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Introduction

Two explanations of spoken word processing:

Serial processing model

acoustic-phonetic input -- mental linguistic knowledge
involves explicit ordering of information types:
phoneme --- syllable --- morpheme --- semanteme

e.g. [k...]---[ke.. ]---[ket]---cat

J. Morton, “Interaction of information in word recognition,”
Psychol Rev, vol. 76, pp. 165-178, 1969.

Direct mapping model

low-level (sub-phoneme) --- high-level (lexicon)
Mapping [k...]--- cat, cap, cash, click, kindle ......

Shifting  [ke...]---cat, cap, cash ...... T .
Integration [k&t]--- cat - ,

J. L. McClelland, and J. L. Elman, “The TRACE . s i 8"
Cognitive Psychology, vol. 18, pp. 1-86, 1956



Introduction

Purpose: to uncover the brain activation dynamics during spoken word processing

Method:

1. Electroencephalograph (EEG)
high temporal resolution
to trace the time course of different phases during
word processing

2. EEG source reconstruction
high spatial resolution
to locate the activated brain sources in response to
the words in each phase

Noun.

Material: nouns and verbs

Verb.

Nouns ( objects ) Verbs (‘actions )
visual-occipital cortex motor-fromtal cortex

FE. Pulvermiiller, B. Mohr, & H. Schleichert, “Semantic or lexico-
syntactic factors: What determines word-class specific activity in the
human brain?” Neuroscience Letters, vol. 275, no. 2, pp. 81-84, 1999.
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Spoken Word Stimuli

Table 1. Meansrating values of psycholinguistic, semantic and emotional features for nouns and verbs

Vision- Motion-
Familiarity Concreteness relatedness relatedness Arousal Valence

Noun 5.96 4.04 5.76 1.99 2.60 3.20

Verb 5.65 3.57 3.12 5.62 2.61 3.09
Properties
 familiar, concrete and neutral two-character (disyllable) words in Mandarin
Type : .
) ouns Table 2. Part list of the word stimuli
I verbs . #i7 Noun 1@ Verb
* 160 white noise segments (filling) . N .
Record Parameters BA shuben v chuli
e Format: Wave PCM (*.W&V) F‘ chuanghu jEiZ zhuizhu
Sampling rate: 44100Hz :
e Sound track: stereo (dual track) > xlyang 1 S5
Bit depth: 16 bit (float) EA3 waiyi A dianran

T ——




Experimental Procedure

Equipment

128-channel quik-cap

Neuroscan
Synamps? D

Acquisition

o e : Computer Parallel
: usSB Port
Receiver —_— —
= - -
) Stimulus
Computer
Audio Outlet @
Transmitter Audio
.................... Module Splitter
Audio to

Paradigm Headphones

_|_

infinite 1000 ms




EEG Acquisition Parameters

online EEG signals
Online Recording Parameters : B, Cury Nursiming S 70 2
N l_._u Fie Edit  iew [atabiie ﬁnq.m.l:acm Fu'rrmunu[-‘.!: !dnn-: |.|'IBDEI:|ILI | oAk 5-uun::Euu!5. Enn-':lrd'u ﬂlnun u:rp R
Quik-Cap: 128 electrodes A5RBRRAN L Ssksles| s @@ 0 g aslie|@
Configuration: Extended 10-10 system ' AR A REAN RN P 2 Tl
Amplifier: Synamps 2/RT #iigelac % oo % _1%:%
a wery 7 Sagnal Processingm IP3 - ay H
Sample rate: lkHZ ; [Austosave 2013-05-20 13:00:10 E?! -avﬂW%WMWMWWMMWWWWWMW gg
Impedance: below 5kQ $ mminmeras W L T e e T 6
§ setistical Emp T e e T e D ey 87
g ‘:—:;1::-3:: Matiching EEE%'&"’Q B I e e e g e e i Ly -312
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EEG Pre-processing Parameters

Offline Analysis Parameters :

Filter Parameters:0.1Hz - 30Hz (brainwave range)

Reference electrode: Common Average Reference (CAR);

Baseline correction: remove a constant or linear DC offset from the data

Artifact Reduction: Covariance analysis
1. eye blink reduction: threshold (VEOG): £200 uv, time range: -200-200 ms
2. bad block reduction: threshold : 100 uv, time range: -200-500 ms

before

Wizcpt : Thrl Thrl Thrl Thrl Wiscpt




EEG Functional Data

Epoch/Averaging (Event Related Averaging): -100-1000 ms

Noun-related
event

Verb-related
event

-100 O 1000 ms




EEG Source Reconstruction

TestDE.mdo .
= BESA T Functional Data

i

= I EQiSpiax
= 3 Furchonal Data

Natabase

22| EpSpdae.avg
_1 Image Data
] Cefaultsadis . ofg

Ak lact Femrowal

w0 F Congt 7 Lines
Tirneraege fms]:

Sensor Locations

- (]
&

H‘* .‘ :.._ -
{_Snur-::c Es:c:ﬂn-.-:-tru-:ticaﬁ]

&
-

B
[N R Yolume Conductor
ard Source Models

Data Processing \
\ s R _1.5‘5/

Purpose:

To construct the brain sources that may
contribute to the noun and verb processing.

Procedure:

Functional Data: inversely calculate for
the localization of activity sources

Sensor Locations (128 electrodes):
Boundary Element Method (BEM)
construct volume conductor and source
models

Anatomical Data: segment brain structure
Head model: standard MRI template




/

Functional Daga - data processing

Noise Estimation Timerange : -40-0 ms
Noise Estimation limitation: signal-to-noise ratio (SNR) >10

PCA (Principle Component Analysis) to determine the possible source numbers.
It 1a assumed for certain signals recorded on the scalp, there are one or more sources in the brain where
the activities originates.

ICA (Independent Component Analysis) to extract independent components for word processing
Current Density Reconstruction (CDR): an independent analysis that allowes distributed sources to be
concurrently observed at a certain time point and could provide the activation extent on a regular 3D
grid or on the cortex.

SLORETA (standardized Low Resolution Electromagnetic Tomography) : inverse operation

constraints required to settle the non-uniqueness between surface topography and underlying sources..
(a modification of MNLS, Minimum Norm Least Squares )
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Part three




Reconstruction Results (noun)




Reconstruction Results (verb)




COR LR LR COF
Fdietibuged] g X [F-chetibuieead] - [F et bueead] [Fchelibuead]
hh‘.#-""
2 # \

T
100 ™ = 100 100 i +“ 100
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STG, IFG, mSMS STG, vSMS, mSMS

Noun

COR COR
IF-denibaed] . % [F-detibuied]

CDF TR
|F-cheli bsed] |Fchehibaibed]
1w L

a0

Verb

- A0

BO

STG, vSMS, mSMS STG, IPL, mSMS vSMS, mSMS STG, IFG, vSMS STG, vSMS, mSMS

>
50 60 70 80 90 100 ms

STG = superior temporal gyrus; [FG = inferior frontal gyrus; IPL = inferior parietal lobe;
vSMS = visual-related sensory and motor systems; mSMS = motor-related sensory and motor systems

- ——




Second Phase

LR R i COR
IF-dhietibstead] IF-detibured] e [F-dan bz
1o 100
Nnun 30 L) 30
]n} 1] BO
70 70 70
&0 B0 B0
CoR CoF
|F-chatibsed] |F-chetibasbed]
1
Verb *
a0
o
B0
STG vSMS, mSMS vSMS, mSMS, PPL mSMS, PPL
150 225 230 240 250 ms

1or temporal gyrus; IFG = inferior frontal gyrus; IPL = inferi
ed sensory and motor systems; mSMS =




Third Phase

CDR
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Three-phase recurrent phase (TPRP)

Angular Gyrus
Phoneme-orthography

Motor Cortex -
Action semantics

Speech sound

.Broca’s Area
phoneme

. .Visual Cortex
.Auditory Cortex Vision semantics

Acoustic-phonetic signals

Motor Cortex "
Action semantics / l -
) Wernicke’s Area ’

.Broca’s Area
phoneme

Angular Gyrus
Phoneme-orthography

@ rarictal Lobe

250 ms

@ Visual Cortex
.Auditory Cortex Vision semantics

Acoustic-phonetic signals

& Sensory-motor integration

.Wernicke’s Area
,  Speech sound

Motor Cortex

Action semantics

< .Lips & Tongue
Q Motor Control Area

,V“Ii. Gesture simulation

Auditory Cortex
Acoustic-phonetic signals

.Visual Cortex
Vision semantics

The tentative phase

The primary phase

The advanced phase

50-100 ms

150-250 ms

350-450 ms

vSMS and mSMS are both activated in noun
and verb condition.

noun-elicited vSMS verb-elicited mSMS
noun-verb dissociation

noun-elicited vSMS verb-elicited mSMS
noun-verb dissociation (most significant)

Searching for potential words including both
nouns and verbs in visual and motor cortex
exhaustively.

A continuing word searching and shifting
process discriminatethe best match.

High-level information integration
and word 1dentification process.
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The sound-meaning transformation during spoken word processing is

processed in functionally hierarchical time phases, which matches well

with the direct mapping model.

Spoken word processing can be regarded as a three-phase recurrent

process (TPRP) : tentative access phase, primary selection phase, and

advanced integration phase.
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