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ABSTRACT

We present a soma design process of a digital musical instrument
grounded in the designer’s first-person perspective of practicing
Dalcroze eurhythmics, a pedagogical approach to learning music
through movement. Our goal is to design an instrument that invites
musicians to experience music as movement. The designer engaged
in the soma design process, by first sensitising her body through
Dalcroze training. Subsequently, she articulated her bodily expe-
riences into experiential design qualities that guided the making
of the instrument. The process resulted in the design of a large
suspended mobile played by touching it with bare skin. We shared
our instrument with 7 professional musicians and observed how it
inspires a variety of approaches to musical meaning-making, rang-
ing from exploring sound, to choreographing the body. Finally, we
discuss how engaging with Dalcroze eurhythmics can be generative
to the design of music-movement interaction.
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1 INTRODUCTION

Movement-based interaction and body-centered design are ever
more present in the field of Human—-Computer Interaction (HCI)
[13, 21, 22, 47]. With the proliferation of technologies such as off-
the-shelf IMUs (internal measurement units), smartphones and vari-
ous movement analysis tools [7, 15, 28], designing movement-based
interaction has become more accessible to interaction designers
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and researchers. With these novel designs come a variety of meth-
ods and theories for analysing, understanding and making use of
movement in interactive systems [1, 21, 31, 47, 52].

At the intersection of musical practice and HCI, digital musical
instruments (DMIs) are following a similar trend, with a growing
range of body- and movement-centred designs for human-music
interaction (e.g. [4, 8, 10, 38]). In the music domain, musicologists,
music technologists, musicians and composers have for a long
time been interested in music-related movements and gestures
[6, 18, 23, 29, 48]. Centuries ago, the first examples of written music
notation across different cultures, were mirroring gestures of the
body, and today, analogies to movement are still present in western
music notation [45, 49, 54].

According to Godegy and Leman, music can be understood as
movement [18]. From a phenomenological perspective, how our
bodies move in the world defines how we experience and act on the
world [37]. Movement is central to musical performance, perception
and experience [23, 35], and it is with the body that we interact
with a musical instrument following the specific movements that it
affords. Moreover, the way we move with an instrument, influences
our experience of it and of the produced sound. Unlike acoustic
musical instruments, with physically-bound affordances that create
a fixed action—-sound relationship, DMIs are coded with interactions
that can be designed according to various users and contexts [32].
We as designers have the opportunity to create these interactions
that invite new embodied experiences, based on the action-sound
mappings [25] and material choices we make when building our
DMIs [56].

In this paper, we present a design process, grounded in the theory
of embodied music cognition, of a DMI called Suspended Circles.
The goal of the DMI is to invite participants into a somato-musical
experience, i.e. an experience of musicianship as a movement prac-
tice. Building upon previous works in HCI, on soma design (somaes-
thetic interaction design), and body-centred design of DMIs 34, 38],
we followed a soma design process [21] to design the DMI based on
the designer’s (the first author’s) engagement in a somato-musical
practice called Dalcroze eurhythmics. It is a pedagogical method
that cultivates musical sensitivities through embodied experiences.
This method lets the designer broaden her sensory appreciation
and performance of music while designing the DMI [19, 22, 50].

Concretely, we followed an iterative process where the first au-
thor attended Dalcroze eurhythmics classes and sensitised her body
to music. During and following this sensitisation process, we artic-
ulated the first-person, musical, and somatic experiences involved
in the practice as experiential design qualities. We then explored
how different materials can evoke these experiential qualities and
influence the somato-musical experience. Following these steps,
we designed Suspended Circles with the goal to invite musicians
to engage physically with a large-size tangible suspended mobile,
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made up of conductive materials in various shapes which they
touch using their bare skin to trigger sound.

We invited 7 professional musicians, 4 of whom are practition-
ers of Dalcroze eurhythmics (including the rst author), to play
the instrument. We did this to investigate how they experience
Suspended Circles and how they interact with it to produce music.
We were also interested in gaining an understanding of how the
experiential qualities in our design translated to other musicians.
The results of this study revealed a variety of approaches to musical
meaning-making ranging from attending to the sound, to attending
to the body. We describe in our ndings the observed di erences in
the movement patterns of musicians with di erent somato-musical
backgrounds when interacting with the instrument. Finally, we
discuss how applying the Dalcroze eurhythmics approach to soma
design contributed to the cultivation of both the designer and the
musicians' embodied sensitivities throughout the design process
and the sharing of the instrument.

2 RELATED WORK

2.1 Embodied Interaction and Soma Design

Theories of embodiment are providing practitioners in HCI with
theoretical frameworks and guidance for design, analysis and evalu-
ation of interactive systems for the experiential body. Di erent the-
ories present di erent emphasis on e.g. the body, context and point-
of-view [20. Some spurring out of phenomenology], 52 and
others from cognitive science and its critique of dualism through
embodied cognition [27].

We are particularly interested in soma design, an approach of
designing with and through the body while paying attention to
aesthetic sensitivities in all actors. It is proposed as a design ap-
proach to address the challenges of attending to the experiential
body [21, 34. With roots in the pragmatist philosophy of somaes-
thetics, soma design provides a method for designing, and a theory
foregrounding lived experiences through a rst-person perspective
[21, 22. According to Shusterman, somaesthetics is the critical
study and meliorative cultivation of the experience and use of the
living body (or soma) as a site of sensory appreciation (aesthesis)
[46. By joining the two words, soma (the living, sentient, purposive

body), and aesthetics (sensory appreciation), somaesthetics opposes

the traditions of mind body dualism. Unlike most philosophy, so-
maesthetics is not only theory, but also includes practical exercises
that allow to cultivate, attend to and ameliorate the soma.

Rooted in the interdisciplinary endeavours of somaesthetics,
soma design is a method that includes estrangement, where one
disrupts the habitual patterns and engages with the unfamiliar,
through slowing down for instance, in order to access a larger
repertoire of experiences3fl, 53. The rst-person experience and
the soma are at the core of the design decisions taken throughout
the process, and provide the designer with critique and insights into
their design bd. Soma design also argues for inclusion of somatic
connoisseurship through collaboration with experts in somatic

to other people's experiences. Sharing and inviting others into the
design process lets the designer and their collaborators critique,
judge and validate their design decisions as they continue the design
process [50].

Soma design and somaesthetics have been used on occasions in
contexts of musical practiceg[ 9, 16 34, such as in the non-tangible
interface DogDog by Bigoni and Erkut, where the rst-person per-
spective is applied as a means to bridge musical improvisation and
movement-interaction. Furthermore, without explicitly drawing
from soma design, Alexander Refsum Jensenius, along with expert
dancer-choreographer, Kari Anne Vadstensvik Bjerkestrand, en-
gaged in a series of sessions of slowing down and standstill, taking
notes of their subjective experiences, in order to explore micro-
movements. This research project started out with a foregrounding
of bodily explorations to gain understanding of micromovement,
as a rst step to approach sonic interaction design within that scale
[24].

We build on such previous works, and engage with a soma de-
sign approach applied to the realm of DMIs. While previous soma
designs of DMIs use approaches that are either analytically oriented
or engaging in non-musical somatic practices such as Feldenkrais,
we chose, in contrast, to explore an already established somato-
musical practice, namely Dalcroze eurhythmics. Our process con-
sists of attuning to the designer's body and explicitly articulating
their embodied experiences as we design the instrument. We do so
to generate creative ideas and designs guided by and nested in the
body.

2.2 Embodied Music Cognition

Extending from the phenomenological school of thought, and along
the lines of theembodied turin philosophy that spread into other
disciplines over the past decades, Leman introduced the concept
embodied music cognititmmusicology P3 25 29. The ideas of
embodied music cognition suggests that the body acts as a mediator
for musical meaning-making, and that there is a clear link between
action and perception:

It is assumed that human musical action and percep-
tion are reciprocal processes that fuel [an interactive]
loop, and that action and prediction are co-determined
by constraints of the musical environment, as well as by
those of the (corporeal) organism that interacts within
it. Music is something that the listener interacts with,
using sensorimotor, cognitive, emotional, and energetic
abilities that optimize the interaction; it can be seen as
an expression of the embodied mind

- Lesare etal. [30], (p. 1)

The process where the body acts as a mediator for musical
meaning-making is in uenced by the musician instrument rela-
tionship. The instrument's interface shapes and determines the
relationship with it, which in turn determines the musical experi-
ence, opening up for certain movements and aesthetic experiences,

practices, such as professional musicians or choreographers, or while limiting others. The form, interface, size and sonic qualities

other somatic practitionersg1, 22. Overall, inviting others into

the design process is an important step in the soma design process,

where the designer gets to see how other people experience their
design, and whether their own rst-person experiences translate

of musical instruments are essential to how musicians interact with
them, and play a role in how they learn to play them [41].

We ground our soma design process in these ideas from embodied
music cognition. With our design choices guided by the soma, we
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foreground the body as a mediator for musical meaning-making
and build an instrument that invites musician to experience music
as movement.

2.3 Dalcroze Eurhythmics

Dalcroze eurhythmics is a pedagogical approach of teaching music
through movement. The approach started with composer and music
teacher Emile Jaques-Dalcroze around the beginning of the twen-
tieth century, from him noticing how his students at the Geneva
Conservatory were lacking musicality despite their solid theoretical
knowledge R6 43. Dalcroze' approach to music pedagogy was a
practical one, based on the idea that music is perceived, performed
and understood through movement, opposing the tradition of body
mind separation, which was (and still is) the prevailing school of
thought in score-based, Western music education [23].

The approach typically consists of rhythmics (regularly recurring
patterns known as musical metre, pulse etc.), ear training (the abil-
ity to recognise musical characteristics such as pitch and melody),
solfege (a music teaching method where syllables are added to notes
on a musical scale often accompanied with hand gestures), impro-
visation and development of creative abilities, all while seeking to
uncover musical knowledge which Dalcroze believed to already be
there, present in the body. Today's teaching of Dalcroze eurhyth-
mics is often accompanied by what is known as the three mottoes
of eurhythmics: show what you hear, show what you see, show
what you imagine (43, encouraging practitioners and students to
continuously make use of their moving bodies in parallel with their
musicianship.

Previous work has drawn from Dalcroze eurhythmics to design
technology for musical education. Nijs designed a system that visu-
alises the music student's movements, and applies it with Dalcroze-
inspired educational exercised?. Xiao et al drew inspiration
from the Dalcroze method in the development of an interactive
system for piano learning for childrengdg. The system consists of
a projection on the music stand and fallboard of the piano, showing
animated gures moving across the piano keys. While Dalcroze
eurhythmics, with its full-body engagement, serves as a theoretical
backdrop of the project, the bodily engagement with the system is
limited to the player imagining themselves moving the same way
the projection moves on the piano.

In our work, we aim to design an instrument that o ers a full-
body experience of music, with the idea that music is movement. To
do so, we chose to lay the foundation of our (soma) design process
on bodily engagement with Dalcroze eurhythmics.

3 DESIGN METHOD

We followed a soma design process, where the designer's (the rst
author's) rst-person experience and re ections of engaging in a
somatic practice stands as a central holding point throughout the
design processZl, 22 50. From the designer's bodily practice,
experiential qualities are articulated and serve as a red thread
to inform the design process and the aesthetics of the interaction
with the DMI [5Q. The designer participated in a total of 5 Dal-
croze eurhythmics lessons, with the goal of sensitising her body to
music-movement practice of discovering and uncovering musical
aesthetic sensitivities through movement. Concretely, the lessons
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took place at KMH Royal College of Music in Stockholm, with
two di erent undergraduate classes and teachers (course codes
FG8011 and FG8012). This was her rst experience with Dalcroze
eurhythmics. The students admitted to these classes had musical
backgrounds and were knowledgeable in western music notation
(sheet music) and played at least one instrument on a professional
level.

The designer also followed a total of 8 sensitisation sessions
with her personal musical practice on the ute, where she brought
Dalcroze eurhythmics principles into her own musicianship and
worked on improvisation techniques. These instrumental sessions
were loosely organised and were based on what she learned during
the Dalcroze eurhythmics lessons. The purpose of the sessions was
to deepen her awareness of her moving soma, and also to slow
down and defamiliarise herself with her own instrumen8], 53.
With her instrumental practice, in parallel with the Dalcroze lessons
at the music college, she made space for re ections and deepened
engagement with music and movement.

Throughout the design process, we documented and collected
materials in the form of photos, sketches, audio memos and written
texts. This collection of materials include detailed accounts of our
( rst-person) experiences from each session of sensitisation, mate-
rial exploration [17, 44, 56 and sketching. All audio material was
transcribed. In the material exploration, we engaged with digital
and non-digital materials, rst through low- delity prototyping.

We slowly explored the aesthetics evoked in interaction with these
materials, and continued the documentation of our rst-person
experience and bodily experience.

Our rst-person accounts put the body at the core of our design
process and ground our design decisions in the experiential body
[50. We emphasise the importance of thest-person perspectivef
the designer in the proces2[, 22 50, as it contributes to building
up a repertoire of experiences that they leverage on in the design
process, and in the sharing of the work.

3.1 Authors' Contributions

Both authors are interaction design researchers. The rst author
has an educational background in computer science, engineering,
and sound and music computing, in addition to musical training.
She is an intermediate-level utist, and reads and writes western
music notation. She also integrates music technologies in her instru-
mental practice, working with audio synthesis, music programming
languages and digital audio workstations. She carried out the de-
sign process and invited other musicians to play the instrument.
The second author is a trained dance artist and computer scientist,
and contributed along with the rst author to the data analysis and
writing of this paper.

4 DESIGN PROCESS

In Section 4.1, we describe the designer's process of sensitising her
body through Dalcroze eurhythmics training, and through applying
its principles to her own instrument practice and improvisation.
Then in Section 4.2, we show how we articulated the experiences
from the sensitisation process as experiential qualities, guiding
the design of the DMI. In Section 4.3 we describe our process of
designing the instrument, starting with exploration of low- delity
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materials, then moving on to exploring higher- delity materials.
This material exploration and sketching was driven by our experi-
ential qualities from our somato-musical practice. The process of
probing into materials and interactions evoking our experiential
qualities and embodied aesthetic sensitivities, led us to design our
nal prototype, named Suspended Circles.

4.1 Sensitising the Body

Our soma design process was driven by bodily practice, through
Dalcroze eurhythmics. Engaging the body in somato-musical prac-
tice provided a space for the designer to attend to her musical,
moving body. Her subjective, rst-person accounts of bodily prac-

tice are reported below, hence the use of the rst-person pronoun,

throughout Sections 4.1-4.3.

4.1.1 Geingto Know the Musical Bodyhe Dalcroze eurhythmics
lessons followed some broad structures. The teacher would typically
instruct us, students, to carry out an exercise, and afterwards ask
us to re ect upon it in plenary. A focus in these re ections was
placed on our subjective view of the experience, students often
expressed their emotional and bodily sensations. Music theory was
always introduced after bodily practice, and after sharing our bodily
experience. This approach to teaching the Dalcroze method was
the same with both of the teachers whose lessons | attended.

Walking as an Estrangement Meth&triations of walking were

into the legs again, where the musical pulse habitually resides. At
times, when continuing these exercises on my own, | would get a
strong sense of my upper body detaching from my legs and lower
body.

After the exercise, the theory was introduced. The steps were
crotchets (quarter notes) and the jumps were three quavers (eight
notes) beamed together, with the metre changing every phrase,
such that we were going o - and onbeat (see Figure 1b).

(&) Steps (left column) and
jumps (right column).

(b) Musical metre, to the left (1),
crochets (2), and quavers (3).

often used in the lessons, and became important sources of estrange-Figure 1: Instructions from a movement exercise, where stu-

ment for me. In one exercise, we were walking freely around the
room to the pulse of the music playing, and then started alternating
between walking o beat and onbeat. This was unsettling, and it
was both physically and emotionally destabilising at rst. | had a
sense of losing control over something that | thought that | had
mastered, and it disrupted the familiar and mundane act of walking.
Walking o beat was di cult, it felt unnatural, and from looking at

my peers, | realised we resembled birds bobbing our heads, with
forward tilting, heavy-looking upper bodies.

This type of rhythmic exercise was later explained to convey
music theory related tasyncopatiorfrhythmic variation disrupt-
ing a regular ow) andmusical metre and polyrhythnimultiple,
unequally spaced rhythmic patterns playing simultaneously). El-
ements of improvisation, collaboration and creativity were also
recurrent in the exercises, through e.g. having us choose a walking
direction or movement pattern while adjusting and making space

dents were instructed to move in a sequence of steps and
jumps are seen in Figure 1la. The theory behind the exercise,
in Figure 1b.

These types ofhythmic exercises could take form through
a variety of di erent movements with the whole body, adding
variations, and improvising with the lightness and weight of the
body, and communicating with and attending to each other through
movement. Theoretical parallels in such exercises were also drawn
from dynamic musical terms and terminology, likerte (playing
loudly), legato(notes articulated smoothly and connectedjar-
dando(gradually slowing down the tempo)krescend(radually
playing louder) etc.

Broadening the Range of Bodily Expressiomore dance-like
exercises, we were working withepetition and ne tuning of

for each other. Such collaborative aspects of the movement practice movement, as well as withememberingnddiscoveringnovement

were alluding playing music with others.

Exploring Musical Rhythm With the Bodwy. one lesson, the

teacher sat at the piano and gave us instructions for an exercise.

The piano is an instrument often found in studios used for Dal-
croze eurhythmics. We would also at time use other instrumental
props, such as wooden sticks for rhythmic play. In this exercise,
the teacher instructed us to step and jump according to a series
of seemingly random numbers (see Figure 1a). So, rst taking 4

with the body. In one lesson, with a focus on working with the
weight of the body, we were nding new ways to turn from one
side of the body to the other, while laying down on the ground.
Such an estrangement exercise is also used in other movement
practises such as Feldenkreis in order to generate better awareness
of one's movement patterns.

Entangling Movement and Sour8bme exercises were organised
around switching sensory modalitie&s re ected in the mottoes

steps, then jumping 1, then 3 steps, 2 jumps etc. This gave a strange of eurhythmics, we would take an impression in one modality

sensation of the body moving o - and onbeat. The pulse of the
musical rhythm started moving up into the chest from the legs,
destabilising the body to the point of almost losing the rhythm in

the movement, then regaining it when the pulse came back down

(e.g. music) and transform it into another one (e.g. movement). For
example, one student sitting at the piano, improvising while the
other students move with the sound, expressing or re ecting the
sound through movement.
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Exercises working witirthythm andmusical metre , by provid-
ing a sense oflisplacing the musical pulse around the bothde a
big impression on me, as | was experiencing things that | had never
felt before. The experience and discovery of moving the musical
pulse around my body created a sensation of a strong push into the
unfamiliar, where the musical pulse was in my upper body. Then,
it strongly pulled me back to a habitual experience in which the
musical pulse was again in my legs and lower body. After becoming
more familiar with this musical experience, | felt much more supple
in my ways of understanding music. | could listen to and experi-
ence old music that | had listened to many times before, but start
hearing new things. | would also quickly experience and viscerally
feel musical qualities as bodily sensations, such as tickling in the
belly when hearing dissonance, or becoming emotional and feeling
a strong ush or wave running through the body when hearing
changing tonalities.

4.1.2 Bringing Movement Lessons Into My Own Musiciariehip.
the Dalcroze eurhythmics lessons | participated in, the students
never brought their primary instrument into class. However, in my
own musicianship, as a utist and music technologist, | brought
elements of what | learned in the lessons into my practice, as a
means tadefamiliariseanddeepen my sensory appreciatdmy
own instrumental music practice.

Aligning with the approach | learned in the Dalcroze eurhyth-
mics lessons where we worked on slowly letting the body learn
the movements before advancing further, | started out revisiting
a classical music-education exercise involving repetition. When
learning to play a new piece of music on an acoustic instrument,
one of the tips you typically receive is to slow down, play it slowly
until you get a hang of it, and then, when it has become readily
available in your body and when your body has learnt it, you speed
up again.

| decided to work on this exercise, while paying particular at-
tention to my body while playing my instrument. | did so with a
piece | enjoy, but nd challenging to play, Debussy's Prélude a
I'apres-midi d'un faune . Before playing and repeating the rst four
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moved in jerky, staccato motions, and that | needed more time to
familiarise myself with the gripping before speeding up.

| was repeating this exercise, going from scale to score, for about
aweek before | started approaching it from di erent angles, playing
only parts of the scale, only parts of the score, or playing the scale
with rhythmic variations and changing articulation, as we had
been practising with body movement during the Dalcroze eurhyth-
mics lessons, e.g. going from oating to more jerky movements.

Throughout these experiences of defamiliarisation by improvis-
ing with small rhythmic and metric variations | would easily
lose myself and forget what | was doing, and then suddenly be
pulled back when stumbling on a grip or note, or losing the rhythm.
| continued with these types ofepetitions , as these were exercises
that would easily push me into improvisation and a sense of losing
myself in the music. Thus, this sensitisation process created a space
for me to (re)discover music, together with my instrument, through
the body.

4.2 Bringing Movement Lessons Into Design

Attending the Dalcroze eurhythmics lessons gave me insights into
the experience of music as movement, and provided me with lan-
guage to articulate that experience, both musically and literally.
The curious experience of feeling thlaythm and musical pulse
being displaced around the bamuld now be articulated.: as music
theorysyncopation or changing musical metre, depending on the
exercise, an@: as bodily knowledgeoving and feeling complex
musical rhythm. This sensitisation to such somato-musical expe-
rience was re ected in my experiences of now both playing and
hearing music, having visceral reactions, and experiencing an em-
bodied understanding of musical concepts, as described in Section
4.1.1.

The experience of rhythm and pulse being displaced around
the body provided me with a reference experience for the idea of
music is movement, that isplaying music through movement,
feelingmusic through movement andnderstandingnusic through
movement. | call it a reference experience, in the sense that it was
an experience that | could revisit and that each time | revisited it, it

phrases of the score, | did the same repetitive exercise of the scale gave new meaning to my musical practice. | further articulated this

of the piece, the E-major scale. Whetowing downl started notic-
ing my grip, the movement of my lips and mouth, head, back and
shoulders. As a utist | have, for as long as | can remember, been
aware of how my breathing and posture a ects the sound in my in-
strument, but in these exercises where | intentionally slowed down
to bring my awareness to my body, | started noticing how much
nuance and how much variety in sound | could get from adjusting
the body alone, aside from basics of the grip around the ute and
the embouchure (the action between my lips and the mouthpiece
of the ute).

Now, when spending time andxploring the nuances my in-
strument through attending to my body while playing, | found new
possibilities and opportunities in the playing, beyond correcting or
ne tuning sound. For example, with adjusting my head posture,
and paying attention to my breathing pattern, | would start dis-
covering interesting multiphonics (two or more notes sounding at
once) in my monophonic instrument. When speeding up the scale
repetitions | would also notice how, at times, my hands and ngers

reference experience as the experiential qualitiestofthm and
repetition . | chose to work withrhythm andrepetition because

it provided higher-level, yet nuanced somato-musical qualities that
are constructed by multiple speci ¢ experiences. As an example
of how rhythm and repetition manifested in my body, when
the musical pulse was moving through my body and | was on the
brink of losing it, repeatedlynoving with the rhythmic structure
would help me pull back the sense of stability in the pulse. After
staying with the rhythm and repeatingfior a while, | was ready to
experience the pulse being displaced around my body again.

In an attempt to further put words to this experience, | present
the analogies of rowing and the elliptical trainer. When pushing
the oars through the water, or stepping on the elliptical trainer
while pushing the levers, there is resistance in the movement, and
as you nd a rhythm in the movement, the resistance feels softer
and lighter. Now, if you lose the rhythm or stop abruptly, you will
feel a strong push against your body, and will have to work on

nding back the rhythm to be able to move again.
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