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Abstract

This paper presents CamJam, a modular, collaborative, and ac-
cessible digital musical interface designed to support inclusive
music-making. The system enables musicians and non-musicians
to engage in shared sound creation through a set of embodied,
camera-based interaction modules, each contributing a distinct
musical role within a synchronized, loop-based structure. Cam-
Jam was developed as a no-fail collaborative environment, in
which harmonic constraints and temporal synchronization sup-
port intuitive participation without requiring prior musical train-
ing. The project explores how camera-based sensing can facilitate
expressive yet approachable musical control grounded in embod-
ied interaction design. The system has been explored through
iterative testing and group-based user studies involving partici-
pants with diverse musical backgrounds. Observations from these
studies suggest that CamJam supports intuitive engagement and
collaborative play across differing levels of musical experience.
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1 Introduction

Digital Musical Instruments (DMIs) have increasingly focused
on accessibility and collaboration, yet many systems remain
challenging for non-musicians or individuals with disabilities.
CamJam addresses this gap by combining camera-based interac-
tion with collaborative design principles to create an accessible
entry point for collective music-making.

The system consists of four interaction modules: a gesture-
controlled drum machine, an emotion-driven chord sequencer, a
plucked string instrument using hand tracking, and a contrast-
based synthesizer. Each module employs embodied interaction
principles [2], mapping physical actions to sonic parameters
through intuitive metaphors that require no specialized musical
knowledge.

CamJam builds on prior work in Accessible Digital Musical
Instruments (ADMIs) and Collaborative Digital Musical Instru-
ments (CDMIs), particularly systems like LoopBoxes [3] and
Sound Forest [7] that emphasize inclusive participation. Our con-
tribution lies in demonstrating how purely camera-based sensing
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can support collaborative music-making without requiring spe-
cialized controllers or tangible interfaces, while maintaining low
hardware requirements and portability for installation contexts.

2 Related Work

Research in accessible music technology has explored various
approaches to lowering barriers to musical participation. This
section examines key precedents in tangible instruments, multi-
sensory installations, and collaborative accessible systems.

2.1 Multisensory Installations

Sound Forest [7] employed five interactive light-emitting strings
with multisensory feedback to engage users across abilities. The
installation combined haptic platforms, visual cues through mir-
rors creating forest illusions, and aural feedback. While it demon-
strated strong engagement across abilities, its reliance on prede-
fined sample playback limited expressive freedom. The evaluation
methodology used picture cards to match participants’ associa-
tions with composers’ keywords, effectively testing alignment but
not deeply probing accessibility or usability. Our work extends
this by implementing generative synthesis techniques (physical
modeling, real-time parameter control) for greater expressive
range.

2.2 Modular Collaborative Systems

LoopBoxes [3] demonstrated the effectiveness of modular, "no-
fail" loop-based systems for children with special educational
needs. The system featured three simple plug-and-play mod-
ules supporting solo or collaborative loop-based music mak-
ing. Teacher surveys confirmed preferences for robust, intuitive
units with clear affordances supporting collaborative play. Clear
role mappings helped users understand their contribution to
the ensemble. We adopt similar principles: modular architecture,
loop-based synchronization, and clear roles, but implement them
through camera-based rather than button-based interaction.

2.3 Assistive Technology for Motor
Impairments

DuoRhythmo [8] extended collaborative accessibility to individ-
uals with ALS through eye-tracking and head-mouse interaction,
achieving strong usability scores (SUS: 79.5/100). The system
allowed people with ALS to make music collaboratively in real-
time, reducing loneliness and stimulating intellectual needs. This
work informed our attention to low-latency interaction and the
importance of multimodal feedback for accessibility.


https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/licenses/by/4.0/legalcode

NIME 26, June 23-26, 2026, London, UK

2.4 Tangible Interfaces for Visual Impairment

The Tangible Signals project [11] explored tangible user inter-
faces (TUIs) for visually impaired musicians, testing three phys-
ical devices controlling accessible music software. The project
surveyed related vision-based interfaces, including EyeHarp, a
gaze-controlled instrument developed for ALS patients that al-
lows users to learn, perform, and compose music using only eye
movements. Expert feedback from live performances indicated
that embodied metaphors can reduce cognitive load significantly.
While our system uses camera-based rather than tangible input,
we share the goal of reducing cognitive load through embodied
metaphors.

2.5 Design Considerations for ADMIs

Research on ADMIs [6] shows that adaptability and customiza-
tion play crucial roles, alongside including target groups in de-
sign processes. Many current ADMIs focus primarily on physical
disabilities and children, with multimodal feedback often unex-
plored. Most are bimodal (auditory-visual), with few emphasizing
haptic feedback. Many implementations rely on MIDI, which of-
fers lower data resolution compared to protocols like OSC and
HID: we therefore employ OSC throughout CamJam. Studies of
ideal interfaces for electronic music-making revealed that musi-
cians desire systems combining existing technologies, providing
haptic feedback, being intuitive, and supporting learning.

2.6 Camera-Based and Vision-Based Systems

Vision-based and camera-tracking musical interfaces have a sub-
stantial history in NIME and related fields. Paine’s taxonomy of
real-time interfaces for electronic music performance [9] and
the systematic review by Fraisse et al. [4], which analysed 181
peer-reviewed publications on interactive sound installations,
together document a wide field in which vision-based sensing fig-
ures prominently, spanning optical flow, depth sensing, hand and
body pose estimation, gaze tracking, and facial expression analy-
sis. Early examples of camera-based interactive sound in public
and collaborative contexts include Franinovic and Visell’s Recy-
cled Soundscapes [5], which used camera-based interfaces for
environmental sound capture and collaborative collage. Among
the most influential accessibility-focused examples is the AUMI
(Adaptive Use Musical Instruments) project initiated by composer
Pauline Oliveros, which uses webcam-based motion detection
to enable people with severe physical disabilities to make music
through subtle body movements [1]. More recently, MediaPipe
[12] has enabled robust real-time hand and body tracking on
commodity hardware, lowering barriers to camera-based DMI
development considerably. CamJam builds on this lineage, con-
tributing an integration of multiple heterogeneous camera-based
modules (gesture tracking, facial expression recognition, and
visual contrast analysis) within a single modular, collaborative
system, and evaluating that integration with a diverse participant
pool.

3 System Design

3.1 Design Requirements

CamJam was developed according to functional and non-functional
requirements derived from an analysis of existing ADMIs. Key
functional requirements include entangled modules with inter-
dependent interactions, embodied interactions engaging the full
body, melodic and percussive instruments, harmonic constraints
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based on musical scales, chord progression capability, loop-based
sequencing for synchronization, and clear role mapping.

Non-functional requirements address concurrent interaction
by multiple users, accessibility for children and users with disabil-
ities, low end-to-end latency (<15 ms, as an embodied-interaction
design requirement), multimodal feedback, portability for instal-
lation contexts, a child-safe and robust design, robustness under
indoor lighting conditions, a constructed installation housing,
aesthetically pleasing material design, and an appropriate atten-
tion span and learning curve.

3.2 Hardware and Software

The system employs two MacBook Pros connected via Ableton
Link for clock synchronization, with additional displays including
an iPad and iPhone via Continuity Camera, and a Logitech C920
webcam. The circular installation design enables collaborative
engagement, with cameras and screens oriented outward toward
users. All interaction modules run in Max/MSP and Max for Live,
communicating via the OSC protocol.

Python scripts using MediaPipe handle computer vision tasks,
sending hand landmark coordinates and facial expression data
to Max patches. Sound synthesis combines drum samples, Faust-
based physical modeling implementing Karplus-Strong string
synthesis, and oscillator-based synthesis for the chord sequencer.
All instruments operate within a C major scale to ensure har-
monic coherence.

The purely software-based approach supports reproducibility
across different hardware configurations and facilitates portabil-
ity in installation contexts. The Continuity Camera feature on
Apple Silicon laptops was found to be equal to or better than
wired camera setups in terms of latency during informal develop-
ment testing. The <15 ms end-to-end latency figure is a design
requirement derived from embodied-interaction literature; for-
mal end-to-end measurement is identified as future work.

3.3 Interaction Modules

Drum Machine. Users control drum pattern complexity and
timbral parameters through hand height in three vertical zones
corresponding to kick, snare, and hi-hat. Hand position mod-
ulates envelope parameters (attack/decay) and filter cutoffs in
real-time while a preset 8-step loop plays synchronized to the
master clock via Ableton Link. MediaPipe tracks both hands,
with the system routing gestures to different drum parameters
based on horizontal position across 100 normalized coordinate
points. The camera feed is split into three distinct zones with
drum images providing visual affordances that guide the user’s
spatial navigation. The mapping logic is designed to minimize
cognitive load, allowing users to focus on rhythmic intensity
rather than precise triggering. Drum sounds are synthesized us-
ing impulse-triggered envelopes with frequency modulation for
the snare, sine waves for the kick, and filtered noise for the hi-hat.
All tracking data is transmitted via Open Sound Control (OSC) to
Max for Live, ensuring low-latency response between physical
movement and sonic output.

Contrast-Based Synthesizer. Inspired by Iannis Xenakis’s UPIC
system, this module allows users to generate sound through
graphical interaction. Users place dark objects (paper, hands) on
a white surface captured by an overhead camera. The system
utilizes OpenCV to extract a horizontal scanline of 100 pixels
from the video feed, mapping these brightness values to oscillator
waveform amplitudes in a custom wavetable. This process creates
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Figure 1: Drum machine interaction: hand height in three
vertical zones controls kick, snare, and hi-hat parameters
in real-time.

a form of visual wavetable synthesis where the physical shape of
the object directly dictates the harmonic content of the timbre. A
four-value ADSR envelope derived from another scanline con-
trols filter cutoff modulation, though this was simplified during
testing to provide a more immediate "plug-and-play" experience
for novices. This tangible interaction provides a bridge between
physical manipulation and digital sound generation, grounding
abstract synthesis concepts in a visible, graspable medium.

Figure 2: Contrast-based synthesizer: dark paper shapes
placed on white background modulate oscillator waveform
via brightness scanning,.

Emotion Recognition & Chord Sequencer. This module acts as
the harmonic anchor for the collaborative ensemble. It utilizes a
Mini-Xception CNN model, pretrained on the FER2013 dataset,
to perform real-time facial expression recognition. The system
maps eight detected emotions (angry, disgust, fear, happy, sad,
surprise, neutral, contempt) to specific chord progressions within
a C major scale, ensuring that the entire group remains harmon-
ically aligned. To prevent "sonic jitter" caused by rapid facial
micro-expressions, a moving average filter of three frames is
applied to the classifier’s output. The system arpeggiates these
chords across four beats synchronized via Ableton Link, creating
a direct interdependence between a user’s affective state and the
collective harmonic movement. A bass synthesizer reinforces
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the progression by playing the root note via a sawtooth oscilla-
tor with low-pass filtering. Visual feedback provides a real-time
confidence score for the detected emotion, allowing the user to
consciously modulate their expression to influence the group’s
musical mood. During evaluation, some participants reported
discomfort with direct facial expression tracking and limited mod-
ule responsiveness. Future iterations should consider offering
abstract or avatar-based representations as alternative interaction
modes to improve inclusivity.

Figure 3: Interface mapping facial expressions to chord
progressions with on-screen emotion display.

Plucked String. The Plucked String module employs physical
modeling via the Karplus-Strong algorithm, implemented in the
Faust functional programming language for high-efficiency signal
processing. Vertical hand position maps to pitch (quantized to a
C major scale, C4-B4), while plucking gestures are detected as
the index finger crosses the frame’s horizontal midpoint. Depth
(z-axis) information is crucial for accessibility; the system defines
a 3D "interaction box," where only gestures within a specific
distance from the camera trigger excitations, effectively filtering
out background movements. Gesture velocity is calculated in
real-time based on the 3D displacement of the hand between
frames, which is then mapped to the plucking intensity and the
feedback coefficient of the Karplus-Strong model, influencing
both amplitude and damping. To ensure harmonic cohesion with
other modules, a frequency offset correction (scaled +1 to +3 Hz)
is applied to compensate for the inherent slight detuning of the
physical model. Users can engage both hands simultaneously,
interacting with two independent string instances for polyphonic
performance.

3.4 Sonification Strategy

The interactions emulate a traditional band structure: percussion
(drum module), rhythm/harmony (chord sequencer with bass),
and melodic soloist (string). The synthesizer serves dual roles,
with emotion control affecting chord progressions that influence
all other instruments through shared harmonic structure. Loop-
based sequencing (8 steps for drums, 4 beats for chords) provides
temporal constraints supporting "no-fail" participation: users
cannot play out of sync. The C major scale constraint ensures
harmonic compatibility between melodic improvisations and
chord progressions.
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Figure 4: Plucked string interaction: vertical hand position
maps to pitch, with plucking gestures detected via index
finger motion across the frame midpoint.

This framework prioritises inclusivity through plug-and-play
accessibility for both trained musicians and novices alike. The
modular design allows flexible role assignment and rotation, en-
couraging exploration of different musical functions during col-
laborative sessions.

4 Evaluation

We conducted a mixed-methods evaluation with 36 participants
(ages 18-34) recruited from a university in Northern Europe. Par-
ticipants were classified as musicians (n=16) if they had attended
music university or played an instrument for over one year, or
non-musicians (n=20) otherwise. Most musicians met more strin-
gent criteria: playing or singing within the last five years with
at least three hours per week of practice during at least one of
those years.

Accessibility is assessed at the level of user perception rather
than through direct interaction with the primary target groups
(children and users with disabilities). This was due to the conve-
nience sampling approach: institutions working with relevant
communities were contacted but did not respond to the inquiry
prior to the evaluation. All participants provided informed con-
sent for data processing, data were anonymized with unique
participant IDs, and demographic data were collected in accor-
dance with GDPR.

A pilot test with four university students from another pro-
gram identified several issues that were addressed before the
main evaluation: the signup and questionnaire were combined,
sensitive information was removed, a QR code was created for
mobile completion, interactions were tuned for stability, and
testing procedures were clarified to reduce participant confusion.

Testing occurred in groups of four in a small room at the uni-
versity campus. The room was well-lit (important for gesture
recognition) with subtle reverberation. Four cameras (two Mac-
Book built-in, one iPhone Continuity Camera, one Logitech C920
on tripod) pointed outward in 90-degree intervals. Participants
positioned themselves in a circle, able to see their screens and
one another. Four experimenters positioned behind participants
individually observed one participant each.
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Figure 5: CamJam installation showing four interaction
stations arranged in a circle, enabling participants to see
each other during collaborative performance.

Each group received a brief description and instruction on
each module, with emphasis on collaborative music creation and
module rotation. The test consisted of eight one-minute blocks
where each participant interacted with a single module, rotating
clockwise through all four modules twice. If participants needed
help, assistance was provided. Following this sequence, groups
engaged in three minutes of free improvisation with stronger
encouragement for collaboration, module exchange, and short
solos.

Participants completed evaluation questionnaires with both
closed-ended (11 Likert-scale items on intuitiveness, ease of use,
and collaboration) and open-ended questions. Experimenters
filled observation questionnaires focused on learning speed, com-
munication patterns, preferences, and frustration signs.

4.1 Data Analysis

Mann-Whitney U tests compared musicians and non-musicians
on composite scores for ease of use and collaboration. The Aligned
Rank Transform (ART) ANOVA examined intuitiveness ratings
across four interaction types, testing main effects of musical back-
ground (between-subjects), interaction type (within-subjects),
and their interaction. Item-level Mann-Whitney tests with Bon-
ferroni correction explored individual questions. Open-ended
responses and observational data underwent qualitative analy-
sis following Popping’s framework [10], with both a priori and
inductive coding approaches.

5 Results

5.1 Quantitative Results

Mann-Whitney U tests revealed no statistically significant dif-
ferences between musicians and non-musicians on any measure
(all p > 0.10). Composite scores for ease of use (median 3.4 for
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both groups) and collaboration (median 2.5 musicians, 3.0 non-
musicians, p=0.77) indicated comparable experiences across mu-
sical backgrounds. The highest ratings were for "How easy was
it for you to start using the system?" (median 4 for both groups),
though this dropped to 3 for "How intuitive was the system over-
all?" The lowest rating was for "How easy was it to collaborate
with others using this system?" (median 2 for musicians, 3 for
non-musicians).

Aligned Rank Transform ANOVA showed significant differ-
ences between interaction types (F(3,102)=11.8, p<.001) but no in-
teraction effect with musical background (F(3,102)=0.70, p=0.55).
Mean intuitiveness ratings varied substantially: String (M=4.28,
SD=0.81), Emotion (M=3.33, SD=1.20), Drums (M=3.19, SD=1.14),
Paper (M=2.92, SD=1.08). The string interaction’s high rating and
low standard deviation indicate consistent positive reception,
while the emotion module’s higher variability reflects technical
limitations in facial tracking reliability.

5.2 Qualitative Findings

Open-ended responses identified control, predictability, and pre-
cision as both the most valued and most lacking features. Sys-
tem responsiveness issues and complex interaction mechanisms
were frequently cited as barriers (15 occurrences across groups).
Specifically, "Lack of Control & Predictability” was the most com-
mon difficulty factor (10 occurrences), while "Complex Interac-
tion/Understanding Mechanisms" ranked second (9 occurrences).
"Technical Precision & Responsiveness" was the most frequently
mentioned facilitator for accessibility (9 occurrences).

However, 81% of participants rated the system as suitable for
users with disabilities or children, with non-musicians particu-
larly enthusiastic (90% vs. 69% of musicians rated it as highly or
moderately suitable). These figures reflect perceived suitability
as reported by a convenience sample of university students aged
18-34; none of the participants were recruited as members of
the primary target groups (children or users with disabilities),
and this question should therefore be read as a proxy perception
measure rather than direct validation. Non-musicians valued "In-
tuitive/Natural Interaction" and "System Assistance/Pre-existing
Structure,” while musicians more frequently cited "System Limi-
tations/Missing Features" as hindrances.

Collaboration posed challenges: "Lack of Understanding/Focus
on Individual Instrument” was mentioned by 13 participants as
hindering intuitive collaboration. Similarly, "Instrument-Specific
Difficulties/Lack of Understanding” was the most cited challeng-
ing factor for multi-user interaction (16 occurrences). Time con-
straints were mentioned only twice, suggesting the 11-minute
testing duration was adequate for basic exploration.

The string interaction received strong preference among non-
musicians (8/20) for its "ease of use/intuition/simplicity,’ while

musicians favored drums (6/16), citing "control/predictability/precision".

This suggests that resemblance to familiar instruments (guitar-
like string plucking) may enhance intuitiveness for novices, while
musicians appreciate more complex parameter control.

5.3 Observational Results

Direct observation revealed diverse engagement patterns across
34 participants (two observation sheets were entirely blank and
excluded from this analysis). Most participants (52.9%) needed
one round of interaction plus guidance beyond the introduction
before understanding modules, while 41.2% learned quickly with
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minimal guidance. Only 5.9% failed to learn interactions through-
out the test. Regarding collaboration, 44.1% showed no partici-
pant interaction, 32.4% showed some interaction, and only 23.5%
demonstrated active collaboration. Preference patterns were ap-
parent for 41.2% of participants, while 58.8% showed no clear
preference. Most participants (55.9%) showed no apparent strug-
gle, though 38.2% exhibited some frustration and 5.9% significant
frustration.

Specific observations highlighted facial tracking as frequently
problematic, with users reporting discomfort or limited respon-
siveness. The drum and paper modules often required additional
explanation due to subtle feedback. Where collaboration oc-
curred, it was often unstructured and lacked coordination, indi-
cating the system does not inherently facilitate cooperative use
despite its modular structure.

6 Discussion

The lack of significant differences between musicians and non-
musicians validates the embodied interaction approach and con-
firms that camera-based sensing can support accessible music-
making. The string interaction’s high ratings (M=4.28) despite
being the only module resembling a traditional instrument sug-
gests that metaphorical clarity: plucking produces discrete notes,
matters more than physical tangibility.

However, the moderate overall ease-of-use scores (3.4/5) and
low collaboration ratings (2.5-3.0/5) indicate room for improve-
ment. Participants valued control and predictability above all else,
yet these were precisely what the system lacked. The emotion
recognition module’s variability (SD=1.20) reflected technical
limitations in facial tracking, with some participants reporting
the system failed to recognize their expressions or feeling un-
comfortable with direct facial monitoring.

The 81% suitability rating for users with disabilities and chil-
dren is an encouraging outcome; however, it reflects perceived
suitability as reported by a convenience sample of university
students aged 18-34, none of whom were recruited as members
of those target groups. Accessibility is therefore assessed at the
perception level in this study, not through direct involvement of
the intended communities. Future work should engage disabled
musicians and children directly in co-design and evaluation: this
was intended for the present project, but the institutions con-
tacted did not respond to the inquiry.

CamJam’s most significant shortcoming was fostering genuine
collaboration. While the entangled modules created technical
interdependence: chord changes affect all players, drum patterns
provide rhythmic foundation, this did not translate to social en-
gagement. Observational data showed that 44.1% of participants
did not interact with each other during the session. The open-
ended responses confirmed this: "Lack of Understanding/Focus
on Individual Instrument" was cited by 36% of participants as
hindering collaboration.

Several factors likely contributed to weak collaborative en-
gagement. First, the short testing duration (11 minutes structured
interaction, 3 minutes improvisation) may have been insuffi-
cient for developing collaborative musical relationships. Second,
the instruction emphasized individual module understanding
rather than ensemble coordination strategies. Third, the circular
physical arrangement enabled visual contact but provided no
explicit collaborative affordances: no visual indicators showing
how one player’s actions enabled or constrained another’s, no
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role-rotation prompts, no shared visual representation of the
ensemble sound.

The string interaction’s success (highest ratings, lowest vari-
ability) offers design insights. Its intuitive mapping: vertical posi-
tion to pitch, crossing midpoint to trigger, created clear cause-
effect relationships. The resemblance to guitar-playing provided
a familiar metaphor for both musicians and non-musicians. The
discrete note events (versus continuous parameter control in
other modules) made musical contributions more legible. Physical
modeling synthesis provided natural-sounding timbral evolution,
reinforcing the instrument metaphor.

Conversely, the paper synthesizer’s lower ratings (M=2.92)
reflected several issues. The mapping from visual contrast to
waveform shape was conceptually interesting but perceptually
opaque: users could not predict sonic outcomes from physical
actions. The overhead camera angle made it difficult to see what
they were doing. The continuous parameter space (versus discrete
pitch zones in the string) required more precise control. These
findings suggest that for accessible DMIs, discrete mappings with
clear perceptual correspondence outperform continuous abstract
mappings.

The moderate-to-low ratings across most measures align with
findings from Sound Forest and LoopBoxes evaluations, which
similarly identified tensions between simplicity and expressivity.
Sound Forest’s predefined samples ensured aesthetic coherence
but limited user agency. LoopBoxes’ button-based sequencers
provided precise control but required understanding of rhythmic
patterns. CamJam attempted to balance these through gesture-
based control of generative synthesis, but achieved only moderate
success.

7 Conclusions and Future Work

CamJam demonstrates that camera-based sensing can support
accessible, embodied musical interaction without requiring spe-
cialized controllers or musical training. The system achieved
comparable usability across musical backgrounds while main-
taining a low barrier to entry. However, true collaborative music-
making requires more than concurrent access: it demands design
mechanisms that explicitly scaffold listening, turn-taking, and
coordinated expression.

Future work will focus on three areas: (1) enhancing real-time
responsiveness through optimized computer vision pipelines and
automatic sensor calibration, including formal end-to-end latency
measurement, (2) implementing explicit collaboration cues such
as role-rotation prompts, visual indicators of interdependence,
and pleasant chimes reinforcing successful coordination, and (3)
conducting longitudinal studies in ecologically valid contexts (fes-
tivals, exhibitions) with diverse populations including children
and individuals with disabilities.

Technical improvements should address better-trained emo-
tion recognition models capturing diverse expressions and eth-
nicities, alternative emotion representations (avatars or abstract
modes) for users uncomfortable with facial tracking, and en-
hanced visual feedback (animated drum hits, string motion, wave-
form evolution). The modular architecture enables rapid iteration,
and the purely software-based approach ensures reproducibility
across different hardware configurations.

Evaluation methodologies should be expanded to include stan-
dardized measures (System Usability Scale, enjoyment scales),
task-based assessments (playing specific melodies), and compari-
son with non-DMI baselines to better understand the system’s
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actual advantages for non-musicians. Testing should also exam-
ine whether the string interaction’s success reflects resemblance
to familiar instruments or simply clearer mappings, informing
future design philosophy.

8 Ethical Standards

This study followed institutional ethical guidelines for student re-
search projects at Aalborg University. Formal ethics board review
was not required under Danish university regulations for this
type of non-medical, non-deceptive study with adult participants.
All participants provided informed consent prior to participation,
explicitly covering data collection, anonymization, and use of the
data for academic reporting. Collected data were anonymized,
with each participant assigned a unique ID; no personally identifi-
able information was retained after anonymization. Demographic
data, including information about musical skills, disabilities, and
health conditions, were collected and stored in accordance with
GDPR. Sensitive fields (e.g. health conditions) were removed from
the questionnaire following the pilot study to minimize unneces-
sary data collection. Participants were free to withdraw at any
time without consequence.
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