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Speech is a very complex signal.

Noise

Silence

Quasi-periodic

Formant structure

Formant change

Dynamic pitch variation

They’re buying some            bread Streams of processing in the 
auditory system

The evidence from human 
patient studies has identified a 
prefrontal region involved in 
speech production (Broca’s 
area) and a large tempero-
parietal region involved in 
speech perception (Wernicke’s 
area). This latter region 
encompasses a very large area 
of cortex: these studies 
investigate functional 
specialisation within this system, 
and any potential processing 
streams within this.
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Vocal communication

• Is there any evidence for streams of 
processing in auditory perception?

• Is there any relevance for the understanding 
of the neural basis of speech perception?
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Human auditory areas 
from Rivier and Clarke, 
1997
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Spectrally complex 
sounds against silent 
rest: Thivard et al, 2000
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Sounds with 
harmonic structure 
against pure 
tones: Hall, 
Johnsrude et al., 
2002
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Amplitude 
modulated noise 
against 
unmodulated noise:
Giraud et al, 1999
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Increasing spectral structure in NVC: 
Scott, Rosen, Spitsyna, Faulkner, Neville, 
Wise, in prep.
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Frequency modulated 
tones against 
unmodulated tones: 
Hall, Johnsrude et al., 
2002
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Spectral change against 
steady state sounds:
Thivard et al, 2000
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Examples of stimuli

speech

noise vocoded 
speech

rotated speech

rotated noise 
vocoded speech
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Conclusions

• Phonetic cues and features - lateral and 
anterior to PAC, and in posterior STS.

• Intelligibility - anterior to PAC, in left 
superior temporal sulcus

• Stream of intelligibility running antero-
lateral to PAC?

• Right STG/STS - signals with dynamic 
pitch variation

Varying intelligibility parametrically
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Intelligibility - behavioural data

Right

Scott, Rosen, Lang and Wise, under review

Z=5.96 x=64 y=-4 z=-2
Z=4.73 x=-48 y=-16 z=-16

Z=4.52 x=-64 y=-28 
       z=8

Z=5.6 x=-62 y=-10 
     z=8 0

Left 



5

1     2     3     4     8    16   3R  16R

Posterior STS

y=-38, Z=4.20

Anterior/posterior streams

• Evidence for an anterior stream associated 
with intelligibility.

• Posterior regions not (a) specific to 
intelligibility or (b) speech specific.

• Planum temporale responds to many 
sounds.

• Posterior STS not intelligibility specific.

What is the function of the core 
of Wernicke’s area ?

This region respond asymmetrically to 
speech over SCN, but does not respond 
solely to intelligible speech: it is also 
sensitive to sequences which could be 
perceived as speech after training.

This same region in posterior superior 
temporal sulcus is activated when subject 
silently generate words in a verbal fluency 
task

Is ‘Wernicke’s area’ involved in  the transient 
representation of sequences, both heard and 
internally generated?

Speaking and mouthing

This region, in the left posterior temporal-
parietal junction, responds when subject 
repeat a phrase, mouth the phrase silently, 
or go ‘uh uh’, over mentally rehearsing the 
phrase

Wise, Scott, Blank, Murphy, Mummery and Warburton, 2001

Role of this region?

• Thus there is a region posterior to primary 
auditory cortex which is activated when the 
subjects move their articulators, regardless 
of whether or not they make a noise - a 
region of sensori-motor integration?

• Secondary face area?

what

where

what

how

where

Scott, in press


