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School of Crea<ve Media

Three (3) courses out of 123 
menQon either “sustainability” 
or “climate”

One course has this as its focus

DJs for Climate Ac<on
“HOW DO WE WANT OUR FUTURE TO SOUND?”

https://www.djs4ca.com/
climate-sample-pack 

https://www.djs4ca.com/climate-sample-pack
https://www.djs4ca.com/climate-sample-pack
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DACA
sonificaQon / visualisaQon of climate 
data with a purpose of exploraQon, 
awareness, educaQon, and acQon…  

a focal point for researchers, 
academics, and students in arts, 
computer science, media, journalism, 
and environmental studies

http://dataclimate.org/

http://dataclimate.org/daca-2022-%20proceedingscatalogue/


Data Perceptualization 
for Climate Science 
Communication

Frontiers in Psychology



Data Sonifica<on Archive (DSA; h`ps://sonificaQon.design)  

https://sonification.design


Sonification :: Perception and Design
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CONCRÈTE

ABSTRACT 
MUSIC

CONCRETE 
SONIFICATION

ABSTRACT 
SONIFICATION

“any technique that translates data into sound with a systema(c, describable, and reproducible method, in 
order to reveal or facilitate communica(on, interpreta(on, or discovery of meaning that is latent in the 
data, having a prac(cal, ar(s(c, or scien(fic purpose.” (Liew & Lindborg 2020; cf. Kramer 1994; Grinstein & Smith 
1990; Pollack & Ficks 1954)

Sonifica<on makes data audible

 – a set of techniques and an aesthe(c, 
naviga(ng ars musica and ars informa(ca

Sonifica<on is a design process

heuristics + 
machine learningdata

listening + 
evaluating



Aesthetic Perspective Space

Ars Informa+ca Ars Musica

Concrete

Abstract

in
de
xi
ca
lit
y

inten+onality

Sonification is to music as visualisation is to visual art: a strategy for explaining.
Sound design is to composition as graphic design is to visual imagination: a method for making

16

Vickers & Hoggs 2006; Vickers 2017
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Sonification :: How is it perceived?
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https://www.frontiersin.org/articles/10.3389/fpsyg.2022.1020102/full 

https://www.frontiersin.org/articles/10.3389/fpsyg.2022.1020102/full


Sara Lenzi 
Manni Chen



Aesthe<c Perspec<ve Characteris<cs



Background

DACA conference - dataclimate.org  

FronQers RT - h`ps://www.fronQersin.org/research-topics/20827/data-
perceptualizaQon-for-climate-science-communicaQon#arQcles   

Data SonificaQon Archive (DSA; h`ps://sonificaQon.design)  

http://dataclimate.org
https://www.frontiersin.org/research-topics/20827/data-perceptualization-for-climate-science-communication#articles
https://www.frontiersin.org/research-topics/20827/data-perceptualization-for-climate-science-communication#articles
https://www.frontiersin.org/research-topics/20827/data-perceptualization-for-climate-science-communication#articles
https://sonification.design


Methods & Materials
PRISMA framework (Preferred ReporQng Items for SystemaQc 
Reviews and Meta-Analyses, h`ps://www.prisma-statement.org/) 

DSA (374) DACA (19)

395 projects

other (2)

within past 20 years

uses climate data

has sonifica<on

32 projects (23 DSA + 13 DACA)

https://www.prisma-statement.org/


Corpus



Methods

DuraQon (seconds, logarithmic) 

Lexical Diversity :: MTLD-MA (Measure of Textual Lexical Diversity, 
McCarthy & Jarvis 2010) 

Topics :: author’s descripQon, website, arQcle
provenance (focus) of data

goal
media (e.g. sonificaQon, visualisaQon, artefact…)
source data type 



Corpus
Topic, 
content



Methods
AestheQc PerspecQve

Ars Informa+ca Ars Musica

Concrete
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Result



Methods
QualitaQve characterisQcs

RaQng scales to probe salient aspects 
of content, methods, and context



Analysis

Exploratory Factor Analysis (EFA)

20 scales 4 latent factors

32 projects x 6 raters

Action, Technical, Perspective, Context
variance explained = 56%

5 scales 1 latent factor

18 projects x 6 raters

Visualisation
variance explained = 39%

QualitaQve characterisQcs



Results
MulQvariate Analysis of Variance (MANOVA)

Aesthetic Perspective 
(Intentionality & Indexicality)

Characteristics 
(Latent factors, Duration, MTLD-MA)

Linear Regression modelling (linreg)



Results
Linear Regression modelling



Sonification :: How is it designed?
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JRXUQDO RI WKH AXGLR EQJLQHHULQJ 6RFLHW\
 

A MHWD-AQDO\VLV RI PURMHFW CODVVLILFDWLRQV LQ WKH DDWD 6RQLILFDWLRQ AUFKLYH
--MDQXVFULSW DUDIW--

 
MDQXVFULSW NXPEHU:

AUWLFOH 7\SH: 6SHFLDO IVVXH

6HFWLRQ/CDWHJRU\: 6SHFLDO IVVXH RQ 6RQLILFDWLRQ

MDQXVFULSW CODVVLILFDWLRQV: 170: AXGLWRU\ GLVSOD\; 170.10: 6RQLILFDWLRQ

KH\ZRUGV: GDWD VRQLILFDWLRQ, GDWD UHSUHVHQWDWLRQ, PXOWL-PRGDO GDWD H[SHULHQFH

CRUUHVSRQGLQJ AXWKRU: PHUMDJQXV LLQGERUJ, PKD
CLW\ 8QLYHUVLW\ RI HRQJ KRQJ
HONG KONG

FLUVW AXWKRU: PHUMDJQXV LLQGERUJ

OUGHU RI AXWKRUV: PHUMDJQXV LLQGERUJ

MDQQL CKHQ

9DOHQWLQD CDLROD

PDROR CLXFFDUHOOL

6DUD LHQ]L

AEVWUDFW: 7KLV V\VWHPDWLF PHWD-DQDO\VLV IRFXVHV RQ D FRUSXV RI 445 VRQLILFDWLRQ SURMHFWV
FXUUHQWO\ DYDLODEOH LQ WKH DDWD 6RQLILFDWLRQ AUFKLYH. 7KH D6A ZDV FUHDWHG LQ D
FROODERUDWLYH SURFHVV LQYROYLQJ UHVHDUFKHUV DQG FUHDWLYH FRPPXQLWLHV, DQG LV RQOLQH
VLQFH HDUO\ 2021. PURMHFWV DUH KHXULVWLFDOO\ FODVVLILHG DFFRUGLQJ WR D WKHRUHWLFDO
IUDPHZRUN, WKH 6RQLILFDWLRQ CDQYDV, ZKLFK LV EHLQJ GHYHORSHG LQ SDUDOOHO. 7KH
FODVVLILFDWLRQV VSHFLI\ SURMHFWV E\ VHYHUDO DVSHFWV, LQ SDUWLFXODU WKHLU LQWHQGHG SXUSRVH,
WDUJHWHG XVHUV, VXEMHFW PDWWHU, VRQLILFDWLRQ PHWKRG, DQG FRPELQDWLRQ RI PHGLD. IQ WKH
SUHVHQW VWXG\, ZH LQWURGXFH WZR FRPSXWDWLRQDO FODVVLILFDWLRQ PHWKRGV, UHVSHFWLYHO\
EDVHG RQ N-PHDQV FOXVWHULQJ RI PXVLF LQIRUPDWLRQ UHWULHYDO RI VRQLILFDWLRQ DXGLR, DQG
WRSLF PRGHOOLQJ RI WKH GHVFULSWLYH WH[WV DFFRPSDQ\LQJ SURMHFWV. CRUUHODWLRQ DQDO\VLV
EHWZHHQ WKH VL[ FXUDWRULDO FODVVLILFDWLRQV DQG WKH WZR FRPSXWDWLRQDO FODVVLILFDWLRQV,
FRUUHVSRQGLQJO\ VL]HG, VKRZHG WKDW WKH WH[W-EDVHG DXWRPDWLF PHWKRGV ZH HPSOR\HG
PLJKW EH PRUH SRZHUIXO WKDQ WKH DXGLR-EDVHG PHWKRGV ZH KDG DFFHVV WR. :H DOVR
H[SORUHG IXUWKHU DVSHFWV, LQFOXGLQJ DXWKRU JHQGHU, PHDVXUHV IRU WH[WXDO OH[LFDO GLYHUVLW\
RI GHVFULSWLRQV, DQG VRQLILFDWLRQ GXUDWLRQ. 7KH EXON RI SURMHFWV DUH UHFHQW, DQG ZH UHSRUW
WUHQGV RYHU WLPH IRU WKH SDVW WKUHH GHFDGHV. 7KH GLVFXVVLRQ IRFXVHV RQ KRZ DXWKRU
LQWHQWLRQDOLW\ FDQ EH XQGHUVWRRG DQG GHVFULEHG LQ VRQLILFDWLRQ SURMHFWV WKDW RIWHQ
LQFRUSRUDWH ERWK LQIRUPDWLFDO DQG PXVLFDO SHUVSHFWLYHV.

FXOO 7LWOH: A MHWD-AQDO\VLV RI PURMHFW CODVVLILFDWLRQV LQ WKH DDWD 6RQLILFDWLRQ AUFKLYH

AGGLWLRQDO IQIRUPDWLRQ:

QXHVWLRQ 5HVSRQVH

POHDVH HQWHU WKH WH[W RI DQ DSSURSULDWH
FRYHU OHWWHU WR DFFRPSDQ\ \RXU
VXEPLVVLRQ, EULHIO\ GHVFULELQJ WKH DUWLFOH
\RX ZDQW WR VXEPLW DQG VD\LQJ ZK\ \RX
EHOLHYH LW LV VXLWDEOH IRU SXEOLFDWLRQ LQ WKH
AE6 JRXUQDO.

POHDVH HQWHU \RXU FRYHU OHWWHU WH[W KHUH.

HDV WKLV DUWLFOH SUHYLRXVO\ EHHQ SXEOLVKHG
DW D FRQIHUHQFH RU FRQYHQWLRQ?

NR

HDV WKLV DUWLFOH EHHQ VXEPLWWHG HOVHZKHUH
IRU UHYLHZ RU SXEOLFDWLRQ?

N - NR

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation
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Quantitative on (partly) qualitative CA data 
The whole Data Sonification Archive (445 projects, 
August 2023) were analysed by comparing 
curatorial categories (qualitative CA) against music 
information retrieval (MIR) clustering and topic 
models (LDA) of textual descriptions.

How do sonification and visualisation relate?

i n  r e v i e w
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STAR – State of The Art Report

A State-of-the-Art Report on the Combination of Sonification and

Visualization

K. Enge1,2 , V. Caiola3 , E. Elmquist4 , A. Rind1 , N. Rönnberg4 , M. Iber1 ,
S. Lenzi5 , P. Lindborg3 , R. Höldrich2 , and W. Aigner1

1St. Pölten University of Applied Sciences, St. Pölten, Austria
2University of Music and Performing Arts Graz, Graz, Austria

3City University of Hong Kong, Kowloon, Hong Kong
4Linköping University, Linköping, Sweden

5Universidad de Deusto, Bilbao, Spain

1. Introduction

In our daily lives, we as humans perceive our surroundings in an
inherently multimodal way. We see, we hear, we taste, smell, and
touch. Nevertheless, the vast majority of data analysis idioms are
exclusively visual, not using the apparent potential of combined
designs. Inspired by the capabilities of the human auditory system,
this state-of-the-art report will cover academic contributions from
both the visualization and the sonification communities, that blend
sonification and visualization within the context of data exploration
and data presentation. A STAR on combined designs will help both
visualization and sonification researchers understand the potential
of such combinations but also give insights into the respective other
research area.

The group of authors consists of members of both the visual-
ization and the sonification communities and is experienced with
respect to working on surveys and meta-analyses in the visualiza-
tion field [AMST11, AMA⇤16, RWA⇤13, WFL⇤15, CLR22]. The
authors are part of the audio-visual analytics community (AVAC,
https://audio-visual-analytics.github.io/), a group of researchers
explicitly interested in the combination of sonification and visual-
ization. Recent contributions to the field of audio-visual analytics,
authored by our team are [ERI⇤23,RIA18,ERI⇤22,AEI⇤22,EE22,
CLR22, LLC23, EEBR21, EBL⇤23, Rön19, RF22]

This state-of-the-art report will (1) provide an overview of the
emerging field, (2) connect two mostly disjoint research communi-
ties, (3) shed light on established practices of combinations of the
modalities, (4) investigate how data analysis tasks are distributed
to the modalities, and (5) condense empirical results from their
evaluations.

2. Related Surveys

Published in 2011, the Sonification Handbook [HHN11] provides
the most general perspective on the field of sonification. Neverthe-
less, there is no section dedicated to combinations of visualization
and sonification in the Sonification Handbook. A resource widely

known in the sonification community is the “sonification archive”
(sonification.design), a curated collection of sonification designs,
often related to other modes of representation, such as visualiza-
tion.

Caiola et al. [CLR22] recently presented an analysis of visual
and auditory channels commonly used in combined designs. Their
survey includes combined idioms that map data attributes redun-
dantly to both a visual channel (like position) and an auditory chan-
nel (like pitch). Analyzed work stems from (1) the curated sonifi-
cation archive and (2) from a Google keyword search exclusively
using sonification-related terms.

Originating from the visualization literature, we were not able to
find any STAR or survey covering the combination of sonification
and visualization. We also scanned the survey of surveys [ML17]
and could not identify any related contributions. Therefore, to the
best of our knowledge, this is the first systematic State-of-the-Art
report covering academic combinations of sonification and visual-
ization for exploratory and presentational purposes.

3. Survey Methods

We review academic publications about audio-visual data analysis
idioms that combine visualization and sonification of data.

Inclusion Criteria:

• Each work must include both visualization and sonification of
data. A visual interface without representation of data is not
enough.

• We include work that has been published between 2012 and
2023. This eleven-year time period covers work conducted af-
ter the publication of the Sonification Handbook [HHN11].

• The STAR covers academic publications. Therefore, it will omit
artistic contributions and commercial products unless they are
documented in the literature (e.g., the Highcharts Sonification
Studio [CWM21]).

• Furthermore, we exclude all contributions regarding real-time
monitoring, such as medical monitoring or monitoring of criti-
cal infrastructure. The fields of monitoring and alarms are vast

© 2024 The Authors. Computer Graphics Forum published by Eurographics - The European Asso-
ciation for Computer Graphics and John Wiley & Sons Ltd.
This is an open access article under the terms of the Creative Commons Attribution License, which
permits use, distribution and reproduction in any medium, provided the original work is properly
cited.
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Internet

data parsing

http://www.iris.washington.edu/
seismon/eventlist/index.phtml

sonificationvisualisation

parameter 
mapping

spatialisation

Loki’s Pain (2020)  
a sculptural sound installation for 
[live] sonification of earthquake data

http://www.iris.washington.edu/seismon/eventlist/index.phtml
http://www.iris.washington.edu/seismon/eventlist/index.phtml


LOKI’S PAIN 

Evaluation protocol for participant: _________________ (name or nickname) 

Setup: Installation_structure / Headphones (circle one). Time First / Second (circle one) 
 

Instructions. Immediately after listening to the whole piece (10 minutes) in one of the setups, please evaluate your impressions, individually and without speaking with 

your group mates. For each topic below, indicate what the listening experience was like by circling one response. 
 

Visual 

imagery 

How strongly did mental images of 

landscapes, places, smells come to you? 

Very strong 

imagery 

Quite strongly Neutral Somewhat weakly Very weak 

imagery 

Sound 

spatialization 

How clearly were individual sounds 

distributed around you? 

Very clear 

distribution 

Quite clear Neutral Somewhat muddy Very muddy 

distribution 

Social 

experience 

While listening, what did you think of the 

body presence of others close to you? 

Very positive Quite positive Neutral Somewhat negative Very negative 

Mind 

wandering 

How often did your mind wander off to 

other matters, rather than listening? 

Wandering off 

very often 

Quite focused Neutral Somewhat 

unfocussed 

Wandered off very 

rarely 

Immersivity To what degree did you feel immersed or 

enveloped by the sounds? 

I felt very 

immersed 

Quite immersed Neutral Somewhat 

immersed 

I didn’t feel 

immersed at all 

Evoked 

emotion 

How strongly did you feel that the 

experience affected you? 

Very strongly 

affected 

Quite affected Neutral Somewhat affected Not much affected 

at all 

Audio quality How good or bad were the individual 

sounds or instruments? 

Very high quality Quite high Neutral Somewhat low Very low quality 

Aesthetic 

judgement 

As a whole, how much did you like the 

listening experience?  

Overall, it was 

very likable 

Quite likable Neutral Somewhat not 

likable 

Overall, it was not 

very likable 
 

In your own words, describe the listening experience:  ________________________________________________________________________ 

________________________________________________________________________ ___________________________________________  

Loki’s pain
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Loki’s Pain [NIME Art Installation]

PerMagnus Lindborg, City University of Hong Kong, HKSAR

1. PROJECT DESCRIPTION

Loki’s Pain (Lindborg 2020) is an immersive installation: a 16-channel 3D audio sonification of planetary seismological 
activity. Visitors take the place of Loki, who according to a Norse legend was “punished by the gods by being chained to 
three rocks in a cave using the entrails of his dead son, with a venomous serpent poised above his head. When the serpent’s 
poison fell on Loki’s head it caused him to shake uncontrollably, thereby unleashing an earthquake” (Allen 2020, p. 148-9). 
The installation is a physical structure, designed and built by the Author, in the shape of a hemi-dodecahedron. As show in 
Figure 1, the LOKI structure envelops the listener, and the immersive space may be shared by two visitors. In Loki's Pain, 
they sit on a lightly vibrating subwoofer while listening to the sound of virtual cymbals, created by physical modelling, 
spatialised according to the geographical location of seismological events, as if they found themselves at the centre of planet 
Earth.

The LOKI frame holds 15 custom-built loudspeakers mounted so as to produce a 3D immersive sonic environment. The 
structure is suspended from the ceiling rig, not touching the floor. Visitors band a little and step inside the installation 
space, and sit down on a subwoofer, which is lightly vibrating. They listen to a 10-minute sonification of the most recently 
retrieved earthquake data from the Internet. Seismological magnitude and epicentre depth are mapped onto the 
parameters of real-time physical modelling synthesis with Modalys (IRCAM). Data from IRIS is retrieved from the Internet 
and pre-processed in R (R Core Team), and then sonified in Max (Cycling'74) using virtual cymbals that are spatialised with 
Spat (IRCAM).

0:00 / 10:19

Loki’s Pain grows out of the author’s previous work with sonification of geodata (Lindborg 2017, 2018). The artwork aims 
to remind visitors of the fragility of the Earth’s crust, and the reality faced by people exposed to the terrifying power of 
earthquakes and volcanic activity.

The 26th International Conference on Auditory Display (ICAD 2021) 25±28 June 2021, Virtual Conference 
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ABSTRACT 

Loki¶V Pain is an immersive 3D audio installation artwork, a 
sonification of seismic activity. Visitors take the place of 
Loki, who was punished by the gods and caused earthquakes. 
We designed an auditory display in the shape of a hemi-
dodecahedron and built a prototype with a low-budget, DIY 
approach. Seismic data were retrieved from the Internet. 
Location, magnitude, and epicentre depth of hundreds of 
recent earthquakes were sonified with physical modelling 
synthesis into a 10-minute piece. The visitor experience was 
evaluated in a listening experiment (N = 7), comparing the 
installation with a version for headphones. Differences on 
eight semantic scales were small. A content analysis of focus 
group discussions nuanced the investigated topics, and 
qualitative interpretation strengthened the quantitative 
findings. Verbal expressions of immersivity were stronger in 
the installation, which stimulated longer and more detailed 
responses. Aspects such as audio quality, the structure's 
physical-visual shape, and multisensorial design evoked both 
positive and negative emotions, and elicited imagination and 
memory recall. However, the assumed capacity of the LOKI 
structure to stimulate a richer social experience than that of 
headphone listening was not supported by the responses in 
this study. 

1. LOKI'S PAIN 

Loki¶V Paina is an immersive sound installation: a 16-channel 
3D audio sonification of seismic activity [1]. Visitors take the 
place of Loki, who, according to a Norse legend, was 
³SXQiVhed b\ Whe gRdV b\ beiQg chaiQed WR WhUee URcNV iQ a 
cave using the entrails of his dead son, with a venomous 
VeUSeQW SRiVed abRYe hiV head. WheQ Whe VeUSeQW¶V SRiVRQ feOO 
RQ LRNi¶V head iW caXVed hiP WR VhaNe XQcRQWrollably, thereby 
XQOeaVhiQg aQ eaUWhTXaNe´ [2]. The artwork aims to remind 
YiViWRUV Rf Whe fUagiOiW\ Rf Whe EaUWh¶V cUXVW aQd Whe UeaOiW\ 
faced by people exposed to the terrifying power of 
earthquakes and volcanic activity. 

To present Loki's Pain, we designed and built the 'LOKI 
structure'. It is a low-cost and relatively portable auditory 
display for 3D sonic artworks. The structure is suspended 
from the ceiling, does not touch the floor, and there are no 
obstructing cables. As shown in Figure 1, the structure 
envelops the listener and creates an immersive soundscape 
that may be shared by two visitors. In Loki's Pain, they sit on 
a lightly vibrating subwoofer while listening to the sound of 
virtual cymbals, created by physical modelling, spatialised 

 
a Loki's Pain was commissioned by Indra and Harry Banga 
Gallery, Hong Kong, and supported by the School of Creative 
Media, City University of Hong Kong. 

according to the geographical location of seismic events, as if 
they found themselves at the centre of planet Earth. Loki's 
Pain continues Whe aXWhRU¶V ZRUN ZiWh geodata sonification 
and the LOKI structure builds on his previous designs of 
loudspeaker arrays [3], [4], [5], [6]. 

2. LOKI STRUCTURE 

The LOKI structure is a hemi-dodecahedron and it was 
designed from scratch with inspiration from [7], [8]. The 
author and his assistant cut 30x aluminium profiles (T-slot 
Extrusion, 20 mm wide and 750 mm long), fabricated 160x 
laser-cut acrylic parts of three kinds, and assembled parts 
with 140x nuts/bolts and 40x cable ties. The final structure is 
~220 cm wide, ~75 cm tall, and weighs ~25 kg. It has four 
ŀ-fittings so as to be suspended from the ceiling grid with 
adjustable-length hooks and four 1.5 mm coated wires. The 
total cost of materials and a few special tools was ~4,500 
HKD (~800 USD) and took an estimated ~80 man-hours to 
make. 

The structure was fitted with 15 custom-made 'bowl 
speakers' from a previous project [6]. Audio cables were run 
from the loudspeakers upwards, so as not to interfere with 
visitor movement, to a small platform concealed in the 
Gallery ceiling grid. The platform supports the audio 
playback system, consisting of two 8-channel fixed-media 
players (WavePlayer8), two 8-channel custom-built pre-
amplifiers, two 4-channel power amplifiers (Pioneer 
GMX84), and a 12V DC power supply. The purchase cost of 
this equipment was ~1,600 USD. It took ~20 man-hours to 
assemble, install, and tune the piece on site. A single AC 
on/off switch was handled by the Gallery personnel every 
morning. More information and photos from the construction 
and installation are available on the project website  
(http://soundislands.com/2021/01/21/lokis-pain/). 

3. GALLERY EXHIBITION 

The LOKI structure playing Loki's Pain was exhibited at 
Indra and Harry Banga Gallery, Hong Kong, between 23 
November 2020 and 31 May 2021, interrupted by a 10-week 
closure due to COVID-19 regulations. The installation was 
made in a dedicated, semi-secluded partition measuring ~450 
cm x ~450 cm, with black carpet flooring and acoustic panels 
on four walls. A single spotlight gently illuminated the metal 
structure. In addition to the 15 'bowl speakers' mounted in the 
structure we placed a subwoofer on the floor at the centre of 
the LOKI structure. The amplification level and frequency 
response were adjusted so that visitors sitting on it could feel 
the vibration rather than hear it.  
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219 samples —> 8 
categories —> 3 
sonification layers

138 years of meteorological data

[Hong Kong Observatory]

pre-processing (R: Box-Cox transformations, scaling)
sonification 
(Max)

sea water level —> tonality
temperature —> original–sawtooth cross-synth

ArtScience Museum, Singapore 
Commission, 15-30 Nov. 2021 
DACA Dat-Art CityU HK, 
22 Feb. - 31 May 2022
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Workshops on spaQal audio, sonificaQon, 
computer music…

http://dataclimate.org/
2022/08/30/daca-workshop/ 

SoundLab
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