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ABSTRACT
Entanglement theories are well established in HCI discourse. These
involve a commitment to view human experience in encounters
with technology as relational and contingent, and research appara-
tuses as co-producers rather than passive observers of phenomena.
In this paper, we argue that sound is the sensory modality best
suited to the investigation of entanglements. Materialist theories
of sound and listening guide both the design of a novel interactive
sound installation and the methodological approach of a participant
study exploring the experience of listening. We present a diffrac-
tive analysis whereby micro-phenomenological interview data is
read with sonic theories, generating accounts that might other-
wise remain mute: the temporal fluctuation and physical feeling of
proximity in listener entanglements with sound, somatic intention
setting, and plural interpretations of interactivity. Finally, we offer
a series of provocations for HCI to embrace qualities of the sonic
and consider epistemological positions grounded in other sense
modalities.

CCS CONCEPTS
• Human-centered computing→ Interaction design theory,
concepts and paradigms; User studies; Auditory feedback; •
Applied computing → Sound and music computing; Media
arts.
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1 INTRODUCTION
Reader, wherever you find yourself in this moment, we invite you
to clap your hands together as emphatically as the social situation
will allow. Listen attentively to the sound that is produced, and
consider the questions: “what do you hear?” and “where?.”

We propose that this clap is not merely the sound of one hand
hitting the other but the “action of two hands clapping sounding
with everything else.” The clap that we tend to demarcate as a
separate nameable noise is rather the “sound of everything vibrating
in its agitation... the room, furniture, bodies, carpets, windows,
doors, sounding indivisibly together” [92]. Furthermore, it does not
have an audio reality out there in the material world. You might
imagine it as a burst of energy that disturbs the air around and
outwards from your hands in the moment of striking, but the sound
that you hear exists only in your perception.

Examining the clap experience more closely, notice the direc-
tional character of your attention in this moment of listening. We
imagine that it is not on the inward character of sensations - lis-
tening to the body - but stretches outward, beyond the body to
meet that burst of sonic energy as it unfolds in time. And so your
relationship as a listening subject to the clap is somewhat complex
and interrelated. Arguably, listening is an intermediary field that
dissolves the notions of distant and separate subjects and objects
based on the sensory modality of vision [11, 39, 79].

Central to this paper is the proposal that the relational character
of sound allows us to more readily imagine ourselves as entan-
gled with a vibrational world in flux [9, 92]. We put this proposal
to work by investigating the experiential character of an entan-
gled subjectivity - which implies a subtle decentring of the human
subjectivity - during listening encounters with an ultrasonic art
installation, called Being With The Waves. The materiality of sound
is harnessed in the installation’s design as an active nonhuman
participant, determining interactivity without knowing anything
about the behaviour of humans that encounter it.

Being With The Waves is conceived as a research probe, deployed
in a lab-based participant study using the micro-phenomenological
interview technique [65] to elicit the relational experience of lis-
tening. Explicitly adopting an epistemological stance grounded in
the materiality of sound, our diffractive analysis of interview data
reveals temporal, ephemeral, and mobile qualities of interactive
experience, and emphasises the plural nature of listening. We argue
that due to an underlying visual bias in HCI methods, these are
felt qualities of interactive experience that would otherwise not
be articulated. Finally, we offer a series of provocations for HCI to
embrace the sonic and consider epistemological positions grounded
in other sense modalities.

https://doi.org/10.1145/3613904.3642616
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1145/3613904.3642616
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2 FOUNDATIONS
This paper describes research spanning areas of interaction design
and sound studies research, which share a theoretical interest in
entanglement theories [28] and the agential realism of feminist
science scholar Karen Barad [1]. For HCI, these theories redefine
interaction as co-produced by entangled agencies, and entail a
paradigm shift from “user-centred” to “more-than-human” design
[13, 36, 96]. Nowwell established in the field, entanglement theories
challenge the positivist epistemological basis of traditional HCI
methods. This paper represents a practical step to address these
frictions, joining recent discussions at CHI in this direction [13, 96].

2.1 Agential Realism and the Co-Production of
Knowledge

The radically relational ontology of feminist science scholar Karen
Barad has been widely adopted by HCI practitioners and is central
to this paper. Agential realism is a total rejection of representa-
tionalism. For Barad, bounded entities do not exist independently
of their relations and so the primary ontological units of reality
are not subjects and objects but phenomena that come to exist
via intra-actions across agential cuts within human and material
configurations. Experiences with technology may be described as
the result of specific agential cuts; co-produced in the moment of
intra-action according to the meeting of a singular human with a
particular material configuration. Equally, the research methods
and apparatuses that we employ to articulate those experiences
such as survey, body mapping, talk-aloud, experience sampling,
or phenomenological interview make particular cuts. It would be
flawed to subscribe to Barad’s relational ontology as part of a de-
sign approach without also acknowledging these epistemological
consequences.

For Barad, discursive practices (i.e. concepts, meanings, and the
way that they are acted on and circulated within cultures) are
also “ongoing material [re]configurings of the world. Discursive
practices and material phenomena do not stand in a relationship of
externality to each other; rather... matter and meaning are mutually
articulated.” [1, p.151-152]. Therefore, data or knowledge about
particular phenomena is co-produced by the research apparatus,
which we can broadly define as a “material-discursive” assemblage.
This agential realist stance runs counter to the positivist assumption
“that experiments reveal the preexisting determinate nature of the
entity being measured”: the so-called “commodity-fiction” of data
[33].

2.1.1 Diffractive Analysis. Barad adopts Haraway’s articulation of
diffraction [35], as the basis for an analysis method that seeks to un-
derstand the world from within and is attuned to “differences that
our knowledge-making practices make and the effects they have
on the world” [1, p.72]. Diffraction refers to the way that waves
interfere and combine as they overlap, and the bending and spread-
ing out of waves upon meeting an obstruction [1, p.74]. Adopting
diffraction as a metaphor for analysis entails an examination of
interference patterns, i.e. how data is co-produced by the research
apparatus. Mazzei frames this as a shift in qualitative methods
that spreads thought in “unpredictable patterns producing different
knowledge” [51].

Diffractive analysis is well documented in social science domains
[43, 51, 85] and has been implemented by HCI researchers to ex-
amine difference by reading data through theoretical insights [8],
different disciplinary perspectives [57, 97] and subjectivities [46].
Diffraction has also inspired slow and open-ended engagements
with “lived data” in design [73].

2.2 Thinking with Sound
In response to the underlying visuocentrism of Western thought
[39], sound studies scholars promote alternative ways of knowing
through sound; not to replace the visual with a “counter-monopoly
of the ear” [23, 83] but to disrupt the status quo and promote the
senses as an “integrated network in ones relating to the world”
[11, 23]. This is an extensive field of study and we focus here on
work that extends Barad’s relational ontologies while seeking to
account for sound’s materiality in its specificity 1.

2.2.1 Sonic Materialism. According to Christoph Cox, sound art
is profoundly under-theorised. Contemporary cultural theory and
criticism entrench the notion that art experience is mediated by the
symbolic field. Such an approach is suited to account for the textual
and the visual but fails to capture the nature of the sonic. Sound
artists and installation artists in particular (such as those described
in section 2.3) explore the materiality of sound in their work, which
Cox claims, is fundamentally nonrepresentational: “How does one
talk about such work, which has no fixed duration, is site-specific
and sculptural, and is fundamentally concerned with sound as a
physical, intensive force?” [15]. This might account for the lack
of phenomenological studies focused on listening and the public’s
experience of sound art, a shortcoming that is lamented by Keylin
[44] and Semmerling [75].

Explicitly building on the relational ontologies and new material-
ism, Cox’s “sonic materialism” [14, 15] is intended as an alternative
theoretical framework for the sonic arts, grounded in the mate-
riality of sound2. Sound is immersive, surrounding and passing
through the body, which implies rethinking the “chasm” between
subject and object, and the spatial, static, and parallel existence of
“actants” imposed by a visual paradigm. Instead, Cox proposes an
emphasis on “events instead of objects, flux instead of immobility,
becomings instead of beings” [9].

2.2.2 Listening as Punctuation. The philosopher Peter Szendy de-
scribes listening as an intermediary field. Like vision, listening
implies distance and critical consideration but also implies a con-
tact that has more to do with the sense of touch, a similarity also
noted by Davis [17]. It is easy to conceive of a sound hitting the
listener’s eardrum and penetrating inside them, but that listener
also acts, they transform sound in their perception. For Szendy, lis-
tening is a kind of punctuation or articulation of sonic phenomena.
It is “an action, a decision in every moment” [39, 84].

1We expect these ideas may be unfamiliar to an HCI audience, and recommend the
podcast episode Thinking (Through) The Ear [39] as an entry-point.
2It should be noted that Cox’s ideas are a topic of debate [5, 34, 87], criticisms that
have been refuted by Cox in [15]. The nuances of discourse are beyond the scope of
this review but important to acknowledge.
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2.2.3 The In-Between Space of Listening. The clap example that
opened this paper demonstrated the relational character of sound-
ing and listening. For Salomé Voegelin, listening is a “knowing of
themoment... that involves the listener and the sound in a reciprocal
inventive production” [90]. As an analogy, she draws on Merleau-
Ponty’s account of “being-honeyed,” the sensation of grasping at
honey, “which comes apart as soon as it has been given a particular
shape” and simultaneously clutches the hands. Voegelin contin-
ues: “the honey can only be felt through my stickiness. It cannot be
grasped as a remote object but comes to being in my honeyed-hands
as a complex phenomenon of no certain shape but a demanding
nature” [90]. The relational experience of listening, therefore, en-
tails a shift from thinking about separate sounds and listeners to
thinking in terms of “stickiness” and orienting to an in-between
space in which the connection with sound is felt.

2.2.4 Plural Possibilites in Listening. Sympathetic with materialist
notions of sound, Voegelin associates listening with an openness,
an inhabiting or being-with sound rather than attention to “solid
structures and being able to recognise what can be heard” [9, 91].
Like the ephemeral materiality of sound, listenings are fragile and
uncertain. For Voegelin, sound’s “invisible mobility” engages the
listener in Merleau-Ponty’s “non-sense,” his “sensorial sense that
comes from sensation rather than knowledge” [91]. According to
Merleau-Ponty, perception involves a succession of “dis-illusions”
i.e. apparitions that lead us to the real and demonstrate its fragility.
Listening allows us to explore dis-illusions without resolution and
instead remain within the plural experience of the heard as equal
possibilities from the same world [91].

2.3 Entangled Agencies in Sonic Interaction
Visual bias is a critique that has already been levelled at HCI by
the sub-field of Sonic Interaction Design (SID) [26]. SID researchers
argued that an overemphasis on visual displays in computing was a
constraining factor in the development of interactive systems [72].
Consider “auditory icons” [30] for example, whereby sounds simply
step in for visual signifiers to convey symbolic information. Like
proponents of sonic materialism, SID researchers are concerned
with sound as an active medium, the specific characteristics of
which may be harnessed to “enable novel phenomenological and
social experiences with and through interactive technology” [26].
In this context, the sound installation format has been employed in
HCI research to explore a variety of research goals relating to, for
example, intimacy and embodiment [24], kinaesthetic awareness
[25] and the effect of urban settings on listener interactions [27].

The research detailed in this paper is inspired by installation
practices in the sound art tradition, whereby sounds are composed
in space, allowing the listener to place sounds in their own time
through their movement and behaviour in the installation [74].
Key figures in this paradigm are the artists Maryanne Amacher,
Christina Kubisch, Max Neuhaus, Alvin Lucier, and Francisco López.
All are artists who explore the materiality of sound, “its texture and
temporal flow, its palpable effect on and affection by the materials
through and against which it is transmitted” [14]. The site of in-
stallation is, therefore, an active determinant in the installation’s
composition, and artists often work to include its acoustic response
and material properties in the work [70].

Barad’s notion of intra-action entails an entangled and distributed
view of agencies that is useful for demarcating the interactivity
afforded by sound art installations. Intra-action avoids situating
agency in either the listener or the installation as an artefact and em-
phasises that it is negotiated and co-produced in their encounter [1].
In the paradigm just described, sound art installations are “static”
[12] in the sense that sound sources are fixed and do not objectively
change as a result of listener actions. There are no sensors, map-
pings, or feedback loops, yet they may be experienced as interactive
due to the close entanglement of listener and sonic phenomena
[71].

In a 2003 alt.chi paper, Sha and Freed highlight sound design
practices that blend computational techniques with the material-
ity of acoustic space [76]. Nicolas Collins’ installation piece Pea
Soup, exemplifies this approach. Here, “a self-stabilizing network
of analog circuitry nudges the pitch of audio feedback to a differ-
ent resonant frequency every time the feedback starts to build,”
producing “architectural melodies” that are influenced by any dis-
turbances to air in the space [10]. Further examples of technological
assemblies that harness the complex and nonlinear properties of
audio may be found in Di Scipio’s ecosystemic interfaces [18] and
the extensive field of feedback musicianship and instrument design
[22, 50, 52, 53]. These practices produce instances of what Sha and
Freed term “human matter” interaction and afford rich interactive
experiences in which human action is entangled with the sonic.
There is a temporal immediacy compared with digital tools and
no “non-grammatical” action [76], with systems responsive to all
human movement, on all scales.

3 BEING WITH THE WAVES: AN ULTRASONIC
ART INSTALLATION

Please refer to the video figure for excerpts of the installa-
tion. Headphone listening is recommended to hear the same
audio that was fed to the listener during their interaction.

Being With The Waves is a sound installation intended to fore-
ground the materiality of sound as a physical presence in the space
and encourage nuanced and exploratory listening-based interac-
tion. Employing ultrasound, the installation sounds acoustically
but mostly inaudibly in the exhibition space, and a hidden multi-
channel musical composition may only be heard via specially de-
signed sets of headphones. The process of shifting sounds between
the audible and ultrasonic range using amplitude modulation al-
ters the spatial appearance of sound and exaggerates the Doppler
effect, such that listeners hear sounds bend and shift, in a manner
intimately connected with their bodily position, orientation, and
movement in the installation space.

The installation is conceived as an artwork and research probe
[40]; an instrument to be deployed in participant studies exploring
the experience of listening to sound art. In Being With The Waves
the presentation of sound is out of the ordinary. It is intended as a
provocation to listen - to attend to the dimensions and attributes
of sound, and notice the perceptual activity involved in doing so.
Positioned as an artwork rather than a design or research product
[42, 63], Being With The Waves is what the philosopher Alva Noë
describes as a “strange tool”; a non-functional and alien artefact
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Figure 1: Being With The Waves system design. On the emitter side, a multi-channel composition is shifted to the ultrasonic
range before sounding in the space. On the receiver side, audio signals taken from microphones housed on the outside of
headphone earcups are routed to a microcontroller, de-modulated back into audibility, and output to the headphones.

that disrupts our ordinary mode of being in the world [56]. Lis-
teners, encountering such an installation for the first time, work
to make sense of its strangeness, asking “what is it?” [56]. The
activities of listening and sense-making are thereby brought into
the foreground of experience to be questioned and explored in
post-listening interviews.

3.1 Design Intentions
The design of BeingWith TheWaves is motivated by the observation
that, through the assembly of sound materials, playback technolo-
gies, and space, installations in the sound art tradition yield richly
engaging and nuanced interactions due to the listener’s close entan-
glement with the phenomena of sound. Informed by an interview
study probing the practices of sound artists [70], the design of Being
With The Waves was guided by the following intentions:

(1) To preserve the acoustic entanglement of body, sound, and
space as the origin of interactivity, rather than programmed
event-loops and mappings.

(2) To augment this paradigm using digital technology as a
mediating layer that transforms the appearance of sound.

(3) To emphasise the spatiality of sound and its physical pres-
ence in the installation space.

(4) To encourage close and attentive listening together with an
active awareness of the body’s relationship to sound and its
physicality.

Early in the design process, the idea of hiding sound such that
listeners need to actively engage with the work to hear it at all, felt
like a productive direction. This led to a consideration of ultrasound
and experiments with amplitude modulation. It was also decided
that speakers should not be visible, placed in a darkened space,
or concealed behind other objects so that the spatial placement of
sounds in the space must be discovered through the act of listening,
rather than the visible presence of sound sources.

3.2 Implementation
Being With The Wavesmay be broadly conceived in terms of emitter
and receiver side technologies. The installation system is described
in Figure 1.

3.2.1 Emitter. The installation consists of audio playback into the
space via a series of tweeters suited to the transmission of ultra-
sound. Eight individual audio tracks are composed in the audible
range and arranged in time (rather than procedurally generated)
using the digital audio workstation Ableton Live2. Each track is
shifted into the ultrasonic range using the technique of amplitude
modulation. This is implemented by a Max for Live device3 on each

2Ableton Live is a software sequencer for producing, arranging, mixing and performing
with audio: https://www.ableton.com/
3Max for Live devices integrate the functionality of the visual programming language
Max, within Ableton Live, allowing users to create custom audio effects and instru-
ments: https://www.ableton.com/en/live/max-for-live/

https://www.ableton.com/
https://www.ableton.com/en/live/max-for-live/
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Figure 2: The modified headphone sets designed for Being With The Waves. Small electret microphones are mounted on the
outside of headphone earcups. Ultrasonic signals are routed to an amplification circuit and Teensy microcontroller housed in
the small black box. This is worn around the neck of listeners and includes an on/off switch and volume control knob.

audio channel that multiplies the audio signal by a sine wave with
a frequency of 20.5kHz, shifting the signal by this amount. Each
modulated signal is output via an audio interface to an amplifica-
tion circuit and emitted into the installation space by an individual
tweeter.

3.2.2 Receiver. The multi-channel composition sounds physically
but inaudibly in the space. Listeners hear the installation by wear-
ing specially designed sets of headphones, seen in Figure 2. Sound
phenomena are captured by 10mm omnidirectional electret mi-
crophone capsules, housed on the outside of headphone earcups,
approximating a binaural arrangement. Signals are amplified via a
custom electrical circuit and routed to a Teensy 3.6 microcontroller
where a piece of code applying the same amplitude modulation pro-
cess reverses the effect, shifting sounds back into audibility before
being output to the headphones.

3.3 Modulation Effects
Following de-modulation, the audio fidelity of the original multi-
channel composition remains remarkably intact but is coloured by
room acoustics, bodily presences, and the materiality of electronic
components. The spatial appearance of sounds, however, is trans-
formed. A feature of ultrasound is that it has a tighter directivity in
its transmission than lower-frequency sounds. This means that the
stereo image becomes unnaturally sensitive to subtle movements.
Sounds are not apprehended directly by the naked ear but mediated

by microphones housed on the outside of the headphone earcups.
Listening through the microphones entails some flattening of the
spatial dimension. Sounds appear closer, with a lack of depth.

In Being With The Waves, ultrasonic modulation has the unusual
property of exaggerating the Doppler effect. The Doppler effect
is a familiar process where the perceived frequency of a sound
changes when the sound source moves toward or away from the
listener, owing to the finite speed of sound in air [69]. In everyday
life, it is often most noticeable with moving vehicles, where an
approaching vehicle’s sound will be shifted upward in pitch, and a
receding vehicle’s sound will be shifted downward. Doppler shift
functions as a ratio in frequency, where each frequency component
is multiplied by a factor that depends on the relative velocity of a
source and listener. For technical details please refer to [71]. Due
to both the high-frequency content of signals that are emitted into
the space, and the process of amplitude de-modulation, the Doppler
effect is exaggerated such that bodily movements are heard as pitch
shifts and timbral distortions to the spatial composition. These
effects are inextricably tied to the body and incredibly sensitive
to movement. For emphasis, a listener’s movement does not alter
the sonic composition emitted into the space. Effects are heard by
individual listeners, determined by their physical movement and
spatial orientation to sound sources.
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3.4 Interaction Without Symbolic
Representation

Being With The Waves is experienced as being richly interactive
due to normally imperceptible acoustic effects becoming exagger-
ated through amplitude modulation. The materiality of sound is
thus harnessed in the design as an active nonhuman participant,
determining the installation’s interactivity without knowing any-
thing about the behaviour of the humans that encounter it. The
system design may be contrasted with interactive musical systems
in which sensor data acquires symbolic meaning in the computer
program and a system of mappings determine the relationship be-
tween human action and auditory feedback. Magnusson describes
such tools as having such a high degree of symbolic pertinence
that they become systems of knowledge and thinking in their own
terms [49].

In Being With The Waves the technology involves no symbolic
representation of human behaviour. Emitter and receiver side mod-
ulation occur separately and concurrently, i.e. one does not depend
on the other in the way that inputs and outputs are dependent
in the event-loop paradigm. Arguably, the microphones operate
as sensors in the system. They do not take “measurements” cor-
responding to a Cartesian system of coordinates or sense listener
movements from an outside perspective as a motion capture system
might. Nordmoen notes the sensor’s entanglement in the observa-
tion of phenomena that it observes [58]. The microphones in the
installation observe the meeting point of a listening body and the
sounding space in its entire material configuration, a rich encoding
of spatial and sonic relationships.

3.5 Sound Design
The process of composing for the installation entailed listening to
different sound materials through the technology to understand
their spatial appearance from a first-person perspective. It was
found that simple sustained sounds such as sine tones or harmonic
instrumental tones appear to fill the space as an ambient presence
and are very sensitive to the Doppler effect; tiny sonic fluctuations
may be appreciated via micro-movements and more prominent
distortions to the sound are heard as a result of quicker move-
ments over a larger area. By contrast, inharmonic, articulated, and
transient-rich sounds have a well-defined spatial profile. Turning
on the spot, the listener becomes aware of their changing orienta-
tion to sounds, but the system distorts their perception of distance.
Speech, for example, sounds broadcast as though on the radio, but
with the signal coming from a very particular, narrow location and
perceived close to the ear rather than originating from a faraway
source.

Compositional ideas that were not grounded in the experience
of listening to the installation system, but of composing for audible
multi-channel speaker setups simply did not translate. The process
of composing, therefore, necessitated a materially-guided approach,
whereby the sonic content is guided by the affordances and con-
straints of the installation, rather than an imposed conceptual or
aesthetic idea [71]. The sensation of sound as a kind of fluid matter
that moves intimately with listener movement due to the Doppler
effect and suitability of the installation to speech and environmen-
tal sound recordings inspired the sound design and artistic concept

for Being With The Waves. Excerpts from micro-phenomenological
interviews exploring sensory experiences in and with the sea are
interwoven with an immersive musical composition composed of
drones, instrumental textures and field recordings. Different layers
of the composition are emitted from different spatial locations in
the installation.

4 EXPLORING THE RELATIONAL
EXPERIENCE OF LISTENING

The following participant study was conceived to explore the ques-
tions: “How do listeners experience their entangled relationship
with sound in the installation?” and “What do they do to listen?”.
The focus of the study was deliberately broad and interview ques-
tions content-free to allow interviews to be guided by participants.
The study received ethical approval and followed participant data
handling and ethical guidelines outlined by Queen Mary University
of London.

4.1 Participants
A call for participants was made from the first author’s social media
accounts and interested parties were invited to complete an online
form, which included basic demographic information and simple
screening questions designed to limit participation to people who
visit art galleries regularly and would visit an interactive or sound
art exhibition. 10 participants (6 female, 4 male) took part in the
study. All but P4 had experienced a sound installation before. All
participants regularly engage with the relevant practices of sound
art/ experimental music (P1, P2, P7, P8), musical performance (P5,
P6, P9), or audio technologies (P3, P4). The selected participants
therefore had the relevant expertise “to actively and knowingly
speculate with us in our inquiry” in ways that we could not do
alone [93].

4.2 Physical Set-Up
The study took place in a university lab, transformed to become a
dark gallery space, with black curtains lining the perimeter. Eight
ultrasonic speakers were spread throughout the space and hidden
from view, either fixed to the ceiling truss or the curtains. The
space was dimly lit by coloured lights, as shown in Figure 3. Every
effort was taken to present the research lab as an exhibition space,
or “hybrid” study location [38, 54], with minimal visual stimuli to
suggest listening.

4.3 Procedure
4.3.1 Briefing. Before the study, the first author met with each par-
ticipant for a short online meeting. Participants were briefed about
the general procedure of the study and engaged in a short micro-
phenomenological practice interview that served to introduce the
kinds of questions used and the sensation of coming into contact
and describing pre-reflective aspects of subjective experience.

4.3.2 Listening Encounter. Participants had individual encounters
with the installation at scheduled times. Upon arrival, the partici-
pants were told quite simply that the object of the study is to listen
to a sound installation artwork called Being With The Waves, that
the installation is not audible to the naked ear, and that they need
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Figure 3: Being With The Waves installed at a university lab space

to wear special sets of headphones to listen to it. The listening
apparatus was then introduced, and participants were shown how
to adjust the volume. They were then invited to walk into the instal-
lation space and place the headphones over their ears when ready.
The researcher asked them to read a curatorial text (see Appendix
A) on the wall before proceeding into the space. They were invited
simply to listen to the installation and stop whenever they felt
ready, removing their headphones before leaving the space. In prac-
tice, participants listened for between 5 and 20 minutes. After 20
minutes the researcher asked the listener to return to allow enough
time for the interview.

4.3.3 Interview. Each participant was then taken to a separate
space for an interview lasting around one hour. These interviews
fell into two parts: a semi-structured interview (15-20 minutes) and
micro-phenomenological interview (40-45 minutes).

4.3.4 Semi-Structured Interview. The semi-structured interview
was designed to capture meta-descriptions of the experience as a
whole: the trajectory of the interaction over time; broad descrip-
tions of what happened, listener intentions, and sensations. Each
participant was asked the questions in Appendix B.1, diverging as
necessary to probe the participant for more detail or follow a trail
of thought that might lead to interesting new insights. Throughout
this part of the interview, the first author noted experiential de-
scriptions that were of particular interest in relation to the research
questions.

4.3.5 Micro-Phenomenological Interview. Micro-phenomenology
(M-P) is an interview method for eliciting finely-grained accounts
of short slices (5-60 seconds) of lived experience, including pre-
reflective aspects that the interviewee may not have been con-
sciously aware of at the time. M-P has been deployed in HCI re-
search since 2001 [68], for example, to study sensory modalities
[16, 25, 60, 61, 66] and relational characteristics of interactive expe-
rience such as interconnection [82] and intercorporeality [45].

We adhered to the M-P procedure as described in [65], following
guidance provided during the training course that the first author
completed in 2020. To articulate the moment(s) to focus the inter-
view on, participants were asked: “Are there any moments in your
experience that stand out as particularly salient or memorable?”.
When interviewees had described an experience of the Doppler
Effect or moments of close bodily relationship to sound, the inter-
viewer revealed an interest in those moments. We did not wish to
lead participants, so for participants who did not mention these
aspects (P6, P8, P9), the M-P interview focused on aspects already
articulated in the semi-structured interview, such as attentive listen-
ing and/ or the relationship of the listener to the spatial placement
of sounds. To probe auditory sensations and bodily feelings we
used questions suggested in the M-P training guide (Appendix B.2)
and sought to deepen experiential descriptions by reformulating
the participant’s description and then framing “how” questions.
For example: “You describe the sound as ‘pouring in’, how does it
pour in?”, or “How do you know that the sound is sensitive to your
moment?”.
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4.4 Data Preparation
All interview data was transcribed, according to the conventions
described by Poland [67]. M-P interview data was prepared for
analysis in the manner described in [89]. Interviewer questions and
reformulations were removed and interviewee descriptions broken
down into numbered utterances [89]), then re-organised to reflect
the diachronic unfolding of the experience over time. In this way,
the M-P interview transcript reads as a chronological description
of the moment under study, with synchronic detail nested within.

4.5 Diffractive Analysis
The open and exploratory nature of the study led to a breadth
of experiential descriptions including auditory perceptions, inten-
tions, bodily behaviour, mental imagery, emotional states, thought
processes, and semantic interpretations. We conducted a much
narrower diffractive analysis to specifically examine listener expe-
riences of entanglement with sound in the installation. Given the
material-discursive co-production of phenomena by research appa-
ratuses (section 2.1), we sought an alignment of analysis method
and the phenomena under study: sonic experience.

Materialist theories of sound (section 2.2) were “plugged-in” to
the interview data [43] producing an emergent series of readings,
which we conceive as patterns of positive interference, where the-
ory and experiential descriptions resonate. This led to a clustering of
phenomenological descriptions around particular theories. Rather
than abstracting away from the data itself via qualitative coding,
we sought to harness the fine-grained detail produced by M-P in-
terviews. Furthermore, we explicitly sought to set the disciplines
of sound studies and interaction design into conversation with one
another. Throughout the analysis, we were attentive to the “produc-
tion of boundaries”: how as some experiential descriptions move
into the foreground, others are excluded [1, p. 92-93]. Thinking with
sound, we became aware of emergent differences concerning other
accounts of entangled experience in HCI and taken-for-granted,
invisible dynamics [46] of research methods. These wider reverber-
ations are presented as provocations in section 5.2.

4.6 Findings
The diffractive analysis led to the following four clusters of experi-
ential descriptions:

(1) Feeling Connection: Reading the data with Voegelin/ Merleau-
Ponty’s notion of “being-honeyed” surfaces data describing
the felt quality of connection with sound as material.

(2) Relational Flux: The mobile and temporal quality of sonic
material leads to the identification of temporal instability of
embodiment sensations.

(3) Somatic Alignment: Szendy’s proposal that listeners “punc-
tuate” sound with their listening surfaces descriptions of
intention setting with bodily poses and movement qualities.

(4) Expecting Sensors: Plugging the doubtfulness and ambiguity
of listening (Voegelin) into the data surfaces ways in which
listener expectations regarding the system design lead lis-
teners to dwell in technological “dis-illusions.”

4.6.1 Feeling Connection. As described in section 3.4, Being With
The Waves harnesses the acoustic entanglement of a listener with

sonic phenomena as the root of interactive effects. The computer
has no symbolic representation for human input and no mapping
space separates behaviour from sound generation. Instead, the bod-
ily presence and movement of the listener and sound as heard
through the system are co-dependent, generated simultaneously,
and as such there is no perceptible latency in the system4. As a
result, sound is perceived as being intimately related to bodily be-
haviour. P7 describes the experience of sound as “tactile in a sort
of keen aesthetic sense, that the feeling in your body as you move
then kind of maps experientially onto the sound.”

Plugging Merleau-Ponty’s notion of “being-honeyed” (section
2.2.3) into the interview data amplifies phenomenological descrip-
tions that express felt qualities of listeners’ close connection with
sound as a material. One such quality is that of resistance, which
ordinarily describes a physical feeling at the meeting point of a
body and matter of some kind. P3 describes the feeling of a force
pulling them back: it “feels like I’m kind of walking against some-
thing, like there’s a force that’s pulling me back or trying to slow
me down.” But, of course, there is no force physically acting on the
body to resist its movement, there is just the experience of sound,
a nuance that P3 is keen to express: “it’s just a feeling.. that’s how I
felt it’s not like it is actually doing anything.” P2 describes the drone
sound as “like a cloud a few hours from raining, like it’s building
up with humidity inside... There’s something fluid about it but it’s
still airy.” In moments of movement interaction, they describe this
sound as having a viscosity “because when I turned my head at
other moments I felt the sound pour in at the same time as me sort
of turning and opening up to it.” For P2, “viscosity” describes a felt
quality of interaction, related (we infer) to a rate of sonic change,
and felt sense of materiality, as a texture with density.

Describing the sensation of interaction with the Doppler effect,
P1 and P2 describe variation in the sound according to movement
properties associated with physical objects, that exhibit temporal
variation as a result of their form and material. P2 describes the
instability of sound as a jelly-like quivering, while P1 makes an
analogy with toys that can’t be knocked over and instead oscillate
around a central position, gradually reaching a standstill. For them,
the sound “felt as if it was spinning within itself, and then when
I stopped moving it sort of went back to its original tone.” Impor-
tantly, they also describe a close connection to the movement of the
sound. P1 feels it as located within the top of their head, “as if I was
dizzy, sort of being spun with the sound. It doesn’t make me feel
dizzy but I think it just feels like it’s there,” while P2 describes feel-
ing closely bound to the jelly sound-movement sensation, stating
“I am that jelly.”

4.6.2 Relational Flux. Reading the data with Cox’s sonic material-
ism (section 2.2.1) foregrounds the temporal dynamics of relational
experience. We tend to think of technology relationships such as
Ihde’s [41] as fixed and immobile. In the experience of interaction
with Being With The Waves, listeners describe close bodily con-
nections with sound that have underlying temporal fluctuation,
varying in intensity and location relative to the body.

4Ring (de-)modulation by 20.5kHz shouldn’t produce any more than a few tens of
microseconds of latency, but there will be some minimal latency in the audio codec
and buffering of the Teensy.
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P7 describeswhirling and spinning through the installation space.
They also describe having a close connection with sound, in that it
is experienced as both inside and outside the body, or rather “there’s
not really such a big distinction.” This intimate relational quality is
not fixed or static, it moves and is in flux, in a way that is tied to
the speed and shape of their movement. The sound is “like a figure
of eight, it kind of whips through you and then around you.” As
they whirl through the installation, P7 says that “the sound is just
undulating and modulating its pitch with every whirl and there’s a
kind of consistency in my body sort of creating a rhythmic intensity
within that drone sound.” Probed further about the quality of this
rhythm, P7 describes it as “internal and it’s like something that is
generated fromwithin,” rather than something imposed on the body
from outside. Rhythm, here, appears to capture a felt quality of the
interactive relationship rather than a musical quality. Unintended,
it is an embodied and emergent sensation at the meeting point of
(moving) listener and external field of vibration.

The Doppler effect was felt most strongly during periods when
the installation was dominated by a drone; at times more pure in
sound and at others more textural, composed of sustained violin
notes. A drone is sustained over long periods, it has a stable presence
in time. However, several participants (P1, P3, P9, P10) invoke the
word “infinite” to describe a spatial presence, as immense, filling
the space: “I felt like it’s an infinite field of these two tones” (P3).
In stillness, the drone is heard as continuous, but bodily movement
leads to pitch bends and timbral distortions as a result of the Doppler
Effect. In movement, the sound is no longer infinite for P1: “It
doesn’t sound infinite because... when I felt as if I was triggering
the spinning I was able to stop it so it almost felt as if it did have
an end.” P1 moves from describing the sound as heavy and solid to
having a spinning sound associated with the movement quality of
toys (described earlier), with perceived size in the range of handheld
objects. Through their movement interaction with the installation,
sound comes closer into the body and is experienced as mobile and
light, rather than static and heavy. Sound appears to shape-shift
and the embodied relationship of listener to sound installation is in
flux.

4.6.3 Body-Sound Alignment. Reading the data with Szendy’s no-
tion of listening as an articulation or punctuation of the sound
(section 2.2.2) highlights accounts by participants (P2, P5, P7, P8)
that describe the adoption of particular bodily postures that are si-
multaneously inspired by the sound of the installation and adopted
to express a particular listening intention or sense. These dispo-
sitions cannot neatly be described as either passive or active and
instead, are suggestive of an intention to align the body with sound.

Reflecting on their experience as a whole, P2 describes a journey
of figuring out how they can work in harmony with sound. They
describe holding their body in a controlled way: “I really wanted
to be strong and grounded, so that I could make those deliberate
footsteps and movements. I didn’t want to flail about in there.”
By calming their movements they can give more of their body
to the act of listening. This somatic disposition toward sound is
echoed by P5, who describes a moment of bodily poise in which the
music was supporting their physicality, rather than the experience
being about their body in relation to the music, “so it was like a
switch of emphasis or switch of relationship.” The sounds of the

installation are continuous at this point and they express a sense
of “something being sustained through it and the pose had that
potential for stillness and yet movement... It had a constant alertness
and smoothness around it like the music did.”

P8 describes sitting in a meditative pose, breathing deeply, and
attempting to let go “of being a separate entity.” They describe
feeling their body as part of a wider vibrational plane: “it felt like
the space aroundmewas also inside with the resonance... physically
it’s like tiny particles moving in my lung when I breathe in.” The
body posture is adopted to focus on listening, but it is the sound
that causes the sensation. P5 and P7 both describe the intention to
become fluid with their bodily movements, to match the perceived
fluidity of sound. P5 notes how this bodily disposition changes
their listening: “when I was imagining my body being light or fluid
whatever then you start listening in a different way.. so what I
was doing with my body did affect my... listening sense.” In their
attempts to make their body fluid like water - “I turned my body
into an eddy of water” - P7 notices how their body is solid, how their
joints can’t move fluidly: “there’s this whole feeling of resistance
in my joints- that I can’t be a perfect fluid- because I’ve got these
joints and my sort of irritating physical form that’s inside.”

4.6.4 Expecting Sensors. The speaker array in Being With The
Waves is hidden from view, the microphones on the outside of
headphones are so tiny as to go unnoticed and the Teensy micro-
controller along with amplification circuitry are concealed inside a
box. Participants have no prior knowledge of the system designwith
respect to the configuration of technologies that produce interactive
effects. As described in section 4.1, participants were recruited as
co-speculators and experienced listeners to sound and interactive
installations, many artists and technicians themselves. Participants
describe attempts tomake sense of sound’s organisation in the space
and how the installation works, making hypotheses regarding the
technologies involved. Their descriptions reveal an assumption
that interactivity is configured via the mapping of sensor data to
a sound engine, with changing auditory feedback output to the
listener’s headphones. In short, listeners assume that there is a
computational process at work that has a symbolic representation
of listener movement in the space.

Like many listeners, P4 describes repeatedly moving and stop-
ping to “test” the interaction effects: “testing the length of pauses
to check it wasn’t a coincidence and feeling actually it was almost
too sensitive. So almost as if I was imagining starting to go left
the juddering would start. So I thought ‘that’s too sensitive, so it
can’t be that’ and tried it again and it happened half a dozen times
at least.” There is an expectation that interactivity effects must be
coupled with some latency for computation to occur.

P2, P3, and P10 speculate that the installation involves move-
ment sensing; either pressure sensors in the floor, an accelerometer
in the box worn around the neck, infra-red distance sensors, or
a camera-based motion capture system mounted on the ceiling.
Reading the interview data with Merleau-Ponty’s notion of dis-
illusions as the root of experience, and Voegelin’s proposal that in
listening we might more readily dwell in these alternative possible
worlds (section 2.2.4) highlights ways in which assumptions about
technology influence listening behaviour and experience. P2 makes
a cognitive connection between the rate of change to the sound
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and the movement quality of their footsteps. This leads them to
believe there are pressure sensors in the floor. They describe lis-
tening carefully with this connection in mind and “trying to put
that sound that was in my ears in my foot... I was trying to imagine
them... not like that’s my foot and that’s my ear, that’s coming
through here and that’s doing that, it’s more like, okay this is one
unit and how does this whole thing work together’.” Similarly, P10
believes there to be a matrix of sensors above them detecting their
position and movement in the space. This leads them to associate
their body movement and the bending sound of the Doppler effect
with the position of imaginary sensors. These associations of move-
ment and sound with particular spatial locations surely transform
the listening experience. Both are phenomenological dis-illusions
and demonstrate the possibility for plural interpretations of the
installation.

5 DISCUSSION
The experience of listening is ephemeral and elusive. Human experi-
ence is complex, layered, and diffuse. We find this sonic framework
helping for grounding the analysis of phenomenological descrip-
tions in dimensions of experience that are most salient to the mate-
riality of sound: temporality, spatiality, mobility, and plurality.

5.1 Micro-Phenomenology and Sonic
Experience

Research is often generative, new aspects and ideas come to light as
a result of renewed engagement with the subject at hand. In our case,
the participant study was designed and carried out long before the
analysis approach and central ideas in this paper came to be. Careful
consideration was given to the method for articulating listening
experiences and we stand by our selection of micro-phenomenology
(M-P) as the optimal fit. When applied rigorously, the method is
unparalleled in its capacity to reveal rich experiential descriptions,
the significance of which is yet to be fully explored within the field
of HCI. However, via our diffractive engagement with theory we
noted some frictions between M-P and our orientation to the sonic,
a slight epistemological mis-match. As such, the temporality of
sonic experience does not flow out of the data.

O’Callaghan draws attention to a more or less implicit assump-
tion in the history of philosophical work on perception, “that what
we learn about perception by studying vision generalizes to the
other sense modalities” [62]. M-P tends to treat sensations as objects
rather than events, which in the case of sound is problematic. To
probe the synchronic details of an experience, the M-P interviewer
works to stabilise the interviewees evocation on a past moment,
thereby freezing time. While visual sensations and mental images
are readily stabilised in this way, sounds, which are inherently tem-
poral - are not. It may be possible to repeatedly iterate through a
short period, but not to freeze a sound in time. The M-P interview
questions suggested in training material (see Appendix B.2) elicit
the details of a sonic sensation by asking participants to describe its
object qualities, such as direction, location, size, loudness, tone, per-
sistence. We found these questions productive in that they provided
a shared language within which to talk about sound in phenomeno-
logical terms, without the need to use technical or musical jargon.

However, these questions do tend to treat sonic sensations as ob-
jects, not events. Therefore descriptions do not readily account for
the temporal fluctuation of sounds, or indeed any other sensations,
on a micro gestural level. Detail, which in the case of our study
would be beneficial to capture more readily.

Of the M-P questions to probe sonic sensation, we found the
question “does this sound come from somewhere?” productive as it
situated the sonic sensation in relation to the body and revealed,
quite organically, the perceived closeness of sound, along with de-
scriptions of size and other felt qualities including the temporal
fluctuation of sonic sensation. As a result, we could approach the
question of what it feels like to be entangled, with a level of descrip-
tive detail that would not have been obtained by using traditional
qualitative interview methods. The identification of possible fric-
tions is a constructive finding as it allows us to consider how we
might tailor and improve the M-P framework to account for more
fluid, rather than discrete events and interview questions to most
effectively study a variety of phenomena including an experience
of sound.

How we might capture temporal fluctuation with the M-P frame-
work requires close consideration, because the stabilisation of at-
tention on a singular moment of past experience is foundational
to the method. We plan to seek advice from expert practitioners
to examine this issue and also introduce sound art practitioners
to the M-P technique; engaging them in ongoing discussion and
experimentation with the method to frame questions that target
the sonic, such as “how tightly bound do you feel to that sound?,”
“does that sensation fluctuate?,” “how stable is it?.”

5.2 Reverberations and Provocations
“The case of sounds and audition demonstrates that attention to
modalities other than vision enriches our understanding of percep-
tion and its role in situating oneself, forming beliefs, and acting
upon the environment” - O’Callaghan [62].

Throughout this paper, we have been promoting the sonic as an
alternative orientation to the visual, one that might reveal alterna-
tive kinds of knowledge about our experiences with technologies.
By considering an alternative approach, the (often tacit and unchal-
lenged) ontological assumptions and methodological infrastruc-
tures that govern practices in HCI-related fields begin to surface,
and become perceptible. We champion the sonic here as a provo-
cation to open up new ways of thinking about the experience of
interaction and offer the following provocations for HCI:

Design for an Entangled Subjectivity
Being With The Waves is designed to encourage close, attentive lis-
tening together with a keen awareness of bodily entanglement with
the installation. We describe this disposition as an entangled sub-
jectivity. It is marked by an attentional disposition that is directed
outward to meet the nonhuman world and an ongoing awareness
of relationality. Derived from theories of listening (section 2.2),
this subjectivity subtly decentres the human in the sense that it
is neither an introspective mode (examining one’s own thoughts,
feelings, bodily sensations), nor an extrospective mode (examining
what is outside oneself). Instead, it is a hybrid perspective. Still
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rooted in lived experience, an entangled subjectivity examines how
the ongoing phenomena of experience are co-constituted by our
bodily engagement with a material assemblage. For example, par-
ticipants in our study attended to feelings of close connection with
sound such as viscosity, which relies equally on qualities of the
material and the character of human behaviour (section 4.6.1).

In HCI and design, many different approaches to decentring hu-
man subjectivity have been described such as conducting ethnogra-
phy with nonhumans [32], noticing differently [47] and designing
for nonhuman users [31]. Nicenboim et al. raise the important
question of “how do we cope with the impossibility of accessing
nonhuman perspectives really, given our inherent human assump-
tions and ways of knowing?” [55]. Our approach is still interested
in designing for humans while also sharing the stage with other
things. We propose the concept of entangled subjectivity as a slight
deviation from modes of bodily knowing [59] and a useful design
sensitivity in the context of somatic [37] and experience-centred
design [94, 95] and their intersection with entanglement theory
(e.g. [45, 88]).

Sense Less, Know Less, Quantify Less
As the art material in Being With The Waves - i.e. that which is
experienced by listeners via the headphones - sound cannot be
reduced to qualities of the musical composition nor its physical
sounding in the installation space above the range of human hear-
ing. Instead, the material of sound is intra-acted: co-produced in
the entanglement of a listener with the installation’s technologies,
and it is due to this co-constitution of sound that listeners perceive
interactive qualities and sensations of intimacy and connection.
The installation, therefore, foregrounds a relational notion of sound
as a kind of “interstitial matter”, that which is in-between different
media and bodies involved in its production [19].

Our findings regarding the expectation of sensors, dialogic rela-
tionships and computational latency (section 4.6.4), highlight the
assumption that an interactive device or artwork has a symbolic
representation for human behaviour. The prevalence of the event-
loop paradigm may be constraining both the design and experience
of new technologies. The expectation of sensors foregrounds a cog-
nitive mode of engagement whereby a user works to make sense
of a system through their interaction with it. By harnessing the
materiality of sound as an active determinant in the configuring
of interaction, Being With The Waves demonstrates an alternative
design ideology that Sha termed “human matter interaction” in
2013 [76], the full potential of which is far from being realised.
The installation’s technologies co-construct sound in a nonrep-
resentational way: without inspecting and processing data about
human behaviour. It is our conviction that this approach promotes
interactive experience that is richly multi-dimensional, nuanced,
and visceral, addressing ongoing embodied thought [77] and re-
flection [4]. Therefore, moving against the tide of computational
complexity and advancement we offer the provocation to sense less,
understand less, quantify less, and move away from the notion that
the machine needs to encode a neat symbolic representation that
humans understand on similar terms.

Assume Dynamism
For Cobussen, sonic materialism entails “a true paradigm shift in

how Western philosophy and thinking in general should consider
the world: not as stable, filled with independently perceivable ob-
jects, separated from the perceiving subject, but as a world in flux,
an eternal becoming in which subjects (also eternally becoming)
are immersed” [9]. Interactions with technology are rarely static
and yet temporality is often overlooked in the articulation of user
experience. We encourage HCI researchers to assume dynamism
and flux rather than fixed properties and to consider the temporality
of interaction on all scales from the macro trajectory or narrative
arc of an interaction [3, 86] to micro details. As we found in the phe-
nomenological descriptions grouped under Relational Flux (section
4.6.2), felt sensations might have rhythm or local micro fluctuation,
shape-shift, drift in and out of awareness, and vary in intensity or
stability. A key challenge lies in the articulation and development
of research methods that allow these aspects to surface.

Attend to Sensory Difference
Study participants encountered the same assemblage of sound and
technological mediations but enacted wildly diverse listenings (sec-
tion 4.6.4). Perceptions of the installation do not neatly mirror the
stimulus, but diffract it, leading to marked differences in the felt
experience of listeners. Spiel has highlighted the prevalence of nor-
mative body conceptions in design research [80] and the need for
embodied computing to account for diverse bodyminds, differences
in “felt experience” [80] and neural difference [81]. These ideas are
echoed by Drever in their writing on auraldiversity [20, 21] and
are calls that we wish to amplify here along with a provocation
to consider sensory impairment in design practices. By sensory
impairment, we mean a continuum of difference, from the fluctua-
tion to sensory acuity that we experience on a day-to-day basis, to
sensory loss and more debilitating conditions. During early pub-
lic presentations of Being With The Waves we witnessed anxiety
around noise levels in the case of listeners with hyperacusis (which
involves a reduced tolerance to sound) and the tentative wearing
of headphones by hearing aid users. Our observations drew atten-
tion to the fact that we hadn’t placed diverse listening needs front
and centre in the design process. They highlighted the need for
accessible control of volume and muting, and the careful mixing of
audio elements in the composition to inspire confidence in diverse
listeners.

Adopt Multi-Modal Epistemology
Interactive technologies rarely address the modality of vision alone,
and more often address multi-modal perception. We are not sug-
gesting that a sonic orientation would be appropriate for exam-
ining interaction broadly. Rather, that methods produce data [33]
and should not be uncritically adopted. In fields such as Soma
Design whereby the data of experience explicitly shapes design
practice [37], this issue is perhaps even more acute. In this paper, we
have demonstrated that epistemologies derived from other sensory
modalities may reveal alternative characteristics of interactive expe-
rience. Besides the sonic, it may be productive for HCI researchers
to explore epistemologies grounded in haptic touch [29] or the ki-
netic intelligence of movement [78]. Ultimately, however, working
towards an integration of all sensory knowledge.
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5.3 Comments on the Research Apparatus
In our installation, study design, and analysis method we chose
to make particular agential cuts, which determine the scope and
content of our findings. For example, paratextual elements of the
installation such as its title, curatorial text and musical symbolism
inevitably shape the experience of listeners in some manner. It is
possible that when describing sensations of resistance or viscosity -
qualities ordinarily associated with liquids - listeners are influenced
by aquatic references in the work. By making this point we are
not suggesting that the data is distorted or its validity undermined,
but rather that these verbal descriptions are inseparable from the
singular installation assemblage. We do not expect our findings to
describe the experience of sound installation art in general, but we
are interested in how design elements come to shape experience.
Therefore, the question arises: where broadly similar interactivity
is encountered without those aquatic cues, is the feel of interaction
articulated by listeners with similar language and metaphor use? A
future study will remove explicit references to water to examine the
extent to which they inform experiential descriptions and under-
stand how the installation as an apparatus shapes the experiences
of listeners.

5.4 Conclusion
Contributing to the fields of posthuman and more-than-human de-
sign [13], this paper offers a practical implementation of entangle-
ment theories and the agential realism of Karen Barad in particular
[1], seeking consistency between epistemological commitments,
design intentions, and qualitative research methods. With the ul-
trasonic installation Being With The Waves we worked to create a
richly engaging listening experience while remaining sensitive to
the nonhuman influence of sound. We decentred human agency in
the design process by working with and harnessing sound’s materi-
ality, and in the articulation of listening experiences by targeting an
entangled subjectivity. Our findings highlight relational, temporal,
and mobile qualities of interactive experience, and emphasise the
plural nature of listening. Broader questions such as “how does
the inaudible decentre human subjectivity?” and “who or what can
listen to the installation?” fall outside the scope of this paper, but
point to the wider implication that sound as a material can lead
to new ways of thinking about interaction design and entangle-
ments with technology [6, 7]. Further inspiration might be found
in the activities of deep listening, which involves “expanding to the
whole field of sound while finding focus” as a way to connect and
attune with the environment [48, 64], and field recording through
electromagnetic, seismic, and underwater microphones to enact
more-than-human engagements [2].
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A CURATORIAL TEXT
Explore sound as a fluid presence that fills the space around you and
discover stories of seaborne experience woven into an immersive
composition that bends and shifts with your movement. To the
naked ear, the installation appears silent, but a hidden world of
voices, instrumental tones, and maritime sounds and is revealed
through wearing special headphones.

B INTERVIEW QUESTIONS
B.1 Semi-Structured Interview

(1) In broad strokes, could you tell me the story of your experi-
ence, listening to the installation? If it makes sense for you
to do so, then you could start at the beginning when you
first entered the space, and then describe was happened over
time.

(2) What did you do to listen to the installation? Probe - phys-
ical actions, listening strategies, physical and perceptual
behaviours that happened over time.

(3) How did you feel while listening to the installation? Probe -
emotions, bodily sensations, mental images.

(4) Examining your own experience, are there ways in which
the experience of listening is similar/ different to everyday
listening situations? Or, an alternate framing of this question:
How would you describe the sensation of listening to the
installation to somebody unfamiliar with it?

(5) Did you notice the listening technology?
(6) Are there any moments in your experience that stand out as

particularly salient or memorable?

B.2 Micro-Phenomenological Interview
Example interview questions for describing an auditory sensation:

• And when you hear x, what do you hear?
• Does this sound come from somewhere? From how far away?
From which direction?

• How loud is it?
• What is its tone?
• How persistent is it?

Example interview questions for describing a bodily feeling:
• And when you feel this, what do you feel?
• Where is this sensation? Is it located somewhere?
• Does it have a size?
• How intense is it?
• If I had this feeling, what would I feel?
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