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Mixed Reality for a collective and
adaptive mental health metaverse

Samuel Navas-Medrano*, Jose L. Soler-Dominguez and
Patricia Pons

Instituto Tecnologico de Informatica, Valencia, Spain

This research paper explores the significant transformative potential of Mixed
Reality (MR) technology as enabler of the metaverse, specifically aimed at
enhancing mental health therapies. The emerging world of the metaverse, a
multiuser, adaptive, three-dimensional digital space, paired with the interactive
and immersive benefits of MR technology, promises a paradigm shift in how
mental health support is delivered. Unlike traditional platforms, MR allows for
therapy within the comfort of the user’s familiar surroundings, while incorporating
the benefits of social collaboration and interactions. The metaverse environment
fosters heightened personalization and deeper user engagement, thereby offering
a more tailored approach to computerized therapy. Beyond its immersive
capabilities, MR offers potential for real-time, smart adaptations to the users’
psycho-physiological state, targeting unique patients’ needs on a diverse spectrum
of therapeutic techniques, thus broadening the scope of mental health support.
Furthermore, it opens avenues for continuous emotional support in everyday life
situations. This research discusses the benefits and potentials of integrating MR
within a mental health metaverse, highlighting how this innovative approach could
significantly complement traditional therapeutic methods, fostering improved
treatment efficacy, focusing on social and collective experiences, and increasing
patient engagement.
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1 Introduction

In recent decades, mental health concerns have garnered significant attention as they
emerge as one of the most pressing global public health issues. The prevalence of mental
health disorders has been on a steady rise, impacting individuals from all walks of
life and transcending geographical boundaries (1). Historically, mental health treatment
predominantly focused on individual therapy, which currently accounts for 95% of private
practitioners’ sessions (2). However, in the wake of increased recognition of the social
dimensions of mental health and the powerful impact of community support, the paradigm
of mental health treatment has evolved over time. Group therapy and support groups have
established as complementary interventions to individual therapy, offering distinct benefits.
For example, fostering a sense of belonging and connection (3). In addition, support groups
help reduce feelings of isolation and stigmatization, offering participants an environment
where they can be understood and validated by their peers navigating similar struggles (4).
These groups also offer a unique platform for participants to witness the growth and progress
of others, providing a sense of hope and inspiration (5).

The adoption of group therapy for addressing mental health challenges is not without
barriers (6-8). Geographical limitations, such as inaccessibility to mental health resources in
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rural areas, hinder participation. Stigma surrounding mental health
may deter individuals from joining group sessions (9). Pandemics
and crisis situations pose unique obstacles, necessitating virtual
platforms that may be inaccessible to some due to technological
limitations. Interpersonal challenges within groups can affect
therapeutic efficacy. In certain situations, such as severe mental
health conditions, cognitive impairments, or with individuals
exhibiting potentially harmful behavior, group therapies may not
be immediately feasible or suitable. Cultural and language barriers
can also impact communication and trust (10). Addressing these
challenges is essential to create inclusive and effective therapeutic
environments, fostering collective healing and resilience in the face
of mental health struggles.

Emerging technologies, such as Extended Reality (XR), offer
promising alternatives to overcome such barriers. XR refers to a
spectrum of technologies that blend the physical and digital realms
(11) (see Figure 1). At one end of this spectrum, Virtual Reality
(VR) provides users with complete immersion into computer-
generated environments, typically achieved through head-mounted
displays (HMDs) that block out the physical world. At the
opposite end, Augmented Reality (AR), overlays digital elements
onto the user’s physical environment, but with limited interactive
capabilities. Mixed Reality (MR) bridges the gap between VR
and AR, allowing users to interact with both virtual and physical
elements in real-time and within the same spatial context.

In this regard, immersive environments are capable of eliciting
emotional responses in the person using them (13), making XR-
based interventions very useful tools to address different aspects of
mental health. Transversal to mental health, emotional regulation
(ER) studies how individuals influence which emotions they have,
when they have them, and how they experience and express
them (14). There is consistent evidence showing the presence of
ER difficulties in a wide range of mental disorders, suggesting
that emotion dysregulation is an important factor to target in
clinical interventions (15). In addition, the social dimension is
also very relevant for ER: social interactions and interpersonal
relations might elicit different emotional responses or even be
used after emotional experiences to help individual’s regulation
(16). Hence, XR arises as a powerful means to practice emotional
regulation strategies in a social and multicultural environment,
opening a wide range of possibilities to create immersive and
collective therapeutic activities. This manuscript will review how
XR technologies can help support emotional regulation practices
(Section 2), discuss how MR could provide the basis for a mental
health metaverse that addresses ER strategies, its the benefits
and potentials (Section 3), and concludes by highlighting how
current and future research could help build such an accessible and
inclusive mental health metaverse.

2 Literature review

2.1 Supporting mental health in XR
through emotional regulation strategies

XR technologies have been widely used in mental health for

the past two decades, showing promising potential in helping
individuals learn and practice emotional regulation skills. VR and
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AR are especially interesting as a means to conduct Exposure
Therapy (ET). They allow replicating scenarios in a simulated and
controlled manner for progressive exposure, making it ideal for
exposing patients to a scenario that elicits a specific emotion in
them. VR also helps patients who might experience difficulties
engaging in visualization-based practices often required when
using ET techniques. Related work has explored the use of VR
for ET in the treatment of various phobias (17-20), post-traumatic
stress disorder (21), or to overcome social phobia (22). VR is also a
helpful resource for treating eating disorders, reducing food-related
craving and anxiety by gradual exposure to virtual representations
of food (23), or using digital avatars to diminish negative body-
related emotions in Mirror exposure therapy (MET) (24).

Attentional strategies such as mindfulness, breathing exercises
or relaxation techniques, can also be supported by XR experiences.
ZenG (25) proposes a MR application for kinesthetic meditation,
i.e, centered on activities such as walking, gardening, etc.
Based on the cognitive state captured by an EEG device,
the color of the environment will change to show how
the user is performing. Instead, Amores et al. (26) focused
on internal reflection, developing a VR environment that
procedurally generates 3D creatures, and changes the lighting of
the environment to reflect users’ internal state based on EEG, EDA
and HR.

Breathing exercises have shown to decrease stress and improve
feelings of relaxation, and their practice can be supported by digital
games aimed at improving users’ wellbeing. For example, Life Tree
(27) is a VR experience that proposes three different scenarios
to practice breathing exercises by using breathing biofeedback.
Another VR game is DEEP (28), designed for children with anxiety,
who are encouraged to explore an underwater fantasy world to
practice diaphragmatic breathing.

Several works have focused on serious games and game
mechanics to offer alternative ways of approaching adolescents
mental health. For example, InMind is a VR game explicitly
designed to intervene in people’s beliefs about the malleability of
emotions (29). Thanks to game-based mechanics, VR therapeutic
experiences can increase adolescents engagement, attendance
and adherence to treatment in comparison with traditional
interventions like role-plays (30).

Various XR therapeutic interventions aimed for individuals
reported that participants around the patient using the device also
intervened in the therapeutic activity (31, 32), either providing
advice or asking questions to the current participant. Sharing the
same physical space in XR interventions can increase socialization
and interactions between patients and therapists. However, remote
therapeutic interventions could also benefit from group sessions:
Dilgul et al. (33) evaluated a VR social experience to deliver
cognitive behavioral group therapy (CBGT) for patients with
depression. The VR scenario allowed patients to interact with
each others remotely via avatars, and this anonymity increased
participation and patients’ willingness to talk more honestly.

There is a growing interest in recent years in applying XR
technologies for ER settings (34). However, the majority of related
works are based on immersive ET, focusing on reproducing
real world settings within controllable and customizable virtual
scenarios. This leaves unexplored plenty of other potential
therapeutic approaches that are based on more creative contexts,
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Extended Reality (XR)

FIGURE 1
Extended reality continuum [adapted by (12) from (11)].
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showing that the whole potential of XR technologies is far from
being fully achieved. Especially, there is a lack of shared, social
experiences and group activities, and the use of game mechanics
as a way to motivate participants and encourage adherence to
the therapy should be further explored. In addition, each XR
scenario is usually designed and implemented to treat specific
and precise mental health issues, and might not be applicable to
other diagnoses or patients. Different technological solutions might
present different architectures and even the supported devices
which might not be compatible. This is an inefficient process for
therapists and professionals, who do not have time to incorporate
several XR solutions to their practice. Therefore, there is need
for a cohesive and integrative platform that supports a variety
of devices, therapeutic activities and customization options: the
mental health metaverse.

2.2 A brief introduction to the Metaverse

The term “Metaverse” has become a focal point of curiosity,
expectations, fears, and uncertainties in the modern era. As
part of the postmodern quest to coin new terms that mark
uncharted territories, the concept of the Metaverse represents
a new dimension of the internet, promising to revolutionize
our lives permanently. Metaverse encompasses a broader concept
that includes virtual worlds, extended reality (XR) experiences,
and other digital spaces where users can interact with each
other and digital content in real-time. It refers to a shared,
interconnected, and persistent virtual space that goes beyond
individual applications or games. Users can create avatars, socialize,
trade, conduct business, and engage in various activities within
these virtual environments.

The Metaverse concept can be materialized accross different
technologies, being those under the XR umbrella the most
appropriate, mostly by their immersive capabilities. Immersion
(35), represents the capacity of a technology to deliver highly
engaging and interactive experiences, fully transporting users
into virtual, augmented, or mixed environments. XR technologies
strive to blur the boundaries between the physical and digital
worlds, creating a strong sense of presence and involvement
within the digital environment. From immersion, it could be
inferred the feeling of presence. The sense of presence (36),
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traditionally associated to the feeling of “being there (in the digital
world)" is strongly related to non-mediated technology-based
experiences and suspension of disbelief. The concept of presence
is multidimensional, attending to the wide XR spectrum consists
of three major dimensions. The first one is telepresence, which is
characterized by the extent to which a user experiences a sense of
“reality” within the virtual environment as opposed to the physical
one (37). This dimension of presence is associated to Virtual
Reality. The second dimension refers to local presence, indicating
the extent to which a user perceives augmented reality (AR) objects
as truly existing in their immediate physical surroundings (38).
This dimension is closely linked to Augmented Reality and Mixed
Reality. The third dimension, co-presence, is limited to multi-user
immersive experiences and refers to the psychological connection
between participants and how real those social interactions are
perceived to be (39).

The Metaverse builds upon the capabilities of these XR
technologies, weaving them together to form a collective virtual
universe that enables social interactions, commerce, entertainment,
and educational experiences, fostering the three dimensions of
presence previously defined. While VR focuses on transporting
users to entirely digital environments (telepresence), AR (local
presence) enhances the real world with digital overlays. MR (local
presence) augments the feeling of presence since holograms are
able to interact with the real world. All three approaches are able
to implement co-presence scenarios, with higher or lower level of
presence, since they all can be set up as multi-user environments.

3 The mental health metaverse

3.1 The role of Mixed Reality in a social
metaverse

As can be observed in the literature of XR for mental health, VR
and AR are the most common technologies being used. However,
the devices used for the deployment of this type of applications are
often not very accessible and inclusive. For example, VR implies
that the person must wear glasses that visually isolate them from the
real location where they are, so that the relationship between what
the eyes perceive in the virtual world and the physical movements
perceived through the vestibular system of the ear (responsible for
spatial orientation and balance) is lost. Hence, VR sometimes leads
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to severe Visual Induced Motion Sickness (VIMS) and accessibility
problems (40), especially in people with high levels of stress (41). In
the case of AR, its consumption is often linked to devices such as
mobiles or tablets, thus sacrificing almost all of the immersion, but,
as a trade-off, they have almost no VIMS problems (42, 43).

In contrast, in the field of mental health, there are hardly any
interventions that make use of MR. However, MR constitutes a
very interesting intermediate point between VR and AR: it allows
a relevant degree of immersion, fostering local and co-presence,
while avoiding VIMS problems, and in turn offers a wide variety
of possibilities for natural interaction and the combination of
the physical and digital worlds (44). This combination of both
worlds allows to create rich scenarios, and paves the way toward
more social and co-located experiences, which could be applied
both in remote or in-person group therapies. Remote collaborative
activities could be mediated by the use of avatars, that will be
displayed by the HMD in the real environment of each participant.
In-person group therapies will involve participants in the same
physical spaces, some or all of them wearing MR headsets in which
the same digital scenario is shared. In addition, MR facilitates
that users perform their therapeutic activities in any space: MR
applications can be designed to recognize surfaces and obstacles
thanks to the depth cameras of MR devices, hence the digital
content can adequate itself to the identified location and elements.
It also allows therapists to have an intermediate step between
practicing therapeutic activities in the clinic, and performing them
in daily life, by first practicing using MR support in one’s own
real environment.

3.2 Adaptive and customizable experiences

Given the great variability of possible situations, the personal
evolution and progression of each person, as well as individual
preferences and responses, it is complex to configure this type
of environments manually. Some works propose variants of each
exercise with different difficulties (32). Other works offer tools to
support the therapist’s decision. For example, Heyse et al. (45) have
developed a prototype adaptive algorithm for VR exposure therapy
that automatically offers the therapist four different configurations
to choose from, based on the patient’s data, as well as allowing the
modification of certain parameters such as blurring or flickering
lights. This makes it easy to configure and customize the scenario
without the need for technical expertise. However, these approaches
are costly because they involve different developments and are not
suitable for all needs.

Therefore, an essential aspect in this type of environments is
that the XR experience intelligently adapts its content and goals
to the user’s need, instead of requiring therapists to manually set
up each possible configuration. In this way, instead of preparing
multiple options and outcomes for the same scenario, designers
and developers could focus their efforts in the implementation
of brand new therapeutic activities, that will adapt autonomously
based on the necessary parameters defined by the professionals.
In this regard, adaptive XR scenarios can leverage the potential
of users’ biofeedback to improve their response to stimuli and to
adapt the environment to the defined parameters in an intelligent
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and automatic way. This biofeedback has to be presented in a
way that does not evoke categorizations of behavior as right or
wrong, i.e., the user does not feel evaluated or judged (46). In
addition, feedback based on bodily sensations and represented in
the experience in a subtle way is recommended (47), contextualized
with the experience and in a non-distracting way (46). This
could allow to adapt the therapeutic activity to the patients’
current mood and emotions, in a similar way as therapists would
adapt traditional interventions to the group’s needs. Moreover,
this intelligent adaptation would facilitate the definition of the
technological intervention of a specific patient: the system could
provide different therapeutic activities from which the therapist
could choose the most appropriate ones, and the system will be
responsible for adapting its content to the specific requirements of
that user.

3.3 Shaping a modular and collaborative
metaverse

In the emerging mental health metaverse, conventional group
therapies can be re-imagined and conducted in dynamic and
innovative ways (see Figure 2). Within this interconnected digital
realm, participants can come together in their own digitally
augmented safe physical space. Users could be offered the
opportunity to explore different virtual worlds, each of them with
its own particular aesthetic and narrative traits. These worlds would
be populated with interactive activities, thoughtfully co-designed
by therapists and XR professionals to address specific mental
health skills that transcend various pathologies and disorders. For
example, one such world could focus on ludic therapeutic activities
to avoid rumination and intrusive thoughts, while another world
could be aimed to practice self-compassion, providing diverse
therapeutic activities where users learn how to deliver kindness
toward themselves.

Therapists and mental health professionals would play a vital
role in creating, curating and updating these therapeutic activities,
incorporating evidence-based approaches and different therapeutic
modalities. Working together with XR designers and developers
they would shape this collective and adaptive space. The mental
health metaverse would act as a complementary and accessible
extension, in time and space, of traditional therapy, enabling
individuals to reinforce their learning and coping skills beyond
scheduled sessions.

The therapeutic activities could be reused in different worlds
within the metaverse, to be used by both their patients as well as to
people who might be in need, hence reaching other communities
and diverse populations. Users have the freedom to access these
tailored experiences at their convenience, fostering a self-directed
and flexible approach to mental health care. In this way, users
would be able to explore different emotional regulation strategies
that resonate with them, either accompanied by their therapists or
in a self-guided journey, but always in a controlled and supportive
social environment.

In these collaborative metaverse, the concept of co-presence
plays a pivotal role in shaping the perception of social interactions
with other participants. Through the seamless blending of digital
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and physical-world elements, users can experience a heightened
sense of being physically present with others, despite the physical
separation. This sense of co-presence can lead individuals to believe
that the other participants within the metaverse are real, due to the
compelling and realistic nature of the shared virtual environment
(48). The psychological connection fostered by this perceived
presence of others contributes to a more authentic and emotionally
engaging social experience within the metaverse, further enhancing
the sense of social realism and immersion in these interactive
XR environments.

Additionally, the multi-user nature of metaverse design
encourages spontaneous collaboration among users, fostering a
supportive and interconnected community of individuals striving
for mental wellbeing. On one hand, users would be able to meet
other peers in the specific therapeutic activities they are navigating,
by collaborating with them within the activities toward a common
goal, in a virtual group therapy session, etc. On the other hand, the
metaverse offers ways to explore, navigate and discover the different
therapeutic activities that are available. In this journey, users can
see the avatars of other peers also exploring the area, where
spontaneous interactions and conversations might happen. In these
way, users can share experiences, provide mutual encouragement,
and gain insights from each other’s journeys, creating a powerful
network of collective healing. Besides the therapeutic activities,
therapists could also facilitate group sessions, providing real-
time guidance and interventions, while participants can engage
in open discussions, emotional expression, and active support for
one another.

Through the use of avatars, individuals will be able to represent
themselves, interact with their therapist and with other users,
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navigate and engage with therapeutic content and exercises. The
use of avatars is intended to promoting anonymity, reducing the
stigma often associated with traditional face-to-face group therapy,
and increasing comfort and willingness to engage (33), without
diminishing the feeling of co-presence.

In the mental health metaverse, participants can seamlessly join
group sessions either remotely or in person, thanks to the versatility
of MR technology. This integration enhances accessibility and
fosters a diverse and inclusive therapeutic environment. Those
who are physically present in the same location can engage
with augmented digital elements together, promoting real-time
interpersonal interactions and mutual support. Simultaneously,
individuals from remote locations can connect to the same virtual
space, ensuring they can actively participate and collaborate in
the group sessions from the comfort of their own surroundings.
This blended approach holds the potential to enhance the sense
of connectedness, support, and interpersonal interaction, making
therapy sessions more immersive and impactful, enabling collective
healing and growth transcending geographical boundaries.

4 Conclusion

The metaverse harbors the potential to revolutionize mental
health care, breaking down geographical barriers, reducing
stigma, and providing accessible and engaging interventions.
With its user-driven nature and collaborative environment, the
metaverse offers a transformative landscape where collective
healing and growth can flourish, empowering individuals
on their journey to better mental wellbeing. For mental
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health practitioners, the metaverse is poised to emerge as
an invaluable instrument, as it will enable them to elevate
their therapeutic sessions to a higher level, expanding their
scope of practice (geographically and socially) and creating
ludic environments that enhance accessibility and adherence
of treatments.

Anticipating the future, these XR experiences may incorporate
haptics, smell, and seamless biofeedback, thereby increasing
presence, which could improve the effects of the treatments for
the users (49). The rise of generative AI has the potential to
significantly enhance the metaverse by improving its intelligent
capabilities, facilitating adaptation and personalization. The
user experience of MR technologies is expected to greatly
improve in the upcoming years, thanks to the advances in
hardware devices capabilities and their seamless integration
into everyday activities. Efforts to improve accessibility in MR
will lead to interfaces designed to accommodate a diverse
range of users, including those with physical and cognitive
disabilities. This focus on accessibility will make MR experiences
While
challenges and ethical considerations remain, the mental health

more inclusive and usable for a broader audience.

metaverse could provided a motivating, social and specialized
platform that helps fight the stigma and eases the way to
people who currently struggle to find and adhere to their
therapeutic process.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

References

1. WHO, Mruckmayer M, Philips W. Children and Mental Health:
Preventive Approaches to Anxiety and Depression European Platform for
Investing in Children. Publications Office for the European Union: European
Commission and Directorate-General for Employment, Social Affairs and
Inclusion (2021).

2. APA. Group Therapy Is as Effective as Individual Therapy, and More Efficient.
(2023).  Available online at: https://www.apa.org/monitor/2023/03/continuing-
education- group-therapy (accessed July 2, 2023).

3. Woolhouse S, Cooper E, Pickard A. “It gives me a sense of belonging”:
providing integrated health care and treatment to people with HCV engaged
in a psycho-educational support group. Int ] Drug Policy. (2013) 24:550-7.
doi: 10.1016/j.drugpo.2013.05.018

4. Wade NG, Post BC, Cornish MA, Vogel DL, Tucker JR. Predictors of the change

in self-stigma following a single session of group counseling. J Couns Psychol. (2011)
58:170. doi: 10.1037/a0022630

5. Koehn C, Cutcliffe JR. The inspiration of hope in substance abuse counseling. J
Human Counsel. (2012) 51:78-98. doi: 10.1002/j.2161-1939.2012.00007.x

6. Shay JJ. Terrified of group therapy: investigating obstacles to entering or leading
groups. Am J Psychother. (2021) 74:71-5. doi: 10.1176/appi.psychotherapy.20200033

7. Kracen AC, Mastnak JM, Loaiza KA, Matthieu MM. Group therapy among
OEF/OIF veterans: treatment barriers and preferences. Mil Med. (2013) 178:¢146-9.
doi: 10.7205/MILMED-D-12-00213

for women
(2004)

8. Ugarriza DN. Group
from postpartum  depression.
doi: 10.1053/j.apnu.2004.01.002

therapy and its barriers
Arch  Psychiatr ~ Nurs.

suffering
18:39-48.

9. Corrigan P. How stigma interferes with mental health care. Am Psychol. (2004)
59:614. doi: 10.1037/0003-066X.59.7.614

Frontiersin Psychiatry

10.3389/fpsyt.2023.1272783

Author contributions

SN-M: Writing—original draft, Writing—review & editing.
JS-D: Writing—original draft, Writing—review & editing. PP:
Writing—original draft, Writing—review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
has been funded by the Valencian Institute for the Enterprise
Competitiveness-Generalitat ~ Valenciana (IMAMCA/2023/11)
and IVACE/FEDER funds through the project ARCADIA2
(IMDEEA/2023/40).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

10. Stacciarini JMR, O’Keeffe M, Mathews M. Group therapy as treatment for
depressed Latino women: a review of the literature. Issues Ment Health Nurs. (2007)
28:473-88. doi: 10.1080/01612840701344431

11. Milgram P, Takemura H, Utsumi A, Kishino F. Augmented reality: a class of
displays on the reality-virtuality continuum. In: Telemanipulator and Telepresence
Technologies. Vol. 2351. Society of Photo-Optical Instrumentation Engineers (SPIE)
(1995). p. 282-92.

12. Ribeiro R, Ramos J, Safadinho D, Reis A, Rabaddo C, Barroso ], et al. Web
AR solution for UAV pilot training and usability testing, Sensors. (2021) 21:1456.
doi: 10.3390/521041456

13. Marin-Morales ], Higuera-Trujillo JL, Greco A, Guixeres J, Llinares C,
Scilingo EP, et al. Affective computing in virtual reality: emotion recognition from
brain and heartbeat dynamics using wearable sensors. Sci Rep. (2018) 8:1-15.
doi: 10.1038/s41598-018-32063-4

14. Gross JJ. The Emerging field of emotion regulation: an integrative review. Rev
Gen Psychol. (1998) 2:271-99. doi: 10.1037/1089-2680.2.3.271

15. Colombo D, Diaz-Garcia A, Fernandez-Alvarez J, Botella C. Virtual reality for
the enhancement of emotion regulation. Clin Psychol Psychotherapy. (2021) 28:519-37.
doi: 10.1002/cpp.2618

16. Messina I, Calvo V;, Masaro C, Ghedin S, Marogna C. Interpersonal emotion
regulation: from research to group therapy. Front Psychol. (2021) 12:636919.
doi: 10.3389/fpsyg.2021.636919

17. Freeman D, Lambe S, Kabir T, Petit A, Rosebrock L, Yu LM. Automated virtual
reality therapy to treat agoraphobic avoidance and distress in patients with psychosis
(gameChange): a multicentre, parallel-group, single-blind, randomised, controlled
trial in England with mediation and moderation analyses. Lancet Psychiatry. (2022)
9:375-88. doi: 10.1016/52215-0366(22)00060-8

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1272783
https://www.apa.org/monitor/2023/03/continuing-education-group-therapy
https://www.apa.org/monitor/2023/03/continuing-education-group-therapy
https://doi.org/10.1016/j.drugpo.2013.05.018
https://doi.org/10.1037/a0022630
https://doi.org/10.1002/j.2161-1939.2012.00007.x
https://doi.org/10.1176/appi.psychotherapy.20200033
https://doi.org/10.7205/MILMED-D-12-00213
https://doi.org/10.1053/j.apnu.2004.01.002
https://doi.org/10.1037/0003-066X.59.7.614
https://doi.org/10.1080/01612840701344431
https://doi.org/10.3390/s21041456
https://doi.org/10.1038/s41598-018-32063-4
https://doi.org/10.1037/1089-2680.2.3.271
https://doi.org/10.1002/cpp.2618
https://doi.org/10.3389/fpsyg.2021.636919
https://doi.org/10.1016/S2215-0366(22)00060-8
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Navas-Medrano et al.

18. Giraldy DJ, Novaldo W. A systematic literature review: acrophobia
treatment with virtual reality. Eng Math Comp Sci J. (2022) 4:33-8.
doi: 10.21512/emacsjournal.v4il1.8077

19. Lundin J, Lundstrom A, Gulliksen J, Blendulf J, Ejeby K, Nyman H, et al.
Using 360-degree videos for virtual reality exposure in CBT for panic disorder
with agoraphobia: a feasibility study. Behav Cogn Psychother. (2022) 50:158-70.
doi: 10.1017/51352465821000473

20. Miegel F Biicker L, Kithn S, Mostajeran E, Moritz S, Baumeister A, et al.
Exposure and response prevention in virtual reality for patients with contamination-
related obsessive—compulsive disorder: a case series. Psychiatr Q. (2022) 93:861-82.
doi: 10.1007/s11126-022-09992-5

21. Vianez A, Marques A, Simdes de Almeida R. Virtual reality exposure
therapy for armed forces veterans with post-traumatic stress disorder: a systematic
review and focus group. Int ] Environ Res Public Health. (2022) 19:464.
doi: 10.3390/ijerph19010464

22. Chard I, van Zalk N. Virtual reality exposure therapy for treating social anxiety: a
scoping review of treatment designs and adaptation to stuttering. Front Digital Health.
(2022) 4:464. doi: 10.3389/fdgth.2022.842460

23. Ferrer-Garcia M, Pla-Sanjuanelo J, Dakanalis A, Vilalta-Abella E Riva G,
Fernandez-Aranda F, et al. A randomized trial of virtual reality-based cue exposure
second-level therapy and cognitive behavior second-level therapy for bulimia nervosa
and binge-eating disorder: outcome at six-month followup. Cyberpsychol Behav Soc
Netw. (2019) 22:60-8. doi: 10.1089/cyber.2017.0675

24. Gutierrez-Maldonado J, Brisefio N, Ascione M. Treatment of anorexia nervosa
through virtual reality-based body exposure and reduction of attentional bias. In:
Lecture Notes in Computer Science. Vol. 14027. Switzerland: Springer Nature (2023).
p. 453-63.

25. Potts D, Loveys K, Ha H, Huang S, Billinghurst M, Broadbent E. ZenG: AR
neurofeedback for meditative mixed reality. In: C and C 2019 - Proceedings of the
2019 Creativity and Cognition. San Diego, CA: Association for Computing Machinery
(ACM) (2019). p. 583-90.

26. Amores ], Fuste A, Richer R. Deep reality: towards increasing relaxation in VR by
subtly changing light, sound and movement based on HR, EDA, and EEG. In: Extended
Abstracts of the 2019 CHI Conference on Human Factors in Computing Systems. New
York, NY: ACM (2019). p. 1-2.

27. Patibanda R, Mueller E Leskovsek M, Duckworth J. Life tree:
understanding the design of breathing exercise games. In: CHI PLAY 2017
- Proceedings of the Annual Symposium on Computer-Human Interaction in
Play. New York, NY: Association for Computing Machinery (ACM) (2017)
p. 19-31.

28. Van Rooij M, Lobel A, Harris O, Smit N, Granic I. DEEP: a biofeedback
virtual reality game for children at-risk for anxiety. In: Conference on Human Factors
in Computing Systems — Proceedings. New York, NY: Association for Computing
Machinery (ACM) (2016). p. 1989-997.

29. McLachlan ], Mehdikhani M, Larham B, Centifanti LCM. Borderline
personality traits and emotion regulation strategies in adolescents: the
role of implicit theories. Child Psychiatry Hum Dev. (2022) 53:899-907.
doi: 10.1007/s10578-021-01169-8

30. Hadley W, Houck C, Brown LK, Spitalnick JS, Ferrer M, Barker D. Moving
beyond role-play: evaluating the use of virtual reality to teach emotion regulation for
the prevention of adolescent risk behavior within a randomized pilot trial. ] Pediatr
Psychol. (2019) 44:425-35. doi: 10.1093/jpepsy/jsy092

31. Moon M, Kwon C. Developing a puzzle using the mixed reality technology for
the elderly with mild cognitive impairment. Int J Innovat Technol Explor Eng. (2019)
8:889-93.

Frontiersin Psychiatry

07

10.3389/fpsyt.2023.1272783

32. Aruanno B, Garzotto F. MemHolo: mixed reality experiences for
subjects with Alzheimer’s disease. Multimed Tools Appl. (2019) 78:13517-37.
doi: 10.1007/s11042-018-7089-8

33. Dilgul M, Hickling LM, Antonie D, Priebe S, Bird VJ. Virtual reality group
therapy for the treatment of depression: a qualitative study on stakeholder perspectives.
Front Virt Real. (2021) 1, 1-14. doi: 10.3389/frvir.2020.609545

34. Macey AL, Macey ], Hamari J. Virtual reality in emotion regulation: a scoping
review. In: 6th International GamiFIN Conference. CEUR Workshop Proceedings
(2022).

35. McMahan A. Immersion, engagement, and presence: A method for analyzing 3-
D video games. In: Wolf MJP and Perron B, editors. The Video Game Theory Reader.
New York, NY: Routledge, Taylor & Francis Group (2013). p. 67-86.

36. Slater M, Steed A. A virtual presence counter. Presence. (2000) 9:413-34.
doi: 10.1162/105474600566925

37. Steuer ], Biocca F, Levy MR. Defining virtual reality: dimensions determining
telepresence. Commun Age Virt Real. (1995) 33:37-9.

38. Rauschnabel PA, Felix R, Hinsch C, Shahab H, Alt F. What is XR? Towards a
framework for augmented and virtual reality. Comp Hum Behav. (2022) 133:107289.
doi: 10.1016/j.chb.2022.107289

39. Nowak K. Defining and differentiating copresence, social presence and presence
as transportation. In: Presence 2001 Conference. Vol. 2. Philadelphia, PA: Citeseer
(2001). p. 686-710.

40. LaViola JJ Jr. A discussion of cybersickness in virtual environments. ACM Sigchi
Bull. (2000) 32:47-56. doi: 10.1145/333329.333344

41. Kim HG, Lee S, Kim S, Lim Ht, Ro YM. Towards a better understanding of VR
sickness: physical symptom prediction for VR contents. In: Proceedings of the AAAI
Conference on Artificial Intelligence. Vol. 35 (2021). p. 836-44.

42. Krichenbauer M, Yamamoto G, Taketom T, Sandor C, Kato H. Augmented reality
versus virtual reality for 3d object manipulation. IEEE Trans Vis Comput Graph. (2017)
24:1038-48. doi: 10.1109/TVCG.2017.2658570

43. Jeon H, Park S, Lee Y, Kim H, Hussain M, Park J. Factors affecting motion
sickness in an augmented reality environment. In: The 13th International Conference
on Advances in Computer-Human Interactions. IARIA Press (2020). p. 439-42.

44. Pons P, Navas-Medrano S, Soler-Dominguez JL. Extended reality for mental
health: current trends and future challenges. Front Comp Sci. (2022) 4:1034307.
doi: 10.3389/fcomp.2022.1034307

45. Heyse ], Depreeuw B, Van Daele T, Daeseleire T, Ongenae F, De Backere
E et al. An adaptation algorithm for personalised virtual reality exposure therapy.
Comput Methods Progr Biomed. (2022) 225:107077. doi: 10.1016/j.cmpb.2022.
107077

46. Arpaia P, D’Errico G, De Paolis LT, Moccaldi N, Nuccetelli F. A narrative
review of mindfulness-based interventions using virtual reality. Mindfulness. (2022)
13:556-71. doi: 10.1007/s12671-021-01783-6

47. Dollinger N, Wienrich C, Latoschik ME. Challenges and opportunities of
immersive technologies for mindfulness meditation: a systematic review. Front Virt
Real. (2021) 2:644683. doi: 10.3389/frvir.2021.644683

48. Carrozzi A, Chylinski M, Heller J, Hilken T, Keeling DI, de Ruyter K. What’s mine
is a hologram? How shared augmented reality augments psychological ownership. J
Interact Market. (2019) 48:71-88. doi: 10.1016/j.intmar.2019.05.004

49. So BPH, Lai DKH, Cheung DSK, Lam WK, Cheung JCW, Wong DWC. Virtual
reality-based immersive rehabilitation for cognitive- and behavioral-impairment-
related eating disorders: a VREHAB framework scoping review. Int ] Environ Res Public
Health. (2022) 19:5821. doi: 10.3390/ijerph19105821

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1272783
https://doi.org/10.21512/emacsjournal.v4i1.8077
https://doi.org/10.1017/S1352465821000473
https://doi.org/10.1007/s11126-022-09992-5
https://doi.org/10.3390/ijerph19010464
https://doi.org/10.3389/fdgth.2022.842460
https://doi.org/10.1089/cyber.2017.0675
https://doi.org/10.1007/s10578-021-01169-8
https://doi.org/10.1093/jpepsy/jsy092
https://doi.org/10.1007/s11042-018-7089-8
https://doi.org/10.3389/frvir.2020.609545
https://doi.org/10.1162/105474600566925
https://doi.org/10.1016/j.chb.2022.107289
https://doi.org/10.1145/333329.333344
https://doi.org/10.1109/TVCG.2017.2658570
https://doi.org/10.3389/fcomp.2022.1034307
https://doi.org/10.1016/j.cmpb.2022.107077
https://doi.org/10.1007/s12671-021-01783-6
https://doi.org/10.3389/frvir.2021.644683
https://doi.org/10.1016/j.intmar.2019.05.004
https://doi.org/10.3390/ijerph19105821
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Mixed Reality for a collective and adaptive mental health metaverse
	1 Introduction
	2 Literature review
	2.1 Supporting mental health in XR through emotional regulation strategies
	2.2 A brief introduction to the Metaverse

	3 The mental health metaverse
	3.1 The role of Mixed Reality in a social metaverse
	3.2 Adaptive and customizable experiences
	3.3 Shaping a modular and collaborative metaverse

	4 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


