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A B S T R A C T

Since Mark Zuckerberg’s announcement about the development of new three-dimensional virtual worlds for
social communication, a great debate has been raised about the promise of such a technology. The metaverse, a
term formed by combining meta and universe, could open a new era in mental health, mainly in psychological
disorders, where the creation of a full-body illusion via digital avatar could promote healthcare and personal well-
being. Patients affected by body dysmorphism symptoms (i.e., eating disorders), social deficits (i.e. autism) could
greatly benefit from this kind of technology. However, it is not clear which advantage the metaverse would have
in treating psychological disorders with respect to the well-known and effective virtual reality (VR) exposure
therapy. Indeed, in the last twenty years, a plethora of studies have demonstrated the effectiveness of VR tech-
nology in reducing symptoms of pain, anxiety, stress, as well as, in improving cognitive and social skills. We
hypothesize that the metaverse will offer more opportunities, such as a more complex, virtual realm where
sensory inputs, and recurrent feedback, mediated by a “federation” of multiple technologies - e.g., artificial in-
telligence, tangible interfaces, Internet of Things and blockchain, can be reinterpreted for facilitating a new kind
of communication overcoming self-body representation. However, nowadays a clear starting point does not exist.
For this reason, it is worth defining a theoretical framework for applying this new kind of technology in a social
neuroscience context for developing accurate solutions to mental health in the future.
1. Introduction

In 2021 Mark Zuckerberg launched the idea of a new era for the
internet, where our body will immerse in a new virtual experience, called
metaverse. The “deep feeling of presence” through a multi-sensory
experience in every place and in every moment will revolutionize our
communication and social connections.

The metaverse is a proposed hypercomplex digital setting that could
offer novel means of communication while hiding users' own avatars
(Sparkes, 2021). Fusion of the physical and virtual worlds should be the
primary characteristic of the metaverse: our actions in the real world
have an impact on how we feel in the virtual world, and vice versa (Riva
. Cerasa).
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et al., 2021a, 2021b; Riva and Wiederhold, 2022). The metaverse has
been promoted as a new instrument for accelerating the transition from
the real economy to a digital economy, supported by the gaming in-
dustry. Investors, decision-makers, and multinational corporations have
been drawn to the social and economic prospects that the metaverse
would present to us months before the market debut.

This visionary conceptualization of the next virtual internet led to
some reluctance by large institutions about the digital risks of the met-
averse: a) unwanted contact could become more intrusive; b) security for
personal information; c) the risk to exacerbate impulsive and obsessive
subtle attitudes in a space where the boundaries between real and virtual
world are smoothed. Although the metaverse seems to resemble
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Augmented Reality (AR) and Virtual Reality (VR) applications, there are
important differences between these tools (Park and Kim, 2022). First,
these are simulation technologies that are designed to enhance (AR) or
replicate (VR) physical environments, whereas the metaverse has a
robust service-oriented architecture that emphasizes social and content
aspects. In order to connect physical environments with digital ones,
metaverse applications may integrate digital information layers into
them (e.g., via tablets and smartphones). Furthermore, the metaverse
could enable the “federation” of multiple technologies (artificial intelli-
gence, tangible interfaces, blockchain and Internet of Things) to connect
the 3D environments to a vast number of cyber-physical devices and their
data, thus enabling seamless interaction between the “virtual” and “real”
world.

As underlined by Riva and Wiederhold (2022) the metaverse works
like our minds. In modern neuroscience (Clark, 2015), the human brain is
described as a simulator that has developed the capacity to predict sen-
sory events before they are really experienced (predictive coding). The
metaverse works similarly. It uses technology to create a hybrid experi-
ence that people can manipulate and explore as if they were there. In
other words, like our brain, the metaverse tries to predict the sensory
consequences of users' actions by displaying the same outcome that our
brains expect in the real world (Riva et al., 2018).

According to Riva and associates (2019a, 2019b), the system keeps a
model (simulation) of the body and the area around it to accomplish it,
much like the brain does. The expected sensory input is subsequently
delivered utilizing the hardware in accordance with this prediction. The
model obviously strives to imitate the brain model as closely as possible
in order to be realistic: the more the model resembles the brain model,
the more the person feels present [in the metaverse].

Despite the disagreement over the concept and nature of the meta-
verse, future uses of this technology in clinical psychology and medicine
could expand the scenarios and applications already made possible by
AR/VR. Numerous meta-analyses and systematic reviews conducted over
the past two decades have backed recommendations for using VR/AR
exposure treatments to address behavioral and cognitive problems
(Chitale et al., 2022; Baghaei et al., 2021). Because of this, we think that
the metaverse could be a further advancement in the development of new
tools for mental wellness by bridging the gap between the virtual and real
worlds. Indeed, it should always be remembered that, according to the
Global Burden of Diseases, Injuries, and Risk Factors Study (GBD, 2019),
in the past 30 years, the number of people with mental disorders has
increased from 80.8 to 125.3 million. This confirms that, globally, mental
disorders continue to be a major burden, with evidence of further in-
creases following COVID-19 pandemic restrictions and limited access to
effective treatments.

AR/VR exposure therapies have been demonstrated to be effective in
supporting psychotherapeutic approaches for the treatment of depression
or anxiety, but the degree of this “effectiveness” has not been well
defined yet. The presence of few studies conducted using an RCT
approach and the lack of a cost-benefit analysis (Baghaei et al., 2021)
limited the real translation of AR/VR exposure therapies in clinical
practice, although there is a strong need (Deng et al., 2019). It is
imperative to create new protocols based on cutting-edge technology that
can utilize standardized computational scenarios and homogeneous
psychotherapy techniques to reach millions of people worldwide. In the
last few years, the employment of chatbots, apps, and mobile games has
been proposed as alternative technological approaches aimed at reaching
many vulnerable people (Baghaei et al., 2019; Avani et al., 2018).
Despite these solutions having been demonstrated to be effective for the
diagnosis or the treatment of mental disorders, the advent of a new
federation of multiple technologies that will revolutionize human
communication will push us to create new solutions for applying VR/AR
tools to mental health.

In this prospective review, we address the possibilities of the meta-
verse in terms of mental health in this prospective review by fusing more
recent technology developments with recent research in cognitive
2

psychology, neuroscience, and behavioral empowerment brought on by
immersive experiences. The theoretical underpinnings of the application
of this technology in mental diseases lead to the “predictive coding”
paradigm until technical challenges in the metaverse technology were
overcome. According to this neuroscience idea, our brain actively gen-
erates an internal simulation of the body and the environment, and a
malfunctioning simulation may be the root of a variety of mental health
issues (Riva et al., 2018). Then, starting from previous evidence from
VR/AR research, the paper discusses the potential of the metaverse in
medicine suggesting that it allows the integration of multiple technolo-
gies mimicking the brain functioning and facilitating the
virtuality-reality interconnection. Specifically, the paper identifies the
key metaverse tools for improving mental health disease in: a) the
embodiment process: the ability of simulative technologies of generating a
feeling of ownership of a digital body or a part of it; b) the Proteus effect:
the tendency for people to be affected by their digital representation; and
c) the seamless fusion between the digital and physical dimensions
allowing a high level of personalization (using AI) and reorganizing the
unhelpful bodily images through the creation of technology-based so-
matic modification approaches (using interoceptive technologies).

In light of these presumptions and the fact that mental illnesses tend
to respond more favorably to immersive exposure therapy, we hypoth-
esize that individuals affected by body dysmorphism symptoms (i.e.,
eating disorders) and social deficits (i.e. autism) will greatly benefit from
the translation of this new technology in clinical protocols.

2. Metaverse in medicine

With the term “MEDverse”, we can define the entry of the metaverse
into a medical context as early proposed by Riva et al. (2021a, 2021b),
Wiederhold and Riva (2022), and Yang et al. (2022).

Yang and colleagues (2022) proposed that this type of platformwould
provide the opportunity to establish a virtual setting where patients and
clinicians may communicate throughout the course of clinical care (ex-
amination, diagnosis, in-home care, evaluation of treatment diseases,
consultation). Given the growing number of people wanting online
mental health care, this type of medical service will be essential in the
future. Mesko (2022) also suggested that the metaverse may be trans-
formed into a virtual university where professors could instruct students
on the inner workings of the circulatory system, eventually taking the
place of real-world medical technologies like chatbots, smartphones, and
telehealth systems.

The dual connection between the virtual and physical worlds was
identified by Riva et al. (2021a, 2021b) as the key component of the
metaverse for health care. According to this perspective, each change in
the physical world is reflected (referred to as a digital twin) in its digital
counterpart, and vice versa. For instance, if I move in the real world, my
virtual avatar will follow suit, and if I touch the avatar in the virtual
world, my physical body will receive haptic feedback. Immersive VR
systems have been around since the early 1990s (Blanchard et al., 1990,
1992), and they take advantage of stereoscopic viewing, lifelike 3D
graphics, and head tracking to produce interactive, first-person experi-
ences that can be more ecologically valid than conventional,
non-interactive experimental stimuli and cause users' physiological re-
actions that mimic real-world experiences (Patil et al., 2014; Chittaro and
Buttussi, 2015; Zanon et al., 2014). In a therapeutic environment, VR has
so far been used to deceive users into believing that an object is present
when it is not. The deep sense of presence is enhanced by the hybrid
dimension of the metaverse, which can potentially trick the predictive
coding systems that control our bodily experience. This will be accom-
plished by combining various embodied technologies (haptic and inter-
oceptive technologies), increasing the users' ability to view things from a
first- or third-person perspective, and utilizing big data analysis from AI
algorithms to improve the immersive experience and enable the intelli-
gence of virtual agents to be comparable to that of humans (Huynh-The
et al., 2022).
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In conclusion, the primary advancements that the metaverse could
make in medicine depend on the development of immersive experiences
and the use of a variety of technologies to make it easier for virtuality and
reality to interact by simulating how the brain works. Deep learning AI
techniques will provide insights into novel treatment strategies, resulting
in lower costs and considerably improved patient results (Zhou et al.,
2022; Wiederhold and Riva 2022).

3. The basis for applying metaverse in mental health

Predictive coding (Clark, 2013; Hohwy, 2013), a generally accepted
idea in neuroscience, states that our brain actively builds an internal
model (simulation) of the body and its environment. This model is
designed to forecast the sensory input that will be received in order to
reduce the number of prediction errors (or “surprise”). Our brains build
an embodied simulation of the body that represents its projected future
states in order to interact with the world efficiently (intentions and
emotions). There are two main aspects of this simulation (Riva et al.,
2021a, 2021b). First, it is largely a simulation of sensory-motor experi-
ences using visceral/autonomic (interoceptive), motor (proprioceptive),
and sensory (e.g., visual, aural) input as sources. Second, because
embodied simulations are based on the subject’s expectations, they
trigger the multimodal brain networks that were previously responsible
for the simulated or anticipated outcome.

Recent advancements in neuroscience are defining a new conceptual
framework that suggests various mental health disorders are connected
to these mechanisms, particularly the processing of multisensory bodily
signals (Blanke et al., 2015; Riva et al., 2018). As recently stated by
Paulus and colleagues (2019), these conceptual models propose that a
general characteristic of mental diseases is a failure in the computation
and integration of representations of the internal and external worlds of
the body across time. According to this view, a persistent disparity or
error signal is produced when outcomes are detected, which, in this
theory, leads to shifts in mood and anxiety because of the brain’s biased
interpretation of what it expects will occur against what is actually
happening in these settings.

The use of the metaverse platform to treat problems of body-related
mental health is still an unknown area of research. In this case, the
metaverse can be employed for clinical purposes to shape, augment, and/
or replace the experience of the body.

Virtual reality exposure therapy has mostly shown to be useful in
treating pain, phobias, and post-traumatic illnesses (Deng et al., 2019;
Georgescu et al., 2020; Carl et al., 2019). However, to boost the sense of
immersion, all these applications have been implemented using standard
VR design, which primarily depends on the translation of user viewpoints
into a first-person perspective. The goal of the metaverse platform is to
improve the “embodiment illusion” to produce a new, multi-sensory
sense of the physical and self-presence (Spanlang et al., 2014), and the
“Proteus Effect” (Yee and Bailenson, 2007) which takes place when
participants experience or use a virtual body (Heydrich et al., 2013).

Over the past 20 years, immersive VR systems have developed
dramatically, becoming potent inducers of embodiment illusions in both
healthy and clinical populations using virtual avatars and synchronous
multisensory connections. Using the sensation of embodiment in a virtual
body to change people’s internal body representations is an effective
tactic for controlling various clinical symptoms, according to a recent
review (Matamala-Gomez et al., 2021) (such as motor, pain).

However, it remains to be established how the employment of a
digital avatar impacts the embodiment processes and which are the
perceptual and cognitive mechanisms involved in them. As stated by
Gonzalez-Franco and Lanier (2017), avatars are processed in the brain
like people. Different levels of familiarity can be detected by humans on
avatar faces (Bailenson et al., 2006; Gonzalez-Franco et al., 2016). When
engaging with avatars, social conventions (such as interpersonal dis-
tance) and social behaviors (such as shyness and agreeableness) are
maintained (Bailenson et al., 2003; Sanz et al., 2015).
3

In general, it is understood that a virtual body boosts the capacities of
exploration and engagement in an ego-centered way (Gonzalez-Franco
and Lanier, 2017). Otherwise, using a virtual version of oneself (referred
to as a “Doppelganger” by Bailenson and Segovia, 2010) can change the
perspective to an allocentric frame of reference in space and cause some
behavioral changes (Fox et al., 2012), such as increasing users' spatial
awareness and perception of the virtual environment around their ava-
tars (Gorisse et al., 2017). Moreover, considering the social learning
theory (Bandura, 2001), Bailenson and Segovia (2010), proposed that the
employment of virtual avatars can also improve behavioral skills
learning. In fact, as demonstrated by a recent meta-analysis (Ratan et al.,
2020), through the “Proteus effect” avatars influence their users' be-
haviors and attitudes both in mediated and actual (unmediated) contexts.

Up to now, VR has focused only on the simulation of the external
world. The metaverse, instead, both through the bridging of the digital
and physical world, and the integration of emerging technologies such as
AI and interoceptive technologies, it is also able to generate somatic
modifications (Riva et al., 2021a, 2021b) able to restructure maladaptive
bodily representation (Regenerative Virtual Therapy).

The personalization of treatment is the first major benefit that AI
brings to the metaverse (Riva et al., 2019a, 2019b). The metaverse en-
ables the collection of physiological and behavioral data during its
experience that can be used by AI algorithms for extracting biologic re-
sponses specific to therapeutic interventions. These possible biomarkers
have a direct connection to how the brain works and can be altered to
cure perceptual/cognitive dysfunctions with the person’s brain’s pre-
dictive coding systems. Due to this, AI built into the metaverse platform
may be able to optimize a patient’s treatment plan, assisting in the shift to
a personalized form by utilizing data from the patient’s digital bio-
markers during the virtual experience.

Moreover, the use of interoceptive technologies allows the direct
modulation of interoceptive signals during a metaverse experience.
These signals, that generate a representation of the internal state of our
organism (Chen et al., 2021), can be altered directly, using technologies
like c-fibers stimulation (Di Lernia et al., 2020) and sonoception (Wie-
derhold and Riva, 2019), or indirectly, by using technologies providing
false feedback (e.g., illusions) of the physiological states of individuals
(Iodice et al., 2019).

In conclusion, the opportunities offered by the metaverse could be
summarized in: a) the seamless fusion between the digital and physical
dimensions that allows the simulation and control not only of the
external world but also of the internal one (bodily self-consciousness); b)
the translation from the first- to a third-person viewpoint allowing the
integration of both the embodiment and the Proteus effects; c) the
personalization and social dimension of the experience mediated by
digital biomarkers and AI algorithms; d) the preference for the allocentric
frame of reference in spatial exploration; With this in mind, we propose
some fields of applications of the metaverse technology in individuals
with specific psychological disorders characterized by altered computa-
tion and integration of the inner and outer worlds of the body across
time. We propose that future applications of metaverse could positively
influence patients affected by body dysmorphism symptoms (i.e., eating
disorders), and social deficits (i.e., ASD).

3.1. Body dysmorphic disorders and eating disorders

BDD is a mental illness listed under the category of Obsessive-
Compulsive and Related Disorders. People who suffer from BDD are
distracted or obsessed with one or more perceived imperfections in their
looks, which causes severe emotional discomfort and makes it difficult
for them to socially interact appropriately. BDD frequently co-occur with
anxiety and social phobia and steer clear of close connections out of a fear
of being embarrassed. Neuroimaging analysis confirmed the presence of
structural and functional abnormalities in the visual cortices of BDD
patients, starting from primary visual cortex (V1 and V2 areas) to several
temporo-parietal regions, particularly within the left hemisphere, where
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structural encoding of visual information occurs (Grace et al., 2017).
Threat BDD symptoms have seen limited use of VR up to this point, where
maladaptive interpretive biases are a key goal. Additionally, the hypo-
thetical and distant nature of mental scenarios limits existing behavioral
standards and prevents them from capturing transient experience threat
processes (Summers et al., 2021). For this reason, a new immersive
experience capable of stimulating in vivo threat interpretation biases in
response to interpersonal scenarios presented via a “federation” of mul-
tiple technologies shared by multi users is mandatory for developing new
kinds of treatment for these patients.

Like BDD, a negative and distorted body image is also a perceptual
and cognitive hallmark of eating disorders (Dakanalis et al., 2016; Riva
and Dakanalis, 2018). In particular, many phenomenological traits
shared by people with BDD and anorexia nervosa (AN) include skewed
perceptions of one’s appearance, obsessive and compulsive symptoms
(Woodside and Staab, 2006), and inadequate insight (Hartmann et al.,
2013). When it comes to insight skills, Hartmann and colleagues looked
at the delusionality of appearance-related beliefs in people with BDD and
AN. They found that those with BDD exhibited significantly higher levels
of delusionality, whereas in AN, delusionality was specifically linked to
shape concerns and the drive for thinness. This finding was confirmed by
Vaughn et al. (2019), who used machine learning algorithms to auto-
matically classify individuals with AN from BDD. Considering several
clinical, psychological, and neurobiological features, the most important
factor useful to individually distinguish BDD from AN is the presence of
poor insight in BDD.

Patients with AN have a multimodal impairment of body perception
that includes tactile and proprioceptive sensory elements in addition to
visual misinterpretation (Gaudio et al., 2014; Riva and Dakanalis, 2018).
Additionally, in AN patients, changes to the parietal cortex may be linked
to impairment of the tactile and proprioceptive components. Weak direct
investigations of interoception and multisensory integration have been
conducted.

VR exposure therapies have already been used for improving body
satisfaction and appearance in eating disorders (Clus et al., 2018).
Additionally, some studies have shown that VR appears particularly
useful in resolving body image issues (Cią _zy�nska and Maciaszek, 2022).
VR systems aid patients in integrating new body knowledge and learning
how to distinguish cognitive and emotional experience from the actual
body (Matamala-Gomez et al., 2021). The metaverse platform has the
potential to further improve these positive effects in two ways:

1) through the integration of interoceptive technologies, allowing the
direct modulation of interoceptive signals during a metaverse expe-
rience, The merging of the embodiment potential of VR with the one
of interoceptive technologies should allow the emergence of Regen-
erative Virtual Therapy (Riva et al., 2021a, 2021b), a new clinical
approach that uses the technology-based somatic modifications
allowed by the metaverse to restructure the maladaptive bodily rep-
resentations behind a pathological condition. The suggested process
has been proposed by Riva et al. (2021a, 2021b) in this way:
� Using the metaverse to create a synthetic multimodal experience
(viz., visuotactile and interoceptive) capable of producing large
prediction mistakes, for contrast with the defective internal model;

� The application of brain stimulation methods to lessen the impact
of top-down predictions;

� The application of conscious awareness to enhance the accuracy of
the synthetic multisensory experience;

� The enhancement of the multisensory experience’s level of reward
through the reconstruction and re-elaboration of its emotional
content through cognitive reappraisal.

2) by exploiting its social potential. Indeed, a recent preliminary study
by Matsangidou et al. (2022) demonstrated the acceptability and
feasibility of using Multi-User Virtual Reality (MUVR) for remote
psychotherapy in the treatment of eating disorders. In particular, the
4

authors underlined the potential of embodying a psychotherapy
intervention in a playful and gamified MUVR: “Particularly the
embodiment of the mirror exposure exercise, where the participant
was able to create and adjust the avatar to resemble themselves
provides new opportunities for the treatment of eating and other
similar disorders.” (p. 331).

3.2. Autism spectrum disorder

Autism spectrum disorder (ASD) is a developmental disability that
affects children’s behavior, social skills, verbal and nonverbal commu-
nication, sensory processing, and attention (Campbell et al., 2006). To
reduce the impact of these deficits the only effective treatment is
behavioral therapy. In the last few years several commissions and com-
mittees have proposed to apply AR/VR to induce new ways of interper-
sonal skills and abilities in autism (Lord et al., 2022). Zhang et al. (2022)
asserted that by offering a more realistic and welcoming atmosphere, VR
can be turned into the ideal tool for intervention and rehabilitation.
People with specific medical or mental disorders may struggle to take
care of themselves or manage their conduct, and they may also feel un-
comfortable around other people in social situations. For this reason, it is
essential that these topics, particularly in adolescence, rehabilitate social
interaction skills. VR technology offers a secure, controllable environ-
ment where therapies can be carried out gradually and individually
under the direction of therapists. It has been shown that behavioral
therapies mediated by VR technology improve motivation, attention, and
social skills. People with ASD may avoid social situations in part due to
social anxiety brought on by failed attempts at interaction (Myles et al.,
2001). The use of VR technology helps reduce the anxiety that underlies
real-world social skill practice in ASD children or teens because it enables
them to do so without worrying about making errors or being rejected,
something they frequently experience in real-world face-to-face en-
counters (Fern�andez-Herrero et al., 2018). As already proposed for BDD
and eating disorders, the employment of VR approaches for treating
behavioral disorders has been used using the traditional design, whereas
it remains completely unexplored what will change when moving to the
metaverse technology. A first randomized controlled trial was launched a
few months ago by Lee et al. (2022), to evaluate if a metaverse-based
child social skills training program could improve the social interaction
abilities of children with ASD. These authors will enroll 24 children and
young people with autism, who will undergo an internet-based virtual
world game program for 4 months aimed at improving social interaction
skills.

4. The pitfalls

There are various issues associated with the use of unproven tech-
nologies in mental health. The probable aggravation of mental illnesses is
the first plainly visible restriction. Abuse of virtual realities may result in
additional symptoms including addiction, anxiety, or sadness. Next, the
validation of AI algorithms for increasing the human-like interaction of
virtual agents in themetaverse platform is a field of study unexplored and
highly expensive. Again, the great volume of digital personal health data
that should be processed by metaverse platform raises huge security and
privacy concerns. Finally, there is a lack of information about the
anthropometric (i.e., humanized) features of digital avatars. Which is the
best three-dimensional body scanning technology to acquire the best
avatar’s body and how does the human-likeness of anthropomorphic
avatars (i.e., realism) impact the creation of the embodiment illusion?
The well-known uncanny valley phenomenon has already been defined
for describing the relationship between the realism of humanoid robots
and psychological affective state in observers (Mori, 1970), but how the
objective realism of anthropomorphic 3D digital avatars would impact
perceivers' emotion and information processing is a matter of debate
(Shina et al., 2019).



Figure 1. The MedVerse layers (adapted
from Jon Radoff, https://medium.com/build
ing-the-metaverse/the-metaverse-value-ch
ain-afcf9e09e3a7). The infrastructure layer,
which consists of the hardware and network
technologies that enable the distribution of
content, is the foundation of the MedVerse in
this illustration, which the MedVerse shares
with all Metaverse apps. Higher layers are
particular to MedVerse: The Human-
Computer Interface layer incorporates wear-
able sensors and brain-based technologies
into the MedVerse experience. The AI and
decentralization layer makes use of
blockchain-based protocols to enable the
integration of AI services and other distrib-
uted online capabilities. The whole spectrum
of physical-digital places made possible by
VR systems is referred to as the “Phygital
space layer.” The MedVerse therapeutic ex-
perience’s content should be customized to
the unique clinical requirements of the pa-
tients with mental illnesses, according to the
personalization layer. The personalization
layer is all about the content of the MedVerse
therapeutic experience, which should be
tailored to the specific clinical needs of the
patients with mental disorders. The Med-
Verse therapeutic experience’s content
should be customized to meet the unique
clinical requirements of patients with mental
disorders. This is what the personalization
layer is all about.
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5. Conclusions

Clinical psychology’s use of metaverse technology will undoubtedly
be a promising area of study in the near future (Riva et al., 2022). To
better understand how the brain and body engage with the simulated
environment and how social (virtual) communication mediated by AI
could be tailored for enhancing human-computer interaction, more basic
neuroscientific study is necessary.

Undoubtedly, however, the advent of the metaverse will stimulate
future researchers in social neuroscience. Historically, discoveries
relating to the “Social Brain” have enhanced awareness of the neuro-
cognitive skills it incorporates (Adolphs, 2009). There has been an in-
crease in interest in measuring and modeling “social cognition” and
“social competence” over the past ten years. In order to comprehend the
reciprocal relationships and influences between the social and biological
levels of organization, social neuroscience aims to define the neurolog-
ical, hormonal, cellular, and genetic mechanisms driving social behavior
(Cacioppo et al., 2008). For this reason, the “metaverse” concept should
be translated for neuroscientists in a less attractive concept of “Social
VR-AI mediated”, where engineers, computer scientists and psychologists
should work together to develop new platforms able to balance simula-
tions of real-life social activities in a more ecological manner for creating
new validated protocols customized on psychological deficits, useful to
stimulate new abilities. Indeed, we argue that the lack of social interac-
tion within virtual worlds has been one of the main limitations of current
applications of VR in mental health and rehabilitation. In most existing
applications the patient is immersed in a virtual environment that ex-
poses him/her to clinically relevant stimuli (e.g. threatening stimuli
presented to patients with specific phobias), but the experience is lived in
isolation (although, depending on the clinical protocol, the therapist can
interact with the patient from outside the virtual environment). How-
ever, the social interaction component is crucial to increasing the effec-
tiveness of treatment. This obviously includes the therapeutic interaction
between the clinician and the patient, but also the possibility for the
patient of interacting with other simulated people within the VR
5

environment, thus creating a compelling sense of social presence. With
respect to the traditional VR applications, developed for individual use,
immersive social VR emerged only a few years ago, because technolog-
ical challenges were too high to allow the realization of multi-user
immersive virtual worlds. However, thanks to the rapid development
of hardware and software pushed by the gaming industry and the
increasing communication capability of 4G/5G networks and beyond, VR
technology may soon realize the promise of enabling shared simulated
spaces. Undoubtedly, the introduction of social VR environments in
mental healthcare will not only open new avenues for treatment and
prevention but will also present clinicians with a number of research
questions that still need to be answered. For instance, what role does
non-verbal communication play in an immersive clinical setting where
the therapist and the patient interact via an avatar, or what concerns are
associated with the potential introduction of artificial intelligence?

In conclusion, the advent of the metaverse in clinical psychology still
must overcome numerous barriers as summarized in Figure 1. Indeed,
before declaring the beginning of a new MEDverse era, several meth-
odological and infrastructural advances should be carried out starting
from the actual VR applications experienced alone to a multi-sensory
experience based on multiple (intelligent) technologies shared by multi
users.
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