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Figure 1: Audiences in the installation. Photo by Ron Herrema

Abstract
HUELLASDEAIRE is an immersive interactive sound installation
that invites audiences to immerse in a soundscape where breath
and air intertwine with memory, emotions, and urban ecology.
The work explores the profound emotional connection between
human breathing, air, and memories in the urban environment of
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Medellín, Colombia. It displays sound traces of air left by fourteen
participants who experienced a three-Day workshop involving
Deep Listening, data sonification and sound sensor interaction at
the Museo de Arte Moderno de Medellín, fostering an attentive
and inclusive awareness of the soundscape and their memories
of breathing in the city. The work is activated by eight proximity
sensors and one microphone sensor surrounding the sides and
ceiling of the exhibition space. Audiences can move guided by
poetic invitations projected on the wall and immerse in the lis-
tening of sonic variations while activating the data from PM 2.5
particles measured in the city. The space becomes a collective
interface for relational listening that changes sound frequencies
and generative sounds according to the movements of people
in the space, which randomly triggers prerecorded sounds of
individual and collective breathing experiences of participants in
the workshop. Although commissioned as a solo artist installa-
tion, the layers of community engagement with the installation
(ideation, implementation, and interaction) activated a complex
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interface for collective listening that led to experimentation with
body movement and sound combinations, using Pure Data/BELA,
sonification of air data, and ambisonic sound spatialisation, en-
gaging us in a communal environmental dialogue using critical
pollution data with a poetic approach for a human emotional
experience.

Furthermore, emergent metaphors from the audience experi-
ence leads us to develop interfaces for relational listening as a
collective instrument to engage with environmental data as tacit
presence of the vital air we breathe.

Keywords
Sound Installation, Ambisonics, Collective Interface, Relational
Listening, Deep Listening, Air Pollution Data, Breathing

1 Introduction
The artist Ximena Alarcón-Díaz was commissioned to develop an
experimental artistic installation in relation to the air pollution
of Medellín, Colombia, to be offered to a diversity of audiences
for a period of four months[11]. With the idea of involving peo-
ple in an educational process engaging in questions of listening,
scientific understanding of such data, sonification and interac-
tive technologies, the artist, whose research explores Interfaces
for Relational Listening - INTIMAL [2], proposed a three-day
workshop to listen to breathing, and to experiment with data
sonification and embodied interaction using Pd and BELA hard-
ware and software in collaboration with the composer, creative
technologist and educator Ron Herrema. The workshop engaged
fourteen students from different universities, as well as some
interdisciplinary artists to come together in an experience of
listening to air, which follows previous experimental artworks
at the Museo de Arte Moderno de Medellín (MAMM) in bioa-
coustics. It was thought this experience of listening, sharing and
learning with different technologies might inform an artwork for
general audiences.

The artist’s questions were the departure for this work:
How to feel and listen collectively to the air that permanently

fills our living and relational environment and mediates among all
beings living on this planet earth?

What relationship do we establish with the air quality index
data, in an installation to aid understanding air, a material we can’t
touch, we can’t see, and that doesn’t sound, but that is eminently
relational between us?

This article describes the process of community engagement
exploring answers to these and other different questions, in the
three different phases of the creative process and how these
informed the installation:

1) the three-day educational workshop with fourteen partici-
pants experiencing a collective process of listening to memories
of air, immersing in a scientific understanding of the data in the
air quality index, the experimentation with BELA hardware and
software using proximity and touch sensors, and sonification of
such data.

2) The implementation of the artwork with a dedicated team
working on signal processing, sensor response, ambisonic am-
plification, lighting and an electronic setting for a resilient and
engaging interaction from a diversity of audiences.

3)The experience of spontaneous and guided audiences in the
installation.

As we describe the different phases of the installation, we
infer from the community layers that emerged in its creation,

and the creative, and technical challenges we experienced to
reflect on the rich embodied experiences with air to be offered to
general audiences. We interwove characteristics of communities
of practice [16], such as listening , collective ideation, art and
technological training, and leadership. The writing of this paper,
in itself, is for us a stimulus to reflect and explore future avenues
of creation with the communities that were seeded in the making
of HUELLAS DE AIRE.

2 A Three-Day workshop
2.1 Day 1: What inspires you? - Listening to

Memories of Body, Air, and City

Figure 2: Participants in a listening meditation. Photo
MAMM

First, participants engaged with the artist in a full day of Deep
Listening [12] experiences (Fig. 2), exploring embodied memories
left by air and breathing. Prompted by the question, "Who inspires
you?", they responded with an emotional energy that embraced in
their memories family members, their community, and places of
vibrant nature. They explored breathing, by listening within their
body as it feels in the present moment, and also by listening to the
memories of breathing in the city. They drew imprints of these
experiences (Fig. 3) that were understood as graphic notations to
be sounded with voice and aspirated sounds, first individually
and then collectively. They reported on the sensations and sounds
of their breath as an inner journey that permeates the body and
the surrounding space.

When collectively sharing a listening walk in the city, they en-
countered moments in which interactions mediated by air called
their attention; this was intended as a meditation between their
own breaths and the breaths of humans andmore-than-human be-
ings along their path. At the end of the day, the artist introduced
recordings of songs of an endemic bird called Cacique Candela,
inviting participants to listen and improvise with sounds, ampli-
fying their imagination of what it would be like to become a bird.
They used various folk wind instruments and also homemade
wind instruments. This improvisation unfolded an invocation
rising in the air like breaths of soul and wings, that supported a
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Figure 3: Trace of air. Participant’s drawing on breathing
experience. Photo MAMM

collective meditation on more-than-human beings that share the
air with us.

These sonic experiences were recorded by the artist and by the
participants in ambisonic format, and informed the first dataset
of sonic material of the installation, labelled according to the
recording and sounding exercises as Traces of Air 1, 2, 3, and
4. This communal experience set the basis for the practice and
ideation of the following days where technologies became the
center of experimentation.

2.2 Day 2: Understanding Air Data and
exploring sonification

On the second day, with the artist’s collaborator we delved into
the data that measures air quality in the city, We asked the group:
how can we sonify an annual sequence of air pollution data in
Medellín as a sonic meditation on effects and affects on humans
and more-than-human beings?

A scientist from the metropolitan agency of Medellín, Sistema
de Alerta Temprana deMedellín y el Valle de Aburrá (SIATA) who
carries out the measurements of air quality in the city, explained
to us the air quality index, the particles in the equation, and the
complexity of effects of the air. How, from our surroundings, it
moves to the sky, and how harmful particles that accumulate
cannot be easily evacuated because of the city’s singular geo-
graphical location. Among the particles, the largest effects are
made by the PM2.5 particles. These are so small that they cannot
be filtered through the nose, thus directly affecting the lungs.

In 2017, the city suffered one of its highest air pollution crises.
One of the participants showed us a photo taken with an im-
mense cloud of gray covering mountains, buildings, and the trees.
The PM2.5 particles are generated by motor vehicles without
particulate filters and by factories. Any urban intervention, such
as the current accelerated building construction, influences the
circulation of particles. Weather phenomena also affect particles:
the rain at night cleans the air, while the rain in the evening in-
fluences the movement of particles in a different way. Also sand
of the Sahara desert could influence the cycle of the air quality
in the city.

We wondered about the relationship between air pollution and
noise in the city. Sources of air pollutants also produce acoustic
levels that prevent us from hearing our own breathing. Birds are
affected by the high decibels reached by motor vehicles, and their

heart does not resist these frequencies. We wondered about other
effects also in humans.

The understanding of data in the index of air quality in the city
(Fig. 4) left us with a complexity of the situation and wondering
what are the subtleties of this interactive sonic experience, how to
create with this data through relationships between sounds, emo-
tions, and interactivity, and how to stimulate both understanding
and agency in audiences.

Figure 4: Chart of Air Quality Index of PM2.5 and effects
on human health. Taken from IQAir

When explaining sonification, we asked a simple question:
‘what is the sound of data?’.We suggested that there were roughly
four possible objectives when sonifying data: to monitor, to re-
search, to educate, or tomake art (i.e. ‘extraordinary experiences’).
We also offered participants a range of examples of data sonifica-
tion—for example, a realtime generative website (‘weatherhum’)
[9] that visualises and sonifies the user’s local weather condi-
tions; a set of Pd patches [10] that visually demonstrate the flow
of data; an interactive website [5] that sonifies human emotion;
an artwork [8] that sonifies cyber attacks; and a live telematic
performance that incorporates the sound of breathing data[3][7].
We then reflected on how we might sonify data ourselves.

The sound of data opens the way to aesthetics and transmis-
sion of acoustic senses that elevate its descriptive element to
envelop us in a sensory experience. The transmission in real
time, or with predetermined times, might add rhythms and in-
terventions of values that fluctuate, and that also make sense
through their repetition. Numerical abstraction could give sound
meaning, and textures to the behavior of particles that we cannot
see, using variables that measure air quality. With this in mind,
we had two options of retrieving the data: either through the
Excel table of accumulated data provided by the metropolitan
agency, or by focusing on one of the stations providing data in
real time. We noted the interactive challenge of using real-time
air quality data, to be sonified, as it is typically measured and
reported on an hourly basis. Our intention was thus to offer one
year of data to develop sound sequences that ultimately function
as meditations on this complexity.

We wanted to use free and open-source software and thus
chose Pure Data (Pd) as the principal means of instruction and
experimentation. As the range of expertise with audio software
in the assembled communities was variable, we offered a basic
Pd patch (called Medellín patch) that could be elaborated and
modified. (The patch used a band-pass filter that used data to
modify the sound of a combined noise and sawtooth wave.)
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The diversity of skillsets and perspectives of the varied com-
munities and participants produced a variety of results, which
we were then able to audition and reflect on. This served the
dual purpose of providing a basic working knowledge of the
technology while also stimulating ideation, leading to proposals
that would be more consolidated the day after with the introduc-
tion of BELA and sensors, such that the data and sound could be
affected by body movement.

2.3 Interaction with Pure Data/Bela:
proximity and touch

Figure 5: Group 4 working with sensors and BELA. Photo
by Ron Herrema

On the third and last day of the workshops, we asked about
the interaction: how do we navigate deeply, between the air traces
that are left by humans and more-than-humans in an installation
space?

To introduce BELA hardware and software to participants we
focused on two types of sensors: proximity sensors and touch sen-
sors. To work with a group of fourteen participants we had three
BELAs, a TRILL craft sensor, and two proximity sensors. We used
workshop materials such as conductive copper tape, connected
to conductive thread already connected to the TRILL craft. We
also used breadboards, paper, pens, fabrics, and worked in a large,
inspiring space surrounded by textured windows with a view to
the city. These materials shaped the collaboration that needed to
be developed among four groups of participants developing an
interactive idea, incorporating the data that had been introduced
the previous day, together with the sensory experience of the
first day (Fig. 5).

We suggested that participants think of ideas of distance and
touch, and approaches to interaction in a sound art installation
inspired by works developed using BELA [4] [17], and asked
them to work on an idea incorporating sounds recorded on the
first day, generative sounds using the data of PM2.5 in Pure Data
(Pd), and physical interaction using BELA.

The process of ideation included graphic tools for the drafting
of a space, based on the actual space where the installation would
take place, with a proposed trajectory that audiences could follow,
as well as the definition of points that could be activated by
interacting with the body, generating the playback of sounds,

sonic amplification, and the use of image if needed. We thus
included a ‘script’ to help place and think of possible interactions
(Fig. 6) (Fig. 7).

Figure 6: Table to aid the writing of an interactive script.
Provided by the artist

Figure 7: Graphic for ideation of movement in space. Pro-
vided by the artist

In the dynamic of groupwork, some of the participants focused
on the planning of the installation by choreographing how these
might work with body movement and audiences. Others, who
already had technical skills to engage in Pd and Arduino, found
easier the use of BELA, and focused on the making with the
technology. At the end of the day, three groups reported on their
proposals for implementation (Fig. 8):

2.3.1 Group 1. “The proposal is to offer a space whose base
sound is the sonic representation of SIATA data, which translates
pollution levels. There is no silence. If the levels change from
yellow to orange or another color, the sound intensifies in vol-
ume. It’s possible to propose a switch, like a light switch, that
can be activated to stop the ambient sound. This would make it
perceptible, in sonic terms, what would happen if the level were
green. But it would activate automatically after 10 seconds (for
example).

However, the most interesting aspect is approaching the com-
plexity: that it’s not just one thing (cars, industry, or buildings),
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Figure 8: Group 1 showing proposal. Photo MAMM

but that other factors, such as fires in other regions or the sands
of the Sahara, influence and connect us to the air (and the land
and water) of all places.

In parallel, the ground (which is the earth) reacts sonically to
weight or friction, depending on the type of sensors. Activating
different types of soundscapes: birds, leaves rustling in thewind, a
distant song, an ocarina, sonic memories of individuals, breathing
in different circumstances: meditating/walking, running, having
sex, feeling fear.

Then the conflict between the ambient sound (which sonifies
the state of the air) and the soundscapes activated by walking,
sliding, or jumping, is the problem. If the air quality were green,
there would be no conflict. But if it’s yellow or orange. . . it be-
comes difficult to hear the other sounds. So, the switch has to
be turned off. If there are several switches and the intervals are
short or randomly set. . . something could be composed between
the soundscapes activated by weight or friction (the dance) and
the ambient sound, which is the sonification of the SIATA data.”

This proposal brought to the artist’s attention the lack of si-
lence, because the particles are always present in the air. The
saturation of PM2.5 will produce some changes in the sound as
people interact with the space. This would take us to a poetics of
human agency in the face of the pollution. The ground as an inter-
active space reacting to weight and friction was interesting, and
difficult to bring to the installation considering time, complexity
and resources. Following the complexity of the influences of the
air, this proposal highlighted human agency and imagination
with a switch, randomly bringing different soundscapes recorded
in the workshop.

2.3.2 Group 2. “The proposal is to depict the evolution of how
human activity has affected nature through a three-stage timeline,
each stage representing different periods in history. The first stage
represents the prehistoric period when human interaction did
not have significant repercussions on nature. The second stage
reflects a transitional period in which human activity began to
affect how nature develops. Finally, the third stage represents the
current state of history in which air quality is highly influenced
by our fast-paced lifestyle.

In each stage, it will be possible to interact with each sound
recording using the conductive tape and the BELA. The sound
recording will vary depending on the number of people interact-
ing with each stage.

In the first station, songs of the Cacique Candela bird are
played. When people interact using the conductive tape, the
sounds recorded in Trace of Air number 4 will be played, thus
representing the interaction of humans with nature in prehistoric
times. In the second stage, using the Medellin patch, air quality
data will be sonified with a sound similar to rain. Themore people
interact with the conductive tape, the more rain sounds will be
heard, along with samples from Trace of Air 1 . The Trace of
Air 1 samples represent the most direct human interaction with
nature.

In the third stage, the current situation will be represented by
recordings of the walk. By sonifying the real-time SIATA data, the
current air quality situation can be conveyed. The sonification
will be done using samples, creating a soundscape based on the
air quality at that moment. When people interact, the samples
from the sensitive points will be played.

The green square represents the entrance, while the blue, pur-
ple, and red squares represent stages 1, 2, and 3 respectively.
Each orange circle represents the sensors with which people will
interact. (Fig. 9)”

From the artist’s perspective, this group had a clear pedagogi-
cal idea about historical moments in human time in relation to
nature. Real time data is ideally proposed for the awareness of
air quality in the city, displaying recordings that in the workshop
were called “sensitive points,” implying an awareness developed
during the listening walk of how humans and more-than-humans
are interacting with the air. In fact, stations that measure air qual-
ity data update every hour. For this reason, working with real
time data could not bring sufficient dynamics to the installation.

Figure 9: Trajectory of installation proposed by Group 2

2.3.3 Group 3. The third group explored movements in the
air using proximity sensors, extending body movements into
distance-oriented interaction. These movements were inspiring
for the artist, as participants were drawing the space with the
movements. The artist envisioned the option of having proximity
sensors in different areas of the room that could surround the
entire compass of the body, specifically sensing arm and hand
movements, and taking into consideration different body heights
(Fig. 10) (Fig. 11). (There was one sonification idea by a partic-
ipant who requested that we exclude the description from this
paper, which we have respected. The authors valued this creative
idea but did not incorporate it in the composition.)

The educational experience introduced avenues for compos-
ing interactive sound installations, interfaces and/or instruments
for new musical expression. Committing to a particular design
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Figure 10: Group 3 in ideation of movements in the instal-
lation. Photo by MAMM

Figure 11: Group 3 in ideation of movements in the instal-
lation. Photo by Ron Herrema

proposed by the different participants in a three-day workshop
proved challenging for only one installation, as occurs in any
creative collective space. Spatialisation, being an important tech-
nical part of the work, was not offered in the workshop because of
the time constraints. However, our communal experience seeded
forms of teaching these possibilities to a variety of practitioners,
whose ideas offer diverse aesthetics and options to expand in
the future, according to the means and artistic or educational
purposes, as well as the time available for such workshop series.
Eventually, some of participants’ ideas were, in fact, tested and
incorporated into the installation proposed by the artist.

Reflecting on the type of co-creation exercise we experienced,
we use Simon’s [14] discussion of levels of audience participation,

mentioned in Cuenca-Amigo and Zabala-Inchaurraga´s review
on co-creation in museums [6]. We realised that the three days
of educational workshops took the form of “contribution” from
the participants, in the sense that participants proposed ideas
for a commissioned work of the artist, while the process of im-
plementation functioned as a form of “collaboration” with the
authors of this paper. We think that, in this context, a process of
co-creation—in which the goal of the exhibition is decided and
implemented by the participants and the artist, supported and
commissioned by the museum—would have demanded a longer
period of time to enable the development of ideas and skills, as
well as forms of implementation.

3 Implementation
The implementation team consisted of the artist, two sound en-
gineers, Esteban Henao and Juan Felipe Amaya Álvarez, and
the MAMM installation team, managed by the curator Jorge
Barco. The implementation team invited one of the participants
in the workshop, Adriana Maria Gutiérrez Grisales, to assist in
the acquisition and placement of electronic components, gaining
a technical understanding of the project, and physically realiz-
ing the artist’s conceptual proposal. This experience provided
a practical application of prior learning. This team became a
community of creative and technological practice, sharing skills,
solving problems and learning further to work with BELA CTAG
Beast, a relatively new technology for us, in a challenge of using
a large number of sensors and ambisonic amplification for nine
loudspeakers, all controlled from this microcomputer. Collabora-
tive work proved fundamental to this process. The integration
of diverse knowledge enabled the collective construction of so-
lutions, highlighting the value of situated and shared learning.
This collective dimension broadened the understanding of the
installation not only as a technical object, but also as the result of
a network of interrelated knowledge. Likewise, the experience re-
inforced the importance of attentive listening in the operational
dimension of the installation. Precise understanding of instruc-
tions, task coordination, and effective communication within the
team were crucial for the installation’s proper functioning.

3.1 Composition, movement and sonic
experience

The installation HUELLAS DE AIRE, as developed by the artist,
drew on the collective reflection of the three day workshop, and
offered an artistic perspective that invited audiences to experi-
ence rituals of listening, aided by poetic prompts (Fig. 12). The
position of the sensors in the space was intended to create explo-
ration of free body movement vertically and horizontally, and to
consider solo and collective interactions.

The space was intended to be understood as filled with traces
of air, emotions, and physical particles, to be activated and trans-
formed into sound by the movement of the visitors, also revealing
the relationship between polluted air and human emotional mem-
ory of breathing. The experience was seeking to raise awareness
about the impact of air on people’s lives, inviting such reflection
through listening and movement.

Initially the artist proposed an installation with ten proximity
sensors, each with a range of approximately 50cm, surrounding
the audience from the sides, and from the ceiling (Fig. 13). These
would respond to the audience’s proximity and to play generative
sounds changing with distance (Fig. 14). The PM2.5 data would
run and change in speed activated by distance. Also, some sensors
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