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ICT as an amplifier of productivity

Faster, cheaper,
everywhere,
all the time

Burden on users,
stress, lack of free

time

Positive emotions,
mental wellbeing

Support creativity,
learning, meaningful

leisure time

ICT as an amplifier of mental satisfaction
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– Given your data, could you enjoy listening to it as music?
– Could you even feel joy of creativity?
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Can data be turned into a
subjective, esthetic experience?

Data Musicalization
– Using given data as input,
– automatically compose a novel piece of music
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Traditional data analysis and
representation (statistics,
visualization, sonification, etc.):

• Transfer of information

• Objectivity

• (Cognitive emphasis)

Data musicalization:

• Experiences involving
feelings and emotions

• Subjective

• (Affective emphasis)

New goals for data analysis
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– Esthetic pleasure
– Joy of creativity
– Transfer of (some) information in a novel way

– Possibly in the background, unconsciously
– Like sonification, but musical

– Building an emotional attachment to an application
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Motivation for data
musicalization
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– An application of data musicalization
– A piece of music is composed from a night’s sleep
– Goal: help and motivate users track their sleep and

eventually improve their sleep
– Two phases

1. Data analysis:
from sensor data to sleep measurements

2. Composition algorithm:
from sleep measurements to music
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Sleep musicalization



Phase 1, data analysis
From sensor data to sleep measurements
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Sensor data

A thin piezo-electric force
sensor placed under the

mattrass topper
(from Beddit Ltd)

Force signal with sample rate 140 Hz
(here a 12-second signal excerpt)
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Analysis of sensor data
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Sleep analysis results

Sleep stages

Sleeper activity



Phase 2, composition
From sleep measurements to music
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Design principles/goals:
– Compose a novel piece of music
– Use sleep measurements to guide the composition
– Produce music, not sonification
– Make the music reflect properties of sleep
– Compress 8 hours of sleep to couple of minutes
– Use simple methods, build a proof of concept
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Composition of music from sleep
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1. Generation of harmonic progression (chord seq.)
2. Melody generation
3. Generation of rhythm
4. Generation of accompaniment
5. Adjusting volume
6. Regulation of tempo

10.7.2013 20

Composition in 6 steps
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In a nutshell:
– Deeper sleep corresponds to calmer music
– Lighter sleep corresponds to livelier music
– Each sleep stage has a different accompaniment

(and theme)
– Tempo is regulated by the heart rate
– More activity corresponds to louder music
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Correspondence between
sleep and music
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– Sleep musicalization is available as a public web
service at http://sleepmusicalization.net

– You can have your sleep measurements composed
into music (if you have a Beddit sleep sensor), or

– Listen to songs published by other users
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sleepmusicalization.net
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sleepmusicalization.net
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Listening to sleep music
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A different example
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“[The songs] do have a uniquely personal
and (dare I say it?) dreamlike feel”

- Leslie Katz, CNET

Independent reviews

“[…] these songs left me with a sense of
incompletion, as if the piano-dominate music would
be an inadequate representation of my dreams.”

- Nic Halverson, Discovery News
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Modular musicalization?

Sleep
data

Mapping to
characteristics

of music

Music
composition

service 1

Twitter
data

Mapping to
characteristics

of music

Music
composition

service 2

Nike
Fuel
data

Mapping to
characteristics

of music

Music
composition

service 3
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Musicalization protocol

Sleep
data

Mapping to
characteristics

of music

Music
composition

service 1

Twitter
data

Mapping to
characteristics

of music

Music
composition

service 2

Nike
Fuel
data

Mapping to
characteristics

of music

Music
composition

service 3

M
usicalization

protocol
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– Real-time instructions to an independent
composition module

Turning voices on and off
– sound on/off

– global volume 1-127

– voice volume 1-10 (voice) and 1-127
(volume)
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Musicalization protocol
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Instructions for ”composition”
– scale type major, natural minor, harmonic
minor, dorian, phrygian, lydian,
mixolydian, locrian

– harmony 1-10

– rhythm density 1-10

– phrase length 2-24 (how many bars per
phrase)

– notice phrase ends on, off (are phrase ends
noted with a pause/long note)

– tempo 11-450
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Musicalization protocol
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Instructions for ”orchestration”
– voices 1-9 (number of voices)

– instrument 1-10 (voice) and instrument name

– voice role 1-10 (voice) melody/
accompaniment/bass (role)

– accompaniment pattern all/1-13

– drums on/off

– drum pattern all/1-16
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Musicalization protocol
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More specific instructions to control the music
– scale base C, Cs, D, Ds, E, F, Fs, G, Gs, A,
As, B

– chord type major, minor, major7, major maj7,
minor7, minor maj7, augmented, diminished,
augmented7, diminished7, augmented maj7,
diminished maj7, major6, minor6

– sudden note 1-127 (pitch) and 0.01-4 (lenght)
(force a note to play now)

– bad sound 1-120 (pitch) and 0.01-4 (lenght)
(instant bad discord, parameter is for pitch)
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Musicalization protocol



www.helsinki.fi/yliopisto

Abstract instructions
– love

– joy

– fear

– anger

– surprise

– sadness

Can be implemened by mapping to lower level instructions
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Musicalization protocol
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From Juslin, 2001
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Alternative sleep musicalizations

Sleep
data

Mapping to
characteristics

of music

Music
composition

service 1

Music
composition

service 2

Music
composition

service 3

M
usicalization

protocol

Perceptualization of
sleep measurements;
Tulilaulu et al, IDA
2012

Expression of sleep
stages using emotions;
Monteith et al, ICCC
2010

Melody extracted/
inspired by the sleep
measurement signal;
Smith et al, ICCC 2012



Conclusions
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Data mining for creativity

A large
body of

examples
(e.g., the

web)

Patterns,
regularities,
exceptions,
predictions,

bridging
terms, …

Measures of
novelty,

obviousness,
value

Creative artefacts

DM
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Data mining for creativity

Computational creativity

Modeling

Rendering

NLP

FramingAppreciation

Generation
Data

mining
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Creativity for data mining

Data Mining

Data
cleaning

Searching
patterns

Measuring
interest

Data
selection

Transformati
Computational

creativity

Representation
of results
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– Emotional/sensational data mining:

Use computational creativity to produce
a subjective, emotional sensation of data

– A modular architecture, with a musicalization protocol
– Your data + CC tools = do it yourself CC
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Summary
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Is this relevant/interesting?
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Autumn School on
Computational Creativity
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In the words of our computer humorist [Valitutti et al,
ACL 2013]:

Congratulations to the authors of the book
on my fart.

10.7.2013 55

Congratulations

Let everything turn well in your wife.

I mean ”part”

Oops. ”life”


