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UTMANINGAR FOR DEN

VISUELLA PERCEPTIONEN




UTMANINGAR FOR DEN

VISUELLA PERCEPTIONEN

TEMPERATURE CARBON DIOXIDE LEVEL WATER LEVEL lll VISIBLE LIGHT [l INFRARED UGHT ULTRAVIOLET LIGHT PUMP PERIOD FAN SPEED AMMONIA LEVEL lll CARBON MONOXIDE LEVEL NITROGEN DIOXIDE LEVEL

HUMIDITY

TEMPERATURE

VISIBLE LIGHT

[INFRARED LIGHT

ULTRAVIOLET MIGHT

FAN SPEED

AMMONIA LEVEL

CARBON MONOXIDE LEVEL

NITROGEN DIOXIDE LEVEL
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UTMANINGAR FOR DEN VISUELLA PERCEPTIONEN

BRIGHTNESS CONTRAST




UTMANINGAR FOR DEN VISUELLA PERCEPTIONEN

MACH BAND
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SONIFIERING

e Audification
e Parametermappad
e Musikalisk sonitiering

e Auditory icons

e Farcons

DATA

1,24,563 § 124563
2,74935 §27493,5
444,653 444653
3,1,21,46 § 3.1,2,1,4,6
78,7894 Q78,7894

DATA
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SONIFIERING




EN AUDITORY
GRAPH

Ar linjar uppspelning av data

Tank en linjegrat som spelas upp fran
start till slut

Detta kan goras med eller utan
visuell information

Jamforelser av data blir svara

Varden behovs hallas | minnet

Dartor behovs ofta interaktion , -
ruary March April May June July



INTERAKTION

icke-linjart

Datapunkter kan hopp

FOr att interaktion ska -

—n visualisering kan lasas/skannas

as over

‘unka behovs

nagot visuellt att kopp

“|ler nagot taktilt

a Mot

Hunt & Hermann (2004) The importance of

interaction in sonification

pruary

March

April




AUDITORY GRAPH

cl I EXEMPEL

Stockholm Average Temperature, 1950-2020

vfa','.;" Iv:::;‘:‘f,:;g"’.l Data by Anders Moberg Visualization and sonification
Trend line =— https://bolin.su.se/data/ istorical - temp: thiy-3 Niklas Rénnberg
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Data file Processing

Monthly data, reading
temperature

1756-2020

averages
calculated
Trendline

I calculated

on yearly
averages

SuperCollider
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AUDITORY GRAPH

cl I TILL EXEMPEL

Week 52
Weekly average 66 hOUI’S Weekly running 1 65 km Total running 1 628.4 km

daylight distance distance
Weekly average Weekly number Total number
temperature 1 3 C of runs 2 of runs 1 46

hjlhmﬂh iHM ﬁ

Winter Spring Summer Autumn




INTERAKTIV SONIFIERING

cl I EXEMPEL

48 Sonifieringstest

Tryck pa denna knapp for att vélja det ljusstarkaste strecket.




INTERAKTIV SONIFIERING

cl I TILL EXEMPEL

Photone

SuperCollider real-time synthesis environment

A color image

M

U

‘; .

A black & white image

LI .~

el N

A grey-scale image

Color values from
pixel under the
cursor to change
chords and tones.

Light values from
pixel under the
cursor to change

! the rhythm sounds.

Boolean value from
pixel under the
cursor to play the
sound effect.

SuperCollider
recalculates
color values

In pixels below
the cursor.

Pixel values then
become different
tones, timbres
and changes

the sound.

The changes are
then sent to the
synthesizers
available on the
server, and the
server mixes and
plays the sound.

Client-side

Black
ODS

Server-side




UTVARDERING

o Kvantitativa matt
- Reaktionstid/svarstid
- Noggrannhet/poang

e Kvalitativa matt

- System Usability Scale (SUS)

Brooke, J. 1986.

System Usability Scale
Questionnaire

1. I think that I would like to use this
product frequently.

2. | found the product unnecessarily
complex.

3. Ithought the product was easy to use.

4, | think that I would need the support
of a technical person to be able to use
this product.

5. I found the various functions in the
product were well integrated.

6. | thought there was too much
inconsistency in this product.

| imagine that most people would
learn to use this product very quickly,

8. I found the product very awkward to
use.

9. I felt very confident using the
product,

10. I needed to learn a lot of things
before I could get gomng with this
product,

Strongly
Disagree

(Thor Balkhed)
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UTVARDERING I /

v ',
System Usability Scale Strongly Strongly

Questionnaire Disagree Agree

o Kvantitativa matt

L
I. T think that I W« yasa Task Load Index

‘n
product frequently. ! i ,
Hart and Staveland s NASA .""J Sk I rnscd Incdex (T1 .’. ) methodd 5565565 ‘
VO sles wgh and low
) ites for each poit resiwit in . T gradsations on the scales
.7
[ 4

2. I found the pr =™ . 5 \

- Re d ktl on Stl CI/Sva rStI d complex.
3. Ithought the proc —

ntally demanding was the task?

pig 4, | think that I wo
- N O 9 g ra n n h et/p O a n 9 of a technical persc
this product.

5. I found the vari
product were well in

e Kvalitativa matt

6. 1 thought the
inconsistency in this

- System Usability Scale (SUS) carn to wae thi proc

Brooke, J. 1986.

8. I found the prod

- NASA Task Load Index C o | o very c
NASA, 1986. product.

10. 1 needed to k
before I could gs
product,

(Thor Balkhed)




UTVARDERING

o Kvantitativa matt
- Reaktionstid/svarstid
- Noggrannhet/poang

e Kvalitativa matt

- System Usability Scale (SUS)

Brooke, J. 1986.

- NASA Task Load Index

NASA, 1986.

- BUZZ: Audio User Experience Scale

Tomlinson, et al, 2018.

Svstem Usability Scale
1. The sounds were helpful.

Strongly disagree [ ][] Strongly agree

2. The sounds were interesting.

Strongly disagree [ ]1][]C][C][] Strongly agree

3.The sounds were pleasant.

Strongly disagree ][] ]][][] Strongly agree

4.The sounds were easy to understand.

Strongly disagree [ ]][C][] Strongly agree

5. The sounds were relatable to their ideas.

Strongly disagree ][] ]][C][] Strongly agree

6. It was easy to match these sounds to their meanings.

Strongly disagree ][] 1][][] Strongly agree
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Stronelv Stronelv

Peripheral displays, specially from the importance of

perception and content interpretation

Tara Matthews, Tye Rattenbury, Scott Carter (2007). Defining, designing, and evaluating
peripheral displays: An analysis using activity theory. @t?2,

1:221--261.

Helpful - Distraction, effects of breakdowns
(helpfulness for task completion)

Interesting - Appeal (usefulness)

Pleasant - Appeal (aesthetics)

Understandable - Awareness (accuracy of info recall)

Relatable - Learnability (recall previous info)

Feedback on meaning and interpretation

7. It was difficult to understand how the sounds changed from one variable to the next.

Strongly disagree [ ]1[J[]][C][] Strongly agree

8. It was fun to listen to these sounds.

Strongly disagree ][] ]C][C][] Strongly agree

9. It was boring to listen to these sounds.

Strongly disagree [ ]1J[]][C][] Strongly agree

_ 10. It was confusing to listen to these sounds.

Strongly disagree [ ][] Strongly agree

Enjoyment

Comprehension of the auditory mappings

11. It was easy to understand what each of the sounds represented.

Strongly disagree [ ]1J[]][C][] Strongly agree

proauct,
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(Thor Balkhed)
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e Utoka befintliga enkater

Your experience of the music.

Rate the emotion you experienced when listening to the music.

e Circumplex model ot affect Tense Car

Russell, J. A., 1980.
Nervous Relaxed

® M |Xed methOdS o o o Stressed Serene

Upset Contented

Sad Happy
Depressec Elated
Lethargic Excited

Bored Alert

-
4
1

‘ (Thor Balkhed)







INTERACTIVE SONIFICATION

FOR DENSE DATA DISPLAYS

e Density level -> amplitude
SONIFICATION IN PARALLEL COORDINATES

e Sound design
- pitch
- rhythm

Ronnberg, N., Johansson, J. (2016). Interactive Sonitication for Visual Dense Data Displays.
In Proc. of the 5th Interactive Sonification Workshop (ISon 2016), CITEC, Bieleteld University, Germany, December 16, 2016.



INTERACTIVE SONIFICATION

FOR DENSE DATA DISPLAYS

e Density level -> amplitude

Error Bars: 95% (Cl

e Sound design
- pitch
- rhythm
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Without sonification With sonification

Ronnberg, N., Johansson, J. (2016). Interactive Sonification for Visual Dense Data Displays.
In Proc. of the 5th Interactive Sonification Workshop (ISon 2016), CITEC, Bielefeld University, Germany, December 16, 2016.



INTERACTIVE SONIFICATION

FOR DENSE DATA DISPLAYS

e Density level -> amplitude

e Sound design
- pitch
- rhythm

AN
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e Improved accuracy &
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longer response time

e Experienced benefit

Appreciation of Experienced benefit
the sounds of sonification

Ronnberg, N., Johansson, J. (2016). Interactive Sonification for Visual Dense Data Displays.
In Proc. of the 5th Interactive Sonification Workshop (ISon 2016), CITEC, Bielefeld University, Germany, December 16, 2016.



SONIFYING THE PERIPHERY

SUPPORTING THE FORMATION OF GESTALT IN AIR TRAFFIC CONTROL

e Inbound & exiting aircraft -> different sounds

| SONIFICATION SKETCH
e Sound design ONE NBOUND AIRCRAE

- pitch
- rhythm

Ronnberg, N., Lundberg, J., Lowgren, J. (2016). Sonifying the Periphery: Supporting the Formation of Gestalt in Air Traffic Control.
In Proc. of the 5th Interactive Sonification Workshop (ISon 2016), CITEC, Bieleteld University, Germany, December 16, 2016.



SONIFYING THE PERIPHERY

SUPPORTING THE FORMATION OF GESTALT IN AIR TRAFFIC CONTROL

e Inbound & exiting aircraft -> different sounds

e Sound design o

- pitch

- rhythm ¥
e Provided peripheral info,

but not a complete gestalt
e Experienced benefit for )

Ronnberg, N., Lundberg, J., Lowgren, J. (2016). Sonitying the Periphery: Supporting the Formation of Gestalt in Air Traffic Control.
In Proc. of the 5th Interactive Sonification Workshop (ISon 2016), CITEC, Bielefeld University, Germany, December 16, 2016.



SONIFICATION SUPPORTS

PERCEPTION OF BRIGHTNESS CONTRAST

e Brightness level ->
- amplitude
- timbre
- amplitude & timbre

Ronnberg, N. (2019). Sonification supports perception of brightness contrast. Journal on Multimodal User Interfaces, pp. 1-9, 7, 2019.



SONIFICATION SUPPORTS

PERCEPTION OF BRIGHTNESS CONTRAST

e Brightness level ->
- amplitude
- timbre
- amplitude & timbre

e Higher accuracy with sonification

Ronnberg, N. (2019). Sonification supports perception of brightness contrast. Journal on Multimodal User Interfaces, pp. 1-9, 7, 2019.



SONIFICATION SUPPORTS

PERCEPTION OF BRIGHTNESS CONTRAST

e Brightness level ->
- amplitude
- timbre
- amplitude & timbre

e Higher accuracy with sonification

* | onger response times

Ronnberg, N. (2019). Sonification supports perception of brightness contrast. Journal on Multimodal User Interfaces, pp. 1-9, 7, 2019.



SONIFICATION SUPPORTS

PERCEPTION OF BRIGHTNESS CONTRAST

e Brightness level ->
- amplitude
- timbre
- amplitude & timbre

e Higher accuracy with sonification
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* | onger response times

e Subjective ratings

Ronnberg, N. (2019). Sonification supports perception of brightness contrast. Journal on Multimodal User Interfaces, pp. 1-9, 7, 2019.



MUSICAL SONIFICATION

SUPPORTS VISUAL DISCRIMINATION OF COLOR INTENSITY

e Brightness level ->
- amplitude & timbre
- pitch
- harmony

A

T-yck pa denna knepp for att valia det ljusstarkaste strecket.

Ronnberg, N. (2019). Musical sonification supports visual discrimination of color intensity. Behaviour & Information Technology, 38, 10, pp. 1028-1037, 2019.



MUSICAL SONIFICATION

SUPPORTS VISUAL DISCRIMINATION OF COLOR INTENSITY

e Brightness level ->

- amplitude & timbre
- pltCh soniﬁcatilzz

- harmony

Pitch

e Higher accuracy with sonification

Harmony

& effect of musicality

0 2 4 6 8 10 12 14 16
Mean errors (95% Confidence interval)

* | onger response times

Ronnberg, N. (2019). Musical sonification supports visual discrimination of color intensity. Behaviour & Information Technology, 38, 10, pp. 1028-1037, 2019.



MUSICAL SONIFICATION

SUPPORTS VISUAL DISCRIMINATION OF COLOR INTENSITY

e Brightness level ->
- amplitude & timbre
- pitch
- harmony

(Likert scale)

Subjective ratings

e Higher accuracy with sonification
& effect of musicality

difficulty level difficulty level benefit, accurac Y, enefit, response )
o sonification with sonification of sonification of sonification

* | onger response times

e Subjective ratings

Ronnberg, N. (2019). Musical sonification supports visual discrimination of color intensity. Behaviour & Information Technology, 38, 10, pp. 1028-1037, 2019.



PHOTONE

EXPLORING MODAL SYNERGY IN PHOTOGRAPHIC IMAGES AND MUSIC

Test image

e Color values (RGB) -> sonification

e Sound design
- pitch
- harmonies
- melodic movements
- timbre
- amplitude
- rhythm

Ronnberg, N., Lowgren, J. (2018). Photone: Exploring modal synergy in photographic images and music. ICAD2018.
Ronnberg, N., Lowgren, J. (2019). Traces of Modal Synergy. Studying Interactive Musical Sonification of Images in General-Audience Use. ICAD2019.



PHOTONE

EXPLORING MODAL SYNERGY IN PHOTOGRAPHIC IMAGES AND MUSIC

e Color values (RGB) -> sonification

e Sound design
- pitch
- harmonies
- melodic movements
- timbre
- amplitude
- rhythm

e |nteractive sonic art installation

Ronnberg, N., Lowgren, J. (2018). Photone: Exploring modal synergy in photographic images and music. ICAD2018.
Ronnberg, N., Lowgren, J. (2019). Traces of Modal Synergy. Studying Interactive Musical Sonification of Images in General-Audience Use. ICAD2019.



PHOTONE

EXPLORING MODAL SYNERGY IN PHOTOGRAPHIC IMAGES AND MUSIC

e Color values (RGB) -> sonification

e Sound design
- pitch
- harmonies
- melodic movements
- timbre ~
- amplitude
- rhythm

e |nteractive sonic art installation

e Traces of modal synergy

Ronnberg, N., Lowgren, J. (2018). Photone: Exploring modal synergy in photographic images and music. ICAD2018.
Ronnberg, N., Lowgren, J. (2019). Traces of Modal Synergy. Studying Interactive Musical Sonification of Images in General-Audience Use. ICAD2019.



TOWARDS INTERACTIVE SONIFICATION

FOR MONITORING OF DYNAMIC PROCESSES

e Data value ->

- harmony

- timbre

- vibrato

- tempo

- pitch & positions

e High performance, no difference

e Subjective ratings, no ditference

Ronnberg, N. (2019). Towards interactive sonification for monitoring of dynamic processes. In Proc. of the Nordic Sound and Music Computing Conference 2019 (NSMC2019) and the
Interactive Sonification Workshop 2019 (ISON2019), KTH Royal Institute of Technology, Stockholm, Sweden



TOWARDS INTERACTIVE SONIFICATION

FOR MONITORING OF DYNAMIC PROCESSES

e Data value ->
- harmony
- timbre
- vibrato
- tempo
- pitch & positions
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e High pertormance, no difference

e Subjective ratings, no difterence

Stereophonic Different pitch

e Stereophonic > pitch

Ronnberg, N. (2019). Towards interactive sonification for monitoring of dynamic processes. In Proc. of the Nordic Sound and Music Computing Conference 2019 (NSMC2019) and the
Interactive Sonification Workshop 2019 (ISON2019), KTH Royal Institute of Technology, Stockholm, Sweden



THE SOUND OF RUNNING

AN EVALUATION OF DATA SONIFICATION AND EMOTIONAL EXPRESSION

e Data values ->

- timbre
- amplitude Week 52
tempo g 6.6 hours dene T 16.5 km e 1628.4 km
Weszkly average Weekly number Total number A
Iff“lpff'/é(‘—“e ’ 1'3 C oflunz 2 of :::Jlb 46

- auditory icons
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e Audio only, text, visualization | H
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Ronnberg, N. (2027?). The sound of running - an evaluation of data sonification and emotional expression



THE SOUND OF RUNNING

AN EVALUATION OF DATA SONIFICATION AND EMOTIONAL EXPRESSION

e Data values ->
- timbre O
- amplitude Q
- tempo
- auditory icons

e Audio only, text, visualization

©)

Interesting
Pleasant
Relatable
Meaningful
Confusing

e Results BUZZ

Understandable
Distinguishable
Representative

Perception of the sounds Feedback on meaning Enjoyment Comprehension

Ronnberg, N. (2027?). The sound of running - an evaluation of data sonification and emotional expression



THE SOUND OF RUNNING

AN EVALUATION OF DATA SONIFICATION AND EMOTIONAL EXPRESSION

e Data values ->
- timbre

- amplitude
- tempo
- auditory icons

e Audio only, text, visualization

(@)}
-
o
()]
Q
—
]
o+
=

Representative

e Results BUZZ

e Results emotions

Ronnberg, N. (2027?). The sound of running - an evaluation of data sonification and emotional expression



SOME OF MY RESEARCH

WHAT I/WE HAVE FOUND SO FAR...

e Sonification can support the visual perception...

e Sonification can be designed to be experienced as interesting or
oleasant...

e Sonitication takes longer time...




RESEARCH IDEAS

FOR THE FUTURE

e Explore and develop more evaluation strategies
e Sonification in public spaces for learning, awareness, ticket-to-talk, ...
e Sonification for monitoring and control, e.g. Air-traffic control, ...

e Sonification for supporting visualization, e.g. OpenSpace, Scientific
visualization, ...

e Continue exploring musical parameters/parameter mapping
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