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ABSTRACT

This study explores user needs for the Musical Metaverse (MM) through a series
of workshops with electroacoustic composers, classical musicians, and music
producers. Using a design approach based on the prompt ‘as if by magic,
participants were invited to reflect on how the MM could impact their
practice in composition, performance, and education domains. While groups
maintain distinct priorities based on their roles, they share interests in
educational applications and creative learning environments. Key themes
include preference for mixed reality over purely virtual environments, virtual
space as a creative paradigm, and tensions between democratizing tools and
maintaining authentic musical experiences. Education emerged as the most
promising initial use case, particularly for understanding complex musical
concepts. However, participants expressed skepticism about fully virtual
performances, emphasizing physical connections to instruments and spaces.
Results suggest MM development should enhance rather than replace
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traditional practices while supporting embodied creativity.

1. Introduction

In recent years, interest in the concept of the
Metaverse has surged once again, especially
in fields such as engineering, computer science,
and telecommunications (El Saddik et al.
2024; Ritterbusch and Teichmann 2023;
Wang, Ning et al. 2023). Broadly, the Meta-
verse can be described as a vision of technol-
ogy-mediated collaborative environments that
bridge the gap between the physical and virtual
worlds (Ball 2024). The term ‘Metaverse’ first
appeared in Neal Stephenson’s 1992 novel
‘Snow Crash’ (Stephenson 1994), initially refer-
ring to a 3D virtual world where people exist as

avatars and live alternative lives. Since then,
this fictional concept has gained the attention
of the emerging industry around the World
Wide Web and immersive technologies, lead-
ing to the emergence of platforms like ‘Active
Worlds’ in the 1990s and ‘Second Life’ around
2003, thanks also to the attention on shared vir-
tual environments (Churchill and Snowdon
1998; Waters and Barrus 1997).

Since then, several platforms have emerged
(i.e. Decentraland, Somnium Space, Horizon
Worlds), and research has started to explore
both the technical aspects (Cheng, Wu, Chen
et al. 2022; Cheng, Wu, Varvello et al. 2022;
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Sai, Garg, and Chamola 2024; Tang et al. 2023)
and ethical challenges of the Metaverse (Benja-
mins, Vifiuela, and Alonso 2023; Munn and
Weijers 2023; Spence 2008). However, a paper
from 2022 identified 260 scientific publications,
each offering its own definition of the Meta-
verse (Park and Kim 2022). When combined
with marketing and media attention, especially
after the rebranding of Facebook into Meta,
this definitional diversity has spurred contro-
versy among both the general public and expert
audiences, and leaving the term increasingly
ambiguous.

Even with this lack of consensus, some
characteristics of the Metaverse have been
identified. The Metaverse should allow geo-
graphically dispersed users to interact in
shared, interoperable, and persistent immersive
environments through the use of digital media.
It is characterized as a virtual space connected
to or reflecting aspects of the physical world,
supporting and facilitating social interactions
through multisensory and immersive experi-
ences. Notably, the Metaverse is not merely a
new term for Augmented, Mixed, and Virtual
Reality (we will refer to these from now on as
AR, MR, and VR) or the more comprehensive
eXtended Reality (XR) or ‘Spatial Computing’
(Shekhar, Feiner, and Aref 2015), but rather a
convergence of various technologies including
the Internet of Things, edge computing, high-
speed internet communication, and digital
twins. While the Metaverse concept has been
explored in various domains such as tourism
(Gursoy, Malodia, and Dhir. 2022), education
(Lin et al. 2022), security (Wang, Su et al.
2023), and healthcare (Chengoden et al.
2023), music remains an underexplored area
of application.

In response, the vision of the Musical Meta-
verse (MM) has been proposed to expand the
potential of this concept into the realm of
music (Turchet 2023). The MM is defined as
the component of the Metaverse focusing
specifically on musical activities. This emerging
space combines elements of augmented

realities and virtual worlds with the goal of
changing how we create, share, and enjoy
music. The MM concept is built on the conver-
gence of several technologies, including Musi-
cal XR (Turchet, Hamilton, and Camci 2021),
Networked Music Performance (NMP)
(Renaud, Car6t, and Rebelo 2007), and the
Internet of Musical Things (IoMusT) (Turchet
et al. 2018). Musical XR sits at the intersection
of interactive music and immersive technol-
ogies such as AR, MR, and VR. IoMusT aims
to expand the Internet of Things (IoT) para-
digm to include the creation and use of net-
worked musical devices. This would foster
interactions among musicians,
audiences, and other musical stakeholders.
NMP systems form a central part of IoMusT,
and they allow musicians in different locations
to play together in real-time over a network.

The MM is envisioned to support a wide
range of musical activities beyond just concert
experiences but is still in its early stages of devel-
opment. Despite growing interest from the
research community, a proper and functional
MM does not yet exist. At present, users can
only experience independent immersive social
environments or prototypes dedicated to selected
musical activities and practices. On the other
hand, given its potential social and economic
impact, technology companies and industries
are actively pursuing the development of a fully
operational Metaverse (Dwivedi et al. 2022).

However, existing musical platforms lack
the precision and reliability needed by pro-
fessional musicians, particularly for collaborative
performances and concerts. In this context, audi-
ence participation in immersive environments
has received significant attention (Onderdijk
et al. 2023; Park, Choi, and Lee 2024; Ppali
et al. 2024).

Some of the other main challenges currently
addressed by the research community are
mostly technical (Boem, Tomasetti, and
Turchet 2025). They include: (a) Latency, jitter,
and bandwidth limitations in creating realistic
experiences for multiple musicians connected
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online; (b) Limited use of audio in the Meta-
verse, as it is primarily used for enhancing
immersion rather than capturing the nuances
of music-making; (c) The need for domain-
specific tools to achieve high levels of audio
quality and interaction.

Despite these challenges, the MM aims to be
more than just a collection of technologies. The
MM should support social presence and inter-
actions (Oh, Bailenson, and Welch 2018),
enabling users to inhabit and share remote
environments that facilitate collaboration and
communication (Schroeder et al. 2001). Due
to its social nature and demanding require-
ments for coordination, timing, and
expression, music applications can play a cru-
cial role in addressing the challenges of devel-
oping the Metaverse as a whole.

Although interest in the MM has grown in
recent years leading to the establishment of
international scientific gatherings explicitly dedi-
cated to the topic’?, both the XR and music
research communities have yet to explore it
extensively. Only a small number of publications
have specifically addressed the MM from
the points of view of experts and
stakeholders (Boem, Tomasetti, and Turchet
2024; Bruns et al. 2024; Loveridge 2024).

To promote and advance the development of
the MMV, it is crucial to define elements such as
user needs and expectations, which helps in to
shaping design requirements and the user
experience. Our study aims to explore future
applications and requirements helpful in creat-
ing an MM centred on the needs of musicians
and sound creators, particularly electroacoustic
music practitioners. We identified these group
of users as potential early adopters of the MM
due to their familiarity with electronic and digi-
tally-mediated musical practices. This article can
be considered as a value discovery involving
design fiction and community-based design
methodologies. We considered the MM as both
a musical artifact and a platform that needs to
be defined and specified. To better explore
these aspects, we conducted three workshops.
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The first workshop involved the faculty and
students from the electroacoustic music curri-
culum of the Conservatory ‘A. Casella’ of
I’Aquila (Italy). The results of this first work-
shop have been analysed and presented in a
dedicated publication (Boem et al. 2024). How-
ever, while involving potential users in an early
phase of research can enable researchers to
understand the opportunities and challenges
of new technologies, this approach has shown
some criticalities, such as users not always
being aware of their own needs and desires
(Hussein, Mahmud, and Tap 2014; Stromberg
et al. 2018). To mitigate this issue, we included
two other groups of future early adopters and
stakeholders of the MM: classically trained
musicians, and producers and sound engineers.
These two groups came respectively from the
curriculum of instrumental music from the
Conservatory ‘A. Casella’ of L’Aquila (Italy),
and from the curriculum of sound engineering
from the SAE Institute Milano (Italy).

By examining the Metaverse through the
lens of musical technologies, we aim to offer
valuable insights for both academic and indus-
try professionals. Understanding this perspec-
tive is essential for identifying the
requirements that can enable authentic real-
time interactions and support rich human
expression within the Metaverse. Musical
applications, by their very nature, demand
strict coordination, precise timing, and a bal-
ance between technical accuracy and expressive
nuance. These requirements make them a valu-
able testbed for addressing broader challenges
in Metaverse development. Moreover, musical
applications, by their very nature, demand
strict requirements such as coordination, preci-
sie timing, and a balance between precision and
expression. Therefore, these requirements
make musical applications a valuable testbed
for tackling challenges and issues related to
the development of the Metaverse as whole.
Following the call of Morreale et al. (2020),
our work explores the idea of a Metaverse for
musical applications by involving future early
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adopters and stakeholders to understand and
analyse their perceptions and values. This
approach aims to avoid the techno-solutionism
that has shaped much of the research on the
Metaverse. Our goal is to develop a deeper
reflection within the music technology com-
munity on this topic and imagine how to create
a Metaverse better suited for people interested
in composing, playing, and learning music in
the twenty-first century.

2. Materials and methods

We conducted three half-day workshops
(Orngreen and Levinsen 2017) centred on
group activities designed to elicit participants’
needs through personal and group reflection
processes. The workshops were held at two Ita-
lian institutions: Conservatory ‘A. Casella’ of
L’Aquila and the SAE Institute Milano, invol-
ving three distinct participant groups. During
each workshop, participants reflected on three
dimensions of their musical practice:

o Composition: a set of activities and practices
which encompasses processes related to
creating and composing musical pieces.

e Performance: a dimension of music-making
that includes aspects such as executing
pieces before an audience and the associated
preparation activities (e.g. rehearsals).

o Education: the practices and activities
related to music education, including
music theory, music history, and pedagogy.

2.1. Theoretical framework and
dimension selection

The three dimensions examined in this study
(Composition, Performance, and Education)
were selected based on converging evidence
from multiple established frameworks in
music technology and XR research.

A 2021 survey has identified several primary
functions of Musical Extended Realities
(Turchet, Hamilton, and Camci 2021)

including Performance, Education, Entertain-
ment, Development, Perception Study, Com-
position, and Sound Engineering. These
correspond to target user groups such as Per-
formers, Students, Audience members, Develo-
pers, Composers, and Sound Engineers.

Since our study targeted music practitioners
(composers and performers) within an edu-
cational context, we selected the three dimen-
sions that directly align with our participants’
professional activities: Performance, Edu-
cation, and Composition. Moreover, these
dimensions represent the core areas where
our participant groups engage professionally
and where immersive technologies such as
AR/MR/VR can provide a positive impact
(Gomez-Sirvent et al. 2024; Serafin et al. 2016;
Turchet, Hamilton, and Camci 2021).

2.2. Workshop design and
implementation

Since the MM refers to a vision not yet fully
realized, we asked participants to reflect on
each dimension ‘as if by magic’ the MM already
existed. Drawing on previous work from the
communities of Human-Computer Inter-
action and New Interfaces for Musical
Expression (NIME) (Andersen and Wakkary
2019; Lepri and McPherson 2019), we used
the term ‘magic’ as a device for eliciting subjec-
tive experiences from participants, encouraging
them to think beyond the limitations of current
technologies.

To facilitate the formulation and explora-
tion of their ideas, we provided each partici-
pant with a piece of A4 paper, which we
referred to as a Sketch Sheet, on which partici-
pants were instructed to write and draw their
reflections (Figure 1).

2.3. Participants

Participants were recruited through open calls
at two different institutions. All participants
were native italian speakers. The first two
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Figure 1. An example of the sketch sheets drawn by participants during the three workshops.

workshops were conducted at the Conservatory
of L’Aquila. The first workshop was attended
by a total of 14 participants (1 female, 13
males; mean age = 38, SD = 11.22). Participants
included faculty, current, and former students
with Bachelor’s and Master’s degrees in ‘Elec-
tronic Music and New Musical Technologies.’
The second workshop was attended by a total
of 15 participants (8 females, 7 males; mean
age = 35.6, SD =16.89). All participants were
current and former students with Bachelor’s
and Master’s degrees and were classical musi-
cians. The third workshop was held at the
SAE Institute, involving a total of 14 partici-
pants (3 females, 11 males; mean age = 30.71,
SD=7.02). Among all participants, five
reported previous exposure to XR technologies
(two in the first group, and three in the third
group). However, their experience was spora-
dic and limited to one or two trial sessions
mainly with videogames. These demographic
data were assessed through a paper-based sur-
vey that was distributed to participants.

2.4. Procedure

Each workshop followed a standardized proto-
col with defined facilitator roles. The research
team consisted of three members: two facilita-
tors (primary and secondary) and one note-
taker. The primary facilitator led dimension
introductions and guided the discussions,
while the secondary facilitator monitored
group dynamics and provided clarifying ques-
tions. The note-taker documented verbal
responses of the participants.

The workshops lasted a total of 4 hours each,
including a 15-minute break. At the outset, par-
ticipants were asked to sign a consent form after
receiving a comprehensive explanation of the
workshop’s purposes. The workshops began
with a 30-minute seminar introducing the MM
domain, presenting foundational concepts
including the Reality-Virtuality Continuum
(Milgram and Kishino 1994), Spatial Comput-
ing (Shekhar, Feiner, and Aref 2015), and
immersive audio (Paterson and Lee 2021).
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Then facilitators followed this sequence: at first,
the they provided a brief explanation of the
three dimensions examined during the work-
shop within the context of the MM. Then, the
primary facilitator provided a verbatim reading
of a prompt: ‘How do you see [dimension] in
the MM if “by magic” it was available now?
(Figure 2). This was also presented visually to
the participants, through video projection (see
Figure 3). The prompt was adapted for each
dimension: for Composition the prompt reads
like this ‘How do you see your compositional
practice in the MM if “by magic” it was available
now?, for Performance it became ‘How do you

Education

see your performance practice in the MM if “by
magic” it was available now?, for Education
‘How do you see your approach to music learning
and or teaching in the MM if “by magic” it was
available now?.

Then, participants were given 10 minutes to
note their ideas on the Sketch Sheets. This was
followed by a presentation phase, were one at
a time, participants were asked to freely discuss
their ideas and reflections with the others. All
workshops were conducted in the Italian
language. In order to maintain neutrality,
throughout the duration of each workshop
the primary and secondary facilitators avoided

“How would you see [..] in the Metaverse if by magic it were available now?”

your practice your
regardi ng Performance
Composition practice

Figure 2. A representation of the ‘if by magic’ question used to encourage participants to envision their practice

within the MM.

Figure 3. The facilitators explaining the basics of the MM. On the left, the workshop with Classical Musicians. On
the right, the workshop with Producers and Sound Engineers.



leading the discussion, instead focusing on
reframing concepts and ideas proposed by par-
ticipants rather than suggesting new ones.
Interventions were limited to clarification
requests and process management.

Our research complies with the principles of
the Declaration of Helsinki, and the Ethical
Standards of the NIME Conference (Morreale
et al. 2023). Since the risk level concerning
data treatment was considered low by our insti-
tution, we did not require approval from the
Ethics Committee.

2.5. Data collection and analysis

All group activities were recorded using audio
and video equipment. The facilitators also col-
lected the Sketch Sheets. Along with the notes
taken during each workshop, a reflexive the-
matic analysis (Braun and Clarke 2019) was
performed on the collected data based on
grounded theory (Glaser and Strauss 2017).

Prior to analysis, audio recordings were
transcribed and participant-generated texts
were digitized. These data, together with
researcher notes, were stored in a shared Goo-
gle Drive folder.

2.6. Themes identification

The process of theme identification involved a
structured consensus process among three of
the authors of the paper.

First, each author independently conducted
open coding on all transcripts, notes, and
sketch sheets using thematic analysis prin-
ciples. Initial codes were descriptive labels
that aimed at capturing discrete ideas and con-
cepts mentioned by participants. Examples of
initial codes were ‘spatial sound placement’ “cre-
ation tools’ (for Composition), ‘virtual control
surfaces’ ‘audience perception’ (for Perform-
ance), ‘remote access to lessons ‘visualization
aids of concepts’ (for Education). Authors
worked separately to tensure diverse analytical
perspectives.
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Second, the three authors conducted three in-
person meetings. Each meeting addressed one
dimension for each workshop. The process
was repeated two times, in different days.
During these meetings, the authors presented
their independent findings, discussed conver-
gences and divergences, and iteratively refined
the proposed thematic categories and their
boundaries. Subsequently, initial codes were
grouped to form broader categories through
iterative analysis. For instances, codes such
‘monitoring  and  understanding  physical
expression’, ‘self evaluation’, ‘testing performative
practices of contemporary music’ were grouped
under the tjeme ‘Interactive Practice and Per-
formance Optimization’ for the Performance
dimension of Workshop 2 (see Section 3.2).

Third, a final meeting was held to resolve the
remaining  disagreements. = When  they
occurred, authors re-examined the source
material together. Final themes were selected
when they appeared to be: prevalent across
multiple participants (at least three) within
each group, formed a coherent conceptual cat-
egory, and were distinct from other themes. All
three authors had to agree on final theme
definitions and boundaries.

Finally, for this publication, we translated all
keywords and quotes into English using a combi-
nation of Google Translate and DeepL Translator.

3. Results

We present the results of the thematic analysis first
for each group of users. The results are summar-
ized in Figure 4 for Electroacoustic Composers,
in Figure 5 for Classical Musicians, and Figure 6
for Producers and Sound Engineers. Finally, we
discuss common themes across groups.

3.1. Workshop 1: electroacoustic
composers

3.1.1. Composition
For this dimension, we have identified three
essential themes that relate to how participants



8 A.BOEM ET AL.

Dimension Theme

Composition

Performance

Figure 4. The main themes for each dimension for the
group of Electroacoustic Composers.

framed their creative processes in the context
of the MM.

o Space as a compositional dimension. Eight
participants (P3, P4, P6, P7, P9, P10, P13,
P14) highlighted the spatial dimension as a
central element of the MM. They specifically
noted the potential of virtual spaces to serve
as non-linear, interactive compositional
environments (e.g. P4: ‘where users can actu-
ally enter inside the work, stay inside the
visuals, and inside the sound’). This sugges-
tion was further expanded by P7: ‘the possi-
bility of simulating an acoustic space in which
I can move and where there are nodes, and
there are points where there are sound

Dimension Theme

Composition

Performance

Figure 5. The themes for each dimension regarding
the group of Classical Musicians.

Dimension Theme

Composition

Performance

Figure 6. The themes for each dimension regarding the
group composed by Producers and Sound Engineers.

sources from which I can approach and/or
> . .

move away. Furthermore, the participants

discussed how immersive and virtual spaces



could be utilized to create audio-visual
installations (e.g. P9: ‘Real applications are
installations, not composition’).

Virtual interfaces. Seven participants (P5,
P6, P7, P10, P11, P13, P14) envisioned the
MM as capable of offering novel virtual inter-
faces for compositional and sound proces-
sing, which should be radically different
from those available in the physical reality
and unique to the virtual world, as suggested
by P6: ‘I imagine it as a medium/interface
where I can use tools that I don’t have avail-
able but which I can virtually obtain’ . Such
interfaces should be used not only for rapid
prototyping of virtual instruments but also
for testing compositional structures and
tools for annotation (e.g. P11: ‘Annotation
tools could be useful in a performance environ-
ment, where we are used to taking notes while
performing’). Moreover, participants empha-
sized the need for these interfaces to be custo-
mizable and flexible. This would enable users
to tailor their creative environments to suit
better their artistic needs and preferences
(e.g. P7: ‘T would like to have the possibility
that this Metaverse is customizable and con-
sistent with my way of creating).

An immature media space. According to
three participants (P7, P11, P13), an under-
standing of the technical and conceptual
aspects of the MM should precede any
attempt to evaluate its impact on compo-
sitional practices. P11 raised a pertinent
question ‘What is the utility we can find in
controlling, from an XR environment, a real
environment for music production?. For
these participants, such kind of inquiry
reflects the current state of the MM, which
P7 describes as ‘a field of total experimen-
tation’, but it is also perceived as far from
being a mature and defined medium for
compositional practice. This signals a cau-
tious approach to integrating the MM in
processes related to music composition.

DIGITAL CREATIVITY e 9

3.1.2. Performance
In the domain of performance, four central
themes emerged from our analysis:

e Multisensory enhancements. Four partici-
pants (P1, P4, P6, P10) emphasized the
importance of multisensory experiences in
the context of performance. P10 commented:
“The goal is: the performer not only has control
over a musical parameter but over multisen-
sory parameters. According to participants,
integrating visual, auditory, and tactile
stimuli could provide musicians with vital
information about their physical and
emotional state, and the auditory com-
ponents of a live performance, which are
typically the main focus of both composers
and performers. (e.g. P6: ‘I imagine something
that can support that part of the performance
that cannot be communicated through sound
or body movement like the performer’s
emotions, and therefore, thanks to this, the lis-
tener’s thoughts on what I am communicating
in the act is also clarified performative’).

e Performance preparation in the physical-
virtual space. Four participants (P1, P5,
P10, P13) recognized the significance of
allowing performers to use Spatial Comput-
ing technologies to arrange virtual instru-
ments, controllers, and parameters in both
VR and MR environments to meet their
specific needs in the preparation of a concert
(e.g. P1: ‘I imagine myself having greater con-
trol over performance practice, thanks to
spatial computing and therefore the possi-
bility of placing the controls I want wherever
I want in space’). Furthermore, this
approach includes the positioning and
arrangement of sound sources in MM
environments (e.g. P13: ‘I would like to
place my virtual loudspeakers based on how
the room is displayed’).

e XR as a tool for behavioural research. An
element that emerged from four participants



10 (&) A.BOEMETAL.

(P1, P9, P10, P13) was the use of XR as a sen-
sing technology that can monitor the phys-
ical state, posture, and expressivity of a
performer, thereby enhancing and extend-
ing their capabilities (e.g. P9: ‘achieving an
augmented performer’; P1: ‘study and in-
depth analysis of posture and movements’;
P10 described this as a form of ‘performance
ethnography’).

o Performers’ Skepticism. During the discus-
sion phase, several participants questioned
the validity and utility of the Metaverse for
musical performance. Six participants (P3,
P7, P8, P12, P13) expressed doubts about
the MM’s ability to realistically substitute
for physical performance, at least in a VR-
only setting (e.g. P9: ‘I can’t imagine a per-
formance practice in the Metaverse capable
of replacing the physicality, or direct contact
with an instrument, whatever it is...”). Fur-
thermore, P12 suggested that this dimension
should be better experienced using AR since
it ‘guarantees a co-presence of real bodies and
therefore guarantees this feedback’. This per-
spective highlights a preference of compo-
sers for AR —and MR as well
— environments over completely virtual
ones, emphasizing the importance of phys-
ical presence in performance settings.

3.1.3. Education
Within this dimension, we identified four main
themes:

¢ Immersive learning. Most participants (P1,
P2, P3, P4, P5, P6, P7, P9, P10, P11, P12,
P13, P14) articulated their vision of edu-
cation within the MM in terms of ‘immersive
learning’. Both P1 and P9 highlighted that
the MM could facilitate a remote learning
environment that is ‘more immersive and
multisensory, without all the problems that
classic 2D software such as Zoom introduces’
(P1). Furthermore, P6 and P7 envisioned the
MM as a space where immersive audio-

visual recordings of classes could be
accessed, revisited, and re-experienced
later. Because of its social dimension, two
participants (P10, P13) pointed out that
the MM seems particularly adapt to teaching
group improvisation.

Learning simulators. Eight participants (P1,
P2, P5,P6,P7,P10, P11, P12) saw the MM as
a space suited for developing “virtual class-
rooms’ (P5) tailored to specific activities
and learning materials. For example, these
classrooms could enable students —either
alone or with teachers— to analyse and
rehearse virtual versions of electroacoustic
compositions. (e.g. P11: ‘I would like to
build a multimodal environment where
together we can comment, analyse, and better
understand a particular piece or perform-
ance’). Additionally, the MM could facilitate
the study of specific topics such as acoustics.
Through virtual replicas of exhisting phys-
ical spaces (e.g. auditoriums and concert
halls), students could experiment with the
relationships between sound and space in
more controlled settings. Similarly, five par-
ticipants (P3, P4, P9, P11, P12) recognized
the potential of the MM for studying the his-
tory of electroacoustic music. They
suggested that the MM could be used to
replicate studios that no longer exist or to
model historical instruments that are
difficult or costly to replicate in real life ‘as
a sort of simulator’ (P9). As expressed by
P12: ‘a VR environment that allows me to
visit places, decayed or no longer existing
places that allow me to review/retrace histori-
cal moments’. This may be particularly use-
ful with spatial-based historical works of
electroacoustic music, such as Luigi Nono’s
‘Prometheus’ (P4). Participants felt that
immersive experiences, which integrate
learning about the history of electroacoustic
music, were more effective compared to
more accepted means like listening to
audio recordings or watching video docu-
mentation of specific pieces.



e Perceptual aids. Five participants (P4, P9,

P12, P13, P14) suggested psychoacoustics
as a subject that could be effectively studied
in the MM. Participants considered the
study of psychoacoustics was considered a
critical aspect of electroacoustic music edu-
cation (e.g. P4: ‘It would be much more prac-
tical to understand acoustic phenomena |...]
such as diffraction or reflection’). According
to participants, in MM environments,
acoustic phenomena could be experienced
through the use of real-time 3D visualiza-
tions, which serve as perceptual aids that
could facilitate the learning of complex
theoretical processes (e.g. P14: “Visualize
theoretical processes that require a level of
abstraction and which perhaps are not so
direct to learn in the early stages. I think
that through a 3D visualization in a multi-
user environment, these concepts can be
learned more easily’).

Inclusiveness. Five participants (P1, P7, P9,
P10, P11) emphasized the necessity of design-
ing the MM as inclusive as possible, particu-
larly for teaching and learning purposes.
Firstly, they proposed that the MM should
primarily serve as a social space, where ‘one
can do research or talk about music [...] or
meet new people, which is a classic thing that
always happens in typical conservatories
(P1). Secondly, the MM could provide oft-
site students access to virtual replicas or ‘digi-
tal twins of their music institution, which
‘would allow for great economic advantages’
(P7). Thirdly, participants stressed the
importance that a MM should support and
foster ‘critical thinking (P10), which was
seen as a fundamental component of musical
education. However, there was a concern that
a heavily technology-mediated environment
like the MM could exacerbate the digital
divide between students and institutions
(P10: ‘We should think about low-cost and
easy-to-use hardware/software systems [...]
because this could lead to a big danger that
could result in a social division between
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those who can access these technologies and
those that cannot).

3.2. Workshop 2: classical musicians

3.2.1. Composition

For this dimension, we identified one theme
that highlights how participants framed their
compositional practices in relation to the MM.

Interaction Between Composer and Per-
former: Four participants (P3, P9, P10,
P14) reflected on the possibility of the com-
poser-performer relationship in the context
of immersive environments. In the MM,
the composer could interact directly with a
virtual performer, asking for advice on
musical gestures or exploring how musi-
cians physically produce sound (P9: ‘In the
Metaverse, a composer could ask the virtual
performer something like, “If I want a heavy
gesture on this note, what would you
suggest?” This opens up new possibilities for
dynamic interactions. It would also be fasci-
nating for composers to understand what
happens inside a musician’s body during a
performance, such as what goes on inside a
flutist’s mouth when producing a sound or
how a cellist executes a particular gesture’).
This would preserve the traditional dynamic
while also introducing new possibilities for
real-time, adaptive collaboration in a virtual
environment.

3.2.2. Performance

For this dimension, we identified two key
themes that capture how participants framed
their performative practices in relation to
the MM.

Interactive Practice and Performance
Optimization: Six participants (P5, P6, P9,
P14, P15, P5) considered the use of immersive
and interactive technologies for self-improve-
ment and performance enhancement in their
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practice. They envisioned scenarios where
musicians can practice with their own avatar
for self-assessment (P6: ‘Trying to play with
an avatar that plays exactly what I am playing,
and then the moment it plays what I am play-
ing, I stop playing, the avatar continues, and so
I do a kind of self-assessment’), or by using
real-time sonifications to guide and improve
physical movements (P15: ‘The possibility of
sonorizing the movements (through sound) to
determine what movement to do and vice
versa, and then sound could help improve per-
formance postures’). This suggests a desire to
use technology as a tool for both practice
and performance optimization, particularly
in addressing common challenges like posture
(P9: ‘It could help in performance to focus on
the attack of the violin’s shoulder, like in the
positions since we are the backward type, we
do not see well or even the director’).
Acoustic Environment Control: Four par-
ticipants (P9, P10, P15, P17) expressed inter-
est in having virtual spaces where they could
experience different types of acoustics. This
aspect was considered for two elements.
The first is a way to facilitate the listening
experience for both the performer but also
for the audience to create a situation that
can better deliver the auditory part of the
concert without the problems that some-
times can emerge in live situations (P9:
‘another problematic aspect for the orchestra
is the acoustics; therefore, the Metaverse
could adapt the sound to reach the listener
better’). The second is the use of virtual
acoustics to recreate the conditions of places
such as concert halls or theatres that don’t
exist anymore or that are difficult to reach,
maybe through a virtual reconstruction
(P15: ‘Reconstruct sound spaces that are no
longer there, like past performances, places
inaccessible today, etc...”’).

Enhanced Virtual Rehearsal Spaces: Three
participants (P6, P8, P12) focused on the
aspect of the performance’s preparation
and imagined that virtual environments

could facilitate the rehearsal part by simulat-
ing an experience or creating a more immer-
sive experience with other musicians in
different locations: ‘I could rehearse at
home, but I actually have a stage, an orches-
tra, and a director, and it might stimulate me
to get into the role/part because at home indi-
vidual practice gets boring after a while
(P12). This can also include the preparation
of particular pieces and techniques,
especially the ones used in contemporary
music (P6: ‘Create a rather “smart” environ-
ment for a performer who wants to approach
contemporary music (e.g prepared piano)
and do so in an intelligent (smart) environ-
ment and thus with extreme ease on the
part of the performer’).

o Performance Anxiety Management: Three
participants (P10, P16, P17) highlighted
immersive environments as a tool for mana-
ging and overcoming performance anxiety
in preparation for a performance, which is
a condition especially experienced by stu-
dents but to a certain extent by musicians
of different expertise. This can be done by
‘rehearsing at home as if you were in front
of a large audience’ (P16). This suggests
musicians see potential in virtual practice
environments as a safe space to build confi-
dence and reduce stage fright before real
performances gradually.

3.2.3. Education

For this dimension, we identified two key
themes that illustrate how participants framed
their ideas about the educational dimension
in the context of the MM.

e Virtual Teaching Support: Four participants
(P7, P15, P1, P6) expressed the desire to have
a personalized music education system that
can simulate the presence and guidance of a
human teacher. Participants envisioned that
the MM could provide them immediate,
interactive feedback similar to having a



teacher present (P1: ‘In the study phase having
his/her [the teacher] image in front of me
repeating those 2-3 key words can be essen-
tial’). This includes accessing recorded tea-
cher instructions, as well as receiving real-
time corrections on technique, and getting
visual demonstrations of musical concepts in
three dimensions (P6: ‘As a violinist, on the
other hand, in the study phase, it would also
be helpful to have an instrument that could
correct the interaction that it is as if you have
the teacher in front of you telling you what
you are doing wrong).

e Learning simulators: Four participants (P2,
P3, P12, P4) expressed the possibility of the
MM to democratize and expand access to
musical education and instruments. Partici-
pants envisioned the use of immersive tech-
nologies to overcome the high costs and
accessibility of particular musical instru-
ments and to gain unique learning opportu-
nities, such as visualizing internal physical
processes like the mechanics of the vocal
tract for singers (P12: ‘Imagine and think
that an organ costs 150000 euros; imagine
you can play it in the Metaverse with the
ancient temperament for only 1000 euros’).
This theme emphasizes how virtual technol-
ogy could make previously inaccessible or
expensive musical experiences more afford-
able and provide innovative ways to under-
stand complex musical concepts.

3.3. Workshop 3: producers and sound
engineers

3.3.1. Composition

For this dimension, we have identified two
themes that relate to how participants framed
their compositional processes in the context
of the MM. From this point forward, we will
use the term ‘producers’ to collectively refer
to both producers and sound engineers.

e Immersive Studio Production: An element
that emerged from eight participants (P2,
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P3, P5, P8, P10, P12, P13, P14) centred on
the desire for an immersive and user-centred
virtual music production environment. Pro-
ducers envisioned a workspace where they
could be physically at the centre of their
creative process and surrounded by accessi-
ble virtual tools and instruments rather than
being limited to traditional computer-based
interfaces (P2: “The PC is at the center of the
production process ... I would like to move to
the center instead. I would like the DAW
around me and me at the center [...] so all
the tools around me in order to have more
immersive audio feedback’). For participants,
such environments should also allow collab-
oration and sharing with other producers
and musicians: ‘I would like to have tem-
plates of different studios where I can work
on projects with other colleagues and having
some rooms where other people can access
them at certain times (P3).

Multisensory Songwriting: For six partici-
pants (P1, P4, P6, P10, P11, P12), a notable
aspect of the MM for enhancing the compo-
sitional process is the ability to create custo-
mizable and inspiring virtual environments
for music production and collaboration. Par-
ticipants envisioned spaces that can go
beyond traditional studio settings, wanting
the freedom to create in diverse, mood-
enhancing virtual locations while maintaining
access to all necessary tools and instruments
(P11: ‘Total immersion in the environment-
story, like having references; I would like to
write music where I do not just write, but I
find myself in that environment that I am writ-
ing and therefore touch what I am writing with
all my sensory dimensions. For example, s/he
talks about Japanese flowers in my song, and
I would like to have an environment that
makes me smell the flowers’).

3.3.2. Performance
For this dimension, we identified two key
themes that reflect how participants
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conceptualized their performative practices
within the framework of the MM.

e Fluid Performance Spaces: Nine partici-

not the audience is’). This suggests a desire
to maintain and potentially enhance a two-
way connection between artist and audience
that is considered crucial.

pants (P1, P4, P5, P7, P9, P11, P12, P13,
P14) reflected on how live music experiences
will be transformed through enhanced
immersive technologies. They envisioned
interactive performances where music dyna-
mically shapes the visual environment,
creating immersive, multi-sensory experi-
ences that extend the traditional concert
experience. For participants, the focus is
on allowing audiences (being physically pre-
sent or connecting remotely) to experience
personalized atmospheres that complement
and enhance the musical performance in
the MM (P1: ‘An artist in the center with
the whole audience around; a kind of open
field very flat and without music, and then
after an artist creates his music from scratch,
the whole world around is modulated, and
dimensional visuals are created that give an
extra aspect to the music’).

Audience Response: Seven participants (P1,
P2, P3, P4, P5, P7, P8) emphasized the desire
for enhanced performer-audience inter-
action in immersive performances. These
participants would like to have technologies
that can enable them (as musicians) to gauge
and respond to audience reactions in real-
time, similar to traditional concerts but
with enhanced capabilities (P1: ‘“The Meta-
verse must give the possibility to interact
with the audience, perhaps by modifying the
environment or promoting events or happen-
ings’). They envision a dynamic environ-
ment where performers can more easily
understand audience engagement, modify
the performance space based on crowd
response, and then receive meaningful feed-
back about audience reactions (P8: ‘I would
like to have a sort of feedback from the audi-
ence -e.g. perception of what the audience is
doing- it is already done now with ambient
microphones to understand how happy or

The Virtual Concert Experience Gap:
Three participants (P1, P3, P10) expressed
their concerns about the authenticity and
limitations of performances in the MM.
They expressed apprehension that virtual
environments might compromise essential
elements of live music experiences (P3: ‘I
am wary of the concert in the metaverse
because, in my opinion, many elements are
lost. I think it becomes more of a visual
show than a listening one (e.g. in a concert,
there is a particular sound system, a particu-
lar space, etc.)’). They also worry about the
heavy association of the Metaverse with
gaming that can then potentially trivialize
the serious, authentic nature of live musical
performances, suggesting a fundamental
skepticism about whether virtual spaces
can truly replicate the depth and richness
of real-world concert experiences.

3.3.3. Education
Regarding this dimension, we identified two
main themes:

e Virtual Audio Equipment Training: For
nine participants (P1, P3, P4, P5, P7, P8,
P9, P13, P14), an important element for
the MM lies in the possibility of using virtual
simulations of audio equipment and experi-
menting with recording techniques and
tools. These participants described the use
of immersive environments for learning
and practicing with expensive or hard-to-
access audio hardware and gaining hands-
on experience with studio equipment (P3:
“You could instead use it to do simulations
(e.g. acoustics, studio simulation, the signal
flow of that specific studio, etc.). How to do
the signal flow of specific hardware? I imagine
an environment that helps me understand the



signal flow of particular hardware without
actually having them but having a digital
twin of the virtual ones and seeing their simu-
lation’). This theme emphasizes interactive
learning through virtual tools as an alterna-
tive to the use of technical manuals and as a
way to overcome limited physical access to
professional equipment, allowing for risk-
free experimentation and practical under-
standing of audio engineering concepts
(P14: ‘Instead of a user manual, you have a
link that gives you the digital twin of the
equipment and the workflow on XR; you
learn how it works in a 3D/immersive way,
and obviously, you do not have the natural
feeling of the equipment, but it gives you a
much more immersive and practical idea
than reading hours and hours of user
manuals’).

XR masterclass: Three participants (P4,
P6, P12) envisioned interactive sessions
where they could virtually attend master-
classes, observe professional workflows in
real studios, and even practice or perform
with digital recreations of legendary artists.
For them, social immersive environments
could democratize access to expert
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knowledge and mentorship, allowing stu-
dents to learn directly from industry lea-
ders regardless of geographical limitations
(P6: ‘Do masterclasses of the best US
sound engineers without making them tra-
vel. They are done in XR in the metaverse
in his/her Studio, and you see how s/he
moves from the beginning to the end of
the project, learning workflow, moving
inside their studio’).

3.4. Common themes

After identifying the main themes for each
dimension of the MM (Composition, Perform-
ance, and Education), we examined the conver-
gence of themes across the different groups of
participants. Our analysis reveals distinct
patterns in how they envision the MM. The dis-
tribution of responses across these dimensions
shows notable variations among Electro-
acoustic Composers, Classical Musicians, and
Producers (see Figure 7). Within the Compo-
sition dimension, Classical Musicians engaged
less than other groups, and we found only one
consistent theme. The Performance dimension
revealed more balanced participation, with

Percentage distribution of participants across themes

Composition

‘ 71.4%
Performance 66.6%
57.1%

Education

0% 20% 40%

60% 80% 100%

Percentage

Participants
3 Electroacoustic Composers  EEE Instrumentalists BB Producers

Figure 7. Percentage distribution of participants for each group across the three dimensions of the MM.
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Electroacoustic Composers showing the high-
est clustering of themes, followed by Classical
Musicians and Producers. In the Education
dimension, we found consistent participation
and clustering across all groups.

We then further analysed each dimension to
identify common themes among groups of par-
ticipants (see summary in Figure 8).

3.4.1. Composition themes
In the Composition dimension, each group
approached the MM with distinct perspectives.
However, we noticed that the collaborative and
social aspect of composition that the MM could
facilitate, is still not well considered by all
groups, and it did not became a prominent or
unique factor. The analysis reveals two signifi-
cant cross-group themes:
Composer-Performer Interaction: The
different groups focus not on the act of compo-
sition (the interaction between a composer and
the musical material they are organizing) but
on the composer-performer interactions. Each

Dimension Theme

Composition

Performance

Figure 8. The themes for each dimension regarding
the common theme across Electroacoustic composers,
classical musicians, and producers and sound
engineers.

group brings unique perspectives to this
theme. Classical Musicians envision direct
interaction with virtual performers, enabling
immediate feedback about specific gestures
and physical aspects of sound production. Elec-
troacoustic Composers focus on the develop-
ment vof irtual interfaces to facilitate rapid
prototyping and testing of new compositional
structures. Producers emphasize the potential
for collaborative virtual spaces where multiple
creators can work together in real-time.

Spatial Creation: This emerged as a creative
dimension across all groups. Electroacoustic
composers particularly emphasize virtual
spaces as non-linear and interactive compo-
sitional environments where users can ‘enter
inside the work’ and move within the sound
space, allowing for unprecedented interactions
with sound sources. They look at the MM as a
possibility for exploring new dimensions and
possibilities that appear to them more related
to the practice of sound art, such as installa-
tions, diverging from a more linear approach
to composition. Producers seek to transform
traditional computer-centred production into
a more human-centred environment, envision-
ing themselves physically at the centre of their
creative process and surrounded by virtual
tools and instruments rather than confined to
conventional computer interfaces (e.g., flat
screens).

3.4.2. Performance themes

The Performance dimension reveals varying
priorities among the groups while maintaining
some common ground. Three major themes
emerge across groups:

Skepticism about Virtual Performances:
This appears to be the prominent theme, par-
ticularly among Producers and Electroacoustic
Composers, who express concern about poten-
tially losing essential elements of live music
experiences, such as physicality and the sense
of shared experience.

Virtual Acoustic Control: This emerges as
a crucial theme across all groups. Classical



Musicians seek to experience different types of
acoustics of environments and recreate histori-
cal venues, while Producers envision dynamic
performance spaces that can be adjusted in
real-time. Electroacoustic Composers focus
on arranging virtual sound sources in virtual
environments and controlling their spatial
parameters.

Enhanced Feedback Systems: This theme
manifests differently for each group. Producers
seek real-time monitoring of audience responses
and novel interactions. Electroacoustic Com-
posers emphasize developing multisensory
feedback specifically tailered for performers.
Classical Musicians focus on feedback mechan-
isms oriented toward optimizing performance
and enabling techniques for self-assessment.

3.4.3. Education themes
Learning Simulators: In the Education dimen-
sion, all groups share a fundamental interest in
themes regarding learning simulators, though
they approach this potential from different
angles. Electroacoustic Composers emphasize
the creation of multisensory environments
that can help them with understanding acous-
tic phenomena through three-dimensional
and real-time simulations. They also focus on
inclusivity, aiming to broaden access to musical
education on topics such as 3D audio and
perception. Producers take a more technically
driven approach, emphasizing interactive mas-
terclasses with experts and practical demon-
strations of workflow for music production
through digital twins. Classical Musicians
concentrate on teacher-student relationships,
indicating a stronger need for supporting
interpersonal interaction compared to the
more self-sufficient and technical approaches
favoured by Producers and Composers.
Democratization of Access: This theme
appears consistently across all groups but with
varying emphases. Electroacoustic Composers
stress inclusive design and access to virtual repli-
cas of music institutions. Classical Musicians
focus on accessing expensive instruments and
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performance spaces. Producers highlight the
potential for widespread access to professional
studio equipment and expert knowledge.

3.4.4. Theme relationships and overall
findings

Several themes interrelate and reinforce each
other across different dimensions. The overall
skepticism about virtual performance often
connects to concerns about acoustic environ-
ment control. Enhanced feedback systems
support both performance and educational
goals. The democratization of access influ-
ences all aspects of musical activity in the
Metaverse.

Our analysis reveals that while each group
maintains distinct priorities based on their
musical roles, significant overlap exists in
their fundamental concerns and aspirations
for the technology. All groups view the Meta-
verse as a tool for enhancing rather than repla-
cing traditional musical practices, with
particular emphasis on practical applications
in education and preparation rather than final
performance delivery.

A consistent preference for Augmented Rea-
lity and Mixed Reality over purely virtual
environments emerges across all groups,
suggesting that maintaining a connection to
physical reality remains crucial in musical activi-
ties. Furthermore, each group’s professional
background significantly influences their
approach across all dimensions: Electroacoustic
Composers apply their experimental and spatial
thinking, Classical Musicians consistently
emphasize physical connection and relations to
instrumental techniques, and Producers focus
on workflow and accessibility across all aspects
of the technology.

Most significantly, all groups identify the
Metaverse’s greatest potential in preparatory
and educational contexts rather than as a repla-
cement for traditional performance spaces.
This suggests that for these potential users,
the Musical Metaverse might have its most pro-
found impact on how musicians learn and
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prepare for their performances rather than on
how they ultimately present their work.

4, Discussion

This study reveals several key insights on how
musical practitioners envision and understand
the potential of the MM. The findings suggest
that while there is significant enthusiasm for
certain applications, particularly in the context
of education and performance preparation,
there are also important concerns and limit-
ations that need to be addressed for the MM
to become a viable platform for musical crea-
tivity and expression. Moreover, the results
align with the observations we found in the
previous analysis of the Electroacoustic Com-
posers group alone (Boem et al. 2024).

4.1. Educational applications as primary
use case

The strongest consensus among participants
emerged around the educational potential of
the MM. The concept of ‘learning simulators’
appeared consistently across all groups, though
with different emphases reflecting their specific
domains.

These results resonate with the principles of
‘Immersive Learning already explored within
XR (Makransky and Petersen 2021; Petersen,
Petkakis, and Makransky 2022), where immer-
sive technologies serve as enablers and
amplifiers of educational experiences. Although
music education has already adopted immersive
technologies, their implementation has typically
been confined to single-user scenarios and has
not considered the social and multi-user types
of interactions that the MM can afford (John-
son, Damian, and Tzanetakis 2020; Orman,
Price, and Russell 2017).

This suggests that the initial development of
the MM might be most productively focused
on educational applications, where the benefits
of virtualization (cost reduction, accessibility,
repeatability) appear to outweigh the

drawbacks of reduced physical presence. The
findings indicate three primary educational
applications: historical recreation and experi-
ential learning, enhanced perceptualization of
complex musical concepts, and technical skill
development through virtual simulation, .

4.1.1. Social and pedagogical framework
The importance of education, among other
dimensions, might be understood through
Lefebvre’s concept of social space: the ‘class-
room’ represents a uniquely social environment
shaped by the dynamic relationships between
students and professors. This social character
aligns naturally with the defining elements of
both traditional education and the Metaverse
itself. While the concept of ‘learning simulators’
appeared consistently across all groups. Partici-
pants also emphasized that the MM should
support and foster critical reflection rather
than mere simulation.

4.1.2. Evidence from VR/AR research
Previous research on shared VR environments
has demonstrated their effectiveness for devel-
oping general research and inquiry skills, as
well as experimenting with high-level concepts
and processes. Especially, studies have shown
improved motivation and sociability among
distance learners in shared virtual worlds
(Zhang 2024). While these findings mirror
existing proposals for VR and AR applications
(Nijs and Behzadaval 2024; Serafin et al. 2017),
our results suggest that musical education
deserves more focused exploration to develop
methodologies suited to specific musical
curricula.

4.1.3. Key educational applications
The findings indicate three primary edu-
cational applications:

Historical Recreation: this theme includes
immersive exploration not only of music his-
tory, encompassing both analytical study of
compositions and investigation of material
and technical culture.



Participants offered concrete implemen-
tations, particularly in the context of electroa-
coustic music. They proposed creating virtual
replicas of significant ‘technological environ-
ments’ (Di Scipio 2000) that shaped the history
of electroacoustic music, such as the ‘Philips
Pavillonw’ by Le Corbusier and Xenakis or the
‘Studio di Fonologia’ of Milano. These replica
of historical spaces would serve not just as
study environments, but as creative spaces for
exploration and analysis, leveraging the spatial
and multimodal characteristics of the MM.
Such environments would allow students to
engage with both the theoretical and practical
aspects of musical heritage while developing
their analytical and creative skills in an immer-
sive context. While similar ideas have already
been explored in the field of Musical XR (Lom-
bardo et al. 2009), the social, collaborative, and
persistent nature of the MM has not been
considered.

Perceptualization of Musical Concepts: A
particularly promising application emerged
around what we defined as ‘data perceptualiza-
tion’, a concept originating from biomedical
studies (Lindborg, Chopra, and Grofl-Vogt
2023). While this approach extends beyond
education, participants highlighted its particu-
lar value in educational contexts for under-
standing topics such as the properties
of sound propagation in space. Unlike tra-
ditional spectral and physical tools for sound
analysis, immersive technologies enable three-
dimensional exploration of sound in its com-
ponents. Previous research has explored such
perceptualizations using AR, VR, and MR for
visualizing sound fields in an immersive man-
ner (Arslan et al. 2022; Deines et al. 2007;
Inoue et al. 2019). In the MM context, these
perceptualizations can serve a dual purpose:
supporting theoretical explanations of acous-
tics while enabling students and teachers to
test hypotheses by modifying simulation
parameters.

Skill Development: Another application

envisioned is the wuse of immersive
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environments for practical learning and the
development of musical skills. While this
appears to be an essential aspect of music edu-
cation, it is not clear which kinds of skills can
be practically developed in the context of the
MM. Within current VR applications such as
PatchWorld?, it is possible to attend group
classes on the use of custom virtual instru-
ments. In TribeXR% it is possible to learn
DJing and mixing techniques. MR was
explored for helping with piano skill learning
with a co-present and superimposed remote
teacher (Gerry, Dahl, and Serafin 2019). How-
ever, despite these examples, skill development
represents an open topic that deserves careful
consideration, mainly when it should be used
in a musical curriculum. Should it be used for
learning basic and general skills such as
tempo and rhythm, or should it be applied to
specific instruments? Is it more effective for
novices or for experts? This aspect requires
further research.

4.2. Democratic access vs. authentic
experience

A central tension emerged between the MM’s
potential to democratize access to musical
resources and the concern about maintaining
authentic musical experiences. All three groups
recognized the transformative potential of the
MM to provide access to expensive instru-
ments, rare historical artifacts, and experts’
knowledge. The concept of inclusiveness
emerged as a shared value among participants,
highlighting the hope of making learning
accessible to students regardless of their econ-
omic situation and geographical location.
However, this potential for democratization
was consistently balanced against two major
concerns. First, participants expressed skepti-
cism about the authenticity and quality of vir-
tual musical experiences, particularly in the
context of performance, where the MM’s abil-
ity to replicate the nuanced qualities of live
musical interaction was questioned. Second,
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participants raised concerns about potential
barriers that might be introduced by an edu-
cational system that becomes heavily depen-
dent on ubiquitous technologies. Here,
inclusiveness was considered a value to protect,
counteracting potential dangers such as a poss-
ible creation of a digital divide.

These concerns were informed by recent
experiences during the COVID-19 pandemic,
which revealed how remote and technology-
mediated learning can introduce inequalities
in the educational process across several parts
of the world (Azubuike, Adegboye, and Quadri
2021; Vigevano and Mattei 2025). In the cur-
rent socio-political landscape, this tension
between democratization and potential barriers
created by new technologies represents a criti-
cal aspect that must be considered when
designing a ‘Good Metaverse’ (Zallio and Clark-
son 2022). These considerations align with
recent discussions on the ethical dimensions
of the MM (Young 2024) and call for further
examination in the context of music technol-
ogy education and social immersive platforms
more broadly.

4.3. Spatial computing as a new creative
dimension

The integration of spatial computing within the
MM marks a transformative moment in the
evolution of musical practice, representing
more than just a mere technological advance-
ment. While musicians have traditionally
worked with fundamental elements of
sound such as frequency, dynamics, and
tempo, our analysis reveals that space itself
emerges as a new and primary compositional
parameter, fundamentally altering how we con-
ceive, create, and experience music.

This transformation builds upon a rich his-
torical foundation in electroacoustic music,
where composers have long explored the con-
cept of ‘composing with space’ (Basanta 2015;
Di Scipio 2011; Lopes and Guedes 2020;

Macedo 2015). These explorations have tra-
ditionally transcended simple spatialization
techniques, delving into the complex relation-
ships between sound and physical environ-
ments. Our research, drawing from in-depth
conversations with composers and producers,
reveals how spatial thinking has become deeply
integrated into contemporary creative pro-
cesses, with practitioners viewing spatial
arrangements as fundamental compositional
elements rather than secondary consideration.
The pioneering work of several composers
has demonstrated the potential of collaborative
virtual space as both a scoring systems and per-
formance instruments (Bell 2023; Ciciliani
2020; Dziwis and von Coler 2023; Hamilton
2019; Martin 2018; Pirchner 2020). However,
our analysis suggests that the MM offers possi-
bilities that extend far beyond these initial
explorations. MM platforms should enable
real-time spatial manipulation of sound
objects, facilitates collaborative
composition, and supports dynamic acoustic
environment modelling in ways previously
unimaginable. These capabilities represent
new dimensions of musical expression that
composers are only beginning to explore.

multi-user

4.4. The primacy of mixed reality over
virtual environments

An important finding across all three groups
was the consistent preference of Mixed Reality
over purely virtual environments. This prefer-
ence appears to stem from practitioners’ deep
understanding of the embodied nature of musi-
cal practice in composition, performance, or
production. The skepticism about fully virtual
performance environments, particularly from
Classical Musicians and Composers, suggests
that the physical connection to instruments
and spaces remains fundamental to musical
practice. This is in line with experimental
results showing a consistent high perceived
presence in Mixed Reality musical systems



when remote participants are presented both as
avatars or volumetric point clouds (e.g., Bruns
et al. 2024; Schlagowski et al. 2023).

This suggests that the development of the
MM should prioritize technologies that
enhance rather than replace physical inter-
action with instruments and spaces.

4.5. Towards a Musical Metaverse
compatible with musicians’ needs

The features of the Musical Metaverse that we
have identified as impacting dimensions such
as Composition, Performance, and Education
vary among the groups, with Composers and
Producers focusing on space and technology
(e.g. immersive studios, interfaces), while Clas-
sical Musicians focus on more practical aspects
like monitoring and support from teachers.

All groups share an interest in learning
simulators, but their infrastructure to support
such simulators will differ: Producers might
need high-end technology for digital twins,
while composers should require other tools
such as perceptual aids.

While Composers and Producers seem more
willing to embrace technological advances,
Classical Musicians may face challenges due
to the need for teacher support. This reflects
in different levels of external technological
adoption and requirements. Performers’ skep-
ticism is present across groups, particularly
among producers and composers. Overcoming
this skepticism requires targeting specific sta-
keholders’ concerns: for example, Classical
Musicians may be more concerned about the
emotional impact in live musical execution,
while composers and producers may need to
see the creative benefits in action.

Regarding Composers, success might look
like an increase in the use of virtual interfaces
for compositional experimentation. For Classi-
cal Musicians, overcoming skepticism might
result in enhanced self-evaluation during vir-
tual rehearsals. Producers, if successful, might
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create entire immersive production studios
that fully integrate digital twins and malleable
spaces for creative work.

4.5.1. Implications for design
These findings suggest several key consider-
ations for the design of MM systems:

e Prioritize Mixed Reality approaches to
maintain a better connection to physical
instruments and spaces;

o Develop robust feedback systems that lever-
age the unique capabilities of virtual
environments in terms of immersion and
multisensory interactions;

e Focus initial development on educational
applications;

e Design for space as a fundamental creative
dimension;

» Ensure accessibility while maintaining high
standards for audio quality and performance
capability.

4.6. Limitations and future work

This study focused on three specific groups of
music practitioners of two Italian music insti-
tutions. Future research should examine whether
these findings generalize to other musical tra-
ditions and cultural contexts. Moreover, the
studies have been conducted in an educational
and academic setting that might have influenced
the discussion. Therefore, further research should
be conducted with musicians and stakeholders
not involved in educational institutions.
Additionally, the use of the ‘if by magic
framing device, while useful for encouraging
creative thinking, may have led participants
to envision capabilities beyond what is techni-
cally feasible in the near term. We deliberately
chose not to provide participants with any
experience of existing technologies and avail-
able applications to avoid influencing their
responses. Future research should be devoted
to generating more specific design guidelines
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by having users test and evaluate prototypes of
MM instances that follow the results presented
in this study.

5. Conclusion

The Musical Metaverse represents a potentially
transformative technology for musical practice,
but its development must be guided by careful
consideration of the needs and concerns of
different musical practitioners. This study
suggests that while there is significant enthu-
siasm for certain applications, particularly in
education and preparation, there are also
important reservations about its use in per-
formance contexts. Future development of the
MM should focus on applications that enhance
rather than replace traditional musical prac-
tices, with particular attention to maintaining
the essential physical and embodied aspects of
musical creativity.

Future research should examine how these
findings translate into specific technical
requirements and explore how the identified
needs can be met within current technological
constraints. Additionally, longitudinal studies
of early MM implementations could provide
valuable insights into how these technologies
actually impact musical practice over time.

Notes

1. First International Workshop on the Musical
Metaverse, IEEE IS2 2024, Enrlangen, DE, 2024
(https://internetofsounds.net/1st-international-
workshop-on-the-musical-metaverse/).

2. Sound of the Metaverse: Conference on
Sound in Interactive Digital Environments,
Chopin University of Music, Warsaw, PL,
2024 (https://soundsofthemetaverse.pl).

3. PatchWorld (https://patchxr.com).

4. TribeXR (https://www.tribexr.com).
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