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Outline
• Cortical Representations of Speech 

    (Encoding vs. Decoding)

• Attended vs. Unattended Speech

• Studies in Progress: 

‣ Attentional Dynamics 

‣ Aging & Neural Representations of Speech

‣ Neural Representations of the Background



Magnetoencephalography
• Non-invasive, Passive, Silent 

Neural Recordings

• Simultaneous Whole-Head 
Recording (~200 sensors)

• Sensitivity
• high:  ~100 fT (10–13 Tesla)
• low:  ~104 – ~106 neurons

• Temporal Resolution: ~1 ms

• Spatial Resolution
• coarse: ~1 cm
• ambiguous      



Time Course of MEG Responses
Auditory Evoked Responses 

• MEG Response Patterns Time-Locked 
to Stimulus Events

• Robust

• Strongly Lateralized
Pure Tone

Broadband Noise



MEG Responses 

Auditory
Model

to Speech Modulations



Ding & Simon, J Neurophysiol (2012) “Spectro-Temporal Response Function”

(up to ~10 Hz)

MEG Responses 
Predicted by STRF Model

Linear Kernel = STRF



Ding & Simon, J Neurophysiol (2012)
Zion-Golumbic et al., Neuron (2013)

Neural Reconstruction of 
Speech Envelope
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Reconstruction accuracy comparable to 
single unit & ECoG recordings

(up to ~ 10 Hz)
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Neural Representation 
of Speech: Temporal



Speech in Noise

Ding & Simon, J Neuroscience (2013)



Speech in Noise

Ding & Simon, J Neuroscience (2013)



Speech in Noise: Results
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Cortical Speech 
Representations

• Neural Representations: Encoding & Decoding

• Linear models: Useful & Robust

• Speech Envelope only (as seen by MEG)

• Envelope Rates: ~ 1 - 10 Hz
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speech

competing speech

Experiments



speech

competing speech
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Selective Neural 
Encoding



Selective Neural 
Encoding



Unselective vs. Selective 
Neural Encoding



Selective Neural 
Encoding



Stream-Specific 
Representation
representative 

subject

Identical Stimuli!

reconstructed  
from MEG

attended speech 
envelopes

reconstructed  
from MEG

attending to
speaker 1

attending to
speaker 2

Ding & Simon, PNAS (2012)



Single Trial Speech 
Reconstruction

Ding & Simon, PNAS (2012)



Single Trial Speech 
Reconstruction

Ding & Simon, PNAS (2013)



Invariance Under Relative 
Loudness Change?
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Invariance under Relative 
Loudness Change

attended

backgroundco
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Neural Results

• Neural representation invariant to relative loudness change

• Stream-based Gain Control, not stimulus-based



Forward STRF Model

Spectro-Temporal 
Response Function 
(STRF)
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Spectro-Temporal 
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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:  
Planum Temporale

•M50STRF source is 
anterior and medial 
to M100 (same as 
M50?):  
Heschl’s Gyrus

5 mm

•PT strongly modulated by 
attention, but not HG



Studies In Progress

• Attentional Dynamics

• Aging & Neural Representations of Speech

• Neural Representations of the Background



Attentional Dynamics
Attend to Speaker 1

Attend to Speaker 2
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Attentional Dynamics
Attend to Speaker 1
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Younger vs. Older Listeners
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Summary

• Cortical representations of speech
- representation of envelope (up to ~10 Hz)

• Cortical Processing Hierarchy: Consistent with 
being neural representation of auditory 
perceptual object 

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



Thank You


