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Qutline

Cortical Representations of Speech (via MEG)
» Encoding vs. Decoding
Cortical Representations of Speech in Noise

Cortical Representations of “Cocktail Party”
listening

Recent Studies:
» Aging & Cortical Representations of Speech
» Higher Level Interference

» Representations of Internal Speech



Magnetoencephalography (MEG)

Non-invasive, Passive, Silent
Neural Recordings

Simultaneous Whole-Head
Recording (~200 sensors)

Sensitivity
e high: ~100 fT (10-13 Tesla)
e low: ~104 - ~|0¢ neurons

Temporal Resolution: ~| ms

Spatial Resolution
® coarse:~| cm
* ambiguous



Time Course of MEG Responses

Time Locked Auditory
Responses

MEG Response Patterns Time-Locked
to Stimulus Events

Robust

Strongly Lateralized

Cortical Origin Only
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MEG Phase-Locked Responses
to Slow Acoustic Modulations

AM at 3 Hz 3 Hz phase-locked response
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response spectrum (subject R0747)
3 Hz

MEG activity is phase- > o
locked to temporal i

modulations of sound ” l ”m
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Frequency (Hz)
Ding & Simon, ] Neurophysiol (2009)
Wang et al.,] Neurophysiol (2012)
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MEG Responses
to Speech Modulations

Auditory
Model




MEG Responses
Predicted by STRF Model
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Neural Reconstruction of
Speech Envelope

Speech Envelope MEG Responses
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Neural Representation
of Speech: Temporal
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Speech in Stationary Noise

Mixtures of Speech and Spectrally Matched Statonary Noise Contrast Index
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Ding & Simon, J Neuroscience (2013)



Speech in Noise: Results

Neural Reconstruction of
Underlying Speech Envelope
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In quiet

INn noise

Noise-Vocoded Speech

natural 8-band 4-band
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Noise-Vocoded Speech:
Results

8-channel, in quiet 4-channel, in quiet 8-channel, in noise
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Cortical Speech
Representations

Neural Representations: Encoding & Decoding
Linear models: Useful & Robust

Speech Envelope only (as seen in MEG)
Envelope Rates:~ | - 10 Hz

Intelligibility linked to lower range of
frequencies (Delta)



Listening to Speech at
the Cocktail Party




Expe riments

speech

Ompeting SpeeCh



Selective Neural
Encoding
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Unselective vs. Selective
Neural Encoding
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Stream-Specific
Representation

reconstructed
: / from MEG
attending to
speaker 1
P \ attended speech
A / envelopes
attending to i\ by M b1
speaker 2 AR ¥
Vi « reconstructed
'\,' from MEG

Identical Stimuli!
Ding & Simon, PNAS (2012)



Single Trial Speech
Reconstruction

Attended Speech Reconstruction
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attentional focus
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Single Trial Speech
Reconstruction

Attended Speech Reconstruction Background Speech Reconstruction
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Overall Speech
Reconstruction

|r**1

0.2
** Distinct neural
representations
- for different
' speech streams
0

attended speech  background
reconstruction  reconstruction
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Forward STRF Model

Spectro-Temporal
Response Function
(STRF)



STRF Results
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*STRF separable (time, frequency)

*300 Hz - 2 kHz dominant carriers I

*M50sTRF positive peak
*M100sTrr Negative peak



Neural Sources

*M100sTRF SOUrce near | eft Right
(same as?) M100 S ——
source: E; - M50sTRF
Planum Temporale % | M1 00sTrRF

*M50sTRF SOUrCE IS . IM100
anterior and medial -8 -
to M100 (same as Q I 5 mm
M507?): 3 >
Heschl’s Gyrus QT edial

*PT strongly modulated by

attention, but not HG



Recent Studies

® Aging & Cortical Representations of Speech
® High Level Interference & Noise

® Representations of Internal Speech



Younger vs. Older Listeners

)
W

27 In Quiet

Older Adults

S
o

‘\H/q Younger Adults

Reconstruction Accuracy

<
[E—

0 Qliiet +3 IdB 0 cliB -3 cllB -6 cllB
Speech Reconstruction by SNR
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Younger vs. Older Listeners

Younger Adults
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Effect absent in Midbrain (FFR Response)



High Level Interference Effects
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Speech Restoration

Twasthenightbe foreChrist mas when 3l theuthdhou se Nota creaturewassticring net 6 ven amou Se Thestekingawerehunghytha:himewith care

g
&)

Frequency [KHZ]
o

ot
&)

0 4 8 Time [S]
® (Can sustained, non-stationary, speech be restored!?

» Might be aided by contextual knowledge/familiarity
» Might be aided by strong rhythmicity

Cervantes Constantino & Simon, bioRxiv 251793



Speech Restoration

Replay

frequency
ntrol

High [

Medium

® Hypothesis: contextual knowledge of missing speech
can be controlled by exposure to the speech



Speech Restoration

Reconstruction from Ngise
, *

0.8 |

Effect size (q)

o
o

Low

21%

Medium

25%

High

Repetition rate

8%

Control

* Decoding of the
missing speech
token improves with
prior experience

* Performance is a
considerable
fraction of that for
clean speech



Summary

® Cortical representations of speech
- representation of envelope (up to ~10 Hz)
- robust against a variety of noise types

- neural representation of perceptual object

® Object-based representation at 100 ms latency
(PT), but not by 50 ms (HG)

® Aging shows over-representation (and time
integration deficits)

® Applies to acoustically missing internal speech
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