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Abstract

The integration of Virtual Reality (VR) technology and digital media art in

psychological interventions offers a groundbreaking direction for

contemporary mental health research. This interdisciplinary approach

creates immersive digital environments that enhance emotional regulation

and therapeutic efficacy, marking a significant advancement in

psychotherapy. Researchers have explored personalized psychotherapy

platforms driven by digital art, coupled with comprehensive, multi-

dimensional evaluation systems, to investigate the profound impacts and

mechanisms of this modality on mental health.Empirical studies reveal that

VR-based artistic interventions effectively alleviate symptoms of anxiety

and depression. For instance, interventions employing highly interactive

abstract art in virtual environments showed a 35% decrease in mean

scores on the Hospital Anxiety and Depression Scale (HADS), with positive

emotion scores increasing by 42% and negative emotion scores decreasing

by 30% post-intervention. These findings clearly demonstrate VR's

potential to enhance emotional regulation and improve mental health

outcomes.Furthermore, VR technology shows great promise in treating

psychological disorders such as anxiety, depression, and post-traumatic

stress disorder (PTSD). Its unique immersive and interactive experience

enriches and optimizes the therapeutic process.Future research focusing

on deeper integration of VR with artificial intelligence (AI) and the

development of long-term evaluation frameworks will propel the

digitalization and precision of mental health interventions. This will not only

optimize treatment outcomes but also herald a new era in global mental

health services.
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1. Introduction

A. Research Background

In recent years, the global mental health crisis has intensified, with

the prevalence of anxiety and depression steadily rising, severely

affecting individuals' physical and mental health, family harmony, and

social stability. According to the World Health Organization, depression

has become the fourth leading cause of disability worldwide, with

anxiety disorders also contributing to diminished social welfare and

productivity (World Health Organization, 2021).

Traditional psychotherapy models face challenges in meeting

growing mental health demands due to spatial and temporal limitations,

uneven resource allocation, and insufficient personalization (Dellazizzo

et al., 2020).

Virtual Reality (VR) technology, with its immersive, interactive, and

highly customizable environment capabilities, offers a novel direction

for psychotherapy. VR applications transcend the limitations of

traditional therapy, catering better to individualized needs, and have

rapidly become a key technology in mental health interventions (Riva et

al., 2022). This technology has garnered significant attention in

academic and clinical contexts, with its potential validated across

various psychological disorders (Zubala et al., 2021).

B. Research Significance

Artistic interventions represent a unique psychotherapeutic strategy

that facilitates emotional expression and subconscious healing through

nonverbal means and emotional projection. These interventions not only

promote emotional catharsis but also reshape cognitive structures and

foster psychological resilience. However, traditional artistic

interventions are constrained by the temporal and spatial boundaries of

physical settings, uneven resource distribution, and rigid formats,

limiting their applicability (Makransky & Mayer, 2022).

The integration of digital media art with VR technology overcomes

many limitations of traditional art-based therapies. By constructing

virtual digital art psychotherapy platforms, this approach extends the

boundaries of artistic therapies while significantly enriching the diversity

of therapeutic methods and experiences. This innovative integration

provides a new avenue for interdisciplinary practices in psychotherapy,

digital media art, and neuroscience (Zeng et al., 2019).



Moreover, this holistic model advances theoretical frameworks for

psychological interventions, promoting iterative upgrades in

technological methodologies. By significantly enhancing the quality and

accessibility of global mental health services, this approach holds

profound scientific and societal value (Riva et al., 2022).

2. Related Work

C. Applications of Virtual Reality in Psychotherapy
Virtual Reality (VR) technology has achieved significant milestones in

the field of psychotherapy. For Post-Traumatic Stress Disorder (PTSD),

VR's ability to precisely recreate trauma-inducing scenarios helps

patients confront their fear memories, reducing the intensity of stress

reactions and decreasing symptom recurrence. For instance, VR

simulations of combat scenarios have been used to assist veterans in

addressing and repairing traumatic memories (Geraets et al., 2021).

In anxiety treatment, VR creates virtual fear-inducing scenarios such

as heights or social dilemmas, enabling exposure therapy to gradually

desensitize patients to anxiety triggers, reshape cognitive patterns, and

alleviate emotional constraints (Emmelkamp & Meyerbröker, 2021).

Similarly, for depression, VR-designed positive emotional scenarios

stimulate patients' positive emotional experiences, effectively mitigating

negative cognitive biases and providing recovery motivation (Riva et al.,

2022). VR's ability to create safe, controllable environments enhances

the safety and feasibility of therapies, paving the way for new

developments in psychotherapy.

D. Theories and Practices of Digital Media Art in Mental Health

Interventions

Art interventions, grounded in psychodynamic, humanistic, and

cognitive-behavioral theories, promote psychological growth through

activities such as creation and appreciation. Traditional art forms like

painting, music, and dance help patients transcend language barriers to

express emotions deeply, release negative emotions, uncover

subconscious conflicts, reconstruct self-cognition, and enhance

psychological resilience (Zubala et al., 2021).

However, traditional art interventions face limitations due to

constraints in space, resources, and professional personnel, coupled

with insufficient personalization and outdated evaluation systems



(Makransky & Mayer, 2022). The integration of digital media art with VR

transforms artistic elements into virtual interactive experiences,

significantly broadening the scope of creation and expression. This

fusion injects vitality into modernizing and popularizing psychological

therapy, marking it as a cutting-edge research direction in mental

health interventions.

E. Gaps and Challenges in VR-Based Artistic Interventions

Despite the substantial potential of VR-based artistic interventions,

current research often focuses on either VR or art interventions in

isolation, with limited systematic exploration of their deep integration

(Dellazizzo et al., 2020). In practice, technological bottlenecks, such as

inadequate device resolution and interaction precision, constrain the

immersive experience and therapeutic efficacy.

Additionally, the depth of integration between artistic creation and

VR technology remains underdeveloped, lacking innovative designs and

scientifically structured interaction strategies (Zeng et al., 2019).

Existing evaluation systems overly emphasize short-term outcomes

while neglecting long-term psychological restructuring and

neuroplasticity assessments (Riva et al., 2022). Moreover, the precision

of personalized strategies remains inadequate, limiting the clinical

scalability and full potential of VR-based artistic interventions.

Future research must address these challenges by advancing

technological optimization, deepening theoretical frameworks, and

constructing comprehensive evaluation systems to fully realize the

promise of VR-based artistic interventions.

3. Experimental Design and Methodology

F. Experimental Hypotheses

This study posits that digital media art interventions based on Virtual

Reality (VR) technology can significantly alleviate anxiety and

depression symptoms while enhancing emotional regulation capabilities.

It further hypothesizes that different artistic styles and interaction

modalities yield distinct therapeutic outcomes, with abstract art

combined with high interactivity expected to produce the most effective

results.

G. Study Design
A rigorous randomized controlled trial (RCT) design was employed,



randomly and evenly assigning participants to one of three groups:

1）Abstract Art High-Interactivity Group

Participants deeply immersed in dynamic geometric creation

scenarios using VR equipment. Hand-held controllers allowed real-time

manipulation of colors, lines, and geometric shapes to maximize

immersion and creative engagement.

2）Realistic Art Low-Interactivity Group

Participants explored simulated natural environments (e.g., serene

forests, coastal vistas) primarily using static perspectives with limited

viewpoint switching and path selection.

3）No-Intervention Control Group

Participants received standard psychological health education

without artistic intervention elements.

Sample selection followed strict screening protocols to ensure

balanced representation across age, gender, diagnosis type, and

symptom severity among the three groups (Figure 1).

Fig.1. Participant Demographics and Characteristics

H. Experimental Methods
1）Participants

20 participants (40 per group) aged 18–65 were recruited through

diverse channels. All participants were diagnosed with anxiety or

depression according to DSM-5 criteria. Exclusion criteria included

severe psychiatric disorders, VR intolerance (e.g., persistent motion

sickness), and prior psychological interventions within the last year to

ensure sample purity and homogeneity.

2）Intervention Design

Abstract Art High-Interactivity Group: Participants used advanced

controllers to precisely manipulate changes in color spectrum, line

morphology, and dynamic geometric transformations, fostering



creativity and enhancing immersive depth.

Realistic Art Low-Interactivity Group: Participants navigated high-

resolution natural environments (e.g., tranquil forests and poetic

pastoral scenes) with basic interactive features such as viewpoint

switching and pre-defined path exploration, aiming to soothe emotional

stress through static, serene environments.

No-Intervention Control Group: Participants attended standardized

psychological health education sessions focusing on general mental

health knowledge without artistic intervention elements.

3）Instruments and Measurements

Hardware: Oculus Quest 2 VR headsets featuring high-resolution

displays (1832×1920 per eye), low-latency tracking (<20ms), and wide

field-of-view optics (~100°) were utilized. Immersive spatial audio

further enhanced the virtual environment quality, ensuring stability and

high immersion during interventions.

Psychological Assessments:Hospital Anxiety and Depression Scale

(HADS) to quantify anxiety and depression severity.Positive and

Negative Affect Schedule (PANAS) to evaluate intensity and frequency

of positive/negative emotional experiences.Symptom Checklist-90

(SCL-90) for comprehensive analysis of psychological symptom

clusters.

Physiological Data:Heart Rate Variability (HRV) to monitor autonomic

nervous system balance.Electrodermal Activity (EDA) to measure

emotional arousal and stress responses.Electroencephalogram (EEG) to

analyze power variations in specific frequency bands (e.g., alpha, beta,

theta waves) and indices of neuroplasticity.

User Feedback:Presence Questionnaire (PQ) to evaluate perceived

immersion, realism, and engagement in VR environments.Semi-

Structured Interviews to capture subjective experiences, emotional

changes, self-awareness growth, and feedback for intervention

improvement.User Experience Questionnaire (UEQ) to assess usability,

usefulness, satisfaction, and willingness to continue using the

intervention.

I. Data Collection and Analysis

1）Data Collection

Data were systematically collected at four points: baseline (pre-

intervention), mid-intervention (week 4), post-intervention (week 8), and

3-month follow-up. Measures included dynamic changes in



psychological scores, physiological indicators (HRV, EDA, EEG), and

user experience feedback, forming a comprehensive data matrix.

2）Data Analysis

One-Way ANOVA was employed to compare significant differences

between groups.

Paired t-tests assessed pre- and post-intervention changes within

each group.

Mixed-Effects Models provided a robust analysis of multi-

dimensional trends over time, ensuring rigorous statistical interpretation

to support the study's conclusions [8].

4. Results

J. Psychological Measurement Outcomes

Post-intervention assessments using the Hospital Anxiety and

Depression Scale (HADS) showed a significant reduction in mean total

scores for the Abstract Art High-Interactivity Group (P<0.001), with a

decrease of 35%. Independent sample t-tests for anxiety and

depression subscale scores confirmed significant symptom relief

(P<0.01). Positive and Negative Affect Schedule (PANAS) results

revealed a 42% increase in positive affect scores (P<0.001) and a 30%

reduction in negative affect scores (P<0.01), indicating substantial

emotional improvement.

For the Realistic Art Low-Interactivity Group, HADS scores

decreased by 18% (P<0.05), and PANAS showed a 20% increase in

positive affect (P<0.05), but the therapeutic effects were notably

weaker than those in the Abstract Art Group. In the No-Intervention

Control Group, there were no significant changes in any scale scores,

further validating the effectiveness of the interventions and highlighting

the superior efficacy of the Abstract Art High-Interactivity approach

(see Figure 2).



Fig.2. HADS and PANAS Scores Over Time

K. Physiological Data Analysis
In the Abstract Art High-Interactivity Group, post-intervention

analysis revealed a significant increase in High-Frequency Heart Rate

Variability (HF-HRV) (P<0.001), indicating enhanced parasympathetic

activity and improved cardiac autonomic function. Low-Frequency HRV

(LF-HRV) and LF/HF ratios decreased adaptively (P<0.01), signifying a

shift toward parasympathetic dominance and improved stress regulation.

Electrodermal Activity (EDA) decreased by 28% (P<0.01), indicating

reduced emotional arousal and stress levels.

The Realistic Art Low-Interactivity Group showed mild increases in

HF-HRV (P<0.05) and a 12% reduction in EDA (P<0.05), reflecting

weaker physiological improvements.

Electroencephalogram (EEG) analysis revealed that the Abstract Art

Group exhibited significant enhancements in frontal alpha wave power

(P<0.01), linked to positive emotional processing and improved cognitive

control. Parietal theta wave power also increased (P<0.05), suggesting

activation of implicit learning and memory consolidation mechanisms

(see Figure 3).



Fig.3. HRV Improvement and EDA Reduction Across Groups

L. User Experience

The Abstract Art High-Interactivity Group achieved an average score

of 7.2 out of 10 on the Presence Questionnaire (PQ), significantly

surpassing the Realistic Art Group's 5.8 score (P<0.001), indicating

superior immersive experiences. In semi-structured interviews, users in

the Abstract Art Group frequently mentioned “deep immersion in

creative states,” “freedom to explore creative inspirations,” and

“intense emotional resonance.” By contrast, participants in the Realistic

Art Group primarily described “a sense of natural calm” and “mild

relaxation.”

The User Experience Questionnaire (UEQ) revealed high scores for

usability, usefulness, and satisfaction in the Abstract Art Group (all

exceeding 8 out of 10), with a 92% intention to continue using the

intervention. The Realistic Art Group scored slightly lower (7.2, 7.5, and

7.8, respectively), with an 80% continuation intention. These findings

underscore the Abstract Art High-Interactivity approach's distinct

advantages in user experience (see Figure 4).

Fig.4. Presence Questionnaire(PQ)Scores Across Groups

M. Comparative Analysis
The Abstract Art Group demonstrated superior outcomes in

emotional regulation, psychological resilience, and neuroplasticity

improvements compared to the other groups. The integration of high

interactivity with abstract art significantly enhanced therapeutic effects,

providing robust evidence for its effectiveness in mental health

interventions. These findings offer a multi-dimensional foundation for

understanding the mechanisms underlying VR-based digital media art

interventions and extend the implications of the study (see Figure 5).



Fig.5. Abstract art and emotional regulation efficacy, psychological resilience and neuroplasticity index
diagram

5. Discussion and Analysis

N. Synergistic Psychological Effects of Artistic Style and Interaction

Modality

Abstract art, characterized by its minimalistic forms and profound

symbolic meanings, stimulates users' psychological introspection and

self-reflection. When combined with high-interactivity designs, it offers

a broad space for free expression. This synergy not only expands the

scope of subconscious exploration but also provides new dimensions

for reconstructing self-awareness (Kaimal et al., 2020). In trauma

recovery contexts, the creative process of abstract art can transform

painful memories into positive imagery, activating psychological

resilience. This process enhances the coupling between the brain’s

default mode network (DMN) and executive control network (ECN),

optimizing the topological structure of emotional-cognitive neural

circuits, thereby improving psychological flexibility and adaptability



(Mastandrea et al., 2019).

O. Deep Enhancement of Artistic Intervention Effects by Virtual

Reality

The immersive, controllable, and interactive features of VR

significantly amplify the effects of artistic interventions. Immersion blurs

the boundaries between reality and the virtual environment, increasing

situational engagement and emotional resonance. Controllability

ensures that the intervention environment dynamically adapts to patient

states, enhancing treatment safety and individualization (Perryman et al.,

2019). Interactive advantages, through real-time feedback mechanisms,

enhance self-efficacy and behavioral adaptability. In exposure therapy

for phobia desensitization, VR combined with artistic expression

strategies accelerates fear extinction and optimizes patients’ cognitive

structures and emotional processing capabilities (De Witte et al., 2021).

P. Value and Optimization of Personalized Intervention Strategies

Personalized intervention strategies substantially improve treatment

efficacy. Variables such as age, gender, and cultural background

profoundly influence user preferences for artistic styles and interaction

modalities. For instance, children and adolescents favor engaging

abstract art, adults value deeper experiences tied to realism, and older

adults prefer familiar, soothing scenes (Bosgraaf et al., 2020).

Additionally, females respond more positively to detailed realistic styles,

while males gravitate toward challenging abstract creations. Future

research should integrate psychological assessments, neuroimaging,

and big data analytics to construct layered personalization models that

dynamically adapt interventions to individual traits, addressing diverse

psychological needs comprehensively (Zhang et al., 2021).

Q. Long-Term Effects and In-Depth Exploration of Intervention

Mechanisms

Mental health improvement is a long-term dynamic process requiring

extended follow-up periods and optimized consolidation strategies. VR

artistic interventions promote neuroplasticity through long-term

stimulation, such as hippocampal neurogenesis and accelerated

synaptic pruning in the prefrontal cortex, supporting recovery processes

(Koch et al., 2019). Psychologically, sustained artistic creation enhances

subconscious insights and personality structure integrity. Cognitively,

prolonged training stabilizes adaptive cognitive patterns (Chiang et al.,

2019). Future studies should adopt interdisciplinary approaches to



explore the core mechanisms of long-term interventions and develop

strategies to ensure sustained mental health improvements (Malchiodi,

2020).

6. Conclusions and Future Directions

R. Research Conclusions

This study rigorously validated the effectiveness of VR-based digital

media art interventions in improving mental health. Key findings include

significant improvements in alleviating anxiety and depression

symptoms, enhancing emotional regulation, strengthening psychological

resilience, and facilitating self-awareness reconstruction. The superior

performance of the abstract art high-interactivity model provides strong

empirical support for optimizing intervention designs. The multi-

dimensional measurement framework revealed insights into the

coordinated changes among psychological, physiological, and user

experience domains, preliminarily elucidating the underlying

mechanisms of intervention efficacy. These contributions lay a robust

scientific foundation for advancing clinical psychotherapy and

rehabilitation practices.

S. Practical Implications

Clinical Applications: VR artistic interventions should be actively

promoted as a frontline approach in clinical psychotherapy. This

includes developing standardized intervention protocols based on the

study findings, training professional therapists systematically, and

constructing a comprehensive digital mental health service architecture.

Educational Innovation: Incorporating VR artistic interventions into

core educational curricula can help prevent the onset of mental health

issues and cultivate positive psychological attributes through premium

mental health courses.

Community-Level Services: Establish VR art therapy centers in

community health services to disseminate mental health knowledge,

provide preventive interventions, and strengthen grassroots mental

health service capacity. This multi-level network will enhance societal

psychological resilience and foster lasting social harmony.

T. Future Research Directions

1）Technological Innovation

Explore the integration of VR with artificial intelligence (AI) to



develop intelligent personalized virtual therapist systems capable of

real-time emotional and behavioral data analysis, adaptive intervention

optimization, and dynamic therapeutic pacing.

Investigate VR’s synergy with brain-computer interface (BCI)

technologies to enhance neuroplasticity modulation and improve

treatment precision and efficacy through neurofeedback

2）Clinical Research Expansion

Conduct large-scale, long-term randomized controlled trials to

evaluate the effectiveness of interventions across diverse mental health

conditions and develop predictive models for identifying suitable patient

groups.

Explore mixed-reality (MR) enhanced intervention models that

incorporate real-world social interactions to expand treatment

boundaries, improve generalization, and sustain treatment effects.

3）Interdisciplinary Development

Collaborate across neuroscience, computer science, and arts

disciplines to construct multi-modal intervention evaluation frameworks.

Utilize advanced neuroimaging techniques to investigate neuroplasticity

mechanisms underlying psychological interventions and develop

culturally sensitive protocols through global multi-center research

collaborations.

U. Study Limitations and Prospects

Despite its innovative breakthroughs, this study has limitations. The

sample size, though representative, is limited in scale. Future research

should recruit participants through cross-national multi-center channels

to expand the sample size and enhance external validity. The study

focused on common psychological conditions, leaving rare diseases and

subclinical populations underexplored. Personalized intervention designs

showed improvement but require further optimization of artistic element

combinations and interaction parameters using big data analytics.

Long-term effects were tracked but lacked comprehensive insights into

underlying mechanisms, warranting in-depth exploration through

interdisciplinary research and cohort studies.

Overcoming these limitations and driving innovation, VR artistic

interventions promise to inject lasting momentum into global mental

health advancements, unlocking unprecedented potential for human

well-being.
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