = −0.17, SE = 0.05, 95% Boot CI = (−0.301; −0.046), Boot SE = 0.06, d = −0.29, p = 0.001] and loneliness [social isolation: b = −0.10, SE = 0.04, 95% Boot CI = (−0.187; −0.003), Boot SE = 0.05, d = −0.23, p = 0.011] and increases in self-compassion subscales [e.g., self-kindness: b = 0.16, SE = 0.06, 95% Boot CI = (0.016; 0.307), Boot SE = 0.08, d = 0.23, p = 0.011; isolation: b = 0.18, SE = 0.07, 95% Boot CI = (0.014; 0.340), Boot SE = 0.08, d = 0.24, p = 0.007]. Trends were observed for reduction in perceived stress [PSQ-20: b = −0.02, SE = 0.01, 95% Boot CI = (−0.053; 0.011), Boot SE = 0.01, d = −0.15, p = 0.096; demands: b = −0.03, SE = 0.02, 95% Boot CI = (−0.072; 0.010), Boot SE = 0.02, d = −0.17, p = 0.057]. The following models (Model 3) were build up as incremental references for the last models (Model 4) testing the hypotheses at once.



Hypothesis testing
 
Overall scales' level

In the fourth models, perceived stress (PSS-10) yielded a significant incremental variance explanation [χ2(3) = 7.83, p = 0.050] with a trend for PC vs. AC/VC/VR × time [b = −0.04, SE = 0.02, 95% Boot CI = (−0.102; 0.014), Boot SE = 0.03, p = 0.081], qualified by a non-significant mean difference with lower means at post-test in the MBI conditions compared to PC (ΔM = −0.45, SE = 0.37, d = −0.18, p = 0.223) but a significant decrease within AC (ΔM = −0.31, SE = 0.14, d = −0.16, p = 0.033). Further trends were observed for PC vs. AC/VC/VR × time [loneliness: b = −0.03, SE = 0.02, 95% Boot CI = (−0.074; 0.010), Boot SE = 0.02, p = 0.072, χ2(3) = 3.89, p = 0.274 and self-compassion: b = 0.04, SE = 0.02, 95% Boot CI = (−0.010; 0.098), Boot SE = 0.03, p = 0.069, χ2(3) = 3.78, p = 0.286]. Loneliness decreased significantly in MBI conditions vs. PC (ΔM = −0.88, SE = 0.32, d = −0.44, p = 0.006). Self-compassion at post-test tended to be higher in MBI conditions (AC/VC/VR) than in PC, though not significantly (ΔM = 0.18, SE = 0.45, d = 0.06, p = 0.684). Taken together, these trends and significant effects (especially for loneliness) were in line with H.1. The remaining interaction terms were non-significant (ps ≥ 0.10).



Subscales' level

The stress subscale demands [PSQ-20] had a significant interaction for PC vs. AC/VC/VR × time [b = −0.02, SE = 0.01, 95% Boot CI = (−0.042; 0.004), Boot SE = 0.01, p = 0.047, χ2(3) = 5.66, p = 0.129] with both non-significant lower post-test means in MBI conditions vs. PC (ΔM = −0.05, SE = 0.14, d = −0. 05, p = 0.711) and decreases within the MBI conditions (ΔM = −0.05, SE = 0.10, d = −0.04, p = 0.596). The perceived stress [PSS-10] subscale self-efficacy yielded a significant interaction for PC vs. AC/VC/VR × time [b = −0.06, SE = 0.03, 95% Boot CI = (−0.117; 0.005), Boot SE = 0.03, p = 0.035, χ2(3) = 6.10, p = 0.107] with trends indicating lower post-test means in MBI conditions vs. PC (ΔM = −0.62, SE = 0.36, d = −0.25, p = 0.088) and a decrease within VR condition (ΔM = −0.30, SE = 0.15, d = −0.14, p = 0.051); see Table 1 and Figure 2. AC vs. VC/VR × time was significant for helplessness subscale [PSS-10] [b = 0.09, SE = 0.04, 95% Boot CI = (−0.018; 0.188), Boot SE = 0.05, p = 0.041, χ2(3) = 7.57, p = 0.056], with a non-significant post-test difference, yet favoring AC (ΔM = 0.45, SE = 0.29, d = 0.23, p = 0.119); in addition, a significant decrease within AC condition was observed (ΔM = −0.38, SE = 0.16, d = −0.17, p = 0.022). Social isolation in MBI was significantly lower vs. PC at post-test [b = −0.05, SE = 0.02, 95% Boot CI = (−0.100; 0.007), Boot SE = 0.03, p = 0.031, χ2(3) = 4.84, p = 0.184; ΔM = −1.06, SE = 0.36, d = −0.45, p = 0.004; see Table 2 and Figure 3]. Finally, a significant interaction for PC vs. AC/VC/VR × time was found for the self-kindness subscale of self-compassion with a significant incremental variance explanation [b = 0.11, SE = 0.04, 95% Boot CI = (0.003; 0.215), Boot SE = 0.05, p = 0.003, χ2(3) = 10.08, p = 0.018], but the post-test difference between MBI conditions and PC was not significant (ΔM = 0.71, SE = 0.52, d = 0.20, p = 0.172). However, within the VC condition, there was an increasing trend (ΔM = 0.38, SE = 0.21, d = 0.13, p = 0.079); see Table 3 and Figure 4. Further trends (0.05 ≤ ps < 0.10) were observed for stress symptoms (unspecified subscale), and two self-compassion scales (common humanity and over-identification), see ST2 (Supplementary material).

TABLE 1 Results of hierarchical linear mixed models, dependent variable (DV): stress experience [PSS-10] (subscale: self-efficacy).


	
	Model 1:
 intercept only
	Model 2:
 time
	Model 3:
 orthogonal contrasts
	Model 4:
 time × orthogonal contrasts



	eb
	eSE
	p
	eb
	eSE
	p
	eb
	eSE
	p
	eb
	eSE
	p





	(Intercept)
	2.37***[2.321; 2.426]
	0.05 [0.03]
	< 0.001
	2.45***[2.375; 2.527]
	0.05 [0.04]
	< 0.001
	2.45***[2.374; 2.531]
	0.05 [0.04]
	< 0.001
	2.45***[2.375; 2.531]
	0.05 [0.04]
	< 0.001



	Time
	
	
	
	−0.15**[−0.187; −0.003]
	0.05 [0.06]
	0.001
	−0.15**[−0.270; −0.046]
	0.05 [0.06]
	0.001
	−0.15**[−0.269; −0.042]
	0.05 [0.06]
	0.001



	PC vs. AC/VC/VR
	
	
	
	
	
	
	0.03 [−0.056; 0.011]
	0.03 [0.02]
	0.381
	0.004 [−0.038; 0.045]
	0.03 [0.02]
	0.887



	AC vs. VC/VR
	
	
	
	
	
	
	0.04 [−0.018; 0.062]
	0.02 [0.02]
	0.555
	0.02 [−0.035; 0.088]
	0.02 [0.02]
	0.565



	VC vs. VR
	
	
	
	
	
	
	0.07 [−0.039; 0.113]
	0.07 [0.04]
	0.564
	0.08 [−0.039; 0.113]
	0.07 [0.06]
	0.268



	aTime ×bPC vs. AC/VC/VR
	
	
	
	
	
	
	
	
	
	−0.06* [−0.117; 0.005]
	0.03 [0.03]
	0.035



	aTime x cAC vs. VC/VR
	
	
	
	
	
	
	
	
	
	−0.003 [−0.093; 0.086]
	0.04 [0.05]
	0.934



	aTime x dVC vs. VR
	
	
	
	
	
	
	
	
	
	−0.089 [−0.265; 0.076]
	0.07 [0.09]
	0.183



	Random effects [95% fBoot CI]



	σ2 (Residual)
	0.15
	0.14
	0.14
	0.13



	
	[0.112; 0.184]
	[0.103; 0.172]
	[0.104; 0.172]
	[0.103; 0.165]



	τ00 (Person)
	0.20
	0.20
	0.20
	0.20



	
	[0.128; 0.268]
	[0.135; 0.271]
	[0.138; 0.272]
	[0.140; 0.276]



	Model summaries



	AIC/BIC
	401.65/412.22
	393.38/407.48
	397.89/422.57
	397.79/433.05



	Δχ2(df)
	–
	10.28** (1)
	1.49 (3)
	6.10 (3)



	Marginal /Conditional R2
	0.000/0.570
	0.017/0.602
	0.026/0.603
	0.036/0.623



aPre-test vs. Post-test; interaction terms (time × orthogonal contrasts) corresponding to hypotheses: bH1; cH2; dH3; ein brackets: non-parametric bias-corrected (BCa) bootstrapped confidence intervals (5,000 samples; bold: CI does not include zero); fin brackets: parametric bootstrapped confidence intervals (5,000 samples); N = 127; Nobservations = 251; ICC = 0.57; bold (p < 0.10); *p < 0.05, **p < 0.01, ***p < 0.001.

PC, passive control; AC, active control; VC, video call; VR, virtual reality.




[image: Bar chart showing stress experience (PSS-10 Subscale: Self-Efficacy) for four groups: PC, AC, VC, and VR, before (Pre) and after (Post) interventions. Bars are in blue (Pre) and red (Post) with error bars. The VR group's post-intervention shows a significant difference indicated by brackets and symbols above the bars.]
FIGURE 2
 Estimated Means of Stress Experience [PSS-10] (Subscale: Self-Efficacy) with 95% confidence intervals; brackets indicate post-hoc mean differences †p < 0.10. PC, passive control; AC, active control; VC, video call; VR, virtual reality.


TABLE 2 Results of hierarchical linear mixed models, DV: loneliness (subscale: social isolation).


	
	Model 1:
 intercept only
	Model 2:
 time
	Model 3:
 orthogonal contrasts
	Model 4:
time × orthogonal contrasts



	eb
	eSE
	p
	eb
	eSE
	p
	eb
	eSE
	p
	eb
	eSE
	p





	(Intercept)
	1.99***[1.936; 2.034]
	0.05 [0.03]
	< 0.001
	2.03***[1.962; 2.099]
	0.05 [0.03]
	< 0.001
	2.03***[1.962; 2.096]
	0.05 [0.03]
	< 0.001
	2.03***[1.963; 2.098]
	0.05 [0.03]
	< 0.001



	Time
	
	
	
	−0.10*[−0.187; −0.003]
	0.04 [0.05]
	0.010
	−0.10**[−0.192; −0.004]
	0.04 [0.05]
	0.011
	−0.10**[−0.193; −0.009]
	0.04 [0.05]
	0.009



	PC vs. AC/VC/VR
	
	
	
	
	
	
	−0.06*[−0.092; −0.033]
	0.03 [0.02]
	0.020
	−0.04 [−0.080; −0.002]
	0.03 [0.02]
	0.158



	AC vs. VC/VR
	
	
	
	
	
	
	0.01 [−0.029; 0.046]
	0.04 [0.02]
	0.838
	0.01 [−0.036; 0.068]
	0.04 [0.03]
	0.720



	VC vs. VR
	
	
	
	
	
	
	−0.09 [−0.156; −0.016]
	0.07 [0.04]
	0.206
	−0.09 [−0.189; 0.016]
	0.07 [0.05]
	0.245



	aTime ×bPC vs. AC/VC/VR
	
	
	
	
	
	
	
	
	
	−0.05* [−0.100; 0.007]
	0.02 [0.03]
	0.030



	aTime ×cAC vs. VC/VR
	
	
	
	
	
	
	
	
	
	−0.01 [−0.089; 0.060]
	0.03 [0.04]
	0.645



	aTime ×dVC vs. VR
	
	
	
	
	
	
	
	
	
	−0.002 [−0.144; 0.137]
	0.05 [0.07]
	0.965



	Random effects [95% fBoot CI]



	σ2 (Residual)
	0.09
	0.09
	0.09
	0.08



	
	[0.070; 0.116]
	[0.067; 0.111]
	[0.067; 0.110]
	[0.066; 0.108]



	τ00 (Person)
	0.25
	0.25
	0.24
	0.24



	
	[0.180; 0.329]
	[0.183; 0.330]
	[0.178; 0.316]
	[0.178; 0.318]



	Model summaries



	AIC/BIC
	356.56/367.14
	352.03/366.13
	351.05/375.73
	352.21/387.46



	Δχ2(df)
	–
	10.28** (1)
	6.98†(3)
	4.84 (3)



	Marginal /conditional R2
	0.000/0.731
	0.007/0.745
	0.054/0.745
	0.059/0.755



aPre-test vs. Post-test; interaction terms (time × orthogonal contrasts) corresponding to hypotheses: bH1; cH2; dH3; ein brackets: non-parametric bias-corrected (BCa) bootstrapped confidence intervals (5,000 samples; bold: CI does not include zero); fin brackets: parametric bootstrapped confidence intervals (5,000 samples); N = 127; Nobservations = 251; ICC = 0.73; bold (p < 0.10); †p < 0.10, *p < 0.05, **p < 0.01, ***p < 0.001.

PC, passive control; AC, active control; VC, video call; VR, virtual reality; SE, standard error.




[image: Bar chart showing loneliness (subscale: social isolation) scores for pre and post conditions across four categories: PC, AC, VC, and VR. Each category has two bars: a blue bar for pre and a red bar for post condition. Error bars indicate variability. An asterisk marks significant difference above PC group.]
FIGURE 3
 Estimated means of loneliness (Subscale: Social Isolation) with 95% confidence intervals; brackets indicate post-hoc mean differences **p < 0.01. PC, passive control; AC, active control; VC, video call; VR, virtual reality.


TABLE 3 Results of hierarchical linear mixed models, DV: self-compassion (subscale: self-kindness).


	
	Model 1:
 intercept only
	Model 2:
 time
	Model 3:
 orthogonal contrasts
	Model 4:
 time × orthogonal contrasts



	eb
	eSE
	p
	eb
	eSE
	p
	eb
	eSE
	p
	eb
	eSE
	p





	(Intercept)
	3.27***[3.200; 3.347]
	0.07 [0.04]
	< 0.001
	3.19***[3.092; 3.299]
	0.07 [0.05]
	< 0.001
	3.20***[3.090; 3.310]
	0.07 [0.06]
	< 0.001
	3.19***[3.086; 3.308]
	0.07 [0.06]
	< 0.001



	Time
	
	
	
	0.16*[0.016; 0.307]
	0.06 [0.08]
	0.011
	0.16* [−0.003; 0.315]
	0.06 [0.08]
	0.011
	0.17**[0.006; 0.319]
	0.06 [0.08]
	0.007



	PC vs. AC/VC/VR
	
	
	
	
	
	
	0.01 [−0.043; 0.052]
	0.04 [0.02]
	0.880
	−0.05 [−0.115; 0.026]
	0.04 [0.04]
	0.287



	AC vs. VC/VR
	
	
	
	
	
	
	0.02 [−0.029; 0.076]
	0.05 [0.03]
	0.671
	−0.01 [−0.083; 0.071]
	0.06 [0.04]
	0.934



	VC vs. VR
	
	
	
	
	
	
	0.07 [−0.039; 0.113]
	0.10 [0.05]
	0.955
	0.03 [−0.123; 0.178]
	0.11 [0.08]
	0.781



	aTime ×bPC vs. AC/VC/VR
	
	
	
	
	
	
	
	
	
	0.11**[0.003; 0.215]
	0.04 [0.03]
	0.003



	aTime x cAC vs. VC/VR
	
	
	
	
	
	
	
	
	
	0.06 [−0.042; 0.159]
	0.05 [0.05]
	0.246



	aTime x dVC vs. VR
	
	
	
	
	
	
	
	
	
	−0.052 [−0.247; 0.163]
	0.09 [0.10]
	0.557



	Random effects [95% fBoot CI]



	σ2 (Residual)
	0.26
	0.25
	0.25
	0.23



	
	[0.195; 0.324]
	[0.187; 0.309]
	[0.187; 0.310]
	[0.178; 0.291]



	τ00 (Person)
	0.44
	0.45
	0.45
	0.46



	
	[0.303; 0.589]
	[0.304; 0.597]
	[0.321; 0.608]
	[0.330; 0.613]



	Model summaries



	AIC/BIC
	566.55/577.12
	562.04/576.14
	567.84/592.52
	563.77/599.02



	Δχ2(df)
	–
	6.50* (1)
	0.20 (3)
	10.08* (3)



	Marginal /conditional R2
	0.000/0.629
	0.009/0.648
	0.011/0.648
	0.025/0.676



aPre-test vs. Post-test; interaction terms (time × orthogonal contrasts) corresponding to hypotheses: bH1; cH2; dH3; ein brackets: non-parametric bias-corrected (BCa) bootstrapped confidence intervals (5,000 samples; bold: CI does not include zero); fin brackets: parametric bootstrapped confidence intervals (5,000 samples); N = 127; Nobservations = 251; ICC = 0.63; bold (p < 0.10); *p < 0.05, **p < 0.01, ***p < 0.001.

PC, passive control; AC, active control; VC, video call; VR, virtual reality; SE, standard error.




[image: Bar chart comparing self-compassion subscale scores of self-kindness pre- and post- intervention across four groups: PC, AC, VC, and VR. Each group is shown with blue (pre) and red (post) bars, with error bars and scattered data points. A significant difference is noted between post scores of VC and VR groups.]
FIGURE 4
 Estimated means of self-compassion (subscale: self-kindness) with 95% confidence intervals; brackets indicate post-hoc mean differences †p < 0.10. PC, passive control; AC, active control; VC, video call; VR, virtual reality.


In summary, hypothesis H.1 (i.e., a beneficial effect of the MBI) was supported (especially for subscales of stress experience, loneliness, and self-compassion, see Tables 1–3), while hypotheses H.2 (i.e., enhancing effects of regular group meetings) and H.3 (i.e., boosting effects of VR group meetings) could be rejected. For analysis details see ST2 (Supplementary material).




Exploratory analyses
 
Mediation by mindfulness

To explore E.1 (i.e., a mediating effect of mindfulness), only the three intervention groups (AC/VC/VR) were analyzed, omitting PC. First, we tested the direct effect of the orthogonal contrasts on mindfulness following the procedure above. Mindfulness increased significantly across all MBI conditions [b = 0.37, 95% Boot CI = (0.282; 0.449), SE = 0.04, Boot SE = 0.04, d = 1.04, p < 0.001], with a significant AC vs. VC/VR × time interaction [b = 0.05, SE = 0.02, 95% Boot CI = (−0.004; 0.106), Boot SE = 0.03, p = 0.038]. Although no significant post-test difference was observed (ΔM = 0.25, SE = 0.17, d = 0.25, p = 0.130), within-subject mindfulness increased slightly more in VC/VR (ΔM = 0.42, SE = 0.14, d = 0.25, p = 0.003) than in AC (ΔM = 0.27, SE = 0.09, d = 0.24, p = 0.004); see Figure 5. However, no interaction was found for VC vs. VR × time [b = 0.02, SE = 0.04, 95% Boot CI = (−0.101; 0.147), Boot SE = 0.06, p = 0.696].


[image: Bar chart showing mindfulness levels pre and post intervention across three groups: AC, VC, and VR. Each group shows significant increases from pre (blue) to post (red) intervention, with asterisks indicating statistical significance levels: double asterisks for AC, triple for VC and VR. Individual data points are overlaid.]
FIGURE 5
 Estimated means of mindfulness with 95% confidence intervals; brackets indicate post-hoc mean differences **p < 0.01, ***p < 0.001. PC, passive control; AC, active control; VC, video call; VR, virtual reality.


To test mindfulness as a mediator (i.e., individual changes in mindfulness through the MBI), we used Baron and Kenny's (1986) approach, checking for direct and indirect effects, with OLS regressions controlling for pre-test scores. Mediation was assessed using the bootstrap method with 10,000 samples (Preacher and Hayes, 2004). Mediation was considered significant if the 95% CI excluded zero.

In Model 1 (R2 = 0.45), VC/VR vs. AC did not yield a significant association with stress experience (PSQ-30) measured at post-test level [b = 0.01, SE = 0.01, 95% Boot CI = (−0.008; 0.025), Boot SE = 0.01, p = 0.308]. Model 2 (R2 = 0.42) showed that (post-test) mindfulness was higher in VC/VR than in AC [b = 0.05, SE = 0.02, 95% Boot CI = (0.014; 0.083), Boot SE = 0.02, p = 0.016]. In Model 3 (R2 = 0.54), (post-test) mindfulness was negatively associated with stress experience [b = −0.19, SE = 0.04, 95% Boot CI = (−0.278; −0.109), Boot SE = 0.04, p < 0.001], significantly improving the model fit [ΔR2 = 0.10, ΔF(1, 87) = 18.82, p < 0.001]; in addition, (post-test) stress experience was higher in VC/VR than in AC [b = 0.02, SE = 0.01, 95% Boot CI = (0.002; 0.033), Boot SE = 0.01, p = 0.031]. However, VC vs. VR conditions did not show any associations neither with stress experience nor with mindfulness (ps ≥ 0.730); see Table 4 for inspecting coefficients.

TABLE 4 Results of OLS regressions—mediation by mindfulness (outcome: stress experience [PSQ-30]) controlled for pre-test levels.


	
	Model 1:
 stress experience
	Model 2:
 mindfulness
	Model 3:
 stress experience (mediated)



	cb
	cSE
	p
	cb
	cSE
	p
	cb
	cSE
	p





	(Intercept)
	0.09 [−0.086; 0.299]
	0.10 [0.10]
	0.352
	1.70***[1.277; 2.123]
	0.22 [0.21]
	< 0.001
	0.42**[0.185; 0.651]
	0.12 [0.12]
	< 0.001



	Mindfulness [pre-test]
	0.001 [−0.063; 0.061]
	0.03 [0.03]
	0.970
	0.48***[0.346; 0.624]
	0.07 [0.07]
	< 0.001
	0.09*[0.023; 0.163]
	0.04 [0.04]
	0.012



	Stress experience [pre-test]
	0.64***[0.451; 0.833]
	0.09 [0.10]
	< 0.001
	−0.04 [−0.510; 0.367]
	0.19 [0.23]
	0.815
	0.63***[0.461; 0.801]
	0.08 [0.09]
	< 0.001



	aAC vs. VC/VR
	0.01 [−0.008; 0.025]
	0.01 [0.01]
	0.308
	0.05*[0.014; 0.083]
	0.02 [0.0.02]
	0.016
	0.02*[0.002; 0.033]
	0.01 [0.0.01]
	0.031



	bVC vs. VR
	−0.003 [−0.037; 0.029]
	0.02 [0.02]
	0.845
	−0.01 [−0.077; 0.072]
	0.03 [0.04]
	0.778
	−0.01 [−0.035; 0.024]
	0.01 [0.01]
	0.730



	Mindfulness [post-test]
	
	
	
	
	
	
	−0.19***[−0.278; −0.109]
	0.04 [0.04]
	< 0.001



	Model summaries



	R2
	0.439***
	0.418***
	0.539***



	ΔR2
 (Model 1 vs. Model 3)
	–
	–
	0.100***



	Mediation effects



	aACME
 [95% cBoot CI]
	−0.028**
 [−0.055, −0.01]



	bADE
 [95% cBoot CI]
	0.054*
 [0.005; 0.10]




aAverage Conditional Mediation Effect (ACME; indirect effect); bAverage Direct Effect (ADE); cin brackets: non-parametric bias-corrected (BCa) bootstrapped confidence intervals (5,000 samples; bold: CI does not include zero); N = 93; bold (p < 0.10); *p < 0.05, **p < 0.01, ***p < 0.001.

AC, active control; VC, video call; VR, virtual reality; SE, standard error.



The indirect effect of (post-test) mindfulness (i.e., average causal mediation effects, ACME) on (post-test) stress experience for the path AC vs. VC/VR → mindfulness → stress experiecne was significant [b = −0.03, 95% Boot CI = (−0.055, −0.01), p = 0.012], with a suppressor effect that partially masked the direct effect (i.e., average direct effect, ADE), which became significant in the final model [b = 0.05, 95% Boot CI = (0.007, 0.10), p = 0.027]; see mediational path in Figure 6. However, the ACME for the path including contrast VC vs. VR was not significant [b = 0.004, 95% Boot CI = (−0.027, 0.03), p = 0.81]. Thus, mindfulness mediated but also counteracted the group condition's direct effect on stress. Mediation effects occurred for several remaining outcomes with a similar pattern, yet only regarding the AC vs. VC/VR contrast, especially for the stress scales, self-compassion and self-efficacy, see ST3 (Supplementary material).


[image: Diagram showing a mediation model with three variables: Orthogonal Contrast (AC vs. VC/VR), Mindfulness, and Stress Experience (PSQ-30). Arrows indicate effects: Orthogonal Contrast to Mindfulness (b = 0.05, SE = 0.02), Mindfulness to Stress Experience (b = -0.19, SE = 0.04), and Orthogonal Contrast directly to Stress Experience (b = 0.01, SE = 0.01). The average conditional mediation effect (ACME) is -0.028 with a confidence interval of [-0.055, -0.01], and the average direct effect (ADE) is 0.054 with a confidence interval of [0.006, 0.10].]
FIGURE 6
 Mediational by mindfulness (outcome: stress experience [PSQ-30]) controlled for pre-test levels. bold (p < 0.10): *p < 0.05, **p < 0.01, ***p < 0.001. AC, active control; VC, video call; VR, virtual reality; PSQ, perceived stress questionnaire; ACME, average causal mediation effects; ADE, average direct effect; CI, confidence interval; SE, standard error.




Relationships between VR immersion and outcomes

To explore E.2 (correlation of VR immersion with intervention effectiveness), the VR group was analyzed separately to examine relationships between VR immersion and outcomes. VR immersion was assessed globally and across three subscales: physical presence, social presence, and self presence. We constructed the models similarly to those of the hypothesis tests, except that we used the mean-centered VR Immersion scales instead of the orthogonal contrasts.

Globally, no significant interactions were found between overall VR immersion and time for any target variables (ps > 0.05). However, analyses of the subscales revealed interactions with time. For perceived stress (PSQ-30) in Model 4 [χ2(3) = 11.69, p = 0.009], Physical presence × time showed a stronger negative correlation post-test [b = −0.11, SE = 0.04, 95% Boot CI = (−0.216; 0.030), Boot SE = 0.07, p = 0.021]. Social presence × time, in contrast, showed a stronger positive correlation post-test [b = 0.12, SE = 0.04, 95% Boot CI = (0.022; 0.222), Boot SE = 0.06, p = 0.002] and no relationship for self presence × time [b = −0.04, SE = 0.02, 95% Boot CI = (−0.115; 0.034), Boot SE = 0.04, p = 0.161]; see Table 5. Simple slopes for stress experience by VR immersion dimensions are shown in Figure 7, with similar patterns for some other outcomes, especially for stress scales, loneliness and self-compassion, see ST4 (Supplementary material).

TABLE 5 LMMs: relationships between VR immersion subdimensions and stress experience [PSQ-30].


	
	Model 1:
 random intercept
	Model 2:
 time
	Model 3:
 VR immersion
	Model 4:
 time × VR immersion



	cb
	cSE
	p
	cb
	cSE
	p
	cb
	cSE
	p
	cb
	cSE
	p





	(Intercept)
	0.34***[0.308; 0.374]
	0.03 [0.02]
	< 0.001
	0.35***[0.307; 0.405]
	0.03 [0.03]
	< 0.001
	0.35***[0.304; 0.409]
	0.03 [0.03]
	< 0.001
	0.35***[0.300; 0.410]
	0.03 [0.03]
	< 0.001



	aTime
	
	
	
	−0.03 [−0.097; 0.040]
	0.03 [0.4]
	0.360
	−0.03 [−0.102; 0.039]
	0.03 [0.04]
	0.360
	−0.03 [−0.102; 0.047]
	0.02 [0.04]
	0.264



	bPhysical Presence
	
	
	
	
	
	
	−0.03 [−0.090; 0.070]
	0.06 [0.04]
	0.668
	0.03 [−0.078; 0.130]
	0.07 [0.05]
	0.674



	bSelf Presence
	
	
	
	
	
	
	0.005 [−0.090; 0.070]
	0.03 [0.02]
	0.895
	0.02 [−0.045; 0.084]
	0.04 [0.03]
	0.543



	bSocial Presence
	
	
	
	
	
	
	0.03 [−0.048; 0.089]
	0.05 [0.03]
	0.485
	−0.03 [−0.117; 0.052]
	0.05 [0.04]
	0.627



	Time ×bPhysical Presence
	
	
	
	
	
	
	
	
	
	−0.11* [−0.216; 0.030]
	0.04 [0.07]
	0.021



	Time ×bSelf
 Presence
	
	
	
	
	
	
	
	
	
	−0.04 [−0.115; 0.034]
	0.03 [0.04]
	0.161



	Time ×bSocial Presence
	
	
	
	
	
	
	
	
	
	0.12** [0.022; 0.222]
	0.04 [0.06]
	0.002



	Random effects [95% dBoot CI]



	σ2 (Residual)
	0.01
	0.01
	0.01
	0.01



	
	[0.006; 0.017]
	[0.006; 0.017]
	[0.006; 0.017]
	[0.005; 0.012]



	τ00 (Person)
	0.02
	0.02
	0.02
	0.02]



	
	[0.009; 0.039]
	[0.009; 0.039]
	[0.012; 0.040]
	[0.015; 0.041]



	Model summaries



	AIC/BIC
	−42.15/−35.97
	−41.00/−32.76
	−35.53/−21.10
	−41.22/−20.61



	Δχ2(df)
	–
	0.85 (1)
	0.53 (3)
	11.69** (3)



	Marginal /Conditional R2
	0.000/0.669
	0.005/0.679
	0.020/0.679
	0.074/0.786



aPre-test vs. Post-test; bmean-centered; cin brackets: non-parametric bias-corrected (BCa) bootstrapped confidence intervals (5,000 samples; bold: CI does not include zero); din brackets: parametric bootstrapped confidence intervals (5,000 samples); N = 29; Nobservations = 58; ICC = 0.67; bold (p < 0.10); *p < 0.05, **p < 0.01, ***p < 0.001.




[image: Two line graphs depict the relationship between VR immersion and stress experience. The left graph shows physical presence with pre- and post-data, indicating no significant change. The right graph shows social presence with pre-data mostly stable and a slight increase in post-data. Shaded areas represent confidence intervals. A legend denotes blue for pre and red for post.]
FIGURE 7
 Simple slopes for VR immersion subdimensions × time, dependent variable: Stress Experience [PSQ-30]. n.s. (p ≥ 0.10), †p < 0.10. VR, virtual reality; PSQ, perceived stress questionnaire.






Discussion

The study aimed to evaluate the effectiveness of an app-delivered mindfulness-based stress reduction training in a university setting and to investigate whether additional digital group meetings could be beneficial. The 8-week 7Mind®Mindfulness-Based Intervention (MBI) was implemented using a randomized, controlled design with students being assigned to four intervention conditions: one condition used the MBI only as an active control group (AC), while in two remaining conditions the subjects attended additional weekly guided meetings either via video calls (VC) or in a virtual reality setting (VR). The remaining condition was a passive control group (PC), completing only pre- and post-tests, waiting 8 weeks. To evaluate the effectiveness of the MBI variants, several dependent measures of psychological wellbeing including health-risk (e.g., stress experience) and protective outcomes (e.g., self-compassion) were used. In addition, we explored the mediating effects of mindfulness and whether VR immersion is associated with the outcomes to gain deeper insights.


Effectiveness of MBI Across conditions

The initial hypothesis (H.1) was based on the premise that our MBI would be effective across all intervention groups (AC/VC/VR) when compared to a passive control group (PC). This was confirmed with significant effects on reducing stress and loneliness, yet increasing self-compassion. Our findings align with those of previous studies, which have demonstrated that MBIs can enhance mental and physical wellbeing by mitigating stress (McConville et al., 2017; Grossman et al., 2004). Similarly, the reduction of loneliness can be considered a beneficial outcome in line with previous studies (Besse et al., 2022). Our MBI was found to enhance the tendency to treat oneself with kindness and compassion, which should, in turn, contribute to an improvement in the wellbeing of those who participated in the course. Moreover, the initial findings were corroborated, indicating that app-based mindfulness training can also have beneficial effects.

Subsequent contributions have also demonstrated the stress-reducing impact of an app-delivered mindfulness intervention. While Karing (2024), Huberty et al. (2019), and Riley et al. (2022) demonstrated positive outcomes of app-delivered mindfulness interventions, their designs lacked features such as structured group meetings or immersive technologies. For instance, Schwartz et al. (2023) reviewed randomized controlled trials of mindfulness-based mobile apps and found that these apps improved wellbeing, but the absence of group dynamics and contextual support often limited their impact. Hwang et al. (2022) evaluated a smartphone-based stress reduction app and reported positive effects on stress levels, although the study did not incorporate group support or immersive features that might further enhance user engagement. In contrast, our study integrated weekly online group meetings and a VR environment, aligning more closely with the immersive frameworks discussed by Arpaia et al. (2021). Their narrative review highlights that VR-enhanced mindfulness-based applications may amplify emotional and sensory engagement, though few empirical studies have explored this in student populations. Furthermore, Xu et al. (2022) conducted a mixed-methods review and found that virtual mindfulness interventions positively impacted wellbeing, but most studies lacked rigorous mediation analysis or comparison of delivery formats (e.g., video vs. VR). Our study adds value by addressing these gaps—evaluating mindfulness as a mediator and assessing VR immersion subcomponents.



The role of digital group meetings in MBI

The second hypothesis (H.2) posits that regular online group meetings (VC/VR) will enhance the efficacy of the MBI relative to the active control group (AC). These meetings may also facilitate stress reduction through social interactions and collective self-efficacy (Cruwys et al., 2020; Yusufov et al., 2019). However, no significant additive effects were found for the group meeting conditions (VC/VR) compared to the active control condition (AC). Unexpectedly, the AC showed greater stress reduction than group meetings, yet consistent with some studies showing limited benefits of video-based mindfulness interventions over active control groups (Moulton-Perkins et al., 2022).

In the associated exploratory research question (E.1), we postulated that mindfulness acted as a mediator, given that this represents a central mechanism of the mindfulness-based training. All intervention groups (AC/VC/VR) showed significantly higher mindfulness at post-test (cf. Karing, 2024; Huberty et al., 2019), with group meetings (VC/VR) enhancing mindfulness more than podcast-only (AC), which is in line with prior studies (Visted et al., 2015). This mindfulness increase, often linked to stress reduction (Keng et al., 2012), may reflect a suppressor effect, where group meetings elevated social stress in some subgroups, dampening the actually positive outcomes of the MBI. Indeed, such a pattern was observed in studies of group-based stress reduction trainings, where individual levels of group identification and social support varied (see Imel et al., 2008; McKimmie et al., 2020). Future studies should investigate whether and under what conditions certain subgroups could benefit from (online) group meetings.



Virtual reality: opportunities and challenges

In our last hypothesis (H.3), we proposed that group meetings enhanced with a VR environment would provide additional benefits over those with conventional VC software. Indeed, VR environments could enhance the effects of a mindfulness-based training over traditional approaches (Ma et al., 2023) possibly by intensifying sensory experiences (Turner and Casey, 2014) and strengthening motivation and adherence (Jiang and Fryer, 2024; Modrego-Alarcón et al., 2021). However, we did not observe any direct effects in our study. Free-text comments (SM3 in Supplementary material) noted some VR-related burdens (e.g., discomfort, headache, technical issues), possibly explaining the lack of additional VR effects, similar to challenges noted in earlier work on VR discomfort (Jensen and Konradsen, 2018). However, these rather subjective comments should be interpreted with caution.

The second exploratory research question (E.2) examined the potential association between the intensity of immersion in the VR environment and our outcome variables. Although the global measure of VR immersion demonstrated no correlation with the outcomes, an examination of single sub-dimensions of VR immersion revealed contrasting results. Higher physical presence was linked to reduced stress, whereas higher social presence had the opposite effect, which suggests social immersion could have amplified social stimuli as (social) stressors, counteracting stress reduction. This mechanism is consistent with findings that training in intersubjective skills, compared with a mindfulness-based approach after exposure to psychosocial stressors, reduced the physiological stress response (measured by cortisol) (Engert et al., 2017). Another study (Faucher et al., 2016) suggests that cognitive behavioral therapy is slightly superior to the mindfulness-based approach for treating social anxiety disorder. These mixed findings underscore the need for further VR-aided mindfulness-based training research given the limited number of studies with substantial heterogeneity (Ma et al., 2023).



Strengths, limitations, and future directions

The randomized design, including both active and passive control groups, allowed for a rigorous comparison across intervention conditions. Moreover, implementing the intervention in a real-world university setting offers valuable insight into its ecological validity and practical applicability. However, the small sample size with a high proportion of female psychology students, limits generalizability. Specifically, our results may not fully extend to older populations, individuals with limited technological proficiency, or those with different cultural backgrounds. Methodological aspects, such as minor randomization issues (see SM1 in Supplementary material) and unmonitored compliance (exercise frequency and intensity), may also have impacted the results. Main effects over time, even in the passive control group, raise questions about true intervention effects vs. testing effects or reactivity. Furthermore, the lack of measures assessing subjective satisfaction with the at-home MBI may have introduced an unaccounted confounding variable. Therefore, future studies should increase the frequency of data collection (e.g., via weekly assessments or diary methods) to better capture intra-individual changes and dynamic, process-related situational factors (Pawsey et al., 2021), or physiological assessments (e.g., cortisol levels). The absence of follow-up assessments further limits insights into long-term effects. Future research should also explore variations of group meetings and VR environments, e.g., examining different VRs to clarify how they might enhance or hinder mental health training. While VR offers promising opportunities, its effectiveness may be influenced by individual differences in technology acceptance, susceptibility to motion sickness, and prior experience with immersive environments. Future research should, therefore, explore how these factors affect engagement and outcomes in more diverse populations. Along these lines, the integration of VR and artificial intelligence (AI) in mindfulness-based interventions is a promising research area (Mitsea et al., 2023). As technology advances, future studies should examine how these tools can be adapted for diverse populations and contexts, ensuring accessibility and reducing barriers (Eichel et al., 2021).



Practical implications

Our findings show that app-based mindfulness training, supported by digital group meetings, can be embedded into students' daily lives to strengthen stress management, reduce social isolation, and enhance self-compassion. These benefits translate into greater resilience when facing academic pressures, healthier responses to personal setbacks, and improved social connectedness. Video calls offer a practical and accessible format for regular peer support, while VR environments—when designed for comfort and usability—can provide immersive spaces that foster deeper focus and engagement. Looking ahead, refining VR platforms to minimize technical and physical barriers, and integrating adaptive features such as AI-driven personalization or real-time feedback, could further tailor mindfulness training to individual needs. Universities could harness these technologies to deliver flexible, scalable mental health support that evolves with students' learning contexts and lifestyles.




Conclusion

To conclude, this study supports the potential of app-based mindfulness training for improving psychological wellbeing. The main results align with existing research on efficacy of mindfulness-based interventions and the notion that, under favorable conditions, guided group settings can benefit mental health training. In practical terms, managing social stressors and ensuring psychological safety in group settings may enhance positive group effects. Effective group facilitation, flexible scheduling, and minimizing disruptions could further support mindfulness and stress reduction outcomes. The app-delivered format offers a low-threshold intervention for university students, potentially suitable for public funding. However, further research is needed to optimize design and delivery for broader needs.
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