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is linear and not helical
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Ear training

‘Ignore’ MMN

‘Attend chroma’

... while viewing a silent �lm

MMN Block types:

ResultsResults

Discriminating pure tones across 4 octaves 
based on pitch chroma:

C G F#OR
27 musicians 30 musicians

C4 - 261.6 Hz
C5 - 523.2 Hz
C6 - 1046.5 Hz
C7 - 2093 Hz

Pitch chroma
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Experiment 1: C vs. G
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C4 - 261.6 Hz
C5 - 523.2 Hz
C6 - 1046.5 Hz
C7 - 2093 Hz

Experiment 2: C vs. F#

C vs. G - ‘perfect �fth’ - most consonant interval
C vs. F# - ‘tritone’ - most dissonant interval

pure tones
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20%F#

What about complex tones?
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Conclusion

Discriminating pitch chroma of pure tones can be learned, but we �nd no evidence that it is processed autmatically and pre-attentively. 

Pitch chroma of complex tones is easier to perceive and might rely on multiple pitch height representations, due to spectral overlap.
Processing chroma may require higher cognitive processes.
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Performance in ear training

pure complex diff

milliseconds

milliseconds

milliseconds

-2

0

2

4

-100 0 100 200 300
-2

-1

0

1

2

Fz
N = 21

milliseconds

deviant ±95% CI
control

Pitch height deviation produces an MMN

Pitch chroma deviation does not produce an MMN

...Even in perfect performers

No chroma-MMN.
Result replicated and 
generalized to  dissonant 
tones.

Is the absence of chroma-MMN in Experiment 1 
because C and G are consonant? (No) Chroma of complex tones is easier to discriminate

Small MMN for 
complex tones

Can be due to spectral overlap between 
complex tones having the same chroma

Pitch height
proceesed automatically and pre-attentively

Pitch chroma 
processed later, requires attention

Introduction

Mismatch Negativity (MMN) -

Pitch is frequently described as two-dimensional1,2,3:

Pitch chroma

Pitch height

Is automatic representation of pitch 
in the human brain also helical?

an ERP (EEG) component indexing automatic 
detection of deviation from auditory regularity

* d-prime > 3.48

deviant ±95% CI
control

deviant - control: all subjects
deviant - control: 2/3 best performers *

Di�erence waves

Di�erence waves

Di�erence waves

Di�erence waves

Press a button when the chroma deviant appears

...

deviant ±95% CI
control

* d-prime > 3.3


