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Abstract

Background: Depression affects millions globally, with significant barriers to accessing effective therapy. The application of the
Metaverse, a three-dimensional (3D) environment where users can interact with other users using avatars in a virtual world, has
gained significant attention as a potential tool for depression treatment in recent years.

Objective: This study investigates the potential of the Metaverse as a platform for eliciting therapeutic emotional responses in
depressed individual s while they perform an emotional elicitation task in the Metaverse and a real-world environment.

Methods: A between-subjects experiment involving 28 participants (14 with self-diagnosed depression and 14 with minimal or
no depression) was conducted, with participants randomly assigned to either areal-world or Metaverse environment. Second Life
(SL), a persistent 3D virtual world that utilizes human-like avatars for navigation, served as the metaverse environment, and a
desktop computer represented the real-world settings. Participants watched emotion-eliciting video clips to evoke amusement,
anger, disgust, fear, and sadness. They reported their emotiona arousal, mental workload, and emotional engagement using a
16-item self-report inventory, the NASA Task Load Index (NASA-TLX), and the Positive and Negative Affect Schedule
(PANAYS), respectively.

Results: The study found no significant differences between the real-world and Metaverse settings regarding perceived
emotional arousal, mental workload, or emotional engagement, suggesting that SL offers comparable emotional responsesto real-
world environments. Furthermore, participants with minimal or no depression reported lower perceived effort in the SL
environment compared to the real-world setting, indicating the Metaverse's potential to alleviate cognitive stress during
emotionally eliciting tasks.

Conclusions: These findings suggest that Metaverse platforms may offer viable alternatives for therapeutic interventions for
depression.
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Abstract

Background: Depression affects millions globally, with significant barriers to accessing effective therapy. The
application of the Metaverse, a three-dimensional (3D) environment where users can interact with other users using
avatars in a virtual world, has gained significant attention as a potential tool for depression treatment in recent years.

Objective: This study investigates the potential of the Metaverse as a platform for eliciting therapeutic emotional
responses in depressed individuals while they perform an emotional elicitation task in the Metaverse and a real-world
environment.

Methods: A between-subjects experiment involving 28 participants (14 with self-diagnosed depression and 14 with
minimal or no depression) was conducted, with participants randomly assigned to either a real-world or Metaverse
environment. Second Life (SL), a persistent 3D virtual world that utilizes human-like avatars for navigation, served as
the metaverse environment, and a desktop computer represented the real-world settings. Participants watched emotion-
eliciting video clips to evoke amusement, anger, disgust, fear, and sadness. They reported their emotional arousal, mental
workload, and emotional engagement using a 16-item self-report inventory, the NASA Task Load Index (NASA-TLX),
and the Positive and Negative Affect Schedule (PANAS), respectively.

Results: The study found no significant differences between the real-world and Metaverse settings regarding perceived
emotional arousal, mental workload, or emotional engagement, suggesting that SL offers comparable emotional
responses to real-world environments. Furthermore, participants with minimal or no depression reported lower perceived
effort in the SL environment compared to the real-world setting, indicating the Metaverse’s potential to alleviate
cognitive stress during emotionally eliciting tasks.

Conclusion: These findings suggest that Metaverse platforms may offer viable alternatives for therapeutic interventions
for depression.

Keywords: depression, emotional response, mental health, metaverse, second life.

1. Introduction

Depressive disorder, also referred to as depression, is a widespread mental health condition
characterized by persistent feelings of melancholy, low mood, and reduced interest or pleasure in
activities [1], [2], [3]. According to the WHO, as of 2023, depressive disorders and other mental
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health issues have affected approximately 280 million people globally. It is estimated that around
3.8% of the global population experiences depression, including 5% of adults (4% male and 6%
female) and 5.7% of older adults over the age of 60 [3]. In the United States, depression is the
leading cause of disability among individuals aged between 15 and 44, affecting more than 18
million adults annually. This condition results in approximately 490 million lost workdays annually,
translating to an estimated $23 billion in lost productivity and over $100 billion in economic costs to
U.S. businesses yearly [2]. Symptoms of depression include irritability, excessive guilt or low self-
worth, emptiness, low mode, prolonged disinterest or lack of pleasure in daily activities, impaired
concentration and decision-making abilities, fatigue, sleep abnormalities, fluctuations in appetite and
weight, pessimism, hopelessness, persistent sadness, restlessness, and thoughts of suicide [1], [3]-
[10]. To address this public health issue, the obstacles to accessing mental care services should be
brought under the spotlight. These obstacles include workforce shortages of mental health
professionals, limited awareness and understanding of mental health needs, financial burdens due to
inadequate insurance reimbursement, reliance on social service agencies, the social stigma associated
with seeking mental health treatment, insufficient resources for treatment referrals, and limited time
for mental health discussions during medical appointments [5], [11]. One way to overcome those
obstacles is the utilization of digital therapeutics or digital health in psychotherapy. In digital mental
healthcare, mobile applications can help individuals track their daily mood changes, take meditation
courses as prescribed, and access real-time online psychotherapy sessions. Digital mental health
services have evolved rapidly, aiming to enhance the efficiency and quality of healthcare services,
including diagnosis, monitoring, treatment, and data management, through digital communication
technologies [12], [13]. However, most current digital mental health services only allow text or
voice-based communications (Tess IBH [14], Woebot Health [15], WYSA [16]) while visually
appealing and dynamic environments are essential in creating an immersive and realistic therapy
environment to improve the therapy experience.

The Metaverse is a three-dimensional (3D) environment where users can interact with other
users using avatars in a virtual world. Metaverse is a broad concept that uses a variety of
technologies, including virtual reality (VR), augmented reality, mixed reality, cryptocurrency, and the
internet that facilitates social interactions and user-generated content in a persistent digital
environment across numerous domains, such as economics, ecology, and healthcare [13], [17], [18].
This expansive network of Metaverse allows users to experience a fully immersive environment,
providing them a feeling of being inside the internet, where they can engage with other users,
objects, and digital spaces as unique avatars, replicating real-world activities like socializing,
working, and playing in a virtual setting [18]. By integrating physical and digital environments
through devices such as tablets and smartphones, the Metaverse can link various technologies,
including artificial intelligence, blockchain, tangible interfaces, and the Internet of Things into 3D
environments. This technology integration enables seamless interactions between the virtual and real
worlds, opening new possibilities for applications in multiple sectors [19].

The application of the Metaverse in the treatment of mental health disorders such as depression,
anxiety, and autism has gained significant attention in recent years [13], [17]. It can potentially
enhance the immersiveness, realism, accessibility, and affordability of mental health interventions
while maintaining their reliability and efficiency [20], [21], [22]. For example, patients can interact
with mental health professionals using customizable, anonymous avatars in simulated environments,
which may fascinate individuals reluctant to seek in-person treatment due to stigma, anxiety, or fear
of discrimination and face-to-face interactions [21], [22]. Furthermore, the metaverse supports
telemedicine and medical consultations, enabling doctors to monitor patients’ health records and vital
signs and provide remote guidance [22], [23]. For patients with limited access to mental healthcare
due to disabilities, geographic barriers, or time constraints, virtual interventions in the metaverse can
offer vital support [18].

Numerous companies and governments from various countries have established VR counseling
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and therapy associations, aiming to provide real-time mental health services within the metaverse
[17], [18]. For example, Ezawa [20] et al. evaluated a cognitive behavior immersion program for
coach-led cognitive behavioral skill training delivered through the metaverse app Innerworld.
Involving 127 participants with clinical depression or anxiety, the study found significant reductions
in symptoms after multiple sessions. Participants accessed the program via various devices and
interacted as customizable avatars using real voices, fostering anonymity and engagement. Athar [23]
et al. developed a metaverse-based Al recommendation system for patients with anxiety and
depression. The system analyzed clinical notes and survey responses uploaded by users to predict
condition severity and recommend treatments, including medications, psychiatrist referrals, and
therapeutic activities like exercise and music. However, little fundamental research has been done to
explore whether metaverse could elicit various needed emotions to provide therapy effectively. In
this study, we evaluated the efficacy of the metaverse using Second Life (SL), the most widely used
metaverse application, regarding its ability to provide emotional support.

SL is a persistent 3D virtual world designed to simulate various aspects of real life. Created by
Linden Research, Inc. and released in 2003, SL allows users to utilize human-like avatars to navigate
its online environment, participate in activities, and engage with other avatars [24], [25]. These
avatars can be customized and come with animations for body language expressions such as
laughing, waving, or flinching, enhancing the realism of interactions [26]. SL comprises
interconnected regions, including land, water, and sky, where users can freely alter their avatars'
appearances and engage with other community members [27]. Within SL, communication can occur
through text-based messaging or vocal conversations, creating a dynamic space for social
engagement [25]. SL holds significant potential for telehealth and therapeutic applications. The
platform allows therapists and clients to conduct sessions remotely, using virtual environments as a
setting for therapy. With customizable avatars and diverse virtual locations, SL offers a flexible range
of visual stimuli, enabling therapists to integrate immersive exposure exercises into sessions for
therapeutic purposes [25].

SL has rapidly emerged as a metaverse platform for health-related initiatives. In recent years,
organizations have recognized SL's potential to create supportive health communities, prompting
increased involvement. Many users report that SL offers emotional support beyond traditional
telehealth, making it an appealing alternative for those seeking meaningful connections in a virtual
setting. As a result, mainstream healthcare providers are beginning to explore SL as a tool for
technology-enabled care delivery [26]. Additionally, SL. has demonstrated considerable promise in
supporting individual and group-based therapeutic interventions entirely online, establishing a virtual
environment that allows clients and therapists to interact seamlessly [24]. Over the years, numerous
studies have explored its effectiveness and acceptance as a therapeutic intervention. For example,
Yuen [25] et al. demonstrated the feasibility and efficacy of using SL for cognitive-behavioral
therapy in social anxiety disorder, with participants reporting significant improvements in mental
health and appreciating the convenience of remote therapy. Hoch [26] et al. found SL effective for
relaxation and mindfulness training, with participants reporting reduced stress, depression, and
anxiety, and valuing the virtual sessions as a viable alternative to in-person training. In another study,
Kandalaft [28] et al. demonstrated the potential of SL for social cognition training in high-
functioning autism, with participants practicing real-life scenarios and showing significant
improvements in emotional recognition and social communication skills after ten sessions. However,
few studies have explored metaverse's effectiveness in eliciting patients' emotional responses to
provide emotional support. Our study will explore if the metaverse is as realistic and effective as the
real-world therapy environment by examining its ability to elicit emotional responses. We created a
dedicated SL island as a metaverse environment where participants could immerse themselves using
avatars and engage in activities designed to evoke emotional responses.

1.1 Research Gap and Study Aim
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While various studies have assessed the potential of the Metaverse environments for mental
health therapy, a significant research gap remains in investigating their effectiveness in eliciting
targeted emotional responses crucial for effective treatment, which may impact the realism of these
environments. Specifically, there is a lack of studies analyzing the ability of the Metaverse platform
to evoke emotional reactions comparable to those experienced in real-world therapy environments.
Furthermore, few studies have measured perceived MWL and emotional engagement within the
Metaverse environments while performing emotionally engaging tasks compared to real-world
settings. This study addresses these gaps by evaluating the potential of the Metaverse environment to
elicit emotions that could happen during therapy. The study's objectives are to assess individuals'
emotional arousal, perception of MWL, and emotional engagement while performing an emotional
elicitation task in Metaverse and a real-world setting and compare these measures between the two
environments to determine the effectiveness of Metaverse in eliciting emotions. We recruited 14
healthy individuals (with either no or minimal symptoms of depression), as well as 14 individuals
with self-reported depression. A between-subjects experiment was conducted, where participants
were asked to watch emotion-eliciting video clips in two identical settings: one using a desktop
computer and the other within an SL island. Emotional arousal, MWL, and emotional engagement
were evaluated using a 16-item self-report inventory, the NASA Task Load Index (NASA-TLX), and
the Positive and Negative Affect Schedule (PANAS), respectively.

2. Materials and Methods

2.1 Sample Size Calculation

An a priori power analysis was conducted using G*Power software to determine the required sample size. The
effect size was estimated from pilot data (the means and standard deviations of the NASA-TLX scores) involving five
participants in each group. Using a one-tailed test with o = 0.05 and 8 = 0.20, the required sample size was calculated as
five participants in each group. To improve data accuracy, we included 14 participants in each group.

2.2. Participants

We recruited 28 individuals, equally divided into those with minimal or no depression (ND) and
those with self-diagnosed depression (SD). Participants were randomly assigned to either a real-
world setting or an SL environment, with each group consisting of seven participants from both
depression categories. In both settings, participants watched emotion-eliciting videos. The
demographic information of all the participants is given in Table 1.

Table 1. Demographics of the Participants.

https://preprints.jmir.org/preprint/82422

Environment Gender Depression Level # of Participants Mean age (Std)
Minimal or ND 5 23.60 (5.68)
Male SD 4 25.25 (1.50)
Total 9 24.33 (4.21)
Minimal or ND 2 20.50 (0.71)
Real World  Female SD 3 23.00 (4.36)
Total 5 22.00 (3.39)
Minimal or ND 7 22.72 (4.89)
Total SD 7 24.29 (2.98)
Total 14 23.50 (3.98)
Minimal or ND 4 22.75 (4.79)
Male SD 3 25.33 (2.08)
Total 7 23.86 (3.85)
SL. Minimal or ND 3 27.33 (0.58)
Female SD 4 22.75 (5.62)
Total 7 24.72 (4.68)
Total Minimal or ND 7 24.72 (4.19)
SD 7 23.86 (4.38)

[unpublished, non-peer-reviewed preprint]
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Total 14 24.29 (4.14)

2.3. Apparatus

2.3.1 Real-World Settings

The real-world setting for this study consisted of a soundproof laboratory room located at
Binghamton University. The room was furnished with a desktop computer, a table, and a chair.
Participants were invited to the lab to watch the videos on the desktop using YouTube as the media
platform. The layout of the real-world setting is shown in Figure 1 (a).

(@) " ®)

Figure 1. Experimental settings: (a) Real-world settings; (b) Metaverse settings.

2.3.2 Metaverse Settings

For the metaverse environment, we utilized the SL platform. A room replicating the real-world
setting was created within the SL environment. This virtual room was equipped with a projector for
video playback, as well as a table and a chair. Two customizable avatars were developed: one
represented the researcher, and the other represented the participant. A short training video was
provided to the participants beforehand to familiarize them with the SL system. This training video
included instructions on navigation, communication through talking and chatting, and watching
videos within the SL environment. The setup of the SL environment is shown in Figure 1 (b).

2.3.3 Emotional Eliciting Task

In this experiment, we asked the participants to watch short emotional clips as an emotional
eliciting task. Five short videos were selected to elicit emotions including amusement, anger, disgust,
fear, and sadness. These emotions were chosen for their relevance to therapeutic applications for
depression. The video clips were identified through a literature review of previous studies that
successfully used these stimuli to evoke the targeted emotions. Table 2 describes each video clip and
its associated emotion.

Table 2. Description of Emotional Eliciting Videos.
Targeted Film Length

Emotion Name Description of Clip (sed) Reference
Clip of a candy factory where two
women struggle with the rapid speed of a Sturm et
Amusement T love lucy conveyor l:?eglt and start pstuf[f)ing the 178 al., (2015)
chocolate candies into their mouths.
Anger My Clip of a moment where two bullies 249 Gross &
Bodyguar attack a young boy, beat him, break his Levenson
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d bike, and throw it into the water. (1995)
. Pink Clip of a scene where a person eats dog Gross &
Disgust Flamingos  feces 29 Levenson
8 : (1995)
. Clip of a scene where an FBI agent Gross &
Silence of :
Fear pursues a suspect into the basement and 216 Levenson
the Lambs .
uncovers a decomposing corpse. (1995)
Clip of a moment where a young boy
tearfully calls out to a boxer, who,
L Gross &
The severely injured after a match, collapses
Sadness . ¥ 158 Levenson
Champ  in the locker room and takes his final (1995)

breaths, leaving those around him
devastated.

2.3.4 Patient Health Questionnaire-9 (PHQ-9)

The PHQ-9 [29], a brief self-report questionnaire, was employed to screen for depression and its
severity among participants. This nine-item measure includes eight items addressing depressive
symptoms and one item evaluating suicidal ideation, each corresponding to the diagnostic criteria for
major depressive disorder as outlined in the DSM-IV. Participants were asked to rate how frequently
they experienced these symptoms over the past two weeks using a 4-point scale ranging from 0 (not
at all) to 3 (nearly every day). The final PHQ-9 score, ranging from 0 to 27, indicates depression
severity, with established thresholds used to categorize the level of depressive symptoms. Scores of
0—4 indicate minimal or no depression, 5-9 reflect mild depression, 10-14 indicate moderate
depression, 15—19 represent moderately severe depression, and scores between 20-27 signify severe
depression. Additionally, the PHQ-9 includes an item that assesses functional impairment by asking
participants who reported any symptoms, “How difficult have these problems made it for you to do
your work, take care of things at home, or get along with other people?” [30]. For this study,
participants scoring between 0 and 4 were categorized as having minimal or ND, while a score of 5
or higher was considered indicative of the presence of depression.

2.3.5 16-Item Self-Report Inventory

This study utilized a 16-item self-report inventory to assess discrete emotions. The items
included amusement, anger, arousal, confusion, contempt, contentment, disgust, embarrassment, fear,
happiness, interest, pain, relief, sadness, surprise, and tension. Participants were asked to rate each
item on a 9-point scale, ranging from 0 to 8, where 0 indicated no experience of the emotion, and 8
represented the highest intensity of the emotion they felt. The order of the 16 items was randomized
for each participant. This rating procedure was adapted from the study by Gross and Levenson [31].

2.3.6 NASA Task Load Index (NASA-TLX)

The NASA-TLX [32], a multi-dimensional, survey-based tool, collected subjective feedback on
mental workload (MWL) following the emotional eliciting task. NASA-TLX includes six subscales:
mental demand (MD), physical demand (PD), temporal demand (TD), frustration, effort, and
performance. To assess MWL, participants rated each of the six subscales on twenty-step bipolar
scales based on their experience after completing the task. Each scale generated a score of 0 to 100,
rounded to the nearest multiple of 5. To determine the weight of each subscale in overall MWL,
participants completed fifteen paired comparisons, representing all possible permutations of the six
subscales. The overall MWL score was calculated as the weighted mean of the six dimensions,
yielding a score between 0 and 100, where low scores indicate low MWL, and high scores indicate
high MWL [33].

2.3.7 Positive and Negative Affect Schedule (PANAS)
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In this experiment, we utilized the PANAS [34], a widely used adjective-based questionnaire, to
assess the participants' emotional engagement. The PANAS consists of ten positive affect (PA) terms
and ten negative affect (NA) terms, which measure pleasurable feelings and distress or unpleasurable
feelings toward a situation, respectively. The specific PA and NA terms used in the scale are listed in
Table 3. To assess participants' emotional responses, they were asked to rate how much they
experienced each of the 20 emotions after completing the task, using a Likert scale ranging from 1 to
5. Lower scores on the Likert scale indicated a weaker association with the specific term, while
higher scores indicated a stronger association. The final PA and NA scores were calculated by
summing the ten positive and ten negative terms, respectively [35].

Table 3. Terms of PA and NA

PA NA
Attentive Hostile
Active Irritable

Alert Ashamed
Excited Guilty
Enthusiast Distressed

ic
Determine Upset
d
Inspired Scared
Proud Afraid
Interested Jittery
Strong Nervous

2.4. Experimental Procedure

This study was approved by the Institutional Review Board of Binghamton University, and
participants were recruited by distributing a brief informational leaflet. Interested individuals were
asked to complete the PHQ-9 questionnaire to determine their eligibility. Individuals scoring
between 0 and 4 on PHQ-9 were classified as healthy participants with no or minimal depression
symptoms, while those scoring 5 or higher were categorized as participants experiencing self-
reported depression. Eligible participants were randomly assigned to the real-world or metaverse
environment group.

In the real-world setting, the experimental procedure was described upon the participants' arrival
at the laboratory, and informed consent was obtained. Demographic information, including age and
gender, was collected before the experiment. Participants were then instructed to complete the
emotional elicitation task, which involved watching six emotional video clips on a desktop computer
via YouTube. In this setting, communication between the researcher and participants took place face-
to-face and in person.

For the metaverse group, participants received a prerecorded training video with instructions on
navigating SL, the metaverse platform used in this study, and an electronic copy of the informed
consent form. They were asked to review these materials, submit a signed consent, and reach out
with any questions for clarification before attending their scheduled session. The SL environment
was pre-configured on the laboratory's desktop computer, including a virtual room with a video
playback projector. Upon arrival, participants were guided through the procedure virtually, with all
communication between the researcher and participants conducted through SL avatars to eliminate
direct interaction. After providing their demographic data, participants performed the emotional
eliciting task of watching the six emotional video clips using the SL platform.

Participants from both groups completed the 16-item self-report inventory after watching each
video clip to report their emotional arousal. To reduce fatigue, a two-minute rest period was provided

https://preprints.jmir.org/preprint/82422 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Islam et al

between clips. The video clips were presented randomly for each participant to control for order
effects. After viewing all six video clips and completing the associated self-report inventories,
participants completed the NASA-TLX and PANAS questionnaires to report their perceived MWL
and emotional engagement, respectively. Upon completing the experiment, each participant was
compensated with a $15 Amazon gift card for their time and participation.

2.5. Data Analysis

Four sets of subjective data were collected in this experiment: the PHQ-9, 16-item self-report
inventory, NASA-TLX, and PANAS. The total score from the PHQ-9 was used to classify
participants into two categories: minimal or ND symptoms (score between 0 and 4) and SD (score of
5 or higher). For the 16-item self-report inventory, scores from five dimensions corresponding to the
five video clips were analyzed (Table 4). All six subscales of the NASA-TLX, including MD, PD,
TD, performance, effort, frustration, and the overall MWL, were evaluated. PANAS scores for PA
and NA were calculated by summing each dimension's emotional factors. Table 4 provides a list of
dependent and independent variables for this study. Data analysis was performed using IBM SPSS
Statistics version 28. To examine the effect of the independent variables on the dependent variables,
a two-way Analysis of Variance (ANOVA) was conducted. The threshold for statistical significance
was set at a p-value of less than 0.05. To compare the means for any significant main effect or
interaction effect, Tukey’s Least Significant Difference (LSD) method was adopted.

Table 4. List of Independent and Independent Variables.
Independent Dependent
Variables Variables
Environment 16-item self-report
@ Real-world inventory
@ Metaverse @® Amusemen
Depression Severity t
@® Minimal or @® Anger
ND @ Disgust
® SD @ Fear
@ Sadness
NASA_TLX
MD
PD
TD
Performanc
e
Effort
Frustration
Overall
MWL

3. Results
3.1. 16-Item Self-Report Inventory

The two-way between-subjects ANOVA showed that depression severity had a significant effect
on the mean amusement scores reported by the participants (F = 4.882, p = 0.037). Participants with
minimal or ND reported a significantly lower mean amusement score compared to the participants
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with SD ( M,,=3.07,5D,=1.940, M ;,=5.00,SD,=2.481( (Figure 2a).

The two-way ANOVA showed that depression severity had a significant effect on the mean
anger scores reported by the participants (F = 7.067, p = 0.014). Participants with minimal or ND
reported a significantly lower mean anger score compared to the participants with SD (
M,,=2.71,5D \,=1.899,M,=4.79,5SD 4,=2.190 ) (Figure 2b).

The two-way ANOVA showed that depression severity had a significant effect on the mean
sadness scores reported by the participants (F = 4.353, p = 0.048). Participants with minimal or ND
reported a significantly lower mean sadness score compared to the participants with SD (
M ,=3.50,58D,,=1.912,M ,=5.21,5D,=2.293 ) (Figure 2c).

The two-way ANOVA showed that the environment had a marginally significant effect on the
mean disgust scores reported by the participants (F = 3.128, p = 0.090). Participants who watched
the video clips in a real-world environment reported a higher mean disgust score than those who

watched the video clips in a metaverse environment (
MReal—world: 664 s SDReaI—world = 1865’ MMetaverse: 514 ’ SDMetaverse 2 2598 ) (FigUFe 2d)
7 7
6 6
2
g5 £s
? ]
= w
2 b
g g
1 o
g
1 1
L 0
Minimal or No Depression Self-diagnosed Depression Minimal or No Depression Self-diagnosed Depression

Depression Severity Depression Severity

~
jab]
~—

(b)

w . w =N =

o
Mean Disgust Score

S = 2 W b L on -3 o8 O

Mean Sadness Score

=

Minimal or No Depression Self-diagnosed Depression Real-world Metaverse

Depression Severity Environment

(c) (d)
Figure 2. Effect of independent variables on dependent variables: (a) Main effect of depression severity on mean
amusement score; (b) Main effect of depression severity on mean anger score; (c) main effect of depression severity
on mean sadness score; (d) main effect of depression severity on mean disgust score.

3.2. NASA-TLX

The two-way ANOVA showed that depression severity had a significant effect on the mean
performance scores reported by the participants (F = 4.939, p = 0.036). Participants with minimal or
ND reported a significantly lower mean performance score compared to the participants with SD (
M,,=31.07,5D,=36.278,M ,=91.07, SD,=90.302 ) (Figure 3a)

The two-way ANOVA showed that depression severity and environment had no significant main
effect on the mean effort perceived by the participants, however, a significant interaction effect was
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discovered (F = 4.931, p = 0.036). Tukey’s LSD revealed that there was a significant difference
between the mean effort score perceived by the participants with minimal or no depression in the two
different environments, where participants in the real-world environment reported higher effort
scores compared to the metaverse environment (
p=0.017, M =158.571,5D .., ,,.us=120.441, M =40.71, 5D pmerse =38,016 ) (Figure

Real —world — Metaverse
3b).
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Figure 3. Effect of independent variables on dependent variables: (a) Main effect of depression severity on mean
performance score; (b) Interaction effect of environment and depression severity on mean effort score.

3.3. PANAS

The two-way ANOVA showed that neither the environment nor the severity of depression
significantly affected the mean PA and NA scores reported by the participants.

4. Discussion

The present study aimed to evaluate the potential of a Metaverse environment as a platform for
eliciting therapeutic emotions compared to a real-world setting. Twenty-eight participants, both
healthy and individuals with self-reported depression symptoms, were recruited to perform an
emotional eliciting task in real-world and Metaverse environments using a desktop computer and SL
platform, respectively. Subsequently, they rated their perceptions of emotional arousal, MWL, and
emotional engagement by completing a 16-item self-report inventory, NASA-TLX, and PANAS
questionnaires immediately after completing the tasks.

The findings of our study revealed that participants with self-diagnosed depression reported
significantly higher amusement, anger, and sadness scores compared to those with minimal or no
depression, regardless of the environment. These results align with prior research indicating that
individuals with depressive symptoms often experience heightened emotional arousal in response to
stimuli [36]. Emotional arousal, which encompasses the brain and bodily responses to arousing
stimuli, is closely tied to emotional reactivity and is often found abnormal in mental disorders. For
instance, depression is frequently associated with hyperarousal and sustained tension [37]. This
heightened arousal, along with intensified perception of emotional stimuli, can exacerbate depressive
symptoms like prolonged sadness and impair emotional and social regulation [36]. Interestingly,
disgust responses were marginally higher in the real-world setting compared to the SL environment.
This finding suggests that some negative emotions, such as disgust, maybe more strongly elicited in
real-world environments, possibly due to enhanced realism compared to metaverse environments. It
has been found that the more naturalistic and engaging the stimulus material, the more effective it is
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in inducing emotional arousal [38]. This finding further supports the potential of the Metaverse as a
therapeutic tool, suggesting that its virtual environments might help mitigate disgust responses,
offering positive implications for the treatment of depression. However, no significant effect of the
environment was observed for most emotional arousal responses, including amusement, anger,
sadness, and fear. This finding suggests that these specific emotions are not significantly influenced
by whether the setting is metaverse or real-world, indicating that the Metaverse has the potential to
evoke emotional arousal comparable to traditional real-world scenarios. In therapeutic contexts,
these findings imply that the Metaverse may not inherently alter specific emotional arousal,
supporting its potential as an alternative platform for emotional engagement.

An interesting finding of this study was the significant interaction effect of environment and
depression severity on perceived effort. Participants with minimal or no depression reported higher
effort in the real-world environment compared to the Metaverse. This result suggests that the
Metaverse environment provided a platform that required less hard work for participants to achieve
their performance levels, leading them to perceive the task as requiring less effort. Though
individuals with depression did not perceive a significant difference in effort between the
environments for the task selected in this experiment, the Metaverse could offer a therapeutic
advantage by mitigating task-related stress for those who are particularly sensitive to cognitive
stressors. This study found no significant differences in overall MWL, MD, PD, TD, or frustration
between the real-world and Metaverse environments. Individuals with depressive symptoms did not
report perceiving MWL differently than those without symptoms. In contrast to these findings, prior
research indicates that work demands are positively associated with depression, irrespective of
individuals' socioeconomic position, personality traits, or psychiatric history [39], as depressed
individuals often struggle to make adjustments that could alleviate symptoms and impairments [40].
Moreover, depression has been linked to impaired performance, which is aggravated by exposure to
cognitive stressors such as high cognitive demands [40]. However, in our study, depression severity
was significantly associated with higher perceived performance, which reflects a heightened
perception of being successful in accomplishing the task among individuals with depression. No
significant differences in perceived performance were observed between the real-world and
Metaverse environments. One possible explanation for these findings is the high task similarity
between the two environments. The Metaverse environment was intentionally designed to closely
replicate the real-world settings, which may have minimized the perceived differences in the
dimensions of MWL. Another explanation could be the duration of exposure to the environment.
Participants were exposed to each environment for a relatively short period, and appropriate rest
periods were provided between the task sessions. This brief exposure and rest periods may have
contributed to the lack of significant differences in workload perception among participants. These
findings suggest that if designed carefully, the virtual environment of Metaverse can provide a
comparable experience to the real world in terms of workload perception, even among individuals
with varying mental health conditions.

This study did not exhibit any significant differences in PA or NA scores reported by the
participants between the two environments or between participants with differing depression
severity. This lack of variation suggests that both settings elicited comparable positive and negative
emotional engagement levels. This result may support the feasibility of using SL as a Metaverse
environment for therapeutic purposes, as no noticeable difference was observed compared to real-
world settings during emotionally evocative tasks. However, further research is needed to identify
specific interventions or design elements that could enhance emotional engagement in Metaverse
environments, as previous studies have shown both positive and negative emotional reactions,
reflecting overall mixed perceptions [41]. The Metaverse can help alleviate negative emotions like
fear and boredom by offering tools and connections that enable users to explore real-world
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opportunities [42]. While users express positive feelings such as contentment, curiosity, and
enthusiasm [41], excessive time spent in virtual environments may lead to social alienation, with
negative emotions extending into the real world, contributing to isolation, anxiety, and identity
confusion [43], [44]. Additionally, using avatars to communicate within the Metaverse cannot
effectively convey tactile emotions, such as handshakes or hugs, which may further impact users'
emotional engagement [43].

The findings suggest that the Metaverse can evoke emotional responses comparable to real-
world environments, reinforcing its potential as a therapeutic platform. Individuals with self-
diagnosed depression exhibited heightened emotional responses in both settings, indicating the
Metaverse’s viability for emotional processing and therapeutic engagement. Additionally, the lower
cognitive effort reported in the Metaverse highlights its potential to provide a less demanding
alternative for those struggling with traditional therapy. These results support the integration of
Metaverse environments into therapeutic programs to simulate real-life emotional experiences in a
controlled, adaptable, and accessible setting. Future research should explore personalized Metaverse
therapy, guided emotional regulation exercises, and immersive exposure therapy to enhance mental
health interventions.

While the results of this study provide valuable information about the potential of Metaverse as
an emotional eliciting platform, several limitations should be acknowledged. First, the study sample
was limited to adults aged 18 to 35. As the use of Metaverse as an emotional eliciting platform may
include various age groups, it is crucial to include more diverse participants to confirm these
findings. Second, this study relied solely on self-reported measures, which may introduce potential
biases, such as subjective interpretation of depression, MWL, and emotional engagement.
Incorporating objective data such as physiological measures and clinical data for detecting
depression could provide a more comprehensive assessment and enhance the validity and robustness
of the results. Third, the participants in the experiment were exposed to the real world and the
Metaverse environment for a brief period. Prolonged exposure may reveal additional insights and
more significant findings. Finally, the study utilized a single Metaverse platform (SL), and these
results may not be generalized for other Metaverse platforms. Future research could incorporate
additional Metaverse platforms with varying levels of immersion or interactivity to evaluate how
these factors influence emotional engagement.

5. Conclusions

This study highlights the potential of Metaverse platforms like SL as effective tools for therapeutic emotional elicitation.
The ability of SL to evoke similar levels of emotional arousal, perceived MWL, and emotional engagement in real-world
settings suggests that Metaverse-based interventions offer an innovative approach to mental health care. The reduced
perceived effort and enhanced performance in the Metaverse demonstrate its potential as a complementary tool in
therapy. Researchers and practitioners can leverage these findings to incorporate Metaverse environments into treatment
plans, helping to reduce emotional distress, provide controlled exposure, and alleviate cognitive stress, particularly for
patients who may find real-world environments overwhelming.
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