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Research purposes
Investigating...

(1) a phase synchronization during imaging articulatory movements of sentences
(2) accuracies of EEG-based imagined sentence classification using the phase synchronization as features

e EEG-based sentence classification
(Watanabe et al, 2017)

e Utilizing a phase synchronization
to sentence rhythms

classification of imagined speech

* vowel classification (Dasalla et al., 2009)

* syllable classification (p’zmura et al., 2009)

* word classification (Martin et al., 2015)
? * sentence classification ™ no research

Applying an EEG-based sentence
classification method to imagined

speech recognition
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Research questions

I— speech rhythm (4-8Hz)
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Speech comprehension
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Research questions

produced speech

— neural oscillation in STG (4-8Hz) |

phase synchronization
speech rhythms = replicable oscillation patterns

phase synchronization b/w
produced speech & neural
oscillation in the motor area?
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rhythms?

EEG experiment

Speech material
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Tasks

Ready? LISTEN +

SPEAK - +

2 sec 2.5 sec

\_

Participant 1 male, 1 female (L1: Japanese)
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RQ. 1 Do EEG phase patterns during imagined speech synchronize with

RQ.2 How accurately do EEG phase patterns classify imagined sentences?

(The book that you were absorbed in yesterday is interesting.)

2. DWWEOEFUDOFHMECE > e EITEREH

(What the girl said to me just now is true.)

3. M DDEE(CHTID TULVDDIIR D
(The picture on the other wall was drawn by his older brother.)
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Indication of a task execution
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Iﬂl listening
model speech is played
speaking
?) .
imitating model speech orally
imaging

5.5 sec 2.5 sec task

imaging articulatory movement
as the same rate to the speaking
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Analysis pipeline

preprocess
Synchronization analysis

(4A")
PLV(ch) =

1
?Z exp(li * (EEG, — SPEECH))

feature * Averaged across target channels

* FFT decomposition

speech data

e perception data: 35 trials (subj 01), 38 trials (subj 02)
* imagined data: 39 trials (subj 01), 42 trials (subj 02)

. perception: model <«— perception: listening task
phase-locking value imagined: produced <— imagined: imagined task

EEG

bandpass-filter (1-14Hz)

speech phase E— EEG phase

Classification analysis: 3 sentence classification task

perception: fronto-central
imagined: centro-parietal

UGB . phase extraction: [0, 2.8] sec, [2, 12] Hz

model * Logistic regression * Random forest
training * SVM * Template matching

evaluation e Leave-one-out cross-validation

Result

Synchronization analysis

Perception: stronger PLV in
fronto/ central region

Imagined: stronger PLV in
centro/ parietal region

Classification analysis
subj 01
percep: 40.0 % (rf)
imagine: 59.0 % (log reg/ SVM)

100
logistic regression: logreg

random forest: rf
- template matching: template

B imagined
B perception

Accuramcy (%) .

+=
-

logreg rf SVM template

perception imagined

Averaged PLV across two participants
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subj 02

percep: 57.9 % (logreg/template)

imagine: 52.4 % (SVM)
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B imagined
B perception

logreg rf SVM

template

Conclusion & Future directions
RQ. 1 A tendency of phase synchronization b/w produced speech & EEG

oscillations during imagined sentences
RQ. 2 Best accuracies: [52.4 59.0 %] by SVM.

Phase patterns are reliable features for imagined sentence recognition

Future directions: (1) Increasing number of participants +
(2) Source localization of this phase synchronization phenomenon /




