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Abstract

Subthreshold depression (StD), recognized as a precursor to major depressive disorder, can lead to significant functional
impairment and social burden without timely intervention, posing critical challenges for traditional therapeutic approaches
in terms of accessibility and sustained engagement. Harnessing the power of digital intervention can be one possible solu-
tion, and in this paper, we present VR-ACT, a virtual reality (VR) system developed through interdisciplinary collaboration
(e.g., HCI, mental health). The aim of VR-ACT is to transform the six core principles of acceptance and commitment
therapy (ACT) into VR content and provide immersive experiences tailored for individuals with StD. The feasibility of
VR-ACT was evaluated in a quasi-experimental study with 56 participants (28 StD group, 28 non-depressed group). We
employed user experience measures to assess the feasibility and user engagement potential of the system and investigated
five hypotheses by analyzing unique behavioral patterns in the StD group through sensor and log data. The study results
demonstrated that VR-ACT is a feasible approach for delivering immersive mental health support and revealed distinct
behavioral patterns in the StD group that can serve as potential clinical indicators. Our study contributes to the digital
transformation of ACT by demonstrating the feasibility of VR-ACT and identifying digital phenotypes specific to individu-
als with StD. Building on these findings, we propose a digital transformation framework that emphasizes (1) mapping
clinical evidence onto user interaction data and (2) fostering interdisciplinary collaboration led by experts in HCI and
immersive system design to develop evidence-based digital interventions. We also outline key design implications for
enhancing user engagement in immersive therapeutic settings.
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across multiple studies (Wang et al. 2018; Rodriguez et al.
2012). The prevalence of StD has been steadily increasing,
with recent meta-analyses estimating that approximately
11% of the adult population experiences StD (Zhang 2023),
and rates increasing to as high as 47.8% during the COVID-
19 pandemic (Xiong et al. 2020).

Early detection and intervention for StD are crucial not
only for improving the quality of life of individuals, but also
from a public health perspective (Hao et al. 2023; Xiong
et al. 2020). StD can lead to significant social burden and
functional impairment and is a major risk factor for the
development of MDD (Cuijpers and Smit 2004). Individu-
als with StD experience reduced quality of life, impaired
occupational functioning, and difficulties in social relation-
ships (Zhang 2023; Hao et al. 2023). Moreover, StD is asso-
ciated with increased suicide risk and long-term functional
impairment, emphasizing the importance of early detection
and intervention (Jeuring et al. 2016). However, individu-
als with StD often underestimate the severity of their symp-
toms, delay seeking treatment, or avoid seeking help due
to the stigma surrounding mental health (Henderson et al.
2013), which can lead to worsening of symptoms and pro-
gression to more severe forms of depression (Cuijpers and
Smit 2004).

Given the mild nature of StD symptoms, non-pharmaco-
logical interventions such as cognitive behavioral therapy
(CBT), behavioral activation therapy (BAT), and Accep-
tance and Commitment Therapy (ACT) are often considered
more appropriate than pharmacological treatments (Hao et
al. 2023), whose risks may outweigh the benefits (Jiang
et al. 2021). These interventions focus on providing individ-
uals with coping skills and strategies to effectively manage
symptoms without the side effects associated with medica-
tion (Farah et al. 2016; Gartlehner et al. 2017). However,
traditional face-to-face psychotherapy poses spatial and
temporal limitations, and individuals with StD may find it
challenging to maintain consistent engagement in therapy
due to practical difficulties, such as scheduling conflicts or
transportation issues, and underestimation of the need for
treatment (Solomon et al. 2001; Bertha and Balazs 2013;
Sun et al. 2022).

Digital interventions have emerged as an important
alternative to overcome these limitations (Moshe et al.
2021; Garrido et al. 2019; Linardon et al. 2019; Li et al.
2014; Kim et al. 2020). Digital tools such as Virtual Real-
ity (VR), mobile apps provide easier access to treatment
and can promote therapeutic engagement through person-
alized notifications and interactive features (Torous et al.
2021; Kammler-Sticker et al. 2023; Jin et al. 2025; Kim
et al. 2024; Lee et al. 2020). Among these digital tools,
VR has recently received considerable attention in recent
years (Zhu 2022; Reese et al. 2022; Phelan et al. 2023;
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Spyridonis et al. 2024; Kim et al. 2024; Kim et al. 2024).
Research has found that VR can augment psychotherapy by
enabling individuals to experience challenging situations
in a safe, simulated environment (Xu et al. 2021; Cieslik
et al. 2023) and to practice emotional and cognitive cop-
ing strategies in a realistic and immersive manner (Kim et
al. 2023; Dwivedi et al. 2022; Kim et al. 2022). Moreover,
the potential of VR to capture and analyze user interactions
during these therapeutic experiences has been recognized
as a valuable asset for supporting mental health improve-
ments (Torous et al. 2021). In particular, the integration of
ACT to VR environments has been proposed as a suitable
approach for individuals with StD (Juul et al. 2019). Unlike
traditional symptom-focused treatments, ACT emphasizes
the acceptance of difficult thoughts and emotions, while
encouraging individuals to find meaning and value in those
experiences (Hayes et al. 2006). Although several ACT-
based mobile applications, such as ACT Companion (Harris
2022) and IntelliCare (Mohr et al. 2017), provide structured
guidance for cognitive exercises and values clarification,
they largely rely on user-initiated inputs, text-based selec-
tions, or static content delivery. As a result, these interac-
tion modalities provide limited behavioral data granularity
and lack embodied engagement, potentially constraining the
experiential delivery of key ACT processes such as cogni-
tive defusion and self-as-context.

VR-based systems can address these limitations by pro-
viding interactive and embodied environments that align
closely with the experiential foundation of ACT. Such sys-
tems enable users to engage with therapeutic content in
realistic yet controlled settings, allowing for safe exposure
to emotionally challenging experiences. These affordances
highlight the potential of VR to support experiential thera-
pies (e.g., ACT). However, beyond selecting an appropri-
ate delivery medium, it is equally important to reconsider
how digital interventions are evaluated. Previous studies on
digital mental health interventions have primarily assessed
outcomes through pre- and post-intervention symptom mea-
sures. Recently, much attention has been paid to using data
such as sensor signals from devices and log data from sys-
tem use during the interaction process to understand user
behavior patterns that can be quantitatively identified and
characterized for clinical interpretation (Cho et al. 2023; Inc
2024). An important point here is to establish the relation-
ship between interaction patterns and clinical evidence. This
requires the design of content consistent with these relation-
ships and the validation of hypotheses through experimenta-
tion. The process of designing digital content that includes
the components derived from clinical evidence, formulating
the hypotheses, collecting data that reflect these compo-
nents, and conducting data analysis to test the hypotheses
should be tightly integrated. Nonetheless, existing studies
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often lack a coherent link between these steps and have
instead focused on clinical interpretation affer data analy-
sis. While this post-hoc interpretation approach is certainly
valid, the results can vary significantly from study to study,
and it would be difficult to present generalizable interpreta-
tions from a clinical perspective.

In this paper, we developed VR-ACT (Fig. 1), a system
that effectively translates ACT into a VR environment
through interdisciplinary collaboration between mental
health professionals (MHPs), designers, and developers.
This study focuses on demonstrating the feasibility and
behavioral relevance of the system, rather than evaluat-
ing symptom reduction or long-term therapeutic effects.
VR-ACT externalizes the six core principles of ACT—(1)
acceptance, (2) cognitive defusion, (3) being present, (4)
self-as-context, (5) values, and (6) committed action—over
the course of five sessions. Detailed protocols for imple-
menting each ACT principle in VR were created, reviewed,
and iteratively refined. The VR-ACT system preserves the
core principles of ACT while leveraging the strengths of VR
to provide an immersive and interactive therapeutic experi-
ence that enables participants with StD to effectively engage
with the ACT principles.

To evaluate the feasibility of the VR-ACT system, we
pose the following research questions:

e RQI: Can the core principles of ACT be effectively de-
livered in a VR environment?

e R(Q?2:How do the interaction patterns differ between the
StD group and the non-depressed (ND) group?

To answer these questions, we conducted a user study con-
sisting of five sessions with 28 participants in the StD group
and 28 in the ND group, using a quasi-experimental control
group design. By including a control group (the ND group),
we aimed to identify the unique behavioral patterns of the
StD group in the VR environment and analyze them in rela-
tion to the core ACT principles implemented based on clini-
cal guidelines. In this way, specific responses or behavioral
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Fig.1 Overview of VR-ACT demonstrating digital transformation that
externalizes ACT principles into virtual environments, where partici-
pants mainly conduct given user tasks in the foreground (first row)
while realistic background scenes (second row) enhance immersion

Externalize -

patterns exhibited by the StD group in the VR-ACT system
can be interpreted as different outcomes that may occur
when ACT principles are successfully applied. To further
assess the feasibility and user engagement of VR-ACT, we
evaluated the user experience using three scales—System
Usability Scale (SUS), Igroup Presence Questionnaire
(IPQ), and NASA Task Load Index (NASA-TLX). Based on
the study results, we confirmed the feasibility of VR-ACT, as
participants reported positive experiences across usability,
presence, and workload measures, indicating a transforma-
tion of ACT principles into the VR environment. In addi-
tion, through hypothesis testing, we identified meaningful
clinical indicators of StD by uncovering behavioral patterns
and sensor data within the VR-ACT system. These results
suggest that VR-ACT not only provides an engaging and
practical digital implementation of ACT but also contributes
to the digital phenotyping of StD.

Our research contributes to advancing the field of digital
mental health interventions, specifically for StD, by lever-
aging the capabilities of VR technology in the context of
ACT, as follows:

e We developed VR-ACT, focusing on the digital transfor-
mation of the core principles of VR-ACT into a clinical
guideline-based VR environment, to enhance the acces-
sibility and engagement with ACT principles for indi-
viduals with StD.

o We demonstrated the feasibility of VR-ACT through a
user study and validated the practicality and acceptabil-
ity of the system.

e We identified behavioral patterns of individuals with
StD and derived meaningful clinical indicators based on
log and sensor data within the VR environment.

Session 2 Session 3 Session 4 Session 5

Session 1
!
’ 7

across five sessions. The transformation process externalizes ACT
principles based on clinical evidence, while content data collected
from VR-ACT validates these core principles

@ Springer
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2 Methods

In this section, we present the design and evaluation of
VR-ACT, a VR-based system developed to translate ACT
principles into immersive user experiences. We conducted
a quantitative analysis of multimodal data, including psy-
chological assessment measures (SUS, IPQ, NASA-TLX),
VR-ACT user interaction logs, and sensor data (eye tracking,
head movement) to evaluate the efficacy and feasibility of
the VR-ACT system in delivering ACT interventions. This
analysis compared the StD group with the ND group over
five sessions.

2.1 VR-ACT system design
2.1.1 Theoretical foundation: ACT Hexaflex model

We designed VR-ACT based on the Hexaflex model (Bach
and Moran 2008), a visual representation of the core prin-
ciples of ACT in the form of a hexagonal diagram. This
model illustrates six key processes of ACT, arranged around
the central concept of psychological flexibility. The six key
components are:

e Acceptance: The process of accepting negative thoughts
and emotions without suppressing or avoiding them, and
allowing them to be as they are.

o Cognitive defusion: The process of seeing thoughts as
mere mental events and developing the ability to create
distance from them.

® Being present: The process of cultivating the ability to
focus on the present moment, free from concerns about
the past or future.

o Self-as-context: The process of recognizing oneself as
the observer of ever-changing thoughts and emotions,
rather than identifying with them (e.g., noticing “I’'m
having a thought that I’'m anxious” instead of “I’'m
anxious”).

® Jalues: The process of clarifying meaningful life direc-
tions that are important to the individual.

o Committed action: The process of taking concrete ac-
tions in accordance with one’s values.

Traditional ACT aims to increase psychological flexibility
through these six processes. This approach teaches individ-
uals to accept painful experiences rather than trying to elim-
inate them, and to live meaningfully within them. Although
the processes in the Hexaflex model are interconnected,
some should be structured to precede others. Specifically,
acceptance and cognitive defusion should be addressed
early as they form the basis for other processes. Conversely,
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values and committed action should be emphasized later as
they build on the other processes.

Based on this model, we designed VR-ACT in five ses-
sions. This structure provides sufficient time to experience
each component while mitigating potential user discomfort
(e.g., VR sickness). Sessions 1 through 4 sequentially reflect
acceptance, cognitive defusion, being present, and self-as-
context, while Session 5 addresses values and committed
action together for an integrated application of ACT.

Sessions 1, 2, 4, and 5 took place in dynamic shared envi-
ronments where users interacted with various virtual objects
and agents—boarding a ship, receiving guidance from crew
agents, creating and interacting with self-representing ava-
tars, and navigating toward goals. In contrast, Session 3
uniquely allows users to enter and personalize their own
space without interacting with virtual agents. This immer-
sive and self-directed setting provides a psychologically
safe context for practicing being present following cogni-
tive defusion.

2.1.2 Determining user tasks in VR-ACT

The user tasks in VR-ACT are designed to allow users to
experience and practice the six core components of ACT.
These tasks are implemented through a narrative progres-
sion that begins on a beach, progresses to boarding a ship,
and finally arrives at a destination that represents a user-
selected goal. Each session includes key tasks, carefully
selected based on clinical guidelines, which are important
for evaluating the user’s progress in adopting the principles
of ACT (see Table 1). These tasks were collaboratively
designed by MHPs, designers, and developers to effectively
translate ACT principles into interactive VR experiences.
The VR scenarios and key user interactions were refined
through iterative co-design sessions, grounded in ACT man-
uals and therapeutic guidelines to ensure clinical relevance
and fidelity to the foundational principles of the therapy.
The user tasks for each session are structured to allow
the users to progressively experience and internalize the
ACT principles. Early session tasks focus on having users
recognize and accept their emotions and thoughts, while
later sessions progress to tasks where users actively behave
according to their values. The final session tasks involve
actions that symbolize psychological growth, such as users
taking the helm and steering toward their goals. All user
tasks allowed unlimited interaction time, as the time taken
to complete each task was considered a meaningful indica-
tor for analyzing user engagement and task performance.
Fig. 2 illustrates the key scenes of user task performance
in each session. By expressing the process of individual psy-
chological growth as a symbolic journey, VR-ACT ’s user
tasks enhance engagement and motivation for treatment
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Table 1 VR-ACT session
structure with ACT Hexaflex
components and user tasks

The five sessions correspond
to the components of the ACT
Hexaflex model (“No.” and
“Components” refer to the ses-
sion number and Hexaflex com-
ponents). Each session includes
the specific ACT component, a
brief storyline description, and
user tasks. Among these tasks,
one key user task per session is
highlighted in bold. These key
tasks are designed to evaluate
core ACT principles derived
from the Hexaflex model based
on clinical evidence

Session 1

No. Components Main storylines User Tasks
1 Acceptance Participants arrive at a beach, initiating a journey Meditate while observing the
of sea scenery
observing the present moment and exploring Draw one’s own constella-
their emotions. tion in the sky
Guided by narration, they observe their sur- Listen to and advise an ava-
roundings and tar facing difficulties
experience recognizing and accepting their Collect emotion-labeled
emotions shells, practicing
acceptance
2 Cognitive Participants board a ship as passengers and Select negative thoughts that
defusion receive guidance trouble oneself
from the crew. They learn to recognize negative ~ Remove music bugs caus-
thoughts and ing dissonance
distance themselves from them Listen to music without
dissonance
Select their current emotion
3 Being present Participants are guided to a secret space within ~ Choose the shape of the
the ship to secret space
focus on the present moment. They create a Decorate the space
personal special with various colors and
place where they focus on current sensations and meditate
emotions Choose their current emotion
4 Self-as-context  Participants move to a regular cabin to experi- Create an avatar resem-
ence an bling oneself
observer’s perspective of themselves. They cre- ~ Select and listen to the ava-
ate an avatar tar’s concerns
similar to themselves, listen to its concerns, and ~ Choose and verbalize types
offer advice, of comfort to the avatar
and see their thoughts and emotions from a new
perspective
5 Values, Participants take control of the ship’s helmand  Select a flag with their
Committed begin important value written
action a journey towards their values. As the ship flies  on it
towards Verbalize life goals related to
an aerial destination, they overcome various the chosen value
obstacles and Navigate towards life goals,
practice actions committed to their values overcoming obstacles
Session 2 Session 3 Session 4 Session 5

Fig. 2 Screenshots of the key user tasks across the five sessions, illus-
trating the main activities participants engaged in during each session.
In Session 1, users collect emotion-labeled shells (top) and practice
acceptance through meditation (bottom). In Session 2, they remove

disruptive music bugs (top) and experience harmony (bottom). Session

3 involves decorating a personal space with various colors (top) and
meditating (bottom). In Session 4, users create avatars that resemble
themselves (top: male; bottom: female). In Session 5, participants
select life goals (top) and navigate obstacles to pursue them (bottom)

@ Springer
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while providing opportunities to learn and practice core
ACT principles experientially. The inclusion of clinically
significant key tasks ensures a robust evaluation of user
progress throughout the VR-ACT experience.

2.1.3 Building a branching narrative for VR-ACT

To effectively implement VR-ACT, we adopted a branch-
ing narrative structure (Riedl and Young 2006). Unlike
traditional linear narratives, this approach provides flex-
ibility within a fixed framework, offering various path-
ways based on user choice while maintaining the overall
treatment goals. In each VR-ACT session, users can select
ACT practice activities that match their experience and
preferences. This design is consistent with ACT’s empha-
sis on personal values and context-aware interventions by
respecting individual preferences and promoting mindful,
values-based actions (Hayes et al. 2006). As a result, users
can derive personal meaning from the VR-ACT experience,
fostering stronger connections with the virtual environment
and increasing motivation for continued engagement. The
branching structure not only supports user autonomy, but
also enables the collection of diverse interaction patterns,
providing a valuable foundation for analyzing how individ-
ual choices relate to the practice of ACT principles.

2.1.4 Enhancing user immersion and engagement

VR-ACT incorporates a range of auditory elements to
deepen user immersion and foster emotional and cognitive
engagement throughout the therapeutic experience. Each
session is designed to respond dynamically to user interac-
tion, guiding cognitive and emotional responses through
auditory stimulation. Specifically, in Session 2, background
music changes based on the negative thoughts selected by
the user. In Session 3, the rhythm of the music adjusts in real
time to match the user’s pace while decorating their selected
secret spaces. Across all sessions, spoken voiceovers and
on-screen prompts to support user comprehension and task
flow. Each session concludes with opportunities for users to
verbally express their emotions.

2.2 Research hypotheses

We proposed five hypotheses, associated with each session,
to evaluate the feasibility clinical relevance of the VR-ACT
system. As mentioned in Sections 2.1.1 and 2.1.2, each ses-
sion was designed according to ACT principles and clini-
cal guidelines, with clinically significant user tasks defined
for sessions that emphasize these principles. By focusing
on these externalized key user tasks, we developed hypoth-
eses to assess different behavioral patterns between the StD
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and the ND groups in each session. Through this, we aim to
examine whether VR-ACT successfully reflects ACT prin-
ciples in both groups, while identifying significant clinical
indicators unique to the StD group.

e H]: The StD group will exhibit differences in recog-
nized and accepted emotions compared to the ND group.

e [H2: The StD group will have greater difficulty in alle-
viating emotional burden during the cognitive defusion
process compared to the ND group.

e H3: The StD group will show comparable levels of psy-
chological engagement with the present moment com-
pared to the ND group.

o H4: The StD group will show greater difficulty in self-
representation tasks compared to the ND group.

e H5: The StD group will have difficulty clarifying their
values and smoothly engaging in committed actions in
Session 5 compared to the ND group.

All five hypotheses were based on core ACT principles
derived from the Hexaflex model and established clinical
evidence. Each hypothesis corresponds to one or two key
user tasks, which were designed by translating the six ACT
principles into interactive experiences. While each of HI,
H2, H3, and H4 targeted a single ACT principle and key
user task, H5 addressed two principles and was therefore
associated with two key user tasks. These tasks facilitated
a structured assessment of user engagement with ACT con-
cepts in the VR environment.

2.3 Recruitment

To minimize the potential impact of VR technology as an
exogenous variable influencing experimental results, we
restricted the age of participants to between 18 and 40 years
to ensure a more accurate assessment of the feasibility of
VR-ACT. Participants were recruited through student com-
munity websites, flyers, and outreach via the mental health
center at the authors’ institution. All participants provided
written informed consent prior to participation.

Initially, we recruited 36 young adults with subthresh-
old depression (Mean = 27.3,SD = 4.2) and 32 non-
depressed young adults (Mean = 26.8,SD = 3.9) in the
same age range, who were screened according to the fol-
lowing criteria: (1) young adults aged between 18 and 40,
(2) able to visit our facility, (3) a score of 85 or higher on
the Northstar Digital Literacy Assessment (NDLA), which
evaluates basic digital skills (e.g., using document soft-
ware), with a score of 85 representing a passing level of
functional digital literacy according to the official NDLA
guideline, and (4) a score on the PHQ-9, with subthresh-
old depression scored as five or higher and non-depressed
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Table 2 Demographic information of participants in the StD and the
ND groups, including age, gender, frequency of prior VR experience,
and PHQ-9 score levels for depression severity (none-minimal: 04,
mild: 5-9, moderate: 10-14, moderately severe: 15-19)

Characteristics StD (n = 28) ND (n = 28)
Age

Years, Mean + SD 2343 +4.40 25.86 +4.35
Gender

Female (%) 19 (67.86) 16 (57.14)
Male (%) 9(32.14) 12 (42.86)
VR experience

0 times (%) 7 (25.00) 5(17.86)
1-2 times (%) 15 (53.57) 14 (50.00)
3-5 times (%) 4 (14.29) 7 (25.00)
More than 5 (%) 2(7.14) 2(7.14)
PHQ-9 score

None-minimal (%) - 28 (100)
Mild (%) 10 (35.71) -

Moderate (%) 15 (53.58) -
Moderately severe (%) 3(10.71) -

scored as below five. Although 5-14 is commonly used to
indicate StD, three participants with scores of 15-16 were
also included based on clinical judgment during the in-per-
son screening, as their symptoms aligned with subthreshold
characteristics. Participants first completed an online pre-
screening questionnaire and were rescreened in person at
their first visit prior to final enrollment.

Exclusion criteria were applied as follows: (1) participants
who did not meet the inclusion criteria (n = 2), (2) those
with comorbid psychiatric conditions (e.g., bipolar disor-
der, schizophrenia) that impaired decision-making capacity,
which required users to complete interactive tasks without
researcher intervention (n = 2), (3) those who refused to
participate in the experiment (n = 4), and (4) those who had
technical issues that resulted in the partial data loss (n = 4).
After applying these exclusion criteria, the final sample con-
sisted of 28 participants in the StD group and 28 in the ND
group. Table 2 presents demographic information, including
PHQ-9 scores, gender, age, and prior VR experience of the
participants.

2.4 Data collection
2.4.1 Measures of user experience and feasibility

We used three measures to evaluate the user experience and
feasibility of VR-ACT. The 1Group Presence Questionnaire
(IPQ) and the NASA Task Load Index (NASA-TLX) were
measured immediately after each VR-ACT session, while
the System Usability Scale (SUS) was evaluated once at the
end of the entire program. The SUS consists of 10 items,
with scores below 68 indicating inadequate usability, 68—84
indicating adequate usability, and 85 or above indicating

Table 3 Session-specific questions for evaluating ACT principles
(“No.” refers to the session number)

No. ACT principle Evaluation question

1 Acceptance Did Session 1 help you accept
negative emotions?

2 Cognitive defusion Did Session 2 help you detach
from your thoughts?

3 Being present Did Session 3 help you focus
on the present moment?

4 Self-as-context Did Session 4 help you objec-
tively observe yourself?

5 Values, committed Did Session 5 help you identify

action and act on your core values?

excellent usability. The IPQ consists of 14 items, including
one item measuring general presence and three sub-scales
evaluating spatial presence, involvement, and realness.
Each item is measured on a 7-point Likert scale, providing
a comprehensive assessment of the user’s presence in the
virtual environment. The NASA-TLX measures the user’s
cognitive load during VR-ACT activities by evaluating six
sub-domains: mental demand, physical demand, tempo-
ral demand, performance, effort, and frustration, using a
7-point Likert scale. Furthermore, we conducted session-
specific questions to evaluate the application of the core
principles of ACT in each session (Table 3). These questions
were designed to assess whether the key ACT concepts were
effectively implemented and understood by participants in
the context of each VR-ACT session.

2.4.2 Sensor and log data

We unobtrusively collected real-time sensor data and user
interaction logs during VR-ACT sessions using Unity3D
Engine. Gaze data recorded at 90 Hz via Meta Quest Pro’s
eye-tracking technology, while head movement data was
collected using built-in motion tracking sensors (e.g., gyro-
scope, accelerometer, magnetometer). User interactions
with objects were recorded using a laser pointer; when an
object was touched, the system recorded the object identi-
fier and the corresponding touch signal, enabling identifica-
tion of the user’s region of interest (ROI). We also recorded
user responses and actions during specific tasks in each
VR-ACT session, including task choices and time spent on
each task. This setup allowed for high-resolution tracking
of user attention and movement within the virtual environ-
ment, providing a rich quantitative basis for analyzing user
behavior.

2.5 Study procedure
We conducted a five-session study with 28 participants in

the StD group and 28 in the ND group. All five sessions
were completed during a single visit. The study procedure
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consisted of (1) a 45-min introductory phase, (2) a VR-ACT
experience phase (Mean = 58.34 min, SD = 5.12min),
and (3) a20-minreview phase. During the introductory phase,
researchers explained the overall study purpose and proce-
dures. Participants were also informed about data types and
data management procedures. They completed a pre-study
questionnaire covering NDLA, prior VR experience, and
basic demographic information. A brief VR interface tuto-
rial was provided to familiarize participants with essential
interface operations in the VR environment (e.g., button
pressing, object selection). Throughout the VR-ACT experi-
ence phase, participants wore an HMD over five sessions.
Each session followed a fixed order based on the flow of
the hexaflex model. All task instructions were delivered
through spoken and on-screen prompts, which minimized
researcher intervention during the sessions and allowed
participants to independently explore their emotions. After
each session, they completed questionnaires including the
IPQ and NASA-TLX to evaluate immersion and cogni-
tive load. Session-specific questions were also presented
to assess the proper application of ACT’s core principles in
each session (See Table 3). Participants were given suffi-
cient rest if they reported physical discomfort at the end of
each session. In the review phase, participants completed
the SUS questionnaire to gather comprehensive feedback on
the overall VR-ACT experience. This study was approved by
the Institutional Review Board (IRB) of the authors’ affili-
ated institution, and prior consent was obtained from each
participant. To protect participants’ privacy, all personally
identifiable information was removed from the collected
data, and code names were assigned for anonymization
before analysis.

2.6 Data analysis

To evaluate the feasibility of ¥R-4ACT and investigate unique
behavioral patterns in participants with StD, we conducted
descriptive statistics and statistical tests on post-evaluation
results for several measures, including SUS, IPQ, NASA-
TLX, ROI-based level of attention, and session-by-session
log data. Our analysis aimed to identify significant differ-
ences between the StD and ND groups. To control for poten-
tial confounding variables, we included gender, age, and
prior VR experience as covariates in the statistical model.
Gender and age were selected based on their frequent inclu-
sion in digital intervention studies, where they are known
to influence user experience and attentional responses (Carl
et al. 2019; Kober and Neuper 2013). Prior VR experience
was incorporated based on clinical recommendations, as
varying levels of familiarity with immersive environments
may affect task engagement, even among relatively digitally
literate young adults who completed the interface tutorial.
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We used Analysis of Covariance (ANCOVA) to adjust
for these covariates and ensure robust comparisons between
groups. Before running ANCOVA, we confirmed all nec-
essary conditions, including independence, linearity,
homoscedasticity, normality of covariates, and the absence
of interaction effects between covariates and treatments.
The Shapiro-Wilk test was used to assess the normality of
covariates and residuals, residual plots were examined to
evaluate linearity, and the Levene’s test was applied for
homoscedasticity. For the ANCOVA results, we used par-

tial eta squared (nf,) to estimate the effect sizes, with values

around 0.01 interpreted as small, 0.06 as medium, and 0.14
as large effects.

In Session 3, unlike other sessions in which task comple-
tion time served as a meaningful performance indicator,
the focus was on psychological engagement with the pres-
ent moment. Participants were asked to perform immersive
drawing and observation tasks in a private setting without
interaction with virtual agents or characters. Saccade fre-
quency can serve as an indicator of visual attentional sta-
bility and cognitive processing efficiency; frequent eye
movements may imply increased attentional shifts during
task performance, which are often associated with cogni-
tive distraction or emotional instability (Rayner 1998; Gibb
et al. 2016). Therefore, we employed saccade-based atten-
tion analysis to assess concentration levels. Specifically,
we calculated saccades from eye and head movement data
(gaze position x, y, z, and head rotation roll, pitch, yaw) col-
lected from the HMD to evaluate whether participants were
focused on the present moment (Equations 1-4). Based on
prior research indicating that frequent saccades may suggest
dispersed attention (Gu et al. 2024; Noyes et al. 2023), we
defined saccades as occurring when eye movement veloc-
ity exceeded a set threshold while changes in head rotation
remained below this threshold. In addition, we used Pearson
correlation analyses to examine the relationship between
avatar customization time and the total time spent in Ses-
sion 4 for the StD and ND groups.

Aposition =v/(Az)2 + (Ay)? + (Az)? (1)
Aposition

locity =————— 2

velocity At 2)

where Ar =zip1 — X4, Ay = Yir1 — Yis and

Az = z;+1 — z;. i refers to the value at the previous time
point, and i+ represents the value at the next time point. At
is the time interval and is calculated as ¢;4; — ;.

Arotation = \/(Ar,)? + (Ar,)? + (Ar.)? 3)
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where  Ar, =715, — 15, Ar,=r1y,, —1,, and
Ar, =r,, , —1.,. The changes in head rotation were cal-
culated for each rotational coordinate (roll, pitch, yaw) and

then integrated into a three-dimensional rotational change.

saccade — True, if velocity > vthreshold and Arotation < Tpreshold (4)
False, otherwise

where vipreshola 18 the velocity threshold and 7ipreshoa 18
the rotational change threshold. Each threshold was set to
10, based on approximately 10% of the variation between
the minimum and maximum values in the collected data.

3 Results
3.1 Evaluation of ACT digital transformation (RQ1)

We analyzed the survey results of IPQ, NASA-TLX, and
session-specific questions (Table 3) to evaluate the user
perception of ACT. SUS was collected once, completing all
sessions, to assess the overall usability of the VR-ACT expe-
rience. Table 4 presents the mean and SD values for IPQ,
NASA-TLX, and session-specific questions across sessions
for both the StD and ND groups.

First, the SUS scores for the StD and ND groups were
81.57 (SD = 12.79) and 83.64 (SD = 8.02), respectively.
Both were significantly higher than the general average of
68. There was no statistically significant difference between

the two groups (¥(1, 50) =0.19, p = 0.67, 7712, = 0.003).

Second, in the IPQ, both the StD and ND groups showed
similar scores in the general item. In Session 1, the scores
were 5.36 (SD = 0.87) and 5.25 (SD = 1.29) for the StD
and ND groups, respectively, and in Session 5, they were
6.04 (SD = 0.74) and 5.57 (SD = 1.10), respectively. There
were no statistically significant differences between the
two groups in Spatial Presence, Involvement, and Realism.
These results suggest that depressive symptoms did not sig-
nificantly influence participants’ subjective sense of pres-
ence or immersion in the VR environment.

Third, some subscales of the NASA-TLX showed dif-
ferences between the groups. For Mental Demand, the StD
group reported higher cognitive workload in Session 2 with
a score of 2.18 (SD = 1.52), compared to the ND group,
which scored 1.50 (SD = 1.07). The analysis yielded F(1,

50)=4.90, p=0.03, nz = 0.09. For Temporal Demand, the

Table 4 Results of the three measures—IPQ, NASA-TLX, and session-specific questions—used to evaluate the digital transformation of ACT

across each session

Measures Session 1 Session 2 Session 3 Session 4 Session 5
StD ND StD ND ND StD ND StD ND
IPQ
General item  5.36 (0.87) 5.25(1.29) 5.28(1.27) 5.39(1.25) 5.79(1.10) 5.21(1.47) 5.53(1.20) 5.29(1.49) 6.04(0.74) 5.57
(1.10)
Spatial 5.25(0.81) 5.40(0.97) 5.31(0.92) 5.26(0.94) 5.40(0.90) 5.13(1.15) 5.15(1.09) 5.37(0.94) 5.69(0.91) 5.50
presence (1.07)
Involvement  4.77 (1.34) 4.84 (1.51) 4.63(1.58) 5.07 (1.50) 5.01(1.49) 5.14(1.41) 5.11(1.48) 5.56(1.40) 5.38(1.26) 5.46
(1.33)
Realism 3.62 (1.12) 3.56(1.24) 3.68(1.29) 3.52(1.33) 3.96(1.38) 3.38(1.37) 4.01 (1.55) 4.08 (1.56) 4.26 (1.66) 3.44
(1.52)
NASA-TLX
Mental 1.86 (1.24) 1.54(0.96) 2.18(1.52) 1.50(1.07) 2.29(1.62) 1.61(1.13) 1.64(0.95) 1.36(0.99) 1.71(1.38) 1.32
demand (0.98)
Physical 1.50(0.92) 1.50(1.14) 1.68(1.06) 1.39(0.99) 2.04(1.57) 2.00(1.70) 1.36(0.62) 1.39(1.17) 1.71(1.21) 1.46
demand (1.35)
Temporal 2.39(1.57) 1.93(1.39) 2.32(1.66) 1.64(0.99) 2.64 (1.85) 2.14(1.56) 2.25(1.65) 1.36(0.62) 1.61(0.99) 1.68
demand (1.19)
Effort 2.36 (2.06) 2.32(2.00) 2.21(1.79) 1.92(1.88) 2.39(1.66) 3.21(2.10) 1.75(1.21) 1.96 (1.86) 1.57(1.23) 1.50
(1.23)
Performance  2.25(1.62) 2.46(2.01) 1.93(1.44) 2.14(2.01) 1.68 (1.31) 2.11(1.85) 1.64(1.16) 1.86(1.58) 1.36(0.56) 1.86
(1.88)
Frustration 1.75(1.40) 1.32(0.48) 1.96 (1.50) 1.21(0.42) 1.57(1.14) 1.29(0.98) 2.32(1.59) 1.43(0.88) 1.57(1.14) 1.14
(0.36)
Session-specific questions
Overall score  4.14 (0.52) 4.07 (0.60) 3.50 (0.70) 4.20 (0.68) 3.68 (0.98) 3.82(1.02) 3.71(1.08) 4.25(0.97) 4.39(0.69) 4.43

(0.63)

Each measure is denoted by its abbreviation in the table. Values are presented as “Mean (SD),” and mean differences between groups are indi-

cated in bold (italic for p <0.05 and bold and italic for p <0.01)
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StD group reported a higher sense of time pressure in Ses-

sion 4 (F(1,50)=6.01, p=0.02, n}% = 0.11), with the score
of 2.25 (SD = 1.65), compared to the ND group, which
reported a score of 1.36 (SD = 0.62), suggesting that the
StD group felt more time pressure during the user task in
this session.

Regarding Frustration, the StD group experienced gen-
erally higher levels than the ND group. Significant differ-
ences were observed in Session 2 (F(1, 50) = 7.18, p <

0.01, 77;2) = 0.12) and Session 4 (F(1, 50) = 6.61, p = 0.01,

77; = 0.11), indicating that the StD group may have expe-
rienced greater emotional burden when disengaging from
intrusive thoughts and presenting themselves objectively
during key tasks in these sessions.

Lastly, we analyzed the scores of the session-specific
questions mentioned in Table 3 to evaluate the core ACT
principles. In Sessions 1, 3, and 5, there were no significant
differences between the two groups, indicating that both
groups generally found these sessions helpful and engaging.
Notably, statistically significant differences were observed
in Sessions 2 and 4. In Session 2, the StD group scored
3.50 (SD = 0.70) while the ND group scored 4.20 (SD =
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Fig. 3 Results for each hypothesis (H1-HS5). a represents the number
of positive and negative emotions for H1, b)represents the time taken
to remove the music bugs for H2, ¢ represents the number of saccades
for H3; square-shaped dots indicate outliers, d represents the time
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0.68) (F(1, 50) = 13.58, p <0.01, 7712] = 0.20), and in Ses-
sion 4, the StD group scored 3.71 (SD = 1.08) while the ND
group scored 4.25 (SD = 0.97) (F(1, 50) = 4.53, p <0.05,
77;% = 0.08). While both scores were within a positive range,

the relative differences suggest that participants with StD
may have experienced more difficulty disengaging from
intrusive thoughts in Session 2 and adopting an observer
perspective in Session 4. These findings are consistent with
the Frustration subscale results, suggesting that cognitive
defusion and self-observation were particularly demand-
ing tasks for participants with StD. This aligns with ACT
theory and clinical studies indicating that individuals with
StD struggle to detach from intrusive thoughts and maintain
an observer perspective (Hayes et al. 2006; Juul et al. 2019).

3.2 Hypothesis testing: distinct behavioral patterns
of the StD group (RQ2)

3.2.1 Emotion recognition differences (H1)

We examined the differences in emotion recognition and
acceptance between the StD and ND groups in Session 1.
As shown in Fig. 3a, while ANCOVA analysis did not reveal
significant differences in the number of positive emotions
selected (positive emotion shell selection) between the two
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spent on avatar customization for H4, and e, f represent the time spent
on value clarification and committed action tasks, respectively, for H5.
Error bars indicate 95% confidence intervals for each measure. Red
stars indicate statistical significance (*p < 0.05, ***p < 0.001)
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groups (F(1,50) = 2.79,p = 0.10,72 = 0.05), there was a
statistically significant difference for negative emotions, with
the StD group selecting more negative emotions than the ND
group (F(1,50) = 15.16,p <0.001, 7712) = 0.23). This lack
of significance in the selection of positive emotions is likely
due to considerable individual variation in the ND group’s
responses (the StD group: Mean = 1.82,5D = 1.36; the
ND group: Mean = 3.34,SD = 3.95), reducing statistical
power. Specifically, the StD group selected an average of
3.43 negative emotions (S D = 2.40) out of 25, whereas the
ND group selected 1.89 (SD = 1.55). This suggests that the
StD group is more sensitive to recognizing and responding
to negative emotions than the ND group.

3.2.2 Cognitive defusion difficulty (H2)

In Session 2, we assessed whether participants had dif-
ficulties relieving emotional burdens during the cognitive
defusion process. The results showed that the StD and ND
groups took an average of 23.75 s (SD = 54.06) and 5.07 s
(SD = 5.83), respectively. The removal of the “music bug”

(F(1,50) = 4.55,p = 0.038, 7712) = 0.08) showed a statisti-
cally significant difference (see Fig. 3b). This suggests that
the StD group required more time to reduce emotional stress
during the process.

3.2.3 Degree of present-moment retention (H3)

In Session 3, we evaluated whether participants made an
effort to focus on the present moment by analyzing their
degree of present-moment retention during the pattern
drawing and observation activities.

The analysis revealed no statistically significant differ-
ence in the degree of present-moment retention between

the two groups (F'(1,50) =1.89,p =0.17, 7}12) = 0.037).
Both groups showed similar levels of engagement during
the pattern drawing and observation tasks, indicating that
the engagement of the StD group in tasks requiring present-
moment focus was comparable to that of the ND group.
The average number of saccades was slightly higher in the
StD group (Mean = 1.86, 5D = 3.45) compared to the
ND group (Mean = 1.11,SD = 1.20), as illustrated in
Fig. 3¢).

3.2.4 Self-as-context delays (H4)

In Session 4, we examined whether participants had diffi-
culty objectively recognizing their thoughts or emotions. As
shown in Fig. 3d, the time taken to create an avatar showed
a statistically significant difference between the two groups

(F(1,50) = 4.76,p = 0.034,7}12, = 0.08). On average, the
StD group spent 52.0 s (SD = 16.50) on avatar customiza-
tion, whereas the ND group spent 44.0 s (SD = 17.0). This
finding suggests that participants with StD may experience
greater cognitive or emotional difficulty during self-as-con-
text tasks that involve abstract self-representation. Further-
more, the correlation between the total time spent in Session
4 and the time spent on avatar customization was significant
for both the StD group (r = 0.894, p < 0.001) and the ND
group (r = 0.816, p < 0.001). This strong association indi-
cates that avatar customization accounted for a substantial
portion of the session, highlighting its cognitive and emo-
tional salience within the self-as-context task.

3.2.5 Value clarification and commitment with obstacles
(H5)

In Session 5, we assessed whether participants could success-
fully clarify their values and commit to them while encoun-
tering obstacles, reflecting the two core ACT components
of values and committed action. To reflect on these compo-
nents, we analyzed two key tasks: identifying personal val-
ues and navigating through challenges to pursue life goals.
As shown in Fig. 3e, the time taken to identify values was
significantly longer for the StD group (Mean = 18.50 s,
SD = 4.50) than for the ND group (Mean = 16.20 s,
SD = 4.00), showing a statistically significant difference
(F(1,50) = 8.23,p = 0.006,1712) =0.13). In the naviga-
tion task, the StD group also took longer to pursue their
goals while overcoming obstacles (Mean = 6.60 min,
SD = 1.50) compared to the ND group (Mean = 6.18 min,
SD = 1.00), with the difference being statistically signifi-
cant (F(1,50) = 10.36, p = 0.002, 1712, = 0.16), as shown in
Fig. 3f. These results suggest that the StD group experienced
greater difficulty in clarifying their values and engaging in
committed actions when faced with challenges, compared
to the ND group.

3.2.6 Summary of hypothesis testing results

We had five hypotheses based on the key user tasks defined
in accordance with the storyline of each session (Table 1).
Each session was designed to evaluate different behavioral
patterns between the StD and ND groups by testing the
hypotheses corresponding to the unique user tasks.

In summary, all five hypotheses were supported by log and
sensor data that captured distinct behavioral patterns in the
StD group across different ACT components. Specifically,
the StD group exhibited a heightened sensitivity to nega-
tive emotions (H1), took longer to disengage from intrusive
thoughts (H2), experienced delays in self-representation
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Fig. 4 The key components of the proposed framework for digital
transformation in the mental health domain: (left) psychotherapy
analysis, (middle) system development, and (right) therapeutic content
experience. This framework includes the analysis of the selected psy-
chotherapy, the system development process in which these elements
are externalized into a digital environment, the content experience

tasks (H4), and required more time to clarify their values and
engage in committed actions when faced with challenges
(H5), compared to the ND group. Session 3 (H3) showed
comparable levels of present-moment retention between the
groups. Given the private and non-interactive nature of Ses-
sion 3, which was specifically designed to facilitate present-
moment focus, it was expected that participants with StD
would exhibit attentional engagement comparable to that of
the ND group. Unlike other sessions that required interac-
tion with virtual agents or characters, Session 3 provided
a private environment focused solely on present-moment
engagement. Both groups maintained similarly high levels
of attentional focus, suggesting that immersive and distrac-
tion-free settings (e.g., environments without virtual agents
or interactive characters) may help individuals with StD
perform present-focused tasks as effectively as their non-
depressed peers.

These findings suggest that VR-ACT can be an effec-
tive tool for delivering the core principles of ACT to par-
ticipants with StD and for achieving outcomes consistent
with therapeutic goals. By externalizing psychotherapeutic
components as interaction data, this approach also high-
lights the potential of digital environments to enable objec-
tive, data-driven evaluation of therapeutic engagement.
This illustrates the broader promise of digital transforma-
tion in psychotherapy. In the next section, we will discuss
key directions for advancing the digital transformation of
psychotherapy, addressing both technical and collaborative
approaches to optimizing therapeutic engagement and sys-
tem personalization.
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sionals (MHPs), developers (Dev) and end-users (User), showing how
their contributions intersect throughout the entire framework

4 Discussion
4.1 Conceptual framework proposal

Based on our study results and insights, we propose a
conceptual framework for digital transformation in the
mental health domain, focusing on the integration of psy-
chotherapy components into digital platforms. The frame-
work addresses two key research areas: (1) the importance
of clinical mapping to translate psychotherapy processes
into measurable user interaction data to ensure that digital
interventions are aligned with therapeutic goals, and (2) the
role of collaboration between mental health stakeholders to
develop and achieve evidence-based digital interventions.
An overview of the framework is illustrated in Fig. 4, with
detailed descriptions provided in Sections 4.1.1 and 4.1.2.

4.1.1 Clinical evidence mapping: Transforming
psychotherapeutic components into digital interaction
metrics

As mentioned in Section 3.2, our hypothesis testing based
on clinical evidence confirmed that the StD group exhibited
different interaction patterns during key user tasks compared
to the ND group. This finding is particularly significant as it
is based on the core principles presented in the ACT Hexaf-
lex model and its associated key user tasks (Table 1). To
extract potential clinical indicators from content data col-
lected in digital environments, it is important to externalize
the core processes of established psychotherapy into system
design elements and key functionalities. For example, in
ACT, evaluating a patient’s level of acceptance or cognitive
flexibility during treatment requires that these psychological
characteristics be implemented as measurable interactions
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in the digital environment. However, simply implement-
ing content without explicit clinical mapping and analyzing
data collected from such content may not adequately serve
as meaningful metrics of user interaction.

Ensuring that core psychotherapy processes are imple-
mented as “measurable” user interaction data is a critical
challenge in the digital transformation of psychotherapy.
While clinical evidence in traditional therapeutic settings
is primarily assessed through direct observation and patient
feedback, the ability to map clinical evidence to user inter-
action data is essential for validating therapeutic effects
in digital environments. This process, which is applicable
not only to ACT but also to a wide range of psychother-
apy methods, allows core processes in CBT or BAT to be
externalized as digital interaction metrics that provide clini-
cians with quantifiable indicators of psychological progress.
Thus, our framework provides a scalable model for inte-
grating diverse psychotherapy methods into digital systems
while ensuring that therapeutic intent is maintained through
measurable data (see Fig. 4).

This framework enables the use of performance patterns
and responses to experiential tasks as meaningful clini-
cal indicators, allowing the evaluation of whether the core
processes of the selected psychotherapy method have been
appropriately implemented through the systematic collec-
tion and analysis of interaction data. By systematically map-
ping clinical evaluation criteria to user interactions in digital
environments, user interaction data derived from digitally
transformed systems can serve as objective evaluation met-
rics, reducing reliance on self-reports that can be subjective.
This approach is essential for enabling data-driven evalu-
ation of psychotherapy in digital environments, and can
significantly support clinicians in monitoring patient prog-
ress in real-time and making informed clinical decisions.
Extending this framework to other psychotherapy methods
can provide a conceptual foundation for the digital trans-
formation of mental health care, enabling consistent, data-
driven evaluations across various therapeutic approaches.

4.1.2 The importance of interdisciplinary collaboration in
psychotherapy digital transformation

Section 3.1 confirmed that the digital transformation of
ACT effectively reflects the core principles of traditional
ACT, delivered without the potential constraints associated
with VR experiences. Specifically, the analysis of session-
specific questions (see Table 3) developed in collaboration
with MHPs, based on traditional ACT evaluation criteria
and of standardized measures (IPQ, NASA-TLX, SUS)
commonly used to evaluate the usability of VR systems,
allowed us to validate that users experienced the digitally
transformed system in alignment with our intended design

framework prior to hypothesis testing. The IPQ results (See
Table 4) indicated that VR-ACT elicited a high level of pres-
ence, defined as the psychological state in which users feel
physically present in the virtual environment. Prior research
has suggested that presence can positively influence restor-
ativeness, such as stress reduction and attention restora-
tion (Clemente et al. 2025; Dillon and Cai 2022). Building
on this rationale, VR-based digitally transformed ACT may
also facilitate psychological restoration and promote user
engagement.

These validation results imply that systematic collabo-
ration between HCI researchers and MHPs plays a crucial
role in the digital transformation process of psychotherapy
(see Fig. 4). Our framework illustrates that this process goes
beyond simple technical implementation and requires the
harmonious integration of clinical expertise and user expe-
rience. HCI researchers reinterpret MHPs’ clinical expertise
in the context of digital platforms, transform it into mea-
surable interaction metrics, and facilitate effective commu-
nication among stakeholders with diverse expertise. This
demonstrates the potential for core elements of traditional
psychotherapy to be effectively implemented in digital
environments.

In this collaborative framework, the clinical expertise
and continuous feedback of MHPs are essential to ensure
the therapeutic validity of the system. Meanwhile, HCI
researchers reconstruct the therapeutic content that incor-
porates both user experience and clinical evidence, interpret
the collected data in a clinical context, and coordinate the
collaboration among various stakeholders. Future research
should explore how this collaborative approach can be
applied to other psychotherapies and mental health issues,
thereby extending the versatility and applicability of our
framework.

4.2 Individual differences in present-moment
retention and the potential of feedback loops

In Session 3, both the StD and ND groups demonstrated
relatively high levels of present-moment retention during
the pattern drawing and observation tasks, with no statis-
tically significant difference between the two groups (Sec-
tion 3.2.3). This finding may be attributed to the private
setting of Session 3, where minimal external distractions
(e.g., absence of interactive virtual agents or characters)
likely facilitated user focus. The immersive nature of VR
may also have provided an environment conducive to focus,
allowing users who might typically struggle with present-
moment tasks, such as those in the StD group, to engage
more effectively than in non-immersive settings (Akinola
and Mendes 2008; Bernstein et al. 2015). Nevertheless,
some participants in the StD group still exhibited relatively
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lower levels of present-moment retention compared to the
ND group (H3), highlighting the need to consider individual
differences in response to immersive tasks.

The slightly lower level of present-moment reten-
tion observed in some participants with StD indicates that
while the successful performance in Sessions 1-2 helped
to improve present-moment retention in many participants
with StD, some still struggled to maintain it during Session
3 (despite the private, non-interactive nature of the session,
which did not involve engagement with virtual agents or
characters). Figure 3c demonstrates that while there was
no statistically significant difference in the mean number
of saccades between groups, some participants exhibited
difficulties maintaining focus in the present moment. Spe-
cifically, among participants with saccades above the third
quartile, nine participants struggled (five of them were from
the StD group) with the mean number of saccades for the
StD group being 7.6 compared to 3.25 for the ND group.
Additionally, two outliers in the StD group showed excep-
tionally high saccade values (11 and 15), indicating signifi-
cant challenges with present-moment tasks. This highlights
the importance of addressing individual differences, partic-
ularly in how users with depressive symptoms engage with
immersive tasks, and the need for further investigation and
management of those who may still struggle with present-
moment retention.

One possible way to more effectively support these users
with low present-moment retention is to integrate personal-
ized feedback mechanisms between sessions. For example,
providing tailored feedback based on performance in Ses-
sions 1-2 may help users recall their previous successes
in emotional regulation and cognitive defusion, thereby
increasing their confidence to focus on present-moment
tasks in Session 3. This approach could be particularly use-
ful for participants with StD who continue to experience
challenges with present-moment retention.

Moreover, during the session, the system can be designed
to detect moments when a user’s present-moment retention
decreases by utilizing eye and head movements and provide
adaptive feedback to maintain engagement. These feedback
loops can address individual differences in present-moment
retention and provide more dynamic and personalized sup-
port for users who may struggle to maintain focus during
immersive therapeutic tasks.

4.3 Expanding avatar customization options to
enhance the self-as-context experience

In Session 4, the time spent on avatar customization was
significantly longer for the StD group compared to the ND
group (Section 3.2.4). In addition, Pearson correlation anal-
ysis showed higher correlations between total session time
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and avatar customization time for the StD group (89.4% for
the StD group and 81.6% for the ND group), suggesting
that the StD group may have invested more psychological
resources in this process.

Furthermore, participants were asked a session-specific
question based on clinical guidelines: “Did this session help
you observe yourself objectively?” (Table 3). The session-
specific question scores for Session 4 showed that the StD
group reported significantly lower scores than the ND group
(Table 4), indicating that the StD group experienced relative
difficulty with the self-as-context experience.

Although the same customization options were provided
to all participants, individuals in the StD group may have
found it psychologically challenging to adequately express
themselves using the limited set of options (hair, face, top,
and bottom). As a result, these limitations may have hin-
dered deeper self-reflection and their engagement with the
self-as-context experience. This highlights the need for
more diverse and expressive customization elements.

To better encourage deeper self-reflection through the
self-as-context task, it may be necessary to expand the avatar
customization options. For example, offering more detailed
options such as facial expressions, emotional states, posture,
and physical features would allow users to engage more
deeply with the task, invest more psychological resources,
and thereby enhance the self-as-context experience.

Therefore, expanding avatar customization options
could provide a more effective design for facilitating self-
reflection and deeper task engagement. This would allow
users to have a more meaningful self-awareness experience
and more clearly reflect task duration and psychological
changes.

4.4 Adaptive supports to facilitate cognitive
defusion and self-as-context difficulties

Sessions 2 (cognitive defusion) and 4 (self-as-context)
showed that the StD group required more time, reported
higher levels of workload and frustration, and achieved
lower session-specific question scores than the ND group
(Section 3.1). These findings indicate that distancing from
intrusive thoughts and adopting an observer perspective
imposed greater cognitive and emotional demands on StD
participants.

A plausible underlying mechanism involves the way
VR-ACT transforms internal experiences into manipulable
external representations through embodied interactions
(e.g., removing “music bugs” or constructing an avatar).
For individuals with StD, who often exhibit elevated nega-
tive affect and cognitive rigidity (Hayes et al. 2006; Juul
etal. 2019), this transformation process may introduce addi-
tional cognitive load, potentially prolonging engagement
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with defusion and self-representation tasks. For example,
in Session 2, the act of removing music bugs required par-
ticipants to access, regulate, and externalize emotionally
salient content, likely contributing to longer task comple-
tion times and increased affective burden. In Session 4, con-
straints in avatar customization options may have limited
participants’ self-expression, thereby increasing demands
on self-referential processing. In contrast, the absence of
group differences in Session 3 (being present) suggests
that the low-distraction, private space may have effectively
supported present-moment focus for both groups. Overall,
these findings highlight that while VR-ACT enables immer-
sive and experiential engagement with ACT principles, it
also surfaces StD-specific challenges during cognitively
demanding tasks.

To mitigate these challenges, future iterations of VR-
ACT could incorporate adaptive scaffolding strategies,
such as graded defusion exercises, just-in-time prompts,
expanded avatar customization, and preparatory micro-tasks
preceding more abstract or emotionally intense exercises.
For example, if prolonged hesitation is detected during the
music bugs removal task, the system could trigger a brief
guided defusion prompt to assist users in externalizing intru-
sive thoughts. Such features are expected to lower cognitive
load, accelerate skill acquisition, and enhance engagement
for users with StD.

4.5 Limitations and future work

We acknowledge the limitations of our study, which should
be addressed in future research.

The first limitation is the lack of longitudinal evaluation
of VR-ACT. Although VR-ACT was designed in collabora-
tion with MHPs and each session was aligned with core
therapeutic principles across Sessions 1-5, we did not assess
the long-term effects of repeated exposure to VR-ACT on
user behavior. Thus, changes in user behavior patterns over
multiple cycles of VR-ACT remain unexplored, limiting our
ability to evaluate sustained clinical efficacy and long-term
usability. Additionally, the lack of longitudinal tracking and
repeated outcome assessments (e.g., PHQ-9, Generalized
Anxiety Disorder-7 (GAD-7) (Spitzer et al. 2006)) limits
our understanding of sustained engagement and therapeutic
retention. To address this, future research will aim to recruit
a larger sample and implement a confirmatory clinical trial in
which participants complete the full set of VR-ACT sessions
multiple times. This design will help increase the generaliz-
ability of the behavioral observations in the StD group and
strengthen evidence for the clinical relevance of VR-ACT.
Future studies should also examine the relationship between
behavioral indicators (e.g., task completion time, saccades)
and subjective self-reports (e.g., IPQ, NASA-TLX) to

triangulate findings and enhance the validity of psycho-
logical inferences. This repeated-session design will also
allow for exploratory analyses of intra-subject trends across
sessions, potentially revealing personalized trajectories of
therapeutic engagement and responsiveness. In addition, the
mappings between behavioral patterns and underlying psy-
chological constructs in our study remain inherently inferen-
tial. To enhance the validity and clinical relevance of these
interpretations, future research could incorporate therapist
feedback or conduct qualitative user interviews as comple-
mentary validation settings. To further expand this work, we
aim to systematically predict changes in depressive symp-
toms by collecting logs and sensor data across sessions and
training a Large Language Model (LLM)-based time-series
prediction model. This model will integrate interaction logs,
sensor data, and hypothesis-driven prompts to deliver per-
sonalized support for individuals with StD, aiding clinicians
in making informed treatment decisions.

The second limitation pertains to the age range of partici-
pants. To mitigate the potential influence of VR technology
as an extraneous variable, we limited the age range of par-
ticipants to young adults (18—40 years) and included those
with a minimum level of digital literacy based on NDLA
scores (Section 2.3). While effective in the current study,
this may limit generalizability to broader age groups. Future
research will gradually expand the age range to investigate
the applicability of VR-ACT across diverse demographic
groups. To address technology-related barriers in older pop-
ulations, we plan to implement a structured digital literacy
program that includes VR device training and basic digital
skills assessment prior to VR-ACT sessions. This systematic
onboarding process will allow us to enable the inclusion of a
broader age range while preserving the therapeutic potential
of VR-ACT experience. Recent studies have demonstrated
the feasibility of VR use in older adults (Hassandra et al.
2021; Kwan et al. 2021), indicating that adapting VR-ACT
for aging populations through tailored support and training
represents a promising direction for future research.

The third limitation concerns the absence of attention
validation mechanisms. Although all participants completed
the VR-ACT sessions and successfully performed the tasks,
the study did not include attention checks within psycho-
logical assessments (e.g., catch items or response consis-
tency metrics). While the IPQ results collected after each
session indicated that most participants reported high levels
of immersion and focus, these scores alone may not fully
ensure the reliability of individual responses. Although
engagement data such as task completion logs were col-
lected via user-system interaction data, the sequential
structure of the VR-ACT tasks limits their effectiveness in
detecting inattentiveness or disengagement. To address this
issue, future studies will incorporate an attention validation
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procedure into both psychological assessments and interac-
tion data to enhance the robustness and interpretability of
findings.

5 Conclusion

In this paper, we presented VR-ACT, which provides immer-
sive therapy for individuals with StD. Through collaboration
between MHPs and HCI researchers, VR-ACT was designed
to adapt the core principles of ACT in the design of the VR
content and to leverage quantitative indicators, such as VR
sensor signals and system interaction logs. The goal was to
investigate whether clinical evidence could be reflected in
the user interaction data. The results of a quasi-experimen-
tal study with 56 participants (28 StD group, 28 ND group)
demonstrated that all five hypotheses, developed based on
clinical evidence and key user tasks in each session, were
supported. These results provide empirical support for the
feasibility of VR-ACT as a digital system for mental health
support, and highlight distinct behavioral patterns in the StD
group that can serve as clinical indicators. These findings
highlight the role of immersive digital environments in sup-
porting therapeutic interventions such as ACT. Furthermore,
our proposed framework emphasizes mapping clinical evi-
dence to user interaction data and fostering interdisciplinary
collaboration led by HCI researchers. This framework pro-
vides a strategic direction for achieving the digital transfor-
mation of mental health systems, with potential application
to various psychotherapies and mental health contexts.
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