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ABSTRACT

Improvisational music therapy, a form of art therapy that relies on using musical instruments in a shared space with a music
therapist, currently lacks suitable digital tools for conducting remote sessions. This limitation hinders the possibility of conducting
the therapy in conditions where in-person sessions are impractical. For example, during the COVID-19 pandemic, due to social
distancing measures, many improvisational music therapy programs were suddenly halted, compromising users’ progress and
severely limiting the work of music therapists. This study contributes to the literature by introducing the first system to support
remote improvisational music therapy with immersive virtual reality in a metaverse context. The system has been designed and
validated by a multidisciplinary team of computer scientists, music therapists, and clinical psychologists. The results of the user
study indicate that the system provides the conditions necessary for effective nonverbal communication and musical interplay
within an immersive virtual environment. We also identify further improvements to enhance the fidelity of nonverbal com-
munication, as it is the fundamental relational component of improvisational music therapy. This work shows the potential of
immersive virtual reality and the metaverse to enable remote improvisational music therapy sessions, providing a foundation for
future clinical validation studies.

1 | Introduction in creating music. In contrast, receptive MT involves users in
listening to music and includes verbal processing of feelings and
experiences [4]. Essential elements of an MT intervention,
whether active or receptive, comprise the presence of a certified
music therapist, involvement of users, structured musical in-
teraction, and a structured therapeutic framework, which in-
cludes the setting, that is, the environment, in which the MT
session occurs. These elements are necessary for the practice to
be referred to as MT [2]. For example, the practice of medical
professionals providing listening to pre-recorded music, for ex-
ample, for helping a patient relax before a surgical procedure, is
referred to as “music medicine” rather than MT [5]. Improvi-
sation is the main active MT method used in adult mental health

Music therapy (MT) is defined by the World Federation of Music
Therapy as the systematic use of music and its elements, for
example, sound, rhythm, melody, and harmony, by a certified
music therapist working with individuals to facilitate and pro-
mote communication, relationships, expression, and other rel-
evant therapeutic objectives in order to address physical,
emotional, mental, social, and cognitive needs [1]. MT is ad-
ministered across diverse contexts, such as mental health,
medical, community, developmental, and educational contexts
[2, 3]. MT methods are organized in two categories: active and
receptive. Active methods, including improvisation, involve users

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the
original work is properly cited.

Copyright © 2026 Christian Corro et al. Human Behavior and Emerging Technologies published by John Wiley & Sons Ltd.

Human Behavior and Emerging Technologies, 2026; 2026:5535667 1 of 16
https://doi.org/10.1155/hbe2/5535667


https://doi.org/10.1155/hbe2/5535667
https://orcid.org/0009-0002-9783-5014
https://orcid.org/0000-0001-5975-4294
https://orcid.org/0009-0007-2042-7668
https://orcid.org/0009-0002-8074-2786
https://orcid.org/0009-0007-2032-4554
mailto:christian.corro@uniud.it
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/hbe2/5535667
https://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1155%2Fhbe2%2F5535667&domain=pdf&date_stamp=2026-03-11

[2, 6]. Improvisational methods include any experience in which
the user actively participates in spontaneous music-making with
the music therapist through sonorous-musical interactions, that
is, playing musical instruments and vocalizing [2]. The use of
verbal language is not a primary component: The focus is on
nonverbal communication and expression through music crea-
tion and interaction. The purpose of improvisation is not artistic
or aesthetic but rather relational and communicative; for this
reason, it is not necessary for the user to have any practical or
theoretical musical skills [7]. In improvisational MT (IMT), es-
pecially with a psychodynamic-relational approach [8], sharing
a space, that is, the setting, between the user and the music
therapist plays a crucial role [7]. The setting facilitates the ex-
change of nonverbal cues, such as posture, facial expressions,
gaze, and proxemics, and supports interaction with musical
instruments that can be shared. Thanks to the interaction with
musical instruments in the setting, it is possible to establish the
expressive dimension of interplay, which refers to a musical and
expressive interaction based on an exchange of actions, where
each performer influences the other [7, 9]. IMT aims to foster
a dyadic relationship between the music therapist and the user,
shaped through interplay. This relationship develops gradually,
and its intensity varies within moments and with varying degrees
of affect attunement, as the dyad engages in co-creation and
musical exchange [10-12]. Affect attunement refers to the pro-
cess by which two individuals share and respond to each other’s
affective states [13]. The exchange of nonverbal cues through
sonorous-musical interaction and embodiment is the key ele-
ment for nonverbal communication that facilitates emotional
coregulation and affect attunement [13, p. 66]. Sharing affective
states is crucial for establishing an intersubjective dimension
between the music therapist and the user [13, 14]. The in-
tersubjective dimension refers to the experience of “mental
contact” that interacting subjects can establish during any form
of interpersonal communication [15]. In IMT, the user is free to
create sonorous-musical production, opening a nonverbal
communicative channel with the music therapist. In response,
the music therapist can start a sonorous-musical production in
an attempt to initiate a nonverbal dialog with the user [12].
Throughout the sonorous-musical interaction, the dyad engages
in a process of co-creation and shared expression, unfolding
within an implicit relationship that emerges spontaneously and
bypasses higher order cognitive processes [12, 16]. In this way,
IMT can also be effective in therapeutic contexts where the user
has difficulty or is unable to use verbal communication [16]. In
summary, IMT is based on processes of affect attunement and
aims to develop an intersubjective dimension between the music
therapist and the user through a nonverbal communication
channel to pursue therapeutic objectives.

However, co-presence in a shared space with manipulation of
musical instruments that can be shared, which are essential
requirements to conduct an IMT session [7], cannot be replicated
in a video call when physical in-person sessions are not feasible.
This makes it impossible to conduct remote IMT, preventing the
initiation or continuation of treatments in scenarios where in-
person therapy is not viable. For example, the COVID-19 pan-
demic had significantly disrupted IMT. During the COVID-19
pandemic, people needed to adapt to social distancing and
lockdown measures. In this context, psychological interventions
that rely on dialog, such as psychotherapy, had temporarily

transitioned to digital platforms to ensure continuity of care,
primarily using video calls as the means of interaction between
therapists and clients [17-20]. However, the inherent limitations
of conducting IMT through video calls led to an abrupt in-
terruption of treatments, thus compromising users’ progress and
also severely limiting employment opportunities for music
therapists. The challenges for IMT are not limited to pandemic-
related restrictions. For example, in rural areas, where geo-
graphical remoteness often restricts access to MT programs [21],
remote IMT would help mitigate access barriers. Additionally, in
infectious disease wards, where isolation rules limit physical
contact, or with severely immunocompromised patients, remote
IMT would allow therapy without risking safety. These are just
a few scenarios that underscore the importance of coming up
with innovative solutions that could make IMT possible even if
physical in-person sessions are not feasible.

In a metaverse context, the music therapist could interact in real
time through avatars in the same virtual environment (VE),
experienced through immersive virtual reality (VR), and interact
with virtual musical instruments (VRMIs) together. VR could
help to expand the accessibility of IMT, reaching people who
would otherwise be excluded from traditional IMT. People with
conditions such as hikikomori, severe social anxiety, infectious
diseases, or motor impairments that prevent them from at-
tending in-person therapy sessions can benefit from remote IMT.
By removing physical and geographical barriers, VR could
provide a safe environment where users can interact with music
therapists and actively participate in IMT without the limitations
imposed by health issues or mobility difficulties. The two the-
oretical concepts that represent a potential intersection between
MT and the metaverse are effective attunement and sense of
presence. Sense of presence refers to the psychophysiological
experience of “being there” in a VE, where users feel immersed as
if they were physically present in that space [22]. Sense of
presence could play a crucial role in facilitating affect attune-
ment, even in the absence of physical co-presence. Research
suggests that VR can evoke emotions and psychophysiological
responses comparable to those experienced in real-world settings
[23]. Therefore, an immersive VE that effectively induces a sense
of presence could provide the necessary conditions for affect
attunement. Unfortunately, the literature on using the metaverse
to conduct MT sessions is very limited, especially for IMT. Most
studies focus on the use of single-user VR to expose users to
images or videos with selected music [24-26], a receptive MT
method. Only two studies address active MT [27, 28], allowing
users to generate sounds by interacting with virtual objects. Both
studies are seriously limited by the fact that the proposed systems
do not support the co-presence of the music therapist in the VE,
and thus do not meet an essential requirement of active MT. To
the best of our knowledge, no research study has yet focused on
using a metaverse approach to support remote IMT sessions
where the music therapist and the user can interact in real-time
with shared VRMIs in a virtual setting designed by music
therapists.

This paper aims to address this gap by proposing the first system
that aims to support IMT sessions remotely, providing music
therapists with a tool for ensuring the continuity of users’
therapeutic journeys in conditions where in-person sessions are
not feasible. The system has been designed and evaluated by
a multidisciplinary team of computer scientists, music therapists,
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and clinical psychologists. Figure 1 shows examples of the in-
teractions that users and music therapists can engage in using the
proposed system. We first present the system’s design and
implementation. Then, we report on a preliminary user study
that evaluates whether the system can provide the technical and
interactional requirements necessary to support IMT sessions.
Specifically, we assess whether the system enables co-presence,
interaction with VRMIs, and perceived quality of interpersonal
relationships between the music therapist and participants. We
evaluate whether participants reported experiences are consis-
tent with the relational constructs that underlie therapeutic
engagement in IMT, such as motivation, self-efficacy, and per-
ceived reciprocity. Our work establishes technological founda-
tions for remote IMT and identifies specific areas requiring
further development before clinical deployment. This work
represents a first step in enabling remote IMT by establishing the
technological foundations. The insights gathered from both users
and music therapists can guide future improvements to the
immersive support system.

2 | Related Work

VR is increasingly explored as a tool for psychological in-
terventions thanks to its capability to provide controlled,
immersive, and interactive environments, allowing users to
engage in effective adaptations of face-to-face interventions [29].
Existing VR interventions provide a range of interactive systems
that leverage similar or identical hypothesized mechanisms of
action as traditional face-to-face interventions [30], while pro-
viding greater flexibility in intervention timing, greater cost-
effectiveness, and an increased ability to tailor interventions to
individual preferences [29]. Research has consistently demon-
strated VR’s effectiveness across various psychological in-
terventions, including exposure therapy [31], anxiety disorders
[32], stress reduction [33], rehabilitation for cognitive and
emotional disorders [34], eating disorders [35], phobias [31], and
post-traumatic stress disorder [36]. For a comprehensive review
of VR for psychological interventions, see Wiebe et al. [37].

Unfortunately, despite the growing use of VR in psychological
interventions, its application in MT remains very limited. Most
related studies have focused on employing VR to enhance re-
ceptive MT sessions, where users are exposed to images or videos
accompanied by selected music. For instance, Perez et al. [26]
conducted a study where they evaluated a receptive VR-based
MT (VR-MT) system with 16 elderly nursing home patients who
had various neurological disorders, including mild mental health
issues, moderate cognitive disorders, or depressive symptoms.
They exposed the patients to various 360° music videos. Results
showed notable spatial presence in patients, regardless of their
cognitive or depression levels, with minimal motion sickness,
validating the usage of immersive media for MT in elderly pa-
tients. Kanehira et al. [25] employed a similar approach, in-
volving 8 undergraduate students, who were immersed in a VE
while they listened to different types of music, including their
favorite ones. They reported a decrease in stress levels. However,
this type of approach does not follow proper MT methodology as
it lacks session supervision by a music therapist. Brungardt et al.
[24] conducted a study on a 2-day receptive VR-MT intervention
for hospitalized patients in palliative care. This intervention
involved patients working with a music therapist to create

customized soundtracks tailored to their individual preferences
and therapeutic needs. After creating the personalized sound-
tracks, the patients were immersed in nature-based 360° videos
where they could listen to their custom soundtracks alongside
the nature sounds of the videos. Seventeen participants com-
pleted the intervention, reporting high usability and satisfaction.
Most described positive emotional and physical responses to VR-
MT, with immediate benefits reported like respite from medical
circumstances, for example, experiencing escape and peace from
diagnostic stress, relaxation, and reduced pain. The study in-
tentionally avoided interactive elements within the VE to sim-
plify use. However, patients’ feedback highlighted a desire for
a more interactive VE. The receptive VR-MT intervention was
feasible, usable, and acceptable for this user group. Lin et al. [28]
present a VR-MT system aimed at reducing stress and anxiety.
The system was evaluated with 19 participants, showing a re-
duction in stress. The paper states that the system includes
a receptive mode that provides a calming environment with
music, and an active mode that allows users to play VRMIs.
Unfortunately, the study is significantly limited by the fact that
there is no co-presence of a music therapist with the user in the
VE. This cannot qualify as MT because, as previously mentioned,
MT is not merely the act of listening to or producing music; it is
a therapeutic process conducted by a music therapist. It is im-
portant to note a significant difference between prior receptive
VR-MT work and our approach, which are complementary.
Indeed, previous studies, for example, [24], evaluated receptive
MT, which differs fundamentally from IMT. While receptive
approaches involve listening to preselected music in immersive
environments, IMT requires real-time co-presence with a music
therapist, active music-making through shared instruments, and
bidirectional nonverbal communication through musical in-
terplay. The co-presence of the music therapist is essential for
establishing an intersubjective dimension with the user. These
requirements present distinct technical and methodological
challenges that are not addressed by receptive VR-based MT
systems. Our work focuses on a VR system that can deal with
those different challenges. Furthermore, none of the previous
studies has focused on constructing a setting in a VE. The design
of the setting is a crucial component of the IMT methodology,
aiming to create an environment that facilitates and enhances
users’ ability to express themselves.

3 | The Proposed Support System

This section presents the technical design of the system, detailing
the components and implementation choices that support the
core requirements of remote IMT. The design and imple-
mentation of the system aimed at enabling nonverbal commu-
nication through interaction with VRMIs and vocalization,
utilizing readily available and user-affordable technology, to
facilitate the establishment of an intersubjective dimension be-
tween the user and the music therapist. The proposed system
consists of three key components: two VR applications and
a web-based dashboard (Figure 2). The first application is meant
for the music therapist’s users and allows them to select the
gender of their avatar, offers a tutorial to familiarize them with
how to interact with VRMIs, and then enables access to the
virtual setting for the remote IMT session with the music
therapist. The second application, meant for music therapists,
incorporates features to help them in session management. It
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FIGURE1 | Screenshots of an improvisational music therapy session from the user’s perspective. The music therapist and the user are as follows: (a)
in their individual spaces, both playing their own tongue drums; (b) in the shared space, playing the marimba and cymbal together; (c) sharing the same

area of the individual space, playing the glockenspiel together.

includes a wristwatch, visible only to the music therapist, with
a countdown timer to track the duration of sessions, and a system
for automatically gathering data on the session. The collected
data include quantitative relational indicators that facilitate the
assessment of the therapeutic process and sessions from a re-
lational perspective by the music therapist. These indicators
include features of sonorous-musical productions, such as in-
tensity and rhythmic pulse, as well as interpersonal distance and
the direction of gaze, which facilitate the identification of attuned
and disattuned behaviors within an IMT session by the music
therapist [12]. The collected data can be accessed and visualized
through a dashboard after each session. The system was de-
veloped in Unity Version 2021.3.14f1. Avatar models (Figure 3)
were created with Ready Player Me [38]. For avatars’ body
movements, we used the inverse kinematic solver VRIK Version
1.9 [39]. To enable real-time multiplayer interaction between the
music therapist and the user, we used the Normcore framework
Version 2.3.1 [40]. Our two VR applications exchange data
through incremental delta updates, for example, if an object’s
position needs to be shared and the object moves upward, only
the y-coordinate is sent to the server rather than the entire
position vector. This approach provides efficient data synchro-
nization across the applications and supports the creation of
persistent VEs, as the data sent to the server remain stored
between sessions [40]. The system was run on two Meta Quest 2
headsets with their controllers. For audio input and output, we
used over-ear headphones with a microphone (Sennheiser
Urbanite XL).

3.1 | Avatars

As mentioned before, the exchange of nonverbal cues through
embodiment is one of the key elements of nonverbal commu-
nication. Furthermore, research suggests that employing em-
bodiments in VEs significantly increases both the sense of
presence, that is, the feeling of being “there” [41], and social

Normcore

Delta updates
voice chat

Users' Music therapist's
VR app

VR app e

FIGURE 2 | Diagram of the system components.

presence, that is, the sense of being with another [42, 43].
Therefore, using an embodiment in the system can aid in creating
optimal conditions to foster the development of an in-
tersubjective dimension. An ideal system for remote IMT ses-
sions should include accurate body tracking capable of providing
a faithful reconstruction of embodiment, that is, the avatar,
including facial expressions, gaze, and body movements. Such
comprehensive body tracking could be obtained with costly
technologies like face tracking, eye tracking, and external
trackers, but this would not be affordable for users. Considering
the capabilities of the Meta Quest 2 headset, we focused on three
aspects of embodiment: facial expressions, gaze, and body
movements. Furthermore, we addressed the locomotion system,
focusing on its impact on proxemics.

3.1.1 | Facial Expressions

The first aspect considered is the reconstruction of the avatar’s
facial expressions. Facial expressions are a crucial source of
nonverbal information that contributes to communication [44].
Moreover, in immersive VEs, facial expressions enhance social
presence [45]. However, since Meta Quest 2 headset does not
support face tracking, we had to rely on the audio captured by the
microphone to infer facial expressions when a sound is made,
such as vocalization or laughter. To reconstruct the mouth
movements of avatars, we employed an audio-based lip-sync
system. Specifically, we used Meta’s lip-sync [46], which uses
a deep neural network to analyze audio from the microphone and
synthesize visemes in real-time. These visemes are then used to
modify the blend shapes of the avatar face. The lip-sync system
also detects laughter allowing to modify the avatar’s face
accordingly.

3.1.2 | Gaze

The second aspect we considered is gaze. Gaze plays a pivotal role
in modulating social interactions and enhancing communication

Database
Session data

Session data

Dashboard
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(a) (b) ©

FIGURE 3 | Avatars used in the VE. (a) Music therapist; (b) female
user; (c) male user.

between individuals [47]. In fact, gaze is a relational indicator
that the music therapist uses to assess the session’s progress [12].
However, the lack of eye tracking in the Meta Quest 2 limits the
accurate measurement of gaze. Given that the absence of gaze
can result in less effective social interactions [48], we opted to
manipulate gaze rather than maintain it fixed. We thus ma-
nipulated the avatar’s gaze by using a manually predefined at-
tention map, which gives a weight to each object in the VE. For
example, every VRMI is assigned a 0.5 weight, whereas the avatar
heads are assigned a weight of 1. Therefore, the system will
prioritize directing the gaze toward the other avatar in the VE.
The gaze manipulation system selects a gaze target based on
object weight, the distance of the object from the avatar, and
current head direction of the avatar. Avatar’s eyes are then ro-
tated to follow the selected gaze target, within pre-set rotation
limits, +45° horizontally and +30° vertically, to ensure the
animation remains natural. Finally, to enhance the realism of the
avatar’s gaze, we added blinking [49].

3.1.3 | Body Movements

The third aspect considered involves the reconstruction of the
avatars’ body movements. We have examined both upper body
movements, including hand gestures, and lower body move-
ments, including leg movements. Body movements, including
posture, are relational indicators used by the music therapist to
gather information about the user’s affective state. Without ac-
cess to additional trackers beyond the controllers and the
headset, it was necessary to reconstruct the avatar’s body
movement through inverse kinematics. By tracking three points,
specifically the head and both hands, it was possible to ap-
proximate the movement of the avatar’s upper body. The choice
between using controllers or hand tracking for hand movements
was carefully considered. We assessed both hand tracking and
controllers for hand movements in early user testing sessions in
terms of precision and expressiveness. Hand tracking allows for
a more accurate reconstruction of hand movements, enhancing
gesture expressiveness, which could be a source of nonverbal
cues in an IMT session. However, hand tracking issues resulting
from occlusion or excessively rapid hand movements would
compromise the interaction with VRMIs, thus affecting in-
terplay, which is one of the fundamental components for

conducting an IMT session. Therefore, we chose to use con-
trollers over hand tracking. This choice avoids the bare hands
tracking issues and additionally provides haptic feedback, which
can increase the sense of presence. Haptic feedback is modulated
based on the collision speed with objects in the VE. Recon-
structing the avatar body movements using inverse kinematics
works well if tracked points (end effectors) are available [50].
Without end effectors for the feet, the avatar’s leg movements
cannot be synchronized with the user’s movements. For exam-
ple, if the user lifts a leg, the headset will not detect this
movement, making it impossible to reproduce it on the avatar. To
prevent breaks-in-presence due to discrepancies between actual
movement and its virtual representation, we decided to make the
avatar’s legs visible only in third-person view, while hiding them
in first-person view.

3.1.4 | Locomotion

A locomotion system is essential for enabling system use even in
scenarios where the physical space is more constrained than the
VE. While teleportation is a locomotion system characterized by
usability and motion sickness reduction [51], it provides only
instantaneous movement and lacks the capability for continuous,
subtle adjustments in the interpersonal distances between the
user and the music therapist, which is crucial for signaling trust
and engagement in an IMT context. Therefore, we adopted
a continuous locomotion system based on joystick translation
and real-world rotation [51].

3.2 | Setting and VRMIs

As previously mentioned, in IMT methodology, the setting is
a fundamental component of the therapeutic framework. The
setting must be constructed aiming to create an environment that
facilitates and enhances users’ ability to express themselves. IMT
setting is constructed by carefully positioning musical in-
struments within the available space. Musical instruments used
in IMT are selected based on the psycho-physical characteristics
of the users and the context of the intervention [7]. Percussive
musical instruments are typically used to facilitate interaction
with musical instruments for patients who have never played
a musical instrument or those with physical or cognitive
impairments.

3.21 | Advantages of VR Setting

Using VR offers considerable advantages in constructing the
setting, including customization, stimuli control, isolation from
disruptive events, and selecting musical instruments that would
be too difficult to use in a real setting. VR enables the creation of
customized virtual settings tailored to the specific needs of dif-
ferent users by adjusting the selection and properties of VRMIs,
such as their sound characteristics (e.g., tonality and scale), and
customizing environmental aspects like materials, colors, and
furnishings. This level of control over the setting construction is
not possible in in-person sessions, as one must adapt to the
available musical instruments and physical spaces. Conducting
an IMT session in a VR setting also allows for environmental
stimuli control. It is possible to eliminate stimuli that may disturb
patients and thus potentially compromise the session. For ex-
ample, it is possible to create a VR setting that remains identical
in every detail for the initial IMT sessions. This is particularly
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crucial with patients who have symmetry-obsessive-compulsive
disorder, as even small changes in the setting can be perceived as
a disturbance [52], making it difficult to continue with the
session. Additionally, by using VR, it is possible to achieve
greater isolation compared to an in-person session from dis-
ruptive external events that could compromise the user’s state of
flow, interrupt potential moments of affect attunement, and
therefore hinder the establishment of the interpersonal di-
mension between the user and the music therapist. VR also
allows the selection of musical instruments that would be im-
practical to use in a real setting. For example, it is possible to use
expensive musical instruments, like marimbas, without the costs
and logistical challenges of the real musical instrument. These
advantages of VR can be used to construct an ideal IMT setting.

3.2.2 | The Constructed Setting and VRMIs

For the system, we selected VRMIs aimed at neurotypical users
who could interact while standing and moving around the set-
ting. We built four sets of boomwhackers (Figure 4(a)), two
tongue drums (Figure 4(b)), two glockenspiels (Figure 4(c)), two
tambourines (Figure 4(d)), one marimba (Figure 4(e)), and
a cymbal (Figure 4(f)). This set of VRMISs includes six percussion
instruments, four of which are harmonic, meaning they can
produce multiple notes simultaneously: the glockenspiel,
boomwhackers, marimba, and tongue drum. In MT, clients do
not need to have any level of musical knowledge. For this
reason, it is necessary to facilitate the users’ interaction with
musical instruments to avoid the fear of producing dissonant
sounds. The selected scales for the harmonic VRMIs allow
minimizing the production of dissonant sounds. The glock-
enspiel and the boomwhackers provide the musical notes
within the C major scale (C, D, E, F, G, A, B). The tongue drum
features the C major pentatonic scale, consisting of five tones
(C, D, E, G, A). The ability to change the sound of VRMIs by
using bare hands or mallets plays a crucial role in the ex-
ploratory process of the users. They are also important in MT
proposals, which are sonorous-musical activities proposed by
the music therapist to facilitate engagement. These proposals
leverage sound parameters such as intensity, timbre, pitch, and
duration. To enable further variations in sound parameters, it is
possible to change the sound intensity of instruments by ap-
plying varying force with both bare hands and mallets. Through
these proposals, the music therapist can attempt to establish
a relationship with the user by observing their behavior in
response to the presented proposal, creating attunements. The
instrument sounds were sourced from high-quality .wav sample
packs, each recorded at 16-bit depth and 44.1-kHz sampling
rate [53].

The setting was designed to include both an individual space
(Figure 5(a)) and a shared space (Figure 5(b)) through the ar-
rangement of the VRMIs. This layout was designed to allow users
to stay in the space they deemed most comfortable for themselves
at any given time. Figure 1 shows examples of how the users and
the music therapist can move in the constructed spaces. We
placed a table on the individual space, arranging a pair of tongue
drums and glockenspiels in a mirror layout. This arrangement
allowed the music therapist and the user to face each other while
playing their own VRMIs (Figure 6(a)). The two sets of boom-
whackers were positioned on the ground adjacent to the table.
The marimba and the cymbal were located next to the table,

creating the shared space where it was possible to share the same
VRMI (Figure 6(b)). Providing users the option to choose
whether to share a musical instrument by moving through space
allows for the identification of relational indicators, such as
proxemics. In IMT, voice is considered a musical instrument.
Vocalizations are used as a communicative-relational tool since
their musical aspects, such as inflection, intensity, and timbre,
facilitate emotional exchange between two individuals [54].
Therefore, we integrated the voice chat provided by Normcore
into the system.

3.2.3 | Latency of VRMIs

To build the real-time shared interaction with VRMIs, we used
Normcore. When a VRMI is struck by either the user or the music
therapist, an event is generated with information about the
produced musical note, the originating VRMI, the sound in-
tensity, which is mapped to the collision velocity, and whether
the note was hit with mallets or hands. This allows the playback
of the musical note within the user’s or music therapist’s ap-
plication. However, event propagation is inevitably affected by
network transmission delays. We assessed the latency using
a ping test, measuring the round-trip time. The latency was
observed to be between 40 and 80 ms, while the maximum la-
tency for playing a musical piece together remotely while
maintaining cohesion and synchrony is around 20-30 ms. La-
tencies above this can disrupt the timing and coherence nec-
essary for a seamless musical performance [55]. However, as
previously mentioned, the main goal of IMT is not musical
performance but to leverage sonorous-musical production as
a means of nonverbal communication. Therefore, latency issues,
which are known to impact remote musical performances, be-
come acceptable for IMT as long as the latency remains below
100 ms. Beyond the threshold of 100 ms, the music experience
becomes noninteractive [55] and potentially disruptive to the
therapeutic session.

3.3 | Dashboard

At the end of each traditional IMT session, the music therapist
must fill out a detailed observational report to monitor the user’s
progress in the therapeutic journey. This document outlines the
relational indicators observed during the session and includes
observations on the session and on the therapy’s progress. Filling
out the observational report is time-consuming for music ther-
apists because, currently, the only way they have to obtain re-
lational indicators is by manually reviewing video recordings of
the sessions and taking notes. Therefore, to support this process,
we built a dashboard (Figure 7) to display the relational in-
dicators collected automatically by the system, saving the time
needed to review the recorded video of the entire session. The
dashboard details the features of the user’s sonorous-musical
productions, including intensity and the beats per minute of each
rhythm cell played. Rhythm cells are identified by pauses be-
tween one played note and the subsequent one that exceed
a threshold of 3 s. The dashboard also shows the number of eye
contacts, which are identified by the direction of the user’s and
music therapist’s heads, the interpersonal distance over time,
visualized by a line chart, and the music therapists’ and the users’
positions over time through a heatmap. Furthermore, the
dashboard provides session duration and the history of all mu-
sical notes played with their intensity, and the originating VRMI.
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(b) (©
(d) (©) ()

FIGURE 4 | VRMIs built and used in the virtual setting. (a) Boomwhackers. (b) Tongue drum. (c) Sound bars. (d) Tambourine. (¢) Marimba. (f)

Cymbal.

The core idea behind the dashboard is that data traditionally
collected manually by music therapists through video session
reviews can be collected automatically and objectively by the
system. This automation could relieve therapists from the tedious
task of data collection, allowing them to focus more on analyzing
relational dynamics rather than spending time on data collection.
It is important to note that the dashboard should be understood
as a supportive tool for session analysis rather than a complete
replacement for therapeutic evaluation. Many relational aspects
of IMT sessions are inherently complex and difficult to codify
into quantitative data, requiring the therapist’s professional in-
terpretation and analysis.

4 | Materials and Methods

The purpose of this study is to assess if the proposed immersive
VE for IMT could produce the desired qualities of interpersonal

(@ (b)

FIGURE 5 | Virtual music therapy setting divided into (a) individual
space and (b) shared space.

relationship, which can allow the music therapist to effectively
conduct IMT sessions.

(b)

FIGURE 6 | Screenshots of a session. The music therapist and the

user are as follows: (a) in their individual space and (b) in the
shared space.
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FIGURE 7 | A screenshot of part of the dashboard that shows the
session duration, the number of VRMIs used, the total number of musical
notes played, the most used VRMI, and a line chart that shows the
distance between the user and the music therapist over time.

4.1 | Measures
4.1.1 | Demographic Questionnaire

We recorded participants’ age and gender, and interviewed them
about how many hours they had previously used VR and whether
they played a musical instrument.

4.1.2 | Quality of IMT Questionnaire

To measure the perceived quality of IMT, we administered the
21-item questionnaire provided in Table 1 and referred to as
QIMT in the following. The 10 factors assessed by the QIMT
concern the perceived quality of interpersonal relationships and
users’ readiness and predisposition toward adherence to an IMT
setting. Table 1 highlights which items correspond to each factor.
Participants were asked to indicate how much they agreed with
each sentence based on the IMT experience they had just tried.

Essential constructs for ensuring users’ effective participation
and benefit from a relational therapeutic process include moti-
vation (an internal state that activates, directs, and sustains
behavior over time) [56], self-efficacy (awareness of being able to
manage and implement a task) [57], emotional intelligence (the
ability to feel, recognize, and manage one’s emotions) [58],
perceived well-being (a state of pleasure or discomfort in relation
to a lived experience) [59], flow (a state of engagement and
immersion in an activity over time) [60], and satisfaction. The
combination of these factors characterizes compliance with all
treatments based on relationships [61], particularly nonverbal
ones, such as IMT [62]. Within an IMT context, these factors and
the perceived quality of the interpersonal relationship serve as
indicators of the establishment of an intersubjective dimension
that develops during the sessions [62]. The items for the fol-
lowing constructs were adapted from prior work, incorporating
references to the IMT session: Motivation items were taken from
[63], self-efficacy from [57], emotional intelligence from [58],
perceived well-being from [59], and flow from [64]. The items
that measure self, social, and spatial presence factors were taken
from prior work on multimodal and nonverbal communication
in collaborative VEs [64-66]. Items are rated on an 11-point scale
(0 ="“not at all,” 10 = “very”). Since Item 7 contains a negative
statement, its value was reversed. To calculate the score of each
subscale, the corresponding answers were averaged. The re-
liability analysis conducted for each subscale indicated

acceptable or higher internal consistency, with all Cronbach’s
alpha coefficients greater than 0.69. Specifically, the Cronbach’s
alpha coefficients for the subscales were as follows: Motivation
(a=0.73), Self-efficacy (o =0.76), Emotional Intelligence (a =
0.69), Perceived Well-being (@ = 0.77), Self-Presence (a = 0.75),
Presence in Relationship (@ = 0.85), Presence in Space (a = 0.70),
and Perceived Reciprocity (a =0.81).

4.1.3 | Customizable Interactions
Questionnaire (CIQ)

The CIQ measures five factors that are important in un-
derstanding how useful the system was for completing specific
tasks from multiple viewpoints: quality of interactions, subjective
assessment of ability to perform the specified task using the
specified mode of interaction, comfort in performing the tasks,
quality of the sensory enhancements (sound, touch) provided by
the mode of interaction, and the consistency of the interaction
with user expectations [67]. CIQ was used to assess the users’
perceived quality of interaction with VRMIs. If the interaction
with VRMIs were unsatisfactory, it could negatively impact the
interplay, which is crucial for enabling the intersubjective di-
mension between the user and the music therapist. The specified
task was to play VRMIs, and the specified mode of interaction
was controllers. The reliability analysis conducted for each
subscale indicated acceptable or higher internal consistency,
with all Cronbach’s alpha coefficients greater than 0.74. Spe-
cifically, the Cronbach’s alpha coefficients for the subscales were
as follows: Quality of Interactions (a = 0.77), Comfort (a« = 0.74),
Assessment of Task Performance (a=0.79), Consistency with
Expectation (a=0.84), and Quality of the Sensory Enhance-
ments (a = 0.80).

4.1.4 | Participants’ Feedback

Participants were asked to give feedback on the system’s
strengths and weaknesses, and to provide suggestions for its
improvement.

4.2 | Participants

The study was approved by the Institutional Review Board of our
university and involved 23 participants: 17 males (74%) and 6
females (26%) with an age range of 20-57 years old (M = 24,
SD =7.39). The participants were recruited by reaching out di-
rectly to graduate and undergraduate students at our university,
and they did not receive any compensation for their participa-
tion. Most participants (92%) had limited or no experience with
VR. Specifically, 5 participants (22%) were first-time VR users
and 16 (70%) had used VR for less than 10 h in their lives. Only 4
participants (17%) reported having experience in playing a mu-
sical instrument. A power analysis was conducted using
G=«Power Version 3.1.9.7 [68] to determine the minimum sample
size required. Results indicated the required sample size to
achieve 95% power for detecting a large effect, at a significance
criterion of @ =0.05, was N =23 for a two-sided one-sample ¢-
test. Thus, the recruited sample size is adequate.

4.3 | Procedure

Participants were individually involved in a 50-min session that
included a briefing, a tutorial to familiarize themselves with how
to interact with VRMIs, an IMT session, and the completion of
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TABLE 1 | QIMT questionnaire used in the study.

Factor Item
1 Motivation I feel motivated to continue the experience
2 Self-efficacy I felt adequate
3 Emotional intelligence I felt engaged
4 Self-efficacy I felt satisfied with my actions/behaviors
5 Motivation I explored and used all the musical instruments
6 Self-efficacy I feel I delivered a good musical performance
7 Perceived well-being I felt discomfort
8 Emotional intelligence I experienced and identified one or more emotions
9 Emotional intelligence I was able to express my emotional state
10 Self-presence I felt like my avatar’s body was my own body
11 Self-presence When something happened to my avatar, I felt like it was happening to me
12 Social presence It felt like I was in the same room as my experience partner
13 Perceived reciprocity I felt like my experience partner was in sync with my actions
14 Spatial presence I felt like I was really there inside the virtual environment
15 Spatial presence I felt as if I could reach out and touch the objects or people in the virtual
environment
16 Social presence I felt like my experience partner was aware of my presence
17 Perceived reciprocity I felt like my experience partner understood my intentions
18 Perceived well-being I enjoyed interacting in the virtual environment
19 Perceived well-being I found the experience fun
20 Flow I felt that time passed without noticing it
21 Satisfaction I am satisfied with the overall experience

questionnaires. Participants were welcomed and received an
initial briefing designed with music therapists to mirror briefings
that are typically conducted in an IMT session. The briefing
clarified that the VR experience involved interacting with
VRMIs, emphasizing that no prior musical skills were needed,
and musical performance was not going to be evaluated in any
way. Following the typical communication provided during the
briefing with neurotypical users in traditional IMT sessions,
participants were informed that there was no specific goal to
achieve. Instead, they could freely explore the environment and
engage with VRMIs. As in a traditional IMT session, participants
were asked to refrain from speaking during the session but were
allowed to produce other sounds, such as vocalizations. Finally,
they were clearly informed that the system automatically col-
lected anonymous data that were going to be analyzed for re-
search purposes. All participants consented to participate in the
study. They were informed that the IMT session was going to last
up to 15min, but they could end it anytime. All participants
completed the 15-min session without ending it prematurely.
After wearing the VR headset and over-ear headphones, par-
ticipants could choose the gender of their avatar and begin the
tutorial. During the tutorial, participants were instructed to use
the controllers to grab objects. Specifically, users were required to
pick up cubes of different colors and place them on a table.
Furthermore, the tutorial detailed how participants could move
within the VE by walking or using the controller’s joystick. Once
the tutorial was completed, participants automatically entered
a virtual room where the remotely connected music therapist
began the IMT session. The same certified music therapist
conducted all sessions. The IMT session was structured into four

phases: introduction, initial exploration, sonorous-musical im-
provisation, and conclusion. In the introduction, the music
therapist welcomed the participant and informed him/her that
the session would last up to 15 min and that they were free to use
the VRMIs as they wished. Then, the initial exploration phase
lasted 1 minute, during which participants freely explored the
setting and the VRMIs. The music therapist observed how
participants engaged with VRMIs, their confidence level, and
propension to explore. In this phase, the music therapist waited
for the participant to take the initiative to play a VRMI. If
participants did not take the initiative, the music therapist in-
troduced simple rhythmic or melodic cells for easy imitation
through a sonorous-musical proposal. All participants sponta-
neously interacted with at least one VRMIs within the first
minute. After the initial exploration phase, the sonorous-musical
improvisation phase started: The music therapist sought to es-
tablish interplay by responding to the participants’ sonor-
ous-musical production, either by mimicking it or by
introducing variations. If no recognizable sonorous-musical cells
were played by participants, the music therapist introduced
simple rhythmic and melodic cells to foster and enhance in-
terplay. Halfway through the session, the music therapist in-
creased the level of interaction with the participant by
introducing vocalizations and new sonorous-musical cells. The
conclusion phase involved the final minute of the session, during
which the music therapist guided the improvisation to an end,
reducing the pulse of rhythmic and melodic cells and decreasing
the sound intensity. Finally, the music therapist announced that
the session had ended and thanked the participant for his/her
involvement. Participants were then helped to remove the
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headset and invited to fill out the demographic, QIMT, and CIQs
in order. A unique code was provided to each participant so that
(s)he could write it in each questionnaire to ensure anonymity.
After completing the questionnaires, participants were asked to
provide comments on the strengths, weaknesses, and possible
improvements to the system. Participants were then thanked for
their participation.

5 | Results

All statistical analyses were conducted using R Version 4.3.1. For
each subscale of the QIMT questionnaire, we verified that the
scores obtained were statistically different from the hypothesized
population mean of 6. This threshold was selected because items
of the questionnaire were rated on an 11-point scale, where
a score of 6 denotes a level of construct perception greater than
the neutral midpoint. Data from the questionnaire were tested for
normality using the Shapiro-Wilk test. The resulting p values for
each subscale were less than 0.05, indicating that the data did not
follow a normal distribution. As recommended in [69], we uti-
lized the one-sample Wilcoxon signed-rank test as a non-
parametric alternative to the one-sample ¢-test, suitable when the
data do not follow a normal distribution. Following [70], the
effect size was calculated using the r statistic, which is a stan-
dardized measure of effect size for the one-sample Wilcoxon
signed-rank test. According to Cohen’s guidelines, an r effect size
of 0.1 is considered small, 0.3 is medium, and 0.5 is large. The
results of the test are reported in Table 2 and visualized in
Figure 8.

Similarly, we checked for each subscale that the scores obtained
from the CIQ were different from the hypothesized population
mean of 4, which represents the neutral midpoint of the scale.
Data did not follow a normal distribution since the p values of the
Shapiro-Wilk test were less than 0.05. Therefore, we used the
one-sample Wilcoxon signed-rank test as a nonparametric al-
ternative to the one-sample t-test. The results of the one-sample
Wilcoxon signed-rank test are reported in Table 3 and visualized
in Figure 9.

5.1 | Participants’ Feedback

Participants’ feedback focused on interactions with VRMISs, the
perception of the setting, and the interpersonal relationship
established with the music therapist, frequently eliciting positive
emotional responses (n = 20) but, in a few cases, negative ones
(n=3). Most participants appreciated the VRMIs, finding them
easy to use and realistic (n=12). For example, “One of the
strengths of the experience was the musical instruments I interacted
with. They were varied, the interaction was satisfying, and the
produced sounds were realistic.” [P1], “The musical instruments,
with their colors and sizes, ensured simple and precise use.” [P10],
“Interacting with the musical instruments was very pleasant. The
sound seemed like that of a real musical instrument.” [P6]. Par-
ticipants’ feedback also revealed that the setting was well con-
structed (n=6). Some participants shared their individual
VRMIs with the music therapist (n =12). For example, “The
surrounding space completely enveloped me, the sounds, the spaces
immersed me in that dimension. [...] at the beginning, we were
separated, and each played their own musical instrument, but
when we went together on the marimba, it was nice to play to-
gether.” [P3]. Most participants found the navigation within the

setting easy and explored the setting and the VRMIs autono-
mously (n = 17). For example, “Moving around the room was very
easy.” [P8], and “The tutorial and the simplicity of the controls
allowed for quick learning. [...] the mallets were used exactly as in
the real world, so exploring the musical instruments was simple
and fun.” [P23]. None of the participants reported motion
sickness. Regarding the relational aspect, participants reported
positive feedback (n = 6), such as “Even though I couldn’t speak,
the experience was positive. Even without speaking, we established
a friendly relationship. [...] The other person understood what I
wanted to do.” [P17] and “It was possible to interact directly with
the tutor as if we were simultaneously in the same room. We could
play together, and this made me feel involved.” [P20]. Negative
feedback related to interpersonal relationships with the music
therapist also emerged. The presence of a human partner with
whom one could not verbally interact caused discomfort in some
users (n = 3): “I felt a strong sense of embarrassment throughout
the experience, not knowing the person in the room and feeling
embarrassed to play together.” [P4], “Spending a lot of time with
someone without talking made me upset.” [P11], and “I felt in-
creasing deep embarrassment. I didn’t know the other person.”
[P5]. These comments highlight how the virtual setting can elicit
real emotional responses in users, both positive and negative, just
as it happens during in-person IMT sessions. The negative re-
sponses that emerged related to the sense of inadequacy about
playing a musical instrument or the shyness of having to interact
with a stranger also occur during in-person IMT sessions. The
music therapist, noticing these problems, implements strategies
to mitigate the negative emotional response in subsequent ses-
sions. Some users provided feedback on potential system im-
provements (n=4). These include offering more precise
gestures, which were not achievable using the controllers (n = 2).
For example, “I would have preferred to use the musical in-
struments without the controllers, allowing for greater freedom to
use my hands, for example, to attempt to communicate through
gestures.” [P16]. Some users suggested that another potential
improvement could include enhancing the capability to generate
sounds using VRMIs and through environmental interactions
(n=2). For example, “The sounds produced by the musical in-
struments were very realistic. However, for example, dragging the
mallet across the table did not produce any sound.” [P2].

5.2 | Music Therapist’s Feedback

The music therapist involved in the evaluation of the system
provided key insights into its potential and limitations. Despite
no prior VR experience, the music therapist adapted quickly to
the VE, describing the controller-based interactions for in-
strument manipulation and environment navigation as intuitive
and reliable. From a logistical standpoint, the therapist high-
lighted how VEs give IMT sessions significant flexibility. She
highlighted how in-person IMT sessions often face logistical
difficulties, including space availability, the transportation and
cost of large or delicate instruments, and unexpected acoustic
issues. In some physical settings, for example, reverberation can
make high-intensity instruments unusable, as they may produce
unpleasant auditory effects for certain users. In VR, these con-
cerns diminish significantly. Large or expensive instruments
(e.g., marimbas) can be used without logistical complications.
The locomotion system lets users participate in the session from
real-world small spaces in ways that approximate the freedom of
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TABLE 2 | Mean, standard deviation, p value, and effect size of the
IMT subscales, one-sample Wilcoxon signed-rank test with Hy: y = 6.

Scale M SD p value r

Motivation 8.57 1.39 <0.001 0.76
Self-efficacy 671 1.73 <0.05 0.08
Emotional intelligence 729 161 <0.001 0.35
Perceived well-being 723  1.01 <0.001 0.20
Self-presence 8.20 0.62 <0.001 0.37
Presence in relationship  9.17 043 <0.001 0.79
Spatial presence 9.11  0.58 < 0.001 0.79
Perceived reciprocity 8.70  0.37 <0.001 0.79
Flow 7.78  1.67 <0.001 0.32
Satisfaction 883  0.98 <0.001 0.72

a much larger room, which is often unavailable for in-person
IMT sessions. Furthermore, setting preparation is drastically
simplified in VR because its original layout remains instantly
available between sessions, ensuring that instruments retain the
same original position. This feature is particularly beneficial, for
example, for users with obsessive-compulsive disorders, who
often rely on stable, consistent spatial configurations to reduce
anxiety and facilitate engagement.

Beyond logistical convenience, the therapist noted that VR also
helps reduce disruptive stimuli, such as ambient noise or people
talking nearby, that often negatively affect in-person sessions.
Furthermore, the therapist noted that the system could be
particularly beneficial for individuals with limited fine motor
skills or reduced hand-eye coordination, such as older adults
with dementia. In in-person sessions, these users might un-
intentionally produce discordant sounds or become frustrated
when playing physical instruments. By contrast, the VR envi-
ronment ensures that even imprecise gestures yield pleasant,
consistent sounds, potentially reducing performance anxiety and

encouraging exploration. Additionally, the avatar-based in-
teraction seemed to lower inhibitions, allowing users to vocalize
freely and more often than they might in an in-person session.
Moreover, she reported that many essential traditional IMT
techniques remained feasible in VR, including mirroring (i.e.,
replicating a user’s melodic or rhythmic lines), asynchronous
imitation (i.e., following the user’s line with timing shifts),
variation-based imitation (i.e., changing tempo or intensity of the
user’s melodic line), antiphonal exchange (i.e., responding to or
concluding a user’s musical phrase), dialog (i.e., introducing new
melodic lines during a pause or continuing the user’s line if the
pause is short), and rhythmic or melodic anchoring (i.e., using
the user’s rhythmic pulse as a backbone or shifting the tonal
center of the user’s melody). She regarded this as a strong in-
dication of the system’s ability to replicate core aspects of in-
person sessions. These observations are consistent with other
findings on VR-based psychological interventions, which high-
light greater flexibility in intervention timing, improved cost-
effectiveness, and the capacity to tailor sessions to individual
needs [29].

Despite these advantages, however, the therapist stressed that
improvements in nonverbal communication are key to achieving
the full benefit of IMT. Accurate gaze tracking, face tracking, and
higher fidelity body-motion capture would help her interpret
subtle emotional cues that are crucial for in-person IMT. She
could infer certain emotions only through vocal intonation or
avatar movement. For instance, although the therapist occa-
sionally perceived smiling through subtle vocal shifts, the actual
facial expression was missing. This absence of nuanced visual
feedback (e.g., silent smiles, eye contact) limits the therapist’s
ability to respond in real-time to nonverbal indicators of a user’s
emotional state. Another limitation she highlighted was the
limited range of sounds produced by the VRMIS. In a real setting,
a single instrument does not produce one fixed sound but can be
modulated based on numerous factors, such as the angle of the
mallet strike. Without these subtle variations, the virtual in-
struments offer fewer expressive possibilities than their physical
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FIGURE 8 | Mean scores of each subscale of the QIMTR questionnaire.
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TABLE 3 | Mean, standard deviation, p value, and effect size for the
CIQ subscales, one-sample Wilcoxon signed-rank test with Hy: y = 4.

Scale M SD pvalue r

Quality of interactions 6.30 0.47 <0.001 0.87

Comfort 6.43 043 <0.001 0.88

Assessment of task performance 6.38 0.75 <0.001 0.81

Consistency with expectation 599 0.78 <0.001 0.63

Quality of the sensory 6.43 0.66 <0.001 0.87
enhancements

counterparts, limiting the expressive richness compared to in-
person practice. Finally, she found the visualization of the re-
lational indicators through the dashboard very useful. She was
not accustomed to having immediate, data-driven insights, such
as the recorded evolution of interpersonal distance, and appre-
ciated how the graphical display provided objective confirmation
of her observations. For example, when she noticed the user’s
decreasing interpersonal distance during a session, she found the
same shift reflected in the dashboard’s metrics, making it easier
to track relational indicators like proxemics compared to video
reviews. In addition, she suggested that a transcript of the notes
played by users could help music therapists assess melodic and
rhythmic variations at a glance, giving further insights on the
evolution of relational dynamics through sonorous-musical
productions.

6 | Discussion

The results indicate that the proposed system can support key
requirements for remote IMT, including co-presence with
a music therapist, shared interaction with musical instruments,
and nonverbal musical interplay within an immersive VE. High
scores for motivation, self-efficacy, emotional intelligence, and
perceived well-being are relevant because these constructs are
foundational to effective engagement in IMT. Motivation facil-
itates sustained involvement in activities, self-efficacy reflects
confidence in one’s ability to participate, emotional intelligence
enables recognition and expression of emotional states, and
perceived well-being indicates positive affective responses to the
experience, all of which are considered important prerequisites
for IMT practice [61, 62]. The high scores reported for self-
presence, social presence, and spatial presence further

underscore the system ability in creating a convincing and
immersive setting, facilitating a sense of being together in
a shared space, which is vital for the IMT process [62]. Overall,
these results suggest that participants perceived high quality in
interpersonal relationships through nonverbal communication
and musical interplay between the music therapist and the user
in a shared space, indicating that the system successfully pro-
vided the essential interactional elements for IMT. These ele-
ments may support relational processes associated with the
emergence of an intersubjective dimension, which is a central
goal of IMT [62]. The CIQ results and the feedback provide an
understanding of the participants’ experiences with the system.
The quantitative results from the CIQ indicate a high level of user
satisfaction across various dimensions of the experience. Nota-
bly, the factor of quality of the sensory enhancements received
high scores, reflecting users’ appreciation for the realistic rep-
resentation of the VRMIs. This aspect was also highlighted in the
positive feedback from participants, who praised the VRMIs for
their realism. The quality of interactions and the assessment of
task performance also received high scores, suggesting that the
system facilitated interactions with VRMIs. This aligns with user
feedback that emphasized the ease of use of VRMIs. Overall, the
results of the QIMT and CIQ show the proposed system’s ef-
fectiveness in meeting the essential requirements to conduct an
IMT session. The system indeed effectively facilitated the co-
presence between the user and the music therapist within
a shared virtual space, where musical instruments could be
manipulated and shared. The positive relational experiences
reported by participants, including the spontaneous choice to
share individual instruments with the therapist, suggest that the
system might support the spatial and interactive dynamics that
characterize in-person IMT. However, the discomfort expressed
by some participants when interacting nonverbally with an
unfamiliar person reflects a realistic aspect of IMT practice:
initial sessions often involve self-consciousness, which therapists
address through gradual rapport-building. The fact that the
virtual setting elicited these authentic emotional responses, both
positive and negative, indicates that the system could be used to
support meaningful interpersonal dynamics. This is consistent
with recent reviews of VR in mental health interventions, which
show that VEs can elicit authentic emotional and behavioral
responses comparable to real-world settings [37]. The music
therapist’s feedback provides critical insight into the system’s
viability for IMT practice. The ability to adopt traditional IMT
techniques within the VE indicates that the system supports core
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FIGURE 9 | Mean scores of each subscale of the CIQ questionnaire.
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elements of the IMT practice. The logistical advantages the music
therapist identified, that is, instrument availability without
physical constraints and consistent setting configuration, address
practical barriers that often limit in-person IMT. The VR system
offers potential applications beyond addressing logistical or
geographical barriers. In particular, it may make IMT accessible
to people who would face substantial challenges participating in
traditional in-person IMT regardless of logistics. For example,
even for people who have no logistical and geographical barriers
that make it difficult to meet a music therapist, conditions such
as severe social anxiety and/or prolonged social withdrawal (e.g.,
hikikomori) may be another barrier. In these cases, users may
find the avatar-mediated interaction less intimidating than face-
to-face sessions, making the meeting possible in VR. Moreover,
people with motor impairments could benefit from the possi-
bilities offered by VR that are not available in physical settings.
For example, the system could be configured to amplify the force
applied to virtual instruments, allowing users with reduced
motor strength to perceive themselves as striking instruments
with greater intensity than they could physically achieve in in-
person IMT. These observations suggest that VR-based IMT may
not only replicate in-person sessions when they are logistically
unfeasible, but also expand access to populations for whom
traditional IMT presents inherent challenges.

The proposed system has significant potential for improvement
in two primary aspects: improving the precision of nonverbal
cues through better tracking and enhancing the sound modu-
lation capabilities of VRMISs. Integrating face and eye tracking to
accurately reproduce facial expressions and gaze directions
would enable the acquisition of key elements of interpersonal
communication. This would allow the music therapist to decode
more easily the user’s emotional state. With more precise in-
formation on the user’s emotional state, the music therapist
could employ various strategies to adapt the therapeutic ap-
proach accordingly, enhancing the therapeutic process. More-
over, using more robust hand tracking algorithms that minimize
tracking issues to allow for more natural gesturing, as opposed to
using controllers or tactile gloves that also provide haptic
feedback during interaction with VRMIs, would increase the
flow of nonverbal information that can be exchanged between
the user and the music therapist. Further development could also
involve the implementation of accurate posture reconstruction
through additional trackers or robust pose estimation algorithms
to avoid relying solely on inverse kinematics, ensuring the most
faithful transmission of body language information possible.
Additionally, expanding the range of possible sound modifica-
tions with VRMISs, not limited to collision speed but including
other parameters, like material composition and impact angle, is
essential to facilitate user expression and improve users’ con-
sistency with expectations. Finally, developing and applying
algorithms for detecting moments of affect attunement through
the analysis of sonorous-musical interactions and body language
might help to automatically create the observational report. This
could be beneficial because it would avoid the manual in-
vestigation by the music therapist of the collected relational
indicators, which can be a time-consuming and error-prone
process. This would offer music therapists a tool capable of
gathering valuable session data to quantify the progress of IMT
sessions, addressing the current lack of quantifiable data in the
evaluation of therapeutic progress. Taken together, the results

suggest that the metaverse, experienced through immersive VR,
could be considered as a promising solution for building digital
tools useful for music therapists in situations where in-person
sessions are not feasible. This aligns with the literature that
portrays the metaverse as a tool with the potential to facilitate
mental health care and treatment [71-75].

7 | Limitations and Future Work

To the best of our knowledge, our paper presents the first pro-
posal and feasibility study of a system for conducting remote IMT
sessions through immersive VR in a metaverse context. Our
study opens a new line of research and paves the way for ex-
tensive future work. This paper should be interpreted as
a technology demonstration with preliminary user experience
evaluation rather than a clinical validation study. While the study
provides valuable insights into system feasibility and user ex-
perience, several limitations should be acknowledged.

First, participants were university students without identified
therapeutic needs who engaged in single 15-min sessions
designed to include IMT elements but not structured toward
specific therapeutic goals. This design allowed us to assess
whether the system provides the fundamental interactional el-
ements required to conduct an IMT session, including co-
presence with a music therapist, manipulation of shared vir-
tual instruments, and nonverbal communication through mu-
sical interplay. Although participants reported high levels of
motivation, presence, and perceived reciprocity, these subjective
responses collected after a single short session are insufficient to
evaluate therapeutic outcomes. Establishing clinical validity
requires studies with patient populations across multiple ses-
sions and measurable therapeutic objectives. The distinction
between system feasibility and therapeutic efficacy is critical, as
positive user experiences in controlled laboratory settings do not
necessarily translate to benefits in clinical contexts. At this stage,
it is not possible to determine whether the proposed system
supports the establishment of an intersubjective dimension be-
tween the music therapist and users through nonverbal com-
munication and musical interplay, which is a prerequisite for
using the system in clinical practice. Future work should
therefore evaluate the system with actual patients, track out-
comes across treatment programs, and compare virtual IMT to
traditional in-person sessions.

Second, the sample presents a marked gender imbalance, with
74% male and 26% female participants. This limitation is par-
ticularly significant given documented gender differences in
emotional processing [76, 77]. The male predominance may have
influenced the magnitude of reported emotional constructs,
potentially leading to lower scores for emotional intelligence and
related factors compared to what might be observed in a gender-
balanced or a female-majority sample. This imbalance limits the
generalizability of the quantitative findings across genders. Fu-
ture studies should employ gender-balanced sampling and in-
vestigate whether gender moderates responses to virtual IMT
settings.

Third, all sessions were conducted by a single music therapist.
While this ensured consistency in therapeutic approach, it limits
generalizability regarding how different therapists might use the
system and whether therapeutic style interacts with the virtual
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medium. Future studies should involve multiple therapists with
varied backgrounds and approaches to IMT.

Finally, the study did not include a direct comparison with in-
person IMT sessions. Such comparisons would be valuable for
identifying how the virtual experience differs from traditional
practice and for understanding which aspects of in-person IMT
are successfully replicated versus which require further tech-
nological development. The mediated nature of the metaverse
may also influence initial experiences of shyness or embar-
rassment, an aspect that warrants systematic investigation.

Despite these limitations, this work contributes to understanding
how immersive virtual reality and the metaverse can be designed
to support remote IMT. The system architecture, design de-
cisions, and preliminary findings provide a foundation for future
research that should address these limitations.

8 | Conclusions

MT requires innovative solutions to develop effective tools for
addressing barriers that hinder the execution of in-person ses-
sions. In this paper, we proposed and evaluated the first system
that aims to support remote IMT sessions by leveraging VR and
a metaverse. The proposed system was designed and created by
integrating the expertise of computer scientists, music therapists,
and clinical psychologists to address the specific requirements of
IMT, namely, co-presence with a music therapist in a shared
space, manipulation of shared VRMIs, and support for nonverbal
communication through musical interplay. We showed that our
VR metaverse experience supports essential requirements for an
IMT session, as reflected by the high evaluations on constructs
related to motivation, self-efficacy, presence, perceived reci-
procity, and the perceived quality of the interpersonal re-
lationship between the user and the music therapist. This paper
opens a new line of research and paves the way for extensive
future work. Future studies should focus on expanding system
capabilities to convey more precise nonverbal information for
facial expressions, gestures, and body movement, and to generate
a more diverse variety of sounds from VRMIs and from envi-
ronmental interactions, to enhance the expressive possibilities of
users. Additionally, future studies should evaluate the system
across multiple sessions with clinical populations and compare
outcomes to traditional in-person IMT.
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