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A complex systems perspective

 Look for collective emergent behaviour 
         

 Interconnectedness

 Study correlations - mutual information,    
  etc.

 Identify the “observables”
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Outline

1) Some background

2) Music experiments

3) Improvisation: performer <---> audience

4) Your contribution to the project
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Other EEG experiments
on high cognitive tasks
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Background: Correlations and behaviour

Consciousness and EEG (Electroencephalography) ? 

Person look at random dot stereogram  
1) Puss button when 3D images is consciously recognised  
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Background: Correlations and behaviour

Consciousness and EEG (Electroencephalography) ? 
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Other EEG experiments
on music

Professors Joe Williams and Jason Themanson will use
 the NFS grant to purchase a new EEG machine.

Saturday, 24 September 2011



EEG bands

Theta (4-7Hz)

Delta (<4Hz)

■ adults slow wave sleep
■ in babies
■ Has been found during some continuous attention tasks

■ young children
■ drowsiness or arousal in older children and adults
■ idling
■ Associated with inhibition of elicited responses (has been found to spike 

     in situations where a person is actively trying to repress a response or action).

■ relaxed/reflecting
■ closing the eyes
■ Also associated with inhibition control, seemingly with the purpose of timing inhibitory 

activity in different locations across the brain.

Alpha (8-13Hz)

(From wikipedia) 
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EEG bands
Beta (14- 30Hz)

■ alert/working
■ active, busy or anxious thinking, active concentration

Gamma (>30Hz)

■ Displays during cross-modal sensory processing (perception that combines 
     two different senses, such as sound and sight)
■ Also is shown during short term memory matching of recognised objects, 

     sounds, or tactile sensations
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Delta (<4Hz)

Theta (4-7Hz)

Alpha (8-13Hz)

Beta (14- 30Hz)

Gamma (>30Hz)

Delta (<4Hz)
Has been found during some 
continuous attention tasks

Also is shown during short term memory matching 
of recognized objects,  sounds, or tactile sensations

Gamma (>30Hz)

Level of synchronization
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Long and short range couplings - 
  correlations of phase synchrony
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The experiment with 
Guildhall

Focus on correlation of high 
cognitive processes between 
performer and audience 
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The experimental setup
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EEG and Improvisation: 
Does creative performance leave an imprint in the 
EEG (Electroencephalograph) of:
   1) performers ?
   2) audience ? 

Play a piece:
1) as written
2) or with a degree of improvisation 
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The EEG team 
Björn Crütz
Anica Crütz
+ two assistants 

The audience
Various people
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The musician   
Dr David Dolan

http://www.david-dolan.com/

The first experiment

David Dolan is also a professor of piano, chamber music and Interpretation through 
Improvisation at the Yehudi Menuhin School of Music and the Guildhall School of Music 
and Drama. He is frequently invited to give masterclasses in music centres such as 
Bloomington (Indiana), Paris and Geneva conservatoires, The Rubin Music Academy in 
Jerusalem, the Tchaikovsky Conservatoire, Moscow and the Julliard School.
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Piece 1: Schubert – Impromptu in G flat major Op.90 No.3, neutral 
mode, uninvolved

Piece 2: Schubert – Impromptu in G flat major Op.90 No.3, fully 
involved

Piece 3: Improvisation, polyphonic, intellectual exercise

Piece 4: Improvisation, polyphonic, emotional letting go

The Music
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Listener - piece 4Listener - piece 1

Pianist - piece 1 Pianist - piece 4

Björn Crütz

Uninvolved Letting go
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Björn Crütz

Coarse grained

Player

Listener

Piece 1: Schubert – Impromptu in G flat major Op.90 No.3, neutral mode, unvolved
Piece 2: Schubert – Impromptu in G flat major Op.90 No.3, fully involved
Piece 3: Improvisation, polyphonic, intellectual exercise
Piece 4: Improvisation, polyphonic, emotional letting go
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CORRELATION for BIN SIZE=500
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Björn Crütz + 
Fatimah Abdul Razak

Channel 1‐8: listener         Channel 9‐16: pianist

Piece 1: Schubert – Impromptu in G flat major Op.90 No.3, neutral mode, unvolved
Piece 2: Schubert – Impromptu in G flat major Op.90 No.3, fully involved
Piece 3: Improvisation, polyphonic, intellectual exercise
Piece 4: Improvisation, polyphonic, emotional letting go

Focus on cross 
correlations
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Björn Crütz + 
Fatimah Abdul Razak

Piece 1: Schubert – Impromptu in G flat major Op.90 No.3, neutral mode, unvolved
Piece 2: Schubert – Impromptu in G flat major Op.90 No.3, fully involved
Piece 3: Improvisation, polyphonic, intellectual exercise
Piece 4: Improvisation, polyphonic, emotional letting go
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Conclusions:
1. There seems to be differences in sources of brain activity of the listener between 
the four pieces.
2. Although the primary source of activation is mainly the frontal cortex, there are 
also sources of background activation widespread across the cortex. 
3. There seems to be a shift from bilateral activation in piece 1 to 3 to more left-
sided activation in piece 4.
4. Improvisation of the piano player results in more general activation of the brain of 
the listener. 

Player

Listener

Conclusions:
1. There are obvious differences in sources of activation in the brain between the four 
pieces.
2. The sources of activation are mainly located in the frontal cortex, with increased 
activation from piece 1 to 4. The first piece seems to have the highest contribution of 
the occipital cortex. The fourth piece has, besides the frontal activation, a strong 
involvement of the temporal cortex. 
3. There seems to be a shift from right hemispheric activation during no improvisation to 
mainly left hemispheric activation during improvisation. 
4. The pieces that are played without emotional involvement (piece 1 and 3) are 
associated with mainly one-sided hemispheric activation (right in piece 1, left in piece 3), 
whereas emotional involvement results in more both-sided hemispheric activation. 
5. Emotional involvement results in more general activation of the brain. 
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The musicians   
Dr David Dolan http://www.david-dolan.com/

http://www.trioanima.com/Who.htmTrio Anima

The second experiment
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http://212.178.132.122:83/guildhall/index.html

The Trio Anima & David Dolan played 12 pieces: 

   1/2 with improvisation 
   1/2 without improvisation

11 were OK (sort of).

EEG world record (presumably):

    simultaneous recording of 6 EEGs

*

*

*
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Some examples
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http://212.178.132.122:83/guildhall/index.html

Impro No Impro
1
2
3
4
5
6
...

Listen to the 11 pieces and judge 
whether the piece is played with:
 - Improvisation
 - No Improvisation

Email result to me: 
h.jensen@imperial.ac.uk

Get involved

Experiment to be
repeated 11 November 2011
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! ! !

From theartofdang.com
Daniel James Gay

Thank you

http://212.178.132.122:83/guildhall/index.html
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