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Figure 1: Three moments of the co-design activities done in PatchWorld. On the left, a screenshot of the instrument design
workshop. On the center, the facilitator showing the resulting Universal Rhythm Box. On the right, a participant sketching
the layout of a performative space during the second workshop.

Abstract

Collaborative music-making in Virtual Reality (VR) presents
unique challenges that intertwine instrument design, spatial ar-
rangement, and social dynamics. This paper presents findings
from a participatory co-design study investigating rhythmic in-
struments and spatial layouts for collaborative VR music, con-
ducted entirely within PatchWorld with nine participants from its
user community. Through iterative prototyping across two work-
shops, participants in our study converged on design principles
favoring VR-native interactions over approximations of physical
instrument. The co-design process yielded two contributions:
the Universal Rhythm Box, a collaborative rhythmic instrument
whose design parameters were wholly derived from structured
participant feedback; and a spatial environment arranged for
mixed-skill ensembles incorporating tiered access zones and semi-
circular arrangements. Our findings suggest that spatial layout
and instrument design are inseparable in collaborative VR. We
also identify attribution ambiguity as a key challenge in net-
worked ensembles, and provide empirically-grounded guidelines
prioritizing visual feedback as a primary expressive dimension
for group playing in VR.
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1 Introduction

The Musical Metaverse [66] promises to redefine musical per-
formance and collaboration through immersive, technologically
mediated social interactions [19]. Virtual Reality Musical Instru-
ments (VRMIs) [4, 62, 68] expand the design space of musical
instruments and performance environments beyond physical
laws, where gesture, sound, and visual feedback can be coupled
in ways impossible with acoustic instruments. Yet collaborative
music-making in VR presents unique challenges that remain
underexplored [20]. Unlike single-user scenarios, collaborative
systems must simultaneously address instrument design, spa-
tial arrangement, and social dynamics. These elements become
intertwined in ways they rarely are in physical environments.
This paper presents findings from a participatory co-design
study investigating two interconnected dimensions of collabora-
tive VR music: (1) rhythmic instruments suitable for group per-
formance, and (2) spatial layouts supporting mixed-skill group
interactions. We conducted workshops entirely within Patch-
World by PatchXR!, a VR application dedicated to musical cre-
ation, involving nine participants from its user community across
two independent groups (see Figure 1). Unlike previous studies
that moved between physical and virtual design spaces [2], our
methodology kept the entire co-design process inside VR, engag-
ing participants as expert users, in an ecologically valid scenario.
Our research addresses a gap at the intersection of three bodies
of work developed largely in isolation. First, previous research
on non-VR collaborative musical instruments showed that such
instruments should facilitate performer-performer communica-
tion and coordination, not only performer-instrument interaction
dynamics [13, 37]. Second, frameworks for virtual performance
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spaces [11, 72] and visualization in digital ensembles [6] primar-
ily address projection-based systems where performers remain
physically co-located, a condition fundamentally different from
networked VR systems based on head-mounted displays (HMDs)
where musicians experience an immersive environment egocen-
trically. Third, while participatory design has become central to
NIME practice, prior work on VR music spaces [45-47] employed
fixed designs evaluated by users rather than involving users as
expert co-designers.

Through iterative prototyping, participants converged on prin-
ciples challenging conventional VR instrument design. Rather
than replicating physical instruments, successful prototypes em-
braced VR-native interactions, like 3D User Interfaces (UIs) that
leverage spatial positioning and visual feedback as primary ex-
pressive dimensions. The co-design process yielded two con-
crete contributions: the Universal Rhythm Box, a collaborative
rhythmic instrument featuring multi-axis gestural control and
real-time visual feedback; and a validated spatial configuration
for mixed-skill ensembles, incorporating tiered access zones and
semicircular arrangements balancing visibility, collaboration, and
skill differentiation.

This work contributes to NIME discourse on VRMIs and the
Musical Metaverse in three ways. First, we provide empirically-
grounded design guidelines for collaborative VRMIs that priori-
tize VR-native interaction over physical simulation. Second, we
show that spatial layout and instrument design are inseparable in
collaborative VR, as the semicircular arrangement emerged specif-
ically because participants’ preferred instruments required mu-
tual visibility of real-time waveform displays. Third, we identify
attribution ambiguity as a key challenge: in current networked
VR ensembles, musicians cannot determine whether timing prob-
lems originate from their own performance, system delays, or
collaborators’ errors, disrupting the feedback loop essential to
ensemble coordination.

2 Related Work

2.1 Collaborative Rhythm-making in VR

Shared Virtual Environments [70] and Social XR platforms [12]
have extended collaborative music-making into immersive 3D
spaces, building on single-user VRMI foundations [49, 62, 68].
Recent surveys [20, 41] reveal persistent challenges in group
synchronization and networked instrument design, while the
Musical Metaverse [66] has emerged as a focus area with work
on enabling technologies [21, 26], interaction metaphors [18],
especially in the context of web-based platforms [27, 52]. Early
research on virtual percussion established that tactile feedback
and system latency critically affect playability, with users prefer-
ring tangible objects for inertial feedback [42]. Subsequent work
explored vibrotactile feedback in 3D sequencers [73] and gesture
separation frameworks for preserving both expressivity and in-
terface flexibility [8]. While foundational, these projection-based
systems differ substantially from current HMD-based VR, where
tracked controllers can be effectively used to support timing
consistency [22].

Notably, these works addressed only single-user scenarios.
Collaborative VR rhythm-making remains underexplored: LeMo
[45] pioneered shared step-sequencers for co-located users, while
recent studies have highlighted how ensemble timing demands
compound the feedback limitations of current HMD systems [16].
Alternative interaction metaphors, such as using avatars as per-
cussive surfaces [18], have also emerged. Our study addresses
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remaining gaps through participatory co-design of both instru-
ments and spatial layouts.

2.2 VR Performance Spaces

Physical venues rely on centuries-old conventions to balance
acoustic projection, visual communication, and social dynamics,
whereas immersive environments offer malleable configurations
that introduce new challenges [51].

Several frameworks developed in the area of NIME tried to
address some of these. Berthaut and Hachet [10] proposed a three
circles model distinguishing spatial needs of individual musicians,
ensembles, and audiences. Zappi et al. [72] extended this with
a scenography framework emphasizing cooperation, communi-
cation, and organization, while Mazzanti et al. [43] contributed
the Augmented Stage concept. These frameworks address only
projection-based setups where performers remain physically co-
located.

Regarding networked VR based on HMDs, Men and Bryan-
Kinns [46] identified emergent personal and group territories
during collaborative VR composition, finding that side-by-side
and face-to-face configurations arise naturally. Subsequent work
has also explored the role of privacy in shared virtual environ-
ments for music making. Despite this work, critical questions
remain: since these works tested only dyads, how can we manage
the inclusion of a larger pool of users? Which strategies can be
used for balancing accessibility, for example of novices in experts’
workspace?

2.3 Co-Design and Participatory Approaches

Co-design methodologies have proven valuable in NIME for bal-
ancing technical innovation with performer’s needs [56, 61]. Par-
ticipatory approaches have yielded insights across instrument
design, input/output techniques, and accessibility [32, 33, 36, 40,
65, 67, 74], though focusing on instruments rather than perfor-
mance environments. Recent Musical Metaverse studies extended
participatory methods but emphasized assessment over iterative
design [17, 19].

In HCI, co-design has been applied to VR systems [39, 44,
53, 63], including immersive music environments [54] and tra-
ditional instrument recreation [2]. While prior work moved be-
tween physical and virtual design spaces, our methodology keeps
the entire co-design process inside VR, engaging participants as
experienced platform users in the simultaneous design of both
instruments and spatial configurations.

2.4 PatchWorld

PatchWorld by PatchXR is an application available on the Meta
Quest Store, dedicated to musical creation within virtual envi-
ronments. Beyond single use, it enables multiple users to build
virtual musical instruments and play them in shared immersive
environments over networked sessions, with real-time audio
and avatar presence synchronization across remote participants.
PatchWorld features a library of devices and tools to be combined
and interconnected using a visual patching paradigm, similar to
those used in software such as Pure Data and Max/MSP. It has an
active community, with regular meetups, performances, as well
as a dedicated record label for music production done inside and
with the platform. PatchWorld has been already used in several
NIME-related research [3, 25, 34].
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Figure 2: The di erent prototypes used in the rst workshop. On the left, the vertical layout used to distribute instruments
to the participants. On the right, the six instruments: (P1) Expressive Drum Pad, (P2) Jangler Grid, (P3) Pattern Grid
Instrument, (P4) Bouncy Drums, (P5) Rhythm Variation Grid, (P6) Euclidean Rhythm Cube.

3 Preliminary Work

To inform the focus of the co-design workshops, two preliminary
studies were conducted to investigate user needs for collaborative
music-making in PatchWorld.

Survey: Fourteen musicians recruited from communities built
around di erent VR musical creation applications (e.g., PatchXR,
TribeXR, CsoundMeta§d) completed a survey exploring their
motivations, preferred session structures, and challenges when
making music in VR. Results showed that participants valued
VR for its creative freedom, global accessibility, and sense of
co-presence. However, they consistently identi ed latency and
synchronization as technical issues, and limited emotional ex-
pressivity of avatars as primary barriers to e ective collaboration.
Preferences for session structure varied, though most favored
approximately one-hour sessions.

Jam Sessions. Twelve collaborative VR music sessions were
conducted over four months using the PatchWorld platform, in-
volving 4 11 participants per session. Instrument con gurations
and spatial layouts were iteratively modi ed across sessions to
evaluate their e ects on collaboration and creative ow. Three
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questionnaires administered after selected sessions gathered feed-
back on engagement, usability, and emotional connection. Find-
ings indicated that circular stage layouts might improve mutual
visibility and timing coordination, while hybrid instrument se-
tups combining instruments like sequencers and gesture-based
instruments could be helpful in sustaining engagement across
di erent expertise levels.

Together, these studies identi ed three priority areas for de-
sign intervention: (1) rhythm and tempo tools to support tem-
poral alignment, (2) spatial layout con gurations that enhance
coordination and presence, and (3) mechanisms to better sup-
port players with di erent skill levels. These priorities directly
structured the subsequent workshops: rhythm and tempo tools
motivated the instrument design focus of Workshop 1, spatial
layout con gurations motivated Workshop 2, and a ective com-
munication mechanisms informed the evaluation criteria applied
across both.

4 Methodology

Our research employed a participatory co-design approa&® [
59, in which end users actively inform and shape design out-
comes through structured engagement rather than post-hoc eval-
uation, and it was organized around two main topics:
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