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Hearing data: Combining 
sensory experiences for 

improved human-data 
relationships.

n the past two decades, the  
collection, production and 
consumption of data has 
exponentially increased at all 

levels of human endeavours. As most of 
the infrastructures we use to deal with, 
from communications to public utilities, 
transportation, education transitioned 
from the physical towards the digital world 
- thanks to, for instance, the Internet of 
Things, smart networks, smart phones, 
smart devices, or social media - new 
challenges have arisen on how to make 
sense of this unprecedented amount of 
data and translate it into human-scale 
information, and thus knowledge (Masud 
et al., 2010).

Of all human senses, hearing is the fi rst 
to develop. Even before birth we learn 
to distinguish the mother’s voice and 
identify familiar sounds from within the 
womb. Our everyday relationship with 
sound keeps growing all over our lives. 
Human capability to gather environmental 
information from surrounding sound 
events is extremely sophisticated, as well 
explored and described since the 1960s by 
the research area of soundscape studies 
(Schafer 1977, Truax 2000) . Recently, the 
COVID pandemic has reminded us how 
much our everyday lives are impacted by 
the urban soundscape: In the absence 
of  human-generated sounds such as 
car traɫ  c, constructions, and voices 
of crowd’s in the streets, cities around 
the world seemed empty and even 
eerie. In functional socio-technological 
environments, we use sound to gather 
information and perform tasks: 

The coɪ ee machine tells us that coɪ ee 
is ready by the distinct sound it makes 
when it pours. Nurses monitor the 
patient’s status by hearing the sounds 
of medical equipment. While driving, 
we know whether the car is correctly 
functioning by listening to the sound it 
emits - while we can still keep our eyes on 
the road. Although we are scarcely aware 
of it, the act of listening is a continuous 
act of knowing and interacting with the 
world around us (Lenzi et al., 2024). Over 
the decades, designers (and to some 
extent, artists) have used sound to create 
sonic experiences that not only convey 
information but also emotionally engage 
the public. At cinema or in digital gaming, 
sound is designed to shape and direct the 
experience of time, space, and narrative 
(Hilmann & Pauletto 2014). In product 
design, sound is more and more used 
both functionally - to provide feedback 
and guide interaction with a product - and 
aesthetically - to engage customers with 
a brand. In electric cars, the ‘fake’ engine 
sound originally added to alert pedestrians 
has become a key element of the user 
experience, with manufacturers working 
with sound designers and composers 
to shape their product’s distinct identity 
(Misdariis et al., 2012).

In our data-intense society, data 
sonifi cation - which uses sounds to 
represent and communicate large 
data sets - is gaining momentum as 
an alternative or a complement to data 
visualisation both as a tool for analysis 
and a means of mass-communication of 
complex phenomena.
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Figure 1. The Data Soniʇication 
Archive, the ʇirst online collection 
of soniʇication projects (https://
soniʇication.design). 

Although many readers might be familiar 
with one of the most successful cases 
of data sonifi cation - the Geiger Counter, 
through which we can monitor in real-
time the amount of radiations in the 
environments by listening to a pulsating 
sound which frequency over time 
increases proportionally to the amount of 
radiation -  Data Sonifi cation is a relatively 
young fi eld of research. It was fi rst oɫ  cially 
defi ned after the 1992 International 
Conference on Auditory Display as a 
method for “the transformation of data 
relations into perceived relations in an 
acoustic signal” (Kramer 1994). Originally 
a fi eld of research close to computer 
science and focussed on providing expert 
tools for data analysis (Hermann et al. 
2011), in recent years sonifi cation has 
grown to show a variety of other purposes  
- from public communication to data 
journalism and even activism (Lindborg et 
al. 2024). Besides being used to represent 
and communicate ‘objective’ (numerical) 
values, authors of sonifi cations are putting 
more eɪ ort on the aesthetic quality of the 
user experience - which might, in turn, 
support a deeper understanding of the 
phenomenon, especially when the data 
refer to socially relevant issues (Lenzi and 
Ciuccarelli 2020).

The Data Sonifi cation Archive (DSA), the 
fi rst online collection of sonifi cation 
projects, is a crowdsourced initiative 
launched in early 2021 that collects more 
than 450 cases to date (Lenzi et al., 2021). 
A quick analysis of the DSA shows how 
sonifi cation is more and more used to 
engage a non-specialised audience with 
socially relevant, complex phenomena 
such as climate change, the recent COVID 
pandemic, social inequality, human rights. 
Not only experts in sound computing, but 
also artists, journalists, and information 
designers are starting to integrate sound 
into their data experience to improve the 
understanding of the fi nal user by engaging 
them with the complexity of the data (and 
the phenomenon they represent) at a 
more visceral level.  
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Figure 3. Digital Violence 
is a research and activism 

project by Forensic 
Architecture that traces 

and accounts for the 
illegal surveillance and 
human rights violation 

activity conducted by the 
company NSO worldwide. 

In the image we see an 
excerpt of the soniʇication 

of the same dataset by 
the composer Brian Eno. 

https://www.digitalviolence.
org/#/soundmachine

In Digital Violence, the investigative team of 
Forensic Architecture teamed up with the 
musician Brian Eno to compose a piece 
that sonifi es the data collected by Amnesty 
International on the Pegasus Project - the 
systematic surveillance and human rights 
violations conducted by the NSO group on 
activists and journalists worldwide. Through 
sound, people can ‘experience a sonic 
rendering’ that engages at a deeper level 
than the visual representation of the same 
data set through graphics and diagrams.

Figure 2. An image 
capturing the deadly 

wildʇire season of 2023 in 
Canada, which burnt more 

than 15 millions hectares 
of wildforest. Photo by 

Duncan Rawlinson (CC 
Creative Commons 4.0). 
https://www.fl ickr.com/
photos/thelastminute/

In Hold the Line, Miriam Quick and Duncan 
Geere - also authors of the Loudnumbers 
podcast where sonifi cation projects are 
explained in detail, for non-experts - a 
piece of soundart was created to represent 
the loss of more than 5% of the Canadian 
forests over the course of 2023 due to the 
most tragic season of wildfi res in the history 
of North America, fuelled by climate change. 
In the sonifi cation, ‘Every single fi re that 
was reported by the Canadian Interagency 
Forest Fires Centre between 1 April and 30 
November is represented by a click sound, 
with each real-world day playing out over 
2.5 seconds of sound. A bass note drops at 
the start of each new day’.
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Figure 5. Soniʇication of 
images of the Cosmic Reef 
collected by the Hubble 
Space Telescope. In the 
soniʇication, colour is 
mapped to pitch (red=low, 
blue=high) and brightness 
controls volume. https://
www.youtube.com/
watch?v=kRkkHDEo0zQ

In collaboration with NASA, System 
SOUNDS is a sci-art project that has 
extensively worked to ‘translate the rhythm 
and harmony of the cosmos into music 
and sound’ for public outreach. Thanks 
to sonifi cation and interactive sound 
experiences, science is brought closer to 
non-expert audiences and made accessible 
to visually impaired people. 

Figure 4. In ‘Requiem 488’ 
by Nessun Dharma, data 
from the COVID deaths 
in the two most aƋ ected 
provinces of Italy are 
visualised and soniʇied in 
an immersive installation 
where each sound event 
and visual element 
represent a life that was 
lost due to the pandemic. 
https://www.youtube.com/

In Requiem 488 by Nessun Dharma, data 
sonifi cation and visualisation are combined 
in a threnody for the COVID victims in the 
Italian provinces of Bergamo and Brescia, 
where the pandemic was most deadly. 
In the piece, every second represents a 
day from January 1st 2020 to March 18rh 
2022. Every death caused by COVID is 
simultaneously represented by a sound 
event and a visual dot to create a narrative 
where ‘the dramatic development of the 
work follows moments of high intensity 
caused by the so-called “waves” and 
moments of relative calm’. 
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All the examples presented in this article 
leverage characteristics of sound that can 
add value to our understanding of a dataset. 
For instance, the human ear is very good at 
detecting changes in the acoustic patterns 
of sound events (Vickers 2011). Sound can 
attract our attention without requiring visual 
attention (Ballatore et al. 2018) so that we 
can keep focus on other - mainly visual - 
activities. Consequently, sound can provide  
a ‘peripheral monitoring’ system i.e. an alert 
system that stays at the background of 
our attention unless it is needed (Bakker 
et al. 2012), such as it happens with 
alarms emitted from medical equipment. 
Additionally, sound composition is inherently 
multivariate: diɪ erent acoustic parameters 
(pitch, amplitude, rhythm, timbre) coexists 
in the same ‘temporal unit’ although they 
can be individually distinguished: For 
example, while listening to an orchestra 
we can distinguish a trumpet from a  violin, 
or when in a natural soundscape we can 
identify diɪ erent bird calls (Chion 2016).  

While the use of sonifi cation is growing 
among information designers, a series of 
critical open questions are still preventing 
the fi eld from having a real-world impact. 
For instance, unlike data visualisation, 
whose long history has standardised the 
rules to translate specifi c data variable to 
visual variable to universal understanding 
(Muntzner 2015), in data sonifi cation it is 
still unclear which ‘data-to-sound’ mapping 
works better. Can we use music that 
sounds ‘happy’ to represent a problematic 
issue such as income inequality - such 
as it happens in Two Trains by the Data 
Driven DJ - or is a ‘wrong’ choice of sound 
material misleading the listeners and even 
potentially spreading misinformation? Are 
blind listeners interpreting the changes in 
sound over time the same way as sighted 
listeners? A famous experiment by Walker 
and Lane (2001) - which showed how 
sighted and non-sighted users interpreted 
sonifi ed data on growing economic value 
in opposite directions - suggests that 
is not the case. Could the introduction 

of shared design methods (such as the 
Data Sonifi cation Canvas by Lenzi and 
Ciuccarelli, 2020) which include a thorough 
analysis of the use case and the evaluation 
of the impact help structure the fi eld and 
uncover the full potential of sound for data 
representation? 

As a young discipline, data sonifi cation is 
still struggling to uncover its full potential. 
Perhaps design, as a structured discipline 
which fosters a multi-disciplinary approach 
to complex (wicked) problems, can 
provide the framework needed to create 
better, more engaging and inclusive data 
representations. As we move towards a 
world where humans will have to relate 
with non-human or more-than-human 
intelligences, sound can represent a truly 
embodied, visceral, pre-semantic means 
of communication towards better human-
data relationships.
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