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Abstract: This paper reports on the Lab that the authors conducted during the
DRS2024 conference. Through novel concepts of "Auditory Footprint," the authors
aimed at exploring and highlighting the perceptual and ecological dimensions of sound
events in both private and public spaces. During the DRS2024 Lab, multidisciplinary
experts explored Al’s capacity to interpret and influence human interactions with
soundscapes, proposing speculative-use cases, and addressing challenges such as
subjective perception, equitable data collection, and ethical considerations. The
findings advocate for a responsible integration of SoundAl technologies, aiming to
foster accessibility, environmental awareness, and community well-being, while
mitigating risks. Future work will formalize frameworks for Al-based sound
applications and explore policy and technical feasibility.

Keywords: soundscape; Machine Listening; Artificial Intelligence; human-data interaction

Our living environments, both private and public spaces, have changed over time and can
impact many elements of our personal, social, and professional lives, both in the individual
and collective dimensions. Researchers, designers, and representatives of various industries
are increasingly interested in intuiting and forecasting how people are impacted by their
surroundings. People change the way they interact with the spaces they inhabit, and shape
the environments according to the actions they have to perform. Acquiring and analysing
data of human behaviour and ways of living have been traditionally very challenging due to
the private nature of the home environment and the complexity and diversity of living
contexts around the world. Today, the growing presence of technology in our lives (i.e.,
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intelligent devices and loT at home) and their seamless integration with our daily actions —
including new habits (e.g., quantifying our activities and creating digital twins of our body
and thoughts), enrich the possibility of using opportunistic data to reveal certain aspects of
our lives. In the realm of sound, for example, smart speakers and music services have
brought the idea of Al-assisted sound analysis and reproduction to the broader market.
However, we are still far from using SoundAl research (e.g., research on generative Al for
music or sound effects production, and automated identification of sound events through
Machine Learning) to impact people's sound-conscious behaviour in their day-to-day lives.
This is due to several issues, such as awareness of concerns about privacy, and unclear
practical applications or commercial opportunities.

At the same time, there is growing interest in the study and improvement of our acoustic
environments. The soundscape approach (i.e., studying the acoustic environment as
perceived and experienced by listeners) is becoming a common ground of research with
interesting application domains emerging, including analysing sound in urban spaces such as
building facades, sidewalks, streets (Callero et al., 2018; Bello et al., 2019) also as an
indicator of social behaviour (Lenzi et al., 2021), and computationally modelling the changes
in outdoor Sound Pressure Levels (Caniato et a., 2021; Salazar Miranda et al., 2020).
Computational models of the acoustic environment have been developed for analysing
indoor soundscapes (Ohran, 2019; Spagnol et al., 2022) with the goal of comparing people's
qualitative perception of sounds (Torresin et al., 2021; Torresin et al., 2019) or of analysing
and forecasting the impact of noise on human cognition (Mehta et al., 2012) and on
environments that are shared (e.g. urban space, hospitals, for a recent review, see Lenzi et
al., 2023).

However, these early approaches miss the possibility of acquiring insights into how Artificial
Intelligence — a growing field of research in, for instance, vision-related fields (e.g., image
recognition or generation) — interprets the traces of sound events, understands the activities
that produced them, and measures their impact on the shared environment. At the
moment, the field of computational sound analysis is still lacking research conducted in
living environments (indoors and outdoors), a necessary step to explore which are the
possibilities of an ‘Al for sound’, its future application scenarios, and its impact on the lives
of humans and other species.

1.1 Auditory footprints: On the impact of sound in everyday life

The ability to construct meaning from listening to the world is central to human perception.
As humans, we rely on sound events to make sense of, interact with, and sometimes predict,
the behaviour of our surroundings in natural as well as artificial (urban, virtual) personal and
shared environments (Lenzi et al., 2024). Recent research underscores the role of sound in
fostering emotional connections between humans and robots (Liu et al., 2023). Empirical
research highlights medical personnel’s reliance on auditory cues in orthopaedic operating
rooms to execute precise, sound-triggered actions (Ozcan et al., 2022). Moreover, the
COVID-19 pandemic highlighted the profound impact of altered soundscapes on human-
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environment interactions (Lenzi et al., 2021), interspecies relationships (Duarte et al., 2021),
and even on plant life (Phillips et al., 2021). In the realm of cinema, the semantic, causal, and
material dimensions of sound are employed to construct narratives and direct audience
interpretation (Chion, 1994).

In its seminal work ‘What in the world do we hear? An ecological approach to auditory event
perception’ (1993) which served an inspiration for this Lab, Gaver introduces the definition
of ‘everyday sounds’:

“Imagine that you are walking along a road at night when you hear a sound. [...] As you
stand there in the road, it is likely that you will not listen to the sound itself at all.
Instead, you are likely to notice that the sound is made by an automobile with a large
and powerful engine. Your attention is likely to be drawn to the fact that it is
approaching quickly from behind. And you might even attend to the environment,
hearing that the road you are on is actually a narrow alley, with echoing walls on each
side. This is an example of everyday listening, the experience of listening to events
rather than sounds.”

As we flow into countless different contexts, events, and interactions in our daily lives,
sound - and the act of listening - help us make sense of the world around us by decoding and
interpreting the information that the sound events carry (in Gaver’s words, “that the sound
is made by an automobile with a large and powerful engine”). Additionally, and inextricably,
sounds also carry perceptual qualities to which we, as humans, learn to assign emotional
and psychological values: the sound of an engine can be perceived as pleasant or unpleasant
and even adventurous, depending on the context and our personal interests, beliefs, or prior
experiences (Ozcan, 2014). The soundscape of a public space can be perceived as chaotic or
calm depending on our expectations, goals, or personal circumstances.

In our previous work (Lenzi et al., 2023), we coined the term Auditory Footprint to define a
novel approach to the assessment of the quality of our everyday (private or public)
soundscape, which combines the identification of the sound source, its physical properties,
and its affective qualities as perceived by listeners. The word 'Auditory' refers to the sense of
hearing and here is used to capture the perceptual impact of sound on the hearing system.
‘Footprint’ refers to those characteristics that help identify a particular sound event e.g., the
source that produces it and its acoustic properties (frequency, amplitudes, timbre....). The
Auditory Footprint of a sound in computational language would then aim to assess the
perceived quality of a specific sound event through an aggregated index which - similarly to
the Carbon Footprint - provides combined information on the impact of specific sound
events on the environment as perceived by humans. Such a novel approach would leverage
algorithmic modelling to inform end-users with the goals of increasing awareness of the role
of sound in everyday life and of supporting better decision-making to mitigate the negative
effects of sound pollution. Monitoring such footprints will improve the quality of the
acoustic environment in spaces where issues of poor sound quality and its negative impact
on the resident populations are well known - such as hospitals, urban spaces dominated by
traffic and other noise sources, schools and other educational buildings, and crowded
residential buildings (Lenzi et al., 2023).
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But how would the Auditory Footprint of sound be measured, and what is the potential of
Artificial Intelligence - and specifically, of Machine Listening (from now on, MLi i.e., Machine
Learning techniques applied to the automatic identification and classification of sound
events, Salomon and Bello et al., 2017) — for the automatic assessment of soundscape
quality in public and private spaces?

1.2 Frontiers in SoundAl: Soundscape studies and machine learning for sound-
based activity inference

All sound events carry information relevant to us and represent meaning (Ozcan et al, 2012).
Typically, the relation between humans and sound events is measured by the sound’s
physical power and its psychological effect on listeners (i.e., loud sounds may be arousing
and soft and dull sounds more relaxing). Therefore, acoustic and psychoacoustic properties
(e.g., sound’s loudness over time, or the annoyance it causes to human listeners) are used as
means of measurement. Bioacoustics (Sueur and Farina, 2015) and ecoacoustics (Farina et
al., 2024) are tasked with assessing such characteristics in relation to non-human living
creatures and their respective ecosystems (e.g., how is underwater life affected by marine
industries?). Growing in traction, soundscape studies have been developing methods and
techniques for the assessment of the affective quality of sound events (e.g., pleasantness
and eventfulness) as perceived by humans in context (ISO 12913-1:2014).

In the most widely used soundscape evaluation protocol (Axelsson et al., 2010 and I1SO
12913-3:2019), the affective qualities of sounds are measured through eight attributes, i.e.,
Calm, Pleasant, Exciting, Eventful, Chaotic, Annoying, Monotonous and Uneventful which are
later combined in a predictive model of a given soundscape’s quality (Mitchell, 2022).
Additionally, to accurately describe how individual sounds (e.g., sounds of humans, alarms,
machinery) contribute to the perception of such quality, sound sources are identified and
classified manually by human listeners. Currently, meaning extraction for detected sound
events is a retrospective analysis tasked on actual listeners as Al-based technologies are
lagging behind (for instance, compared to the automated image recognition technology
widely available even in consumer products).

Research that explores MLi to automatically classify sound events and computationally
model the affective response of humans is on the rise. However, such research mainly
focuses on outdoor environments (Lenzi et al., 2023; Merino-Martinez et al., 2021; Mitchell
et al.,, 2021; Pedersen et al., 2018; Salamon et al., 2016; Broccolini et al., 2012). This is due to
several concurring factors, among which is the presence of international legislation that
requires local authorities to periodically monitor and map the noise levels in urban spaces
(European Parliament, 2000), and the increased diffusion in cities of fixed sensor networks
for the automatic collection of large volumes of soundscape data (Sevillano et al. 2016).

While there is clearly a scientific gap for intelligent solutions for the algorithmic modelling of
the soundscape, a series of unresolved issues are faced, including critical ethical and privacy
concerns in the collection of the required audio data for the training of algorithms, as well as
in the application of such ‘monitoring’ technology. These concerns are recognized by
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providers of commercial solutions for audio data collection for Al (Javahid, 2023) as well as
by researchers (Nautsch et al., 2019). Ideally, as a first step, a responsible and ethical Al for
sound would support traditional sound measurement methods, and develop and
incorporate computational models for sound source identification to provide more relevant
information to the public (Lenzi et al, 2023).

As researchers interested in the monitoring of the soundscape quality with a goal towards its
improvement, we engaged in a joint effort to explore the boundaries of the application of Al
technologies for the automatic assessment of our everyday soundscapes and the potential
impact (both positive and negative) of its development and application. The laboratory
presented in this article is a first outcome of this effort.

The Lab we conducted during the 2024 DRS conference was part of an ongoing collaboration
between the MIT Senseable City Lab (SCL) and the Critical Alarms Lab (CAL) at the Delft
University of Technology (TU Delft). The collaboration is exploring the potential of MLi on
our relationship with sound and the soundscape, and in particular the role and ethical
implications of such technologies. The collaboration is taking place over three distinct
phases, of which the Lab proposed for DRS2024 was the central phase.

Phase 1: Exploration

In an exploratory phase, we framed the guiding questions of the research, which aimed to
investigate what Al-based agents can understand of human activities by listening to them,
both in private and public spaces. Specific research questions included:

e What is the predictability of human activity based on a distributed microphone
network?

e Can we detect how people inhabit and interact with their environments by
analysing their soundscape?

e Can Al recognize and monitor the activity we perform in the privacy of our
homes by listening to it?

e What are their possibilities and future scenarios in the context of private and
public environments?

Phase 2: Speculative design session

During the DRS2024 conference, we conducted a one-day activity to engage domain experts
such as sound experts, Al experts, design researchers, sociologists, other scholars, and
activists, to address the theoretical, practical and ethical consequences of MLi applications
when introduced into the real world. A detailed description of the Lab’s setup and outcomes
will follow.
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Phase 3: Action list

The third phase of the Lab, currently ongoing, is based on the exploration of specific-use
cases as they emerged from the DRS Lab. Current topics. Early topics include the automatic
detection and generative design of soundscapes related to cultural identity in the context of
migrations, and automatic detection of biodiversity and multi-species auditory sensitivity in
the urban space through sound.

Figure 1. The setup of the Lab with three expert groups discussing the topics proposed and a view of
the DRS design researchers consolidating the experts’ final opinions.

During the DRS2024 conference, we specifically selected and invited experts to engage in a
one-day activity to address the theoretical, practical, and ethical consequences of SoundAl
applications (starting from, but not limited to, Machine Listening) when introduced into the
real world. Nine experts from areas including sound computing and sonification, sound-
driven design, acoustics, urban studies, public health, design, and performing arts joined the
Lab for a closed-door half-day session. The second part of the Lab was devoted to an open-
door session where experts shared the outcomes with a broader audience of DRS
conference attendees with approximately 50 design researchers. The setup can be seen in
Figure 1.

At the inception of the Lab, participants were split into three groups of three people, each
assisted by a facilitator from the organisers’ team. Experts were grouped according to their
expertise with the explicit goal of fostering multi- and cross-disciplinary discussion (e.g.,
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sound experts, who were the larger group, were equally split between each different group).
Four ‘trigger questions’ — which were intended as a facilitator for discussion and had been
identified during the Phase 1 of our collaborative research —were presented to the
participants. The questions, listed below, were intended to provide initial hints for debate:

1. Whatis an ‘Auditory Footprint’? How does sound impact our relationship with
the world? What should an algorithm that measures the Auditory Footprint of
sound tell us that can empower users to improve the sonic environment?

2. What could Al for sound (and specifically, Machine Listening) be used forin a
way that benefits society?

3. What happens at the interface between indoor sounds and the city?

4. What could Al for sound (and specifically, Machine Listening) be used for in a
‘dystopian’ scenario?

For each question, participants were asked to debate among themselves in order to reach
some consensus on the theme, with their comments to be shared later with the entire
group, and with non-expert participants during the open-door session. The conversation
among each group was transcribed in real-time (using the online collaborative environment
Miro) by a member of the Lab’s organising team who also served as a facilitator for the
group. See Figure 2 for an example.

. . ‘ o org Q2: What could MLi be used for in a way Q3: What happens at the interface Q4: What could MLi be used for in a
QidWhatisianjAucitorectpanta that benefits society? between indoor sounds and the city? ‘dystopian’ scenario?

Figure 2. An excerpt of the Miro board representing the expert discussions.

2.1 Analysis of results
We report below on the discussion and insights provided by the participants for each trigger
question.

Question 1: What is an “Auditory Footprint”?

In general, the experts from the three teams shared a similar viewpoint in highlighting that
in the case of soundscape and sound events, ‘Footprint’ might be a difficult word to use. As
citizens become more familiar with the concept of Carbon Footprint, the term might come
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“with already a negative bias” which, in turn, would fall short at conveying the cultural
meaning that sound has in our personal and collective lives. As one group pointed out, the
“cultural footprint of sound also reflects a structure of power” which, however, is not
measurable as an aggregated index of “acoustic and physical properties of sounds events” -
such as the Carbon Footprint is. Experts pointed at another potential ambiguity of the term
since the word ‘Auditory’ refers directly to human perception and our cognitive abilities -
again, unlike Carbon Footprint, the perceptual qualities of sound are not directly measurable
as an objective property. Moreover, as humans, we are used to “filter out the noise” and
focus on sounds that are meaningful to us. This brings an additional difficulty to the
measurement of Auditory Footprints to identify the harmful component of the environment:
in fact, the negative impact of a specific sound is highly contextual and - to some extent -
subjective. As one group pointed out, “if you gain something from a sound (e.g., loud and
upbeat music during a concert that empowers you), it will change your perception” and “if
people feel they are benefiting from the ambient noise, they perceive the sound differently”.

The discussion on the term Auditory Footprint highlights an underlying tension between the
negative and positive impact that sound can have on listeners. Sound quality perception is
contextual and to some extent subjective (versus the objective negative connotation of the
Carbon Footprint) thus influencing how much we would act to minimize or change the
impact of its ‘footprint’. Additionally, while, once we are aware of our individual Carbon
Footprint, there are measures we can take (or even buy) to balance it; an increased
awareness of the negative impact of a specific sound source (e.g., noise coming from wind
turbines) would not be easy to convert into direct action. The collective dimension of the
soundscape and our individual agency can be in stark contrast. Sound has an inter-relational
dimension where the causes of sound and its consequences are entangled - and individual
responsibilities are difficult to delineate.

Question 2: What could MLi be used for in a way that benefits society?

The experts proposed several ideas on how MLi applications could be used to serve
communities, with a focus on individuals affected by impairments. Yet, several experts
pointed out the risks of the infrastructure required for MLi to be leveraged for surveillance
applications, which have often debatable benefits to societies. Current Al efforts (both for
analysis and content-generation) are becoming more invasive in our lives and are changing
the ways we interact with and trust the world. Emerging efforts with SoundAl should
consider the lessons learnt and offer more responsible and ethical solutions that benefit the
entire society and the environment by addressing the real needs of people, other species
and natural ecosystems, i.e., planetary wellbeing in general. Pros and cons of some
application areas are presented below.

Tracking specific sounds through time in specific contexts could be an efficient way to
understand certain societal and environmental challenges. In this case, “using MLi would
enable humans to discover subtle variations in sound patterns” inaudible to the human ear-
thus measuring hidden footprints in complex soundscapes. A “city with ears” could “listen to
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the communities that are served by these systems” (e.g., via widespread networks of
microphones or audio sensors). This could lead to the development of an augmented
collective hearing which could be used by individuals and groups to compensate for the lack
of other senses, provide accessibility for the hearing impaired e.g., through “an augmented
‘instant listening’ device, a sort of Soundscope, which would help people to magnify certain
sounds and filter out unwanted noise”. It could also help identify hidden patterns of other-
than-human species within the urban space, such as animals and pets. The computation
power of MLI could “do what humans cannot do: move the point of listening between
ambient and targeted listening, support ‘remote listening’ for specific environments, act as a
‘fire detector’ to alert on specific sound triggers, an create a shared space in-between public
and private soundscapes”. Through massive audio data collected by MLI we could simulate
the behaviour of specific soundscapes and how these might lead to unwanted consequences
(e.g., traffic accidents at specific urban sites).

However, such technology could easily “backfire, and instead allow for surveillance - such as
acoustical cameras used to identify gunshot in several cities in the U.S., which ended up
discriminating against specific communities”. This might endorse a demographic bias
connected to specific sound events or soundscapes. Additionally, MLi technologies will have
to “listen all the time” - how this would impact personal and collective rights both in public
and private spaces must be a matter of concern. Lastly, before advocating for the massive
introduction of Al technologies, a reflection should be conducted on the question “what
other ways could be leveraged to use current technology without adding another new
technology?”.

Question 3: What happens at the interface between indoor sounds and the city?

First and foremost, the experts agreed that when it comes to our everyday soundscapes,
indoor and outdoor may not have a fixed boundary. From one side, there is a certain
variable porosity that has to do with intimacy, privacy, and the psychological dimensions of
private versus public spaces. At the same time, on the other side, indoor and outdoor could
be treated as the acoustic equivalent of “water and oil” - two substances that coexist but
never really merge into each other. In situations where an “inside (i.e., a private, personal
space of comfort) does not exist, (for example, in hospitals, or in temporary housing—such as
while traveling or renting i.e., when we are not ‘at home’—or in extreme homeless
situations”), being able to create one’s own soundscape by means of generative SoundAl
might be both an individual and a collective source of wellbeing. Through sound, we could
“restore health for people with negative psychological conditions”, we could create our
individual or collective “mixtapes, with birds singing at night if that comforts us”, or “listen
to indoor sounds when we are outdoors”, or to feel like “we are not lonely in the building”.
On the other hand, by means of Machine Listening applications, the interface between
indoor and outdoor - an intangible acoustic border - could have a filter that cancels some
specific sound.
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Regardless of being indoors or outdoors, an important topic arose in the discussions that
indicates that privacy, data ownership, and psychological safety are major topics of concern
for advancing Al applications for sound. Where are, then, the ‘acoustic’ borders for
acceptable personal, private, communal, and social soundscapes? Who do the sound events
belong to? When do we give consent, and when is our speech and other sounds made
public?

Question 4: What could MLi be used for in a ‘dystopian’ scenario?

The experts criticised that as a technology, the impact of Machine Listening on the individual
and the collectives is neutral - the focus should be on “who is in charge” of the design,
implementation and deployment in the public space of MLi solutions. In many contexts (for
instance, when vulnerable groups are involved) “sound might be the gate for the Trojan
horse to enter”, leading to discriminatory policies and unfair decision-making. In extreme
cases, a “total surveillance” scenario can be easily imagined where MLi devices are able to
“pick up our activity at home” and systematize control or record our conversations so that
they can be “brought back 20 years from now”. What will happen if individuals - or entire
communities - “are being silent?” We could experience cultural loss: the disappearance of
the meanings of sounds that are not interpreted by systematically deployed Machine
Listening.

There is a broader issue when trying to imagine MLi employed at large scale: that is, the
analogy we tend to use is of image- and visual-based Al. In fact, sound is a different “raw
material” altogether: While image is “containable”, sound is “multifaceted from inception”
in that it presents multiple semantic layers. How the multi-layered nature of sound will be
transformed into discrete units for Al to interpret and forecast its behaviour, will be critical
to the impact of MLi (and MLi - based solutions) on individuals and society at large. Thus, the
question brought in accountability for responsible and ethical design decisions at the core of
SoundAl and its introduction and application to society.

In general, a short-circuit emerged with the definition of the term Auditory Footprint. While
it was originally intended as a concept that was primarily focussed on the listener, and
holding a neutral connotation, the analogy with the term ‘Carbon Footprint’ seemed to
instead put the focus on the emitter, and in a negative sense. More generally, the meaning
of “footprint” is ambiguous. Footprints can be intended as the following:

e Feedback of an activity can be expressed as a footprint. In that sense, an
Auditory Footprint would focus on the act of listening to decode and interpret
the activity that generated it.

e An Auditory Footprint could also be interpreted as a measure of impact.
However, it is unclear how the direct impact of a sound (e.g., because of a

10
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specific sound, all whales in a particular area died) could be measured (as we do
with the Carbon Footprint).

e Listening is non-univocal, i.e., it has a subjective component as it is always
filtered by the characteristics (physical, biological, cultural) of the individual
listener. An Auditory Footprint should account for such diversity in listening, and
we should be able to automatise this process. In a future perspective, Auditory
Footprints may move from the notion of listeners to a ‘multi-listener level’.

e |tis still unclear whether an Auditory Footprint is an aggregation of different
processes (e.g., decoding the acoustic components, the perception of a sound,
the identification of the source...), in the same way that a Carbon Footprint
stands for an aggregated value of methane and carbon dioxide emissions as
they impact the atmosphere.

While the Auditory Footprint as a concept does necessarily include the listener’s perception
(i.e., receiver), a Carbon Footprints is only focussed on the producer i.e., the measure of the
environmental impact of products, services, and so on. Accordingly, the authors wondered
whether ‘Auditory Fingerprints’ could be a better metaphor for the intended function of
Auditory Footprints. Fingerprints are unique for each person, as are the traces of sounds on
the environment and on the listener. While it would require more custom care to develop
MLi algorithms that sensitively consider the individual experience of sound and how it is
influenced by contextual factors, identifying and classifying the fingerprint of a specific
sound event could be a good enough descriptor to assess the impact of specific sound
sources on a specific acoustic environment. The difference between Auditory Footprints and
Fingerprints reflects the experts’ critical approaches to the acts of listening that emerged
during the Lab. When considering the potential subjectivity of Auditory Footprints, the
experts highlighted that we could listen to the same sound various times (or in different
contexts) and attribute different meanings to it. This could be exploited as a resource in
designing automated listening toward MLi algorithms that are able to differentiate between
listening and merely detecting sound.

Amongst other emerging themes, the most common — which deserve further attention in
the next phases of our research — are:

1. Listening to other-than-humans (animals, pets, the natural world). Remote
listening to natural phenomena could be a positive advancement in many fields,
including monitoring climate change or biodiversity loss. MLi shouldn’t be
thought of as limited to the audible frequencies of humans.

2. More-than-human listening. MLi should allow for augmented listening or bionic
hearing, and potentially also be able to abstract sound from its time-based
nature. In the future, MLi applications could allow for listening to personalised
‘microscapes’ instead of soundscapes.

11
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3. Training dataset for MLi is still a critical issue. In developing them, we should be
wary of how and by whom audio datasets are created. An ethical issue could be
how the perception of the perceived quality of the sound e.g., of its Auditory
Footprint, would change if people were paid to listen to certain sounds for
labelling purposes.

4. MlLi holds potential to increase the accessibility of sound by fostering augmented
hearing for the hearing impaired and by leveraging the restorative and
comforting power of sound in cases of detrimental psychological conditions and
unwanted loneliness.

5. Finally, ethical implications emerged as having critical importance. Several
questions were raised that deserve urgent attention as Al applications of sound
are on the increase as we write. MLis could become a way to target specific
communities; and listening biases from the algorithm’s designers could be
embedded in the machines (e.g., a bias in soundscape studies that could be
transferred to the algorithm). The definition of privacy is critical to prevent
‘stigma by sound’ and should be taken into account. Lastly, since people tend to
have private conversations outdoors, the differences between collecting
outdoor and indoor recordings as a mitigating measure (common in
soundscapes studies) does not in reality solve privacy concerns.

In this Lab, we have discussed opportunities and threats that the application of Al to sound
pose to society. Through brainstorming questions with nine experts and consolidations with
a cohort of circa fifty design researchers we have developed five emerging themes that focus
on what and for whom MLi can listen to, and the ethical implications that a widespread
implementation of MLi technology in cities could lead to. As the application of MLi to
research and design domains is still in its infancy, the Lab also focused on agreeing on a
common terminology to characterize the different concepts related to MLi applications,
some of which might be heavily subjective. Future work points in two directions: First, we
aim to formalize the insights provided during the Lab into a framework and dictionary of
definitions that could help structure research efforts in this domain. Second, we aim to
discuss the feasibility of developing and implementing MLi applications in cities, looking both
at technology and policy aspects.

It is our intention that SoundAl responds to the real needs of the individual humans, other
species, and natural habitats in order to make positive societal and environmental impacts.
However, there are unresolved issues regarding responsible SoundAl, including data
ownership, accountability, and ethics. In order to avoid the privacy and data ownership
concerns, focussing on other species could be an easy start to explore the needs of the
algorithm and its implications on the MLi infrastructures (e.g., sensor technologies, storage,
distribution). Lastly, in the Lab, not much attention was paid to the hard and soft
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technologies behind SoundAl. This will be the focus of future work as further investigation is
needed to assess the feasibility of some of the solutions discussed by the Lab’s participants.
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