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ABSTRACT

Embodied Dialogues is a collaboration-in-progress
between Jenn Kirby and Iris Garrelfs, exploring the
intersection of wearable technology, voice, and
improvised performance. Central to the project is Kirby’s
Sensor Dress, a motion and touch-sensitive wearable
instrument, paired with Garrelfs’ unamplified, extended
vocal improvisation. The Sensor Dress generates and
processes sound shaped by the performer’s movement.
Garrelfs activates the dress while moving through the
audience and improvising with extended vocal techniques,
fostering an intimate and spatially aware performance
experience. This collaboration engages with postdigital
aesthetics, emphasizing the fluidity, unpredictability and
materiality of sound-making. Contributing to ongoing
conversations within digital musical instruments (DMIs),
embodiment and gendered technology, Embodied
Dialogues values identity, agency, and entanglement in
human-object relationships, and explores how wearables
can expand embodied improvised performance through

emergent interactions between voice, movement,
technology and environment.
1. INTRODUCTION

Embodied Dialogues explores voice, digital musical
instruments (DMIs), wearable technology, and movement.
The collaboration-in-progress between Jenn Kirby and Iris
Garrelfs results in a duet between Kirby’s Sensor Dress
and Garrelfs’ extended voice improvisation (see Figure 1).
While Kirby specializes in hybrid musical instruments that
use body movement as interfaces for live sound-based
performance, Garrelfs has been working with lo-fi
wearable technologies and voice in improvised
performance. Over the past year, Kirby has developed a
wearable sensor shirt that produces sounds from the
wearer's movements and contact with the skin. Our
collaboration expands the shirt into a dress, with enhanced
motion sensing and customization, and combines the
instrument with Garrelfs motile expanded voice
improvisation.
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In the performance, Garrelfs walks among the audience,
vocalizing and activating the dress. Sensors inside the
dress trigger sounds heard through a handheld portable
speaker, while her voice remains unamplified. The
resulting piece aims to create an intimate dialogue between
body, space, people and the sounds activated in dress and
vocal cords. This approach emphasizes the agency and
affordances of the performer, voice and dress, contributing
to the understanding of how wearables can extend
improvised performance and tactile sound-making.

Figure 1. image showing Kirby using the Sensor Shirt,
Garrelfs performing Breathing through Wires, the
Teensy board and breakout boards used in the dress, plus
the dress itself.

2. BACKGROUND

2.1. Sensors

Working with sensors in live performance is well-
established, intersecting fields such as embodiment,
human-computer interaction, digital musical instrument
design [1, 2, 3] and performing arts [4, 5]. Wearable
technology allows sounds to be generated, triggered or
processed through movement of the artist, often by micro-
movements unseen by the audience. These movements
may not adhere to “action-sound couplings” [6] that
audiences may be familiar with. Atau Tanaka for example,
uses his body as an instrument through motion and
physiological data, inviting a kind of embodied listening
[7], where the audience is attuned not just to the sound but
to the physical movements and gestures that produce it.
Imogen Heap’s MiMu gloves facilitate interaction
between the body and sound, allowing for an expressive,
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fluid performance. Similarly, Sonami’s lady’s glove
becomes an instrument that shapes the creative process,
where body and instrument become entangled and
influence one another [8]. Although stylistically very
different, these three approaches result in performative
ecosystems where body and technology are in constant
dialogue.

Sensor Dress is an instrument which becomes entangled
within a performance system that incorporates body and
sensors [9]. The hybridization of digital musical
instruments (DMIs) integrates digital technology and the
organic body, highlighting materiality and postdigital
aesthetics [10], blurring “the boundaries between
organism and machine” [11]. This approach reflects the
renewed interest in a revitalized analog aesthetic and the
unpredictable qualities of non-digital systems. Current
notions of the postdigital resist strict definition but rather
describe a condition where digital and analog,
technological and non-technological, biological and
informational elements are deeply intertwined, blurring
their boundaries [12].

2.2. Garments

Garments have been used by artists, often to challenge
stereotypical perceptions of gender, for example Anna
Raimondo's "Féminisme quotidien #1—voyage au Maroc"
(2017) featuring T-shirts printed with provocative
statements that challenge societal norms about women's
bodies and autonomy. Maria Echeverri highlights how
sound in fashion became gendered, eroticized, and
marginalized in the 19th century [13]. An analog
predecessor of Sensor Dress is Hayley Newman’s
Microphone Skirt (1996), in which she created a skirt out
of microphones, [14] allowing the wearer to create a
soundscape through ordinary, often unnoticed, actions via
amplification. Similarly, Sensor Dress amplifies actions,
although they are not a sound source in themselves.

Reed and Freire’s anti-corset Bones is an “antithesis”
[15] to traditional corsets, which historically restricted and
controlled the body. Sensor Dress is voluminous and
flowing, and although it does not sit tightly around the
body to pick-up internal activity, it parallels their concept
of Body Lutherie, a design practice for DMIs that responds
to human bodies [15].

2.3. Voice and Technology

The connection between voice and technology is also very
well established within electroacoustic music. Since the
advent of recording and amplification, technology allowed
for an expanded textural vocabulary. In 1944, Halim El-
Dabh recorded and manipulated voices in The Expression
of Zaar (or Wire Recorder Piece) until they were “not
really recognizable any more” [16]. In the 1960s, artists
such as Joan LaBarbara, Cathy Berberian and more
recently Franziska Baumann and Pamela Z use technology
to manipulate and transform voice in live performance,
often expanding extended vocal techniques even further
[17,18].

However, with Embodied Dialogues, the voice remains
unprocessed and unamplified and combine with the

activated samples from the dress into an entangled
postdigital performance aesthetic. This method decenters
the performer from a stage setup, allowing more freedom
of movement within the space. The relationship between
technology, space and body encourages an expansion of
vocality, rather than the voice being extended digitally
through audio processing.

While Sensor Dress is an interactive instrument that can
be partially controlled through conscious interaction,
movement - including resulting from vocalization - also
leads to unintended interactions. For example, a sensor
sticking to the skin or making repeated contact. In
observing the performance of the dress, the performer
becomes aware of their agency, engaging in an embodied
experience, a feedback loop, where they respond to the
impact of their own movements. Like the voice, the dress
has a non-rigid interface. Sensor Dress is fluid and adapts
to the wearer’s form. We aim to connect the technology,
as expressed in the dress, with the body as the voice is
connected to the body, “designing for the body, reacting to
the materials as they change unexpectedly, without forcing
an outcome” [15].

2.4. Improvisation and Space

Improvisation is a significant component of the
performance, entailing audiences witnessing the creative
process as it unfolds within time and space. Rie Nakajima
often performs amongst the audience, placing and
activating objects, where she could “close my eyes and use
the proximity and reflections of each sound to map the
room’s exact dimensions in my imagination” [19]. This
blurring of boundaries between performer and audience as
well as the ability for music to be heard from various
angles and distances, emphasizing a shifting perspective of
sound is another aspect to Embodied Dialogues.
Movement is not just part of a spatial experience, but it is
also sonic gesture, directly linked to the sounds that are
released into the auditorium. In turn, space influences
sound production and perception. Factors like size, shape,
and materials affect reflection, absorption, and resonance,
altering clarity, warmth, and distance perception.

3. FROM DRESS TO SOUNDS

3.1 Sensor Dress

Sensor Dress builds on Kirby’s Sensor Shirt, which uses
capacitive touch sensors connected to a microcontroller.
Sensor Dress introduces significant enhancements, most
notably the embedded DSP, using a Teensy 4.1 and audio
shield RevD, programmed using Arduino IDE. The
instrument features 12 capacitive touch inputs (via an
MPRI121) and 9-DoF IMUs (BNOO055) for motion
tracking. Audio files are read from a MicroSD card,
alongside text files with initialization parameters (such as
sensitivity thresholds of the touch sensors) and time-based
parameter customization (such as range of various
granular synthesis parameters) to allow for composed
parameters. In this improvised performance, these time-
based changes are not pre-determined but are instead



aleatoric, avoiding a sense of control over the dress. The
wearer’s movement shapes the sounds via parameter
mapping, and the mapping ranges dynamically change
throughout the performance as determined by the dress.
This allows the dress to be a collaborator and avoids a
human-controller and responsive-instrument relationship,
instead considers the “identity” of the instrument [20] and
enables a collaborative improvised human-instrument-
audience performance space.

The audio files are processed on the Teensy board, with
audio output via a headphone jack. Sensor Dress focuses
on tactility and movement as expression. Peters [21]
describes how instrument-performer tactility is often
viewed as solely “sound-generating labour that we might
be misled to deem the nuanced skin contact here as
aesthetically irrelevant”. Sensor Dress highlights the
bodily presence in sound making through skin contact,
with each contact activating a sample and processing
parameters determined by the position of the body at
contact time.

Through exploration of a range of potential sensor
configurations, we found that the combination of
capacitive touch and IMUs offers a desired level of
flexibility and tactility, allowing for complex interactions
without limiting the performer’s range of motion or their
ability to integrate with their voice and environment.
Artistic priorities guide the iterative development process
and assemblage, incorporating the board’s processing
capabilities and, considering the physical impact of
additional sensors and awareness of entanglement in the
“performance ecosystem” [22]. The length and quality of
samples are determined by the processing capacity, and the
characteristics of the handheld speaker. The instrument
allows for 12 audio files to be heard simultaneously,
though a larger collection of audio files can be used in a
performance. This is achieved by assigning a weighted
probability to each audio file associated with a touch
sensor, so that each contact point has an associated set of
audio files which can be activated on contact. Design
decisions also consider the physical demands of setup,
repeat performances, especially in the context of an
instrument which incorporates so much movement. Mice
and McPherson [23], in their work on large DMIs,
highlight the need to consider fatigue, performance
logistics and breakages.

Two battery-powered mono options were explored for
amplification: a low-cost version typically used in
Garrelfs' performances, and a higher-quality, heavier
alternative. The former offers a distinct sound but lacks
nuance, is relatively low in volume, and is prone to
feedback (an advantage in her other performances work
Breathing Through Wires). The latter option delivers
clearer sound but comes with other performance
considerations, such as size and weight. These are
important considerations to ensure the dress remains
comfortable and the performer’s movement is not overly
restricted. For amplification, we chose the MiniRig 3, a
40W as a wired solution, which eliminates potential
wireless communication issues and latency, while still

being portable and providing sufficient sound quality for
small, gallery-like spaces. We can also use a wireless audio
transmitter-receiver system if greater amplification is
required.

3.2 Sounding Parameters

The performance integrates three distinct sample banks,
tailored for different performance environments:
electroacoustic sounds, body-sourced sounds, and
environmental sounds recorded in and around the
performance venue. Internal body-sourced sounds, such as
heartbeats and digestive sounds, aim to bring the body
fully into the performance, encouraging an awareness of
bodily presence similar to artists’ use of biosensor data.
Environmental sounds introduce a site-specific element,
capturing the acoustic context of the performance venue,
encouraging an awareness of surroundings. While voice
sounds were initially considered, they were ultimately
excluded to avoid overlap with Garrelfs' unamplified
voice. Processed sounds recorded from other sources and
more generally heard as electroacoustic repertoire, provide
contrasting options, as a brief escape from the body and
physical environment and different textures to the
unprocessed option in the previous sets. These sound sets
can be used individually or combined in a single
performance. A limitation we encounter is the memory
capacity of the dress, restricting the number of
simultaneous sound sources and the duration of each.

Vocal sounds range from spoken word to expanded
techniques, responding to the dress's movement-activated
sounds, depending on the performance environment, the
audience, and the interaction with the dress itself. The
result is a performative ecosystem where body and
technology are in constant dialogue [24].

The handheld amplifier/speaker system alters the
performer’s perception of sound based on its placement in
space, for example near the ears or behind the body. This
flexibility allows the performer to adjust the speaker's
position for varied spatial effects, directing sound to
specific audience members. A two-speaker setup is under
consideration to enhance spatial complexity and
interaction.

This performance is most suited to smaller spaces,
partially due to the level of volume achievable with a small
handheld speaker and unamplified voice, and also the
intimate nature of performer/sound/audience interaction.

4. CONCLUSIONS

Embodied Dialogues, combining Jenn Kirby’s Sensor
Dress and Iris Garrelfs’ expanded voice improvisation,
engenders a collaborative dialogue between all elements,
through its integration of wearables, voice and movement.
The degree of control, (un)predictability is both artistically
and technically determined, respecting the agency and
affordances of the voice, performer, dress and speaker. The
piece does not always create well-shaped outcomes as a
result of a frictionless cooperation between body and



technology but instead leaves room for clashes. The use of
wearable sensors in conjunction with unamplified voice
cultivates a postdigital aesthetic that values the tactile,
organic qualities of sound-making. Additionally,
Embodied Dialogues explores not just the intersection of
body and technology, but also space and the performative
process, inviting audiences to engage in a living, evolving
sound experience that values the unpredictable and the
ephemeral.
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