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Abstract

Real-time movement sonification in dance is typically framed
as a problem of gesture-to—sound mapping. However, when
mappings are reconfigured during live performance, sonification
systems do more than translate motion data. They reorganize
participation, timing and agency within the performance ecology.
This paper examines a role-separated live configuration in which
a dancer (mover) performed while an operator (mapper) adjusted
movement-to—sound relationships in real-time using a sonifica-
tion toolkit implemented in Max. The case was developed during
a ten-day workshop and presented in two public performances.
Adopting a Research-through-Design (RtD) methodology, the en-
acted configuration is treated as a research artifact. We introduce
a conceptual interaction model describing sonification toolkits
as mediators of distributed agency across mover, mapper and
coupling environment. A reflective case analysis compares first-
person accounts from both roles to articulate recurring interac-
tional structures across the performance. The contribution lies in
reframing live sonification toolkits as collaborative performance
interfaces. The findings demonstrate how real-time mapping re-
configuration structures mutual engagement and redistributes
control, offering design considerations for movement-to—sound
coupling environments in artistic contexts.
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1 Introduction: Live Movement Sonification as
a Design Problem

There are numerous examples of movement sonification projects
situated in artistic and performance contexts [16, 27, 28]. In many
of these works, movement—-to—sound relationships are designed
in advance and are commonly framed as gesture-to-sound map-
pings, whether in experimental, compositional or performance-
oriented contexts [18, 30, 43]. Within such configurations, the
mapping structure is typically stabilized prior to performance.
However, in the case presented here, mappings were recon-
figured during the performance itself, altering its ecology. Dur-
ing a ten-day artistic workshop, a mapping software environ-
ment in the form of a Max-based sonification toolkit was de-
ployed and further expanded to enable flexible adaptation of
movement-to-sound relationships in real-time. This configura-
bility introduced a role separation between a mover (dancing)
and a mapper (operating the toolkit), reshaping how participa-
tion, responsiveness and control were distributed. This paper
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investigates this role-separated setup in order to understand how
real-time mapping reconfiguration reorganizes performance in-
teraction. In this context, a sonification toolkit is not only a
mapping tool but participates in timing, agency and negotiation
between human roles. It thereby functions as a mediating layer
through which roles interact. The central claim of this paper is
that live, role-based movement sonification foregrounds sonifi-
cation toolkits as collaborative performance interfaces whose
mediation of agency becomes structurally explicit.

This paper contributes (1) a reflective performance case of
role-separated live sonification, (2) a conceptual framing and
articulation of sonification toolkits as mediators of distributed
agency in performance and (3) interactional design consider-
ations for the development of movement-to—sound coupling
environments in artistic contexts.

While role-separated configurations have implicitly existed
in prior performance practices, this work does not introduce a
fundamentally new structural paradigm. Instead, it contributes a
formal articulation that makes these configurations explicit.

These contributions are grounded in a concrete performance
configuration where dance becomes a particularly demanding
setting for real-time sonification. The immediacy of embodied in-
teraction and the need for coordination between artistic intention
and technical mediation leads to requirements that differ from an-
alytical sonification contexts. These include, amongst others, tim-
ing, agency distribution and negotiation of constraints. Instead of
treating data-to-sound mapping as a fixed design decision, such a
system must support continuous negotiation across rehearsal and
performance. We present a reflective account of such a situated
and role-based coupling as a case of live sonification in practice.
Methodologically, this work adopts a Research-through-Design
(RtD) orientation, treating the enacted sonification configuration
as the primary research artifact. In RtD, artifacts function as “ulti-
mate particulars” that embody design decisions and possibilities
[6], operating as material propositions or “physical hypothe-
ses” explored through instantiation and use [24]. The theoretical
contribution emerges through articulating and annotating these
concrete instantiations [19] and is therefore conceptual rather
than empirical. Aligned with practice-based research traditions
in the arts [9] and reflective approaches in digital musical in-
strument research [14, 15, 45, 52], the live configuration and its
performance deployment form the core object of inquiry.

2 Related Work

This section situates the work within research on movement soni-
fication and interactive performance, reviewing gesture—to—sound
mapping in dance and the structuring of roles, agency and col-
laboration.

2.1 Dance Movement Sonification

The present work qualifies as sonification because it performs a
systematic and reproducible transformation of movement data
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into sound [L2. Soni cation has always operated between scien-
ti c representation and musical composition and multiple mu-
sical works employ procedures consistent with contemporary
soni cation concepts #4. The overlap between soni cation and
music is therefore embedded within the eld [22].

Movement soni cation in dance is often articulated through
parameter-mapping approaches in which bodily features are
translated into sound parameters [11, 13, 42, 47].

Within this line of work, Schacher presents a framework
that distinguishes motion data, abstract gesture representations
and sound control layers, arguing that meaningful mappings
require abstraction43. Gesture operates here as a meta-layer
integrating sensing modalities into musical control structures,
foregrounding mapping as a mediating process that organizes
expressive interaction.

Similarly, the proposal of movement qualities (MQ) as an in-
teraction modality shifts attention away from spatial trajecto-
ries to the dynamics of how movement is performet].[MQ-
based interaction integrates motion over time and produces a
system that is perceived as dialogical rather than mimetic. Model-

Reichmann et al.

and negotiated during live performance. This shift from mapping
structure to interactional mediation grounds the present work.

2.2 Roles and Relationships in Interactive
Performance

Established practices often intertwine artistic exploration, per-
formance and instrument-making3g. Performer, designer and
composer roles frequently overlap, and musical agency is redis-
tributed between performer, instrument and system [35].

Building on this redistribution of roles and agency, interac-
tion can be understood as an event-based and embodied process
structured by roles and dramaturgy rather than as an isolated
task execution [25].

The work of Fdili et al. shows that the integration of technol-
ogy into dance can generate tensions between aesthetic intent
and technical robustness. Sensor systems can constrain perform-
ers, while ambiguous or partially hidden mappings can foster
immersion and poetic engagementd. Interactive dance re-

based and hierarchical mapping approaches demonstrate how search further frames such systems as potentially conversa-

real-time gesture-to-sound coupling can be collaboratively de-
veloped with performers, covering sensorimotor and expressive
evaluation B({. This emphasis on expressive and collaborative
development situates mapping as an aesthetic and interactional
design process rather than a technical transformation. In this re-
gard, interactive dance music systems may technically resemble
parameter-mapping soni cation, but often di er in their goals:
artistic systems prioritize aesthetic dimensions over informa-
tional representation 24. This shift in orientation also a ects
how movement itself is framed and segmented within compu-
tational systems. Alaoui et al. demonstrate how computational
tools for choreography often isolate speci ¢ movement compo-
nents or compositional concerns [2].

Other work emphasizes micro- and meso-temporal coupling
between bodily dynamics and sound synthesis. Cross-correlation
of sensor data from di erent body parts has been used to modu-
late parameters such as pitch, amplitude, and spatializat@i. |
In this context, movement is treated as dynamically structured
material capable of shaping sound across multiple musical time
scales.

Alongside, participatory design approaches highlight that

tional , functioning as instruments, partners, or environmental
elements depending on con guratior?fg. Drawing on the devel-
opment of an interactive dance work and qualitative interviews
with collaborators, Johnston shows how real-time systems can be
experienced as co-performers requiring listening and responsive-
ness. When operators adjust parameters in real time, interaction
may become triadic rather than dyadic, introducing a three-way
dialogue between performer, system, and operat®d [ More
broadly, complex interactive experiences present themselves as
continuous trajectories across structures of space, time, roles and
interfaces #]. Collaborative musical interfaces further demon-
strate that musical control is structured through constraints, dis-
tributed leadership and negotiated participatioB][ Prior re-
search on mutual engagement in creative collaboration de nes
engagement as joint involvement with both the shared product
and collaborators, supported by mutual awareness and mutual
modi ability [ 7]. Mutual modi cation and attunement can serve
as indicators of engaged collaboration [8].

At the level of instrumental con guration, multi-person and
role-distributed instruments have precedents within NIME. Two-
person instruments such as Tooka demonstrate how direct physi-

movement-to sound mapping can be seen as a negotiated aes- cal coupling can create balanced shared control, requiring coordi-

thetic process. Collaborative workshops and interviews with
expert dancers reveal preferences for continuous mappings that
preserve synchronicity and for systems that prioritize aesthetics
over total sonic control 2§. This highlights that soni cation
design in dance is shaped by multiple stakeholder perspectives
Giomi further frames movement soni cation as a somatic practice

nated action for meaningful sound productiodf]. Many-person
instruments further show how distributing control across sym-
metric or asymmetric roles reshapes performer communication,
interdependence and audience perception. This can sometimes
challenge the distinction between ensemble and instrument itself
[41]]. Likewise, relocating live coding into real-time instrument

[20. Here, sound enhances kinesthetic awareness and reorga- construction establishes a dual-role model in which an instru-

nizes bodily perception. Experimental studies show that auditory
feedback can re ne expressive qualities and bodily perception
[20 21]. Soni cation thus operates both as an external represen-
tation and as a medium for transforming corporeal knowledge.

Furthermore, Vickers and Hogg situate soni cations and mu-
sical works within a shared ZEsthetic Perspective Spad] [
This suggests that expressive dance soni cations may be under-
stood simultaneously as informational displays and as musical
or sound-art works, depending on the listening stance.

ment builder modi es the instrument while a separate performer
plays it, requiring mechanisms that preserve playability under
continuous changeZ9. By introducing feedback systems, cross-
faded transitions and push pull control mechanisms, the model
demonstrates how dynamic recon guration reshapes agency and
a ordances during performance. These works suggest that split-
ting instrumental control across roles is not merely logistical but
structurally transformative.

Collaborative digital musical instrument development research

Despite advances in abstraction, expressiveness and participa- has shown that participation depth and role de nitions are shaped

tory mapping design, most approaches still center on gesture-to-
sound mapping, with less attention to how mappings are modi ed

by embodied access to instruments and by how interaction is con-
gured [ 23. Restricted embodied access tends to reinforce rigid
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Figure 1: Graphical user interface of the Advanced Soni cation Toolkit (AST). The interface provides matrix-based routing
between sensor input channels and sound modules, alongside parameter controls for Itering, scaling, and interpolation.

role boundaries, while shared, in-person engagement supports
role uidity and joint decision-making [23].

These role dynamics are tied to digital systems that are often
experienced as oscillating between instrument, compositional
tool, and infrastructure depending on mapping stability, embodi-
ment, and context of use [32].

Unlike acoustic instruments shaped by long-term usage, digital
environments overlap with composition and tool-building and
their mappings remain alterable throughout practice [32].

Taken together, this body of work suggests that interactive per-

The relevance of the AST lies in its use within a live per-
formance con guration; we therefore present only the charac-
teristics necessary to understand how it structured role-based
interaction.

Developed in Max with a standalone graphical interface, it
provides a matrix-based routing structure supporting many-to-
many relationships between sensor input channels and auditory
parameters, alongside modular sound design modules (see Fig-
ure 1).

While comparable con gurations can be directly built in en-

formance systems structure roles, access, and agency, informing vironments such as Max, Pure Data, or SuperCollider, the AST

our examination of how live mapping recon guration reshapes
participation in a role-separated soni cation setting.

3 System Overview: A Soni cation Toolkit as
a Live Coupling Environment

This section describes the Advanced Soni cation Toolkit (AST)
and its technical integration within the presented live perfor-
mance con guration.

3.1 Toolkit Architecture

The AST is a modular soni cation toolkit for real-time movement
data in dance and sports contexts, extending the Movement Soni-
cation Toolkit [ 40 and developed through workshop$§, 48

and soni cation projects B3 49. The AST belongs to a broader
family of modular soni cation frameworks that provide graphi-
cal routing structures, con gurable data-processing (e.g., lter-
ing, thresholding, scaling) and exible mappings between data
streams and sound parameterd B4, 38 51]. Similar architec-
tures exist in web-based environments that lower entry barriers
even further [10, 31, 37].

The AST shares the previously described core architectural
characteristics with these environments while focusing on real-
time movement soni cation. In this sense, it is not presented here
as architecturally unique. Its speci city lies in its orientation
toward real-time movement: it is structured to support rapid
mapping recon guration and many-to-many routing which make
it well suited to be operated under performance conditions.

From a human computer interaction perspective, software
toolkits operate by introducing abstraction layers that manage
complexity and negotiate the tension between exibility and
usability. This in uences how interaction can be structured and
who can meaningfully engage with the system [36].

introduces abstraction layers that organize sensing, routing, and
sound modules into a uni ed interface, supporting rapid recon g-
uration and collaboration without requiring advanced program-
ming expertise.

For the performance con guration, selected modules from the
AST were instantiated within Ableton Live using Max for Live,
embedding the toolkit within a musical production environment
rather than using the standalone system.

The AST functions neither strictly as an instrument nor as
a toolkit; its status instead emerges as a con gurable coupling
environment through practice.

Figure 2: Technical setup during performance. A movement
sensor positioned in front of the Ableton Live set, with
custom Max for Live devices visible. The setup illustrates
the integration of sensor input, live signal processing, and
real-time mapping within the AST environment.
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