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Functional Brain Imaging

Functional Brain
Imaging

= Non-invasive
recording from
human brain

Hemodynamic
techniques

fMRI| & MEG can
capture effects in single
subjects

Electromagnetic
techniques
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MEG & Auditory Cortex
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MEG Responses
Predicted by STRF Model

Long duration speech: ~60 s

(up to ~10 Hz)

Linear Kernel = STRF
. . . ¢ o b B/
Ding & Simon, | Neurophysiol (2012) Spectro- Temporal Response Function



MEG Responses
Predicted by STRF Model
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Neural Reconstruction of
Speech Envelope
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Neural Reconstruction of
Speech Envelope

stimulus speech envelope
reconstructed stimulus speech envelope
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2 Reconstruction accuracy comparable to

Ding & Simon, ] Neurophysiol (2012) single unit & ECoG recordings
Zion-Golumbic et al., Neuron (201 3)
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Neural Representation
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Speech in Stationary Noise

Mixtures of Speech and Spectrally Matched Statonary Noise
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Speech in Stationary Noise

Mixtures of Speech and Spectrally Matched Statonary Noise Contrast Index
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Speech in Noise: Results

Neural Reconstruction of
Underlying Speech Envelope
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Ding & Simon, J Neuroscience (2013)



Speech in Noise: Results

Neural Reconstruction of
Underlying Speech Envelope

L1s

Contrast Index _
Reconstruction Accuracy

Hﬂﬂnn ?

Q +6 +2 -3 -6 -9
SNR (dB) .5
T .1
Intelligibility (%) [
* H o)
&
0
ﬁﬁ Q +6 +2 -3 -6 -9
Q +6+2 -3 6 9 SNR (dB)

SNR (dB) Ding & Simon, J Neuroscience (2013)



Speech in Noise: Results

Neural Reconstruction of
Underlying Speech Envelope
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Noise-Vocoded Speech

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

Di Liberto, et al. (2015) Low-Frequency Cortical
Entrainment to Speech Reflects Phoneme-Level

Processing

Kayser et al. (2015) Irregular Speech Rate
Dissociates Auditory Cortical Entrainment, Evoked
Responses, and Frontal Alpha

Ding et al. (2015) Cortical tracking of hierarchical
linguistic structures in connected speech



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

Alex Katz,
The Cocktail Party
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Listening to Speech at
the Cocktail Party

-

. ' , \ |
. R — /"\ ~—
‘.‘ :\ ,A/ b _ '.\ /./
. \ .
..\“ - N i

Alex Katz,
The Cocktail Party



Listening to Speech at
the Cocktail Party
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Competing Speech Streams
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Selective Neural
Encoding
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Unselective vs. Selective
Neural Encoding
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Selective Encoding: Results

reconstructed
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Single Trial Speech
Reconstruction

Attended Speech Reconstruction
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Single Trial Speech
Reconstruction

Attended Speech Reconstruction Background Speech Reconstruction
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STRF Results

Attended Background
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Neural Sources
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Recent Results

® Attentional Dynamics
® Aging & Cortical Representations of Speech

® High Level Interference & Noise
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Attentional Dynamics
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Attentional Dynamics
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Recent Results

® Attentional Dynamics
® Aging & Cortical Representations of Speech

® High Level Interference & Noise



Aging & Auditory Cortex
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Aging & Auditory Cortex
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Aging & Auditory Cortex
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Speech Over-Representation
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Speech Over-Representation

—8— Older —8— Younger

Kook

i
¢

<
™~

S O
— o

Kk

4
T

—g —

Reconstruction Accuracy
o x

Speech Reconstruction by SNR

Quiet +3dB 0dB -3dB -6dB

Presacco et al.,] Neurophysiol (2016a)

* e Quiet
. =~ = +3dB
D)
o = * 0dB
) O ¢ 3dB
c>)s i * -6dB
S 0.4f et G o Qi
5' ¢ * %0-+3dB
° . . °
O .. - ¢ 5 *OdB
O o * o >? ¢+ -3dB
< zi'*..;**: * -6 dB
C R ¢
9 ‘.:' g **0 !“
=+ ¢ * e " E e
Soar meloecio
-:. - * ° ***.
L UL
S . osreitt
*
O LI
()] $ 8 *
C s
Or =

Speech Reconstruction by Subject



Aging & Integration Time
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Neural vs Inhibitory Control
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Recent Results

® Attentional Dynamics
® Aging & Cortical Representations of Speech

® High Level Interference & Noise



High Level Interference Effects
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High Level Interference Effects
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High Level Interference Effects
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High Level Interference Effects
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High Level Interference Effects

Speech Reconstruction by SNR

Presacco et al.,] Neurophysiol (2016b)
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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)

® Robust Dynamical Foreground Monitoring

® Over-Representation with Aging
- Reconstruction depends on integration time
- Over-Representation tracks inhibitory control

® Background familiarity: neural tracks behavior
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