SWARMUSE

Swarm-based Musical Sense-Making: A Sensor-Driven Platform for Embodied and Emergent Music Learning

SWARMUSE operationalizes bio-inspired swarm intelligence as a pedagogical design paradigm,
translating principles of decentralization, local interaction, and emergent coordination
INto a sensor-based swarm intelligent learning ecology (SILE)
that promotes musical sense-making, the very basis of musical development.
Within SILE, musical sense-making unfolds as a self-organizing, embodied, and collectively regulated
Orocess.
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Objectives

Develop hew pedagogical models of collective, embodied learning

nvestigate how interaction and coordination shape musical understanding

Design and implement a sensor-based interactive learning environment (SILE)

Empirically study collective dynamics such as synchronization, divergence, and group coordination
Explore implications for inclusive, participatory, and creative learning environments

Innovation

SWARMUSE reframes learning as a distributed coordination process rather than an individual acquisition process. It
combines:

Embodied music pedagogy

Constraint-led learning design

INnteractive technologies (wearables, sound systems)

Models of distributed coordination inspired by complex systems

This creates a new class of hybrid human—-digital learning environments, where group behavior emerges through interaction
rather than instruction.



SWARMUSE

Swarm-based Musical Sense-Making: A Sensor-Driven Platform for Embodied and Emergent Music Learning

We are looking to build a multidisciplinary consortium including:

Music education & pedagogy researchers

Experts in embodied cognition / learning sciences
Human—-computer interaction & interactive systems
Sensor technologies / wearable computing

Cultural institutions (e.g., conservatories, arts organizations)
Creative industry and educational technology partners




//\@ Theoretical/Pedagogical Background

SWARMUSE

Kinemusical Learning to play an instrument through

. Nijs, 2019; Nijs, 2024; Nijs, 2025
Approach movement-based activities

Bremmer & Nijs, 2024;
Nijs & Bremmer, 2026

Individual - task - Environmental constraints  Renshaw et al., 2019

Non-Linear Constraint-led

Pedagogy approach

Embodied Music Cognition Entrainment - Prediction - Alignment Leman, 2016

Active Inference Learning as free energy minimisation Parr, Pezzulo, & Friston, 2025

Self-organisation & Emergence - Attractors ~ Nijs et al., 2024; Nijs et al., 2023


https://aec-music.eu/publication/becoming-musicians-student-involvement-and-teacher-collaboration-in-higher-music-education/
https://www.maklugarant.eu/product/bewegend-leren-musiceren-een-kinemuzikale-benadering-van-het-instrumentaal-muziekonderwijs/
https://doi.org/10.3390/educsci15091245
https://www.jrea.ch/article/view/4717.
https://eac.ac/publications/9782813005748
https://mitpress.mit.edu/9780262550864/the-expressive-moment/
https://direct.mit.edu/books/oa-monograph/5299/Active-InferenceThe-Free-Energy-Principle-in-Mind
https://www.routledge.com/The-Constraints-Led-Approach-Principles-for-Sports-Coaching-and-Practice-Design/Renshaw-Davids-Newcombe-Roberts/p/book/9781138104075
https://doi.org/10.1080/10400419.2023.2299159
https://doi.org/10.14439/mpr.11.3
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Stygmery

Indirect communication:

modify environment —

Collective behaviour

Participatory sense-making
through collaborative improvisation

Motor behaviour:

Musical behaviour:
Synchronisation, melody, harmony, rhythm

Motor & Musical behaviour

Musical improvisations



Scenario

SWARMUSE
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. Synchronised steps — reinforced sonification
1|1l sonification based on motor and sonic behaviour
. | local interaction between sensors ::

.. local interaction between agents

music played by agent (learner



