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Outline

Lecture 1: Tonotopic organization and stimulus selectivity
a) Anatomical structure of the mammalian auditory cortex
b) Tonotopic organization of auditory cortexb) Tonotopic organization of auditory cortex
c) Firing patterns and tuning to preferred stimulus

Lecture 2: Temporal processing
a) Coding of time-varying signals
b) Temporal-to-rate transformation in A1
c) Temporal-to-rate transformation outside A1

Lecture 3: Spectral and intensity processing
a) Spectral processing
b) Intensity processingb) Intensity processing

Lecture 4: Spatial and auditory-feedback processing
a) Spatial processing
b) Auditory-feedback processing



How does auditory cortex represent 
spatial locations?



Broadly tuned spatial receptive field in auditory cortex 
(Anesthetized cat data)

Population data: contralateral 
preference

RF size increases with increasing 
sound level

preference

Brugge et al. (1996)4-1



Spatial receptive field in awake conditions
(Awake marmoset data)

Zhou and Wang (in press)4-2



Spatial RF more robust against sound level 
in awake conditions

Zhou and Wang (in press)4-3



Spatial RF more robust against sound level 
in awake conditions

A1 CM/CL

Awake cat
Mickey and Middlebrooks (2003)Awake marmoset

Zhou and Wang (in press)

A1 CM/CL
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Location coding based on broadly tuned 
neurons(Anesthetized cat data)

Population coding 
(readout by neural network)

Middlebrooks et al. (1994)4-5



Location coding by opponent neural populations
(Anesthetized cat data)

Stecker et al. (2005)4-6



Modulations of spatial RF:
Local excitation, global inhibition

Zhou and Wang (in press)4-7



Behavioral dependence of spatial tuning in auditory cortex

Lee and Middlebrooks (2011)4-8



Spatial processing: what do we know soSpatial processing: what do we know so 
far?

• There is no “spatial map” in mammalian auditory 
cortex, at least not yet observed

• Auditory cortex neurons are turned to all spatial 
locations.locations.

• Population coding based mechanisms are likely 
responsible for representing spatial locations
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What happens to auditory cortex during 
speaking?
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An example of vocal feedback processing:
Human listeners compensate for shifted formant frequency

B’

B

T

Houde and Jordan (1998)4-11



Auditory-Vocal Pathways

Neural coding of 
acoustic signals

Vocal controloca co t o

Sound Auditory Feedback
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Vocalizing suppresses neural firing in marmoset auditory cortex

Eliades and Wang (J. Neurophysiology, 2003)4-13



Self-produced vocalization suppresses firing evoked 
by external sounds

R tResponse to 
external sound

Eliades and Wang (J. Neurophysiology, 2003)4-14



Vocalization-induced inhibition begins before vocal onset

Eliades and Wang (J. Neurophysiology, 2003)4-15



Some neurons show excitation during vocalization

Eliades and Wang (J. Neurophysiology, 2003)4-16



Inhibition begins prior to, excitation begins after vocal onset

Vocalization-induced 
it ti

Vocalization-induced 
i hibiti excitationinhibition

Eliades and Wang (J. Neurophysiology, 2003)4-17



MEG

Vocal inhibition linked to dampened human cortical activity 
during speaking

MEG

S ki

Listening

Speaking

PET

(Houde et al. 2002)

Electrocorticography

S ki

Listening Listening

Speaking (Wise et al. 1999)
Speaking

(Crone et al. 2002)
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Why does speaking or vocalizing suppress neural y p g g pp
activity in auditory cortex?
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Altering Auditory Feedback During Vocalizing

Marmoset “iPod”

Eliades and Wang (J. Neurosci Methods, 2008)4-20



Frequency-shifted auditory feedback interrupts vocal modulations

Vocal suppression Vocal excitation

Amplified 
f db kA lifi d feedback

Freq-shifted 
feedback

Amplified 
feedback

Freq-shifted 
f

Normal

feedback

Normal

Eliades and Wang (Nature 2008)4-21



Frequency-shifted auditory feedback interrupts vocal modulations

Vocal suppression Vocal excitation

Amplified 
f db kfeedback

Freq-shifted 
feedback

Normal

Eliades and Wang (Nature 2008)4-22



Frequency-shifted auditory feedback interrupts vocal inhibition

Freq-shifted 
feedback

Normal 
feedback

Eliades and Wang (Nature 2008)4-23



Suppressed neurons show greater sensitivity to auditory feedback

Eliades and Wang (Nature, 2008)4-24



Auditory-vocal interactions in auditory cortex

External sounds

XX
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Auditory-vocal interactions in auditory cortex

Why does our voice sound differently when played from a tape recorder?

Self-produced 
sounds

Why does our voice sound differently when played from a tape recorder? 
Vocal production system modulates auditory cortex during speaking

sounds

Vocal modulation

“Efference copy”
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What do we want to know in audition? 

VocalizingVocalizing
(self-monitoring)

Listening
(memory formation, retrieval)(memory formation, retrieval)

Where the sound comes from?
What does it mean? 

Wh i t lki ?Who is talking?

4-27



Spatial Processing:

Suggested readings:
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