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Qutline

® Cortical Representations of Speech via MEG

® Missing speech / Familiar Speech

® Spatial Localization of Cortical Representations
» Multiple Levels of Cortical Representations

® Representation Transition from
Auditory/Phonetic = Lexical/VWord-based

® Recent advances in Spatial Localization



Qutline

® Cortical Representations of Speech via MEG



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
“Spectro-Temporal Response Function”

Ding & Simon, ] Neurophysiol (2012)



MEG Responses
Predicted by STRF Model

Long duration speech: ~60 s

(up to ~10 Hz)

Linear Kernel = STRF
“Spectro-Temporal Response Function”

Ding & Simon, ] Neurophysiol (2012)



STRF Estimation via
Boosting

Speech stimulus Prediction error
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STRF vs. TRF
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STRF vs. TRF
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TRF: Depends on
Stimulus Representation
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TRF: Depends on
Stimulus Representation
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Neural Reconstruction of
Speech Envelope
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Speech Envelope
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® Missing speech / Familiar Speech



Speech Restoration
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® 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
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Speech Familiarity

Replay
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With a little old driver, so lively and quick, He was chubby and plump, a right jolly old elf,

| knew in a moment it must be St. Nick. and | laughed when | saw him, in spite of myself.
More rapid than eagles, his coursers they came, A wink of his eye and a twist of his head

and he whistled and shouted and called them by name. soon gave me to know | had nothing to dread.

® Hypothesis: contextual knowledge of missing speech

can be controlled by exposure to the speech
Cervantes Constantino & Simon, bioRxiv 251793



Missing Speech
Reconstruction

Reconstruction from Noise
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Missing Speech
Reconstruction
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Speech Anticipation
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® Spatial Localization of Cortical Representations

» Multiple Levels of Cortical Representations



TRF: One Per Response

But multiple channels

Option: TRF for each channel

Another Option: TRF for each component
Component = linear superposition of channels

Other linear superpositions of channels!?



TRF: One Per Neural Source

® Another option: TRF for each neural source

p Each neural source current maps linearly into
a magnetic field distribution (via the “Lead
Field” matrix)

p Every potential neural source is a linear
superposition of channels



TRF: One Per Representation




TRF: One Per Representation

® Different cortical areas should encode

different representations

® When considering entire brain, should consider
non-auditory representations also, e.g.,

p Lexical (word-based) variables

P Semantic variables

p Other...



TRF: One Per Representation

his schoolhouse was a low building of one large room
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TRF: One Per Representation
Per Neural Source
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TRF: One Per Neural Source

Acoustic envelope

Hemisphere

400
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— Bilateral early response

— auditory cortex (~30 ms)

— sensorimotor parietal and frontal cortices (~50 ms)
— Right-lateralized later response

— auditory cortex (~100 ms)

Brodbeck & Simon, Neurolmage (2017)



MEG Source Spread
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MEG Source Spread
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® Apparent Broad Areas of Activation: Artifact
® Due to Point Spread Function

e Difficult to Avoid for Single Source Analysis

Brodbeck & Simon, Neurolmage (2017)



TRF: One Per Neural Source
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: One Per Representation
Per Neural Source

Acoustic envelope Word frequency Semantic composition
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— auditory cortex (~30 ms) cortex (~170 ms) - temporal progression from anterior temporal lobe to inferior
- sensorimotor parietal and frontal cortices (~50 ms) — Later, weaker bilateral frontal response frontal gyrus activation
— Right-lateralized later response - Right-hemisphere
— auditory cortex (~100 ms) - similarly localized, temporally more diffuse

Brodbeck & Simon, Neurolmage (2017)



Too Much Data
Not Enough Neuroscience!

Acoustic envelope Word frequency Semantic composition
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® Separable Cortical Processing Stages?



Too Much Data
Not Enough Neuroscience!
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® Employ Cluster Analysis

® Estimate all TRF sources simultaneously(?)



TRFs: Per Processing Stage
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Qutline

® Representation Transition from
Auditory/Phonetic = Lexical/VWord-based



Auditory/Phonetic Transition to
Lexical/Word Representations

® Transition from acoustic/phonetic

representations to symbolic, lexical
representations?

® |nvestigate: Responses representing integration
of phonetic information towards word identification

Brodbeck & Simon, bioRxiv 326785



Stimulus Representation: Auditory vs.
Phonemic Context within VWords

his noble mind forgot the cakes
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Different Stimulus
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to explain variance

Brodbeck & Simon, bioRxiv 326785



Stimulus Representation: Auditory vs.
Phonemic Context within VWords
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TRF Results: Auditory
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® Strong, Bilateral Auditory Representations
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TRF Results: Auditory
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® Strong, Bilateral Auditory Representations
® Acoustic Onset stronger

® Acoustic Onset Right-Lateralized

Brodbeck & Simon, bioRxiv 326785



TRF Results Lexical
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® Robust, Left-Lateralized, starting at ~| 10 ms
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TRF Results: Attentlon
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TRF Results: Attention
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TRF Results: Attention

Attended acoustic model Acoustic stimulus model Unattended acoustic model

27

Acoustic
energy

Acoustic
onset

SN
Q%S
— ' Left hemisphere

L | Right hemisphere

1
: X Current
_ A 0 estimate
110 ms [normalized]
-1

Surprisl
Cohort
Entropy

0 ms :

Lexical Processing
Brodbeck & Simon, bioRxiv 326785 Only for Attended SpeeCh

300 400
Time [ms]



Lexical Processing Summary

® | exical processing: incremental integration of
phonetic information for word identification

p Transition from acoustic to linguistic information
p Fast: ~| 10 ms post phoneme onset

® Responses also tracked word boundaries

® | eft hemisphere dominant

® | exical processing of only attended speech



Qutline

® Recent advances in Spatial Localization



Work in Progress

® Spatial localization’s broad spread artifacts could be
tamed by removing independent source analysis

p Allow TRF sources to compete with each other
p Keep competition for stimulus representations
® Difficult problem (non-convex)!

® But use of State-Space estimators and Expectation
Maximization (EM) allows Direct TRF Localization



Direct TRF Localization
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Work by Proloy Das, Behtash Babadi, and Christian Brodbeck



Direct TRF Localization
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» Naturally Sparse
p Dominantly Temporal Lobe

Work by Proloy Das, Behtash Babadi, and Christian Brodbeck



Work in Progress

Auditory M100
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Work by Proloy Das, Behtash Babadi, and Christian Brodbeck



Work in Progress

® Cross-Sulcus artifacts explanation

Work by Proloy Das, Behtash Babadi, and Christian Brodbeck
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® Cross-Sulcus artifacts explanation

Work by Proloy Das, Behtash Babadi, and Christian Brodbeck



Summary

® Cortical representations of speech in MEG

- temporal representation maintained even in the
absence of speech, for familiar speech

- facilitated for familiar speech

e Different temporal representations in different
cortical areas

e Different cortical areas process different aspects of
speech stimulus (e.g. acoustic, lexical, semantic)

® Transition from Acoustic/Phonetic to Lexical
Processing is early (~1 10 ms), left-hemisphere
dominant, and attention-dependent
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