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Introduction

• Auditory Objects

• Magnetoencephalography (MEG)

• Neural Representations of Auditory Objects in 
Cortex: Decoding

• Neural Representations of Auditory Objects in 
Cortex: Encoding



Auditory Objects

• What is an auditory object?

• perceptual (not neural) construct

• commonalities with visual objects

• several potential formal definitions



Auditory Object 
Definition

• Griffiths & Warren definition:

• corresponds with something in the 
sensory world

• object information separate from 
information of rest of sensory world

• abstracted: object information generalized 
over particular sensory experiences



Auditory Objects

• a few more details…

• punctate or streaming, serial or parallel

• not quite “what” in “what vs. where”
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Auditory Objects at 
the Cocktail Party

Ding & Simon, PNAS (2012)



Experiments
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Phase-Locking in MEG to 
Slow Temporal Modulations

Ding & Simon, J Neurophysiol (2009)
Wang et al., J Neurophysiol (2012)
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MEG Responses

Auditory
Model

to Speech Modulations



Ding & Simon, J Neurophysiol (2012)

Spectro-Temporal 
Response Function 
(STRF)

(up to ~10 Hz)

MEG Responses
Predicted by STRF Model
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Speech Stream as an 
Auditory Object

• corresponds with something in the sensory 
world

• information separate from information of 
rest of sensory world
e.g. other speech streams or noise

• abstracted: object information generalized 
over particular sensory experiences
e.g. different sound mixtures



• neural representation is of something in 
sensory world

• when other sounds mixed in, 
neural representation is of auditory object, 
not entire acoustic scene

• neural representation invariant 
under broad changes in specific acoustics

Neural Representation 
of an Auditory Object



Selective Neural 
Encoding
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Unselective vs. Selective 
Neural Encoding
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Single Trial Speech 
Reconstruction



Single Trial Speech 
Reconstruction



Overall Speech 
Reconstruction
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Invariance Under 
Acoustic Changes
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•Stream-based not stimulus-based
•Neural representation is invariant to 
acoustic changes.
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✓ neural representation is of something in 
sensory world

✓ when other sounds mixed in, 
neural representation is of auditory object, 
not entire acoustic scene

✓ neural representation invariant 
under broad changes in specific acoustics

Neural Representation 
of an Auditory Object



Forward STRF Model

Spectro-Temporal 
Response Function 
(STRF)
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STRF Results

•STRF separable (time, frequency)
•300 Hz - 2 kHz dominant carriers
•M50STRF positive peak
•M100STRF negative peak

TRF

•M100STRF strongly modulated 
by attention, but not M50STRF
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Neural Sources

RightLeft

an
te
rio
r

po
st
er
io
r

medial

M50STRF
M100STRF
M100

•M100STRF source near 
(same as?) M100 
source: PT

•M50STRF source is 
anterior and medial 
to M100 (same as 
M50?): HG
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Cortical Object-
Processing Hierarchy
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•M100STRF strongly modulated by attention, but not M50STRF.
•M100STRF invariant against acoustic changes.
•Objects well-neurally represented at 100 ms, but not 50 ms.



Not Just Speech
Competing Tone Streams

Xiang et al., J Neuroscience (2010) Elhilali et al., PLoS Biology (2009)
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Summary

• Cortical representations of speech found here:

✓ consistent with being neural representations 
of auditory (perceptual) objects

✓ meet 3 formal criteria for auditory objects

• Object representation fully formed by 100 ms 
latency (PT), but not by 50 ms (HG)

• Not special to speech
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