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Spatiotemporal Localization of Brain Activity on Reading Hiragana Words

Hisashi Tovosmmma', Takahiro Yamanor:, Toshimasa Yamazaki** and Shin-ichi OnNisHI*

Abstract

The authors recorded nineteen-channel event-related potentials (ERPs) during recognition of
one type of Japanese character ; Hiragana (one type of phonetic characters). By field-sequential
stereoscopic 3D display with liquid crystal shutter, a word and a non-word were simultaneously
and independently presented to the left (right) eye and right (left) one, respectively. Each word
consists of three Hiragana characters. Three subjects were instructed to press a button if he had
recognized the meaning of visual stimuli after 3000ms poststimulus. Equivalent current dipole
source localization (ECDL) with three unconstrained ECD was applied to the ERPs. The ECDs
were localized to the Wernicke's area at around 600ms. The ECD for one left-handed subject
was located at Wernicke's homologue. After that ECDs were localized to the prefrontal area, the
superior frontal gyrus and the middle frontal gyrus. Then at around 800ms, the ECDs were local-
ized to the Broca's area and after that ECDs were localized again to the Wernicke's area and then

to Broca's area at around 970ms.
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(equivalent current dipole source localization : ECDL) %12 X A2 4TV, /A ORNH%RE 122
VAT LI L, TLTEFLEOODV LR OB TIEN LRCFR;RL 2L 2L 2L
[1]. F72m& 2R HET B L ORI Z BT 2 B8R ORGEE) O E 247\, HEETRRHIE
FICBIT 2 S RGE) O R 2 R 22 MR 2o s L7z [2].

ARRZE T, Jefriige [1] Tiro 72 2 B2 & B HEE 106 L, SBUBF- 12 & % PR 24T
W, O S DR BEEOBIER I BT & R E) 2 FE SR Z2 A I CHEE 5 5 .

2 FMRTIT>EERBLUEN

2.1 AEBRTRRU LGRS KOBAXTR

FATHIFE TIRIBEBRE O LA OHEF I LT, BEREZFOET L OO OHFEB L U ZDJH
o AR CERE R WET L OO OHFEZ B O LA IR L7z, 2o
BRGNS S 2 5 2 & C, BT L U603 OFLHREIC BT 2 K RE DB 1%
ZHERAL TV a. ZORIZIE, BEEO BRI O ROGKEE O [k ICFH L TR 217> Tw»
5. ROGK R OBANE? S, — NOWEE ZFREG VLML ST 2 Z EWWHL N LR 7.
ARAFFETIL, SBATHIZETIT o 7292881 X D 15 5 L7 i (electroencephalogram : EEG) 75,
RN G T — & & U CHBRE 10 L CHERL 2 BUEF ICHR S 72 O 5 A3 73 FEHIEFE DEEG % # 4R
L, &L TR SN 7-FH5B8ETEN. (event related potential ;: ERP) (24} LT, ECDL#E
ik, ZOBOMRNIEEIEAL O R 22 B HERS & Mt L 72,
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Fig. 1 Stimulus presentation interval and EEG measurement.
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2.2 RIHRTEE EREETRIERE

K TIE, SENBOIRR 2 HEBRE OLA ORI L THALIZAT) 720125y v v 7 —
BREEA M L7z, WY v v 7 — R8T, B2 SR B 2EES Y 70 -4 =L
WMLTEADY Y v & —OREPMTHN S, CRTICEIRFIRBE IR SN TW A A2
TR Y v v ¥ —DHHHE, GIRFERHEESIRRENTOL5EIEGIRMO Y v v ¥
—DAHDH . T DY v v ¥ —IREE T 2 L 7B O e A OIRIIZIZFREIZ R 7
HHERIRENS.

W B HS R BRI % 554 2 IS OBBGRHINC X BE R0 EFEAS 1 S VAT, 19F ¥ AV TD
EEGEHMZS W RETH 5 7V & WL M@ Midkat (Synafit EE2500 : NECHA®ER) =M L 7.
BeBREIX19F v A VOEMF v v 72 EAE L, INx i L CEBTOEBEGE T 5. FHIIS
N7ZEEGIIADZH A — N2 L T — ¥ RAFHOPCIZH ) S B BRI I 13 AR it
I3 IR KT S 1I0kQLLU T TRl 247 o 72, BEGEHMIED Y > 7)) » FJE¥EIE 1 KHz, /N F
INAT 4V F130.15~100Hz & L 72,

2.3 FERBROWRE

ARFFETIE, IEEZHEEHT 520~22%D 3 40F £ (FI&F  AME 24, EFE
14) 2L T, ZhoOEEMRIZL 5ERE TN ENREETT- 720 % dB, FF & OB
FIZOWTREATMRICL Y, SIS 2HEHREZETV 5.

2.4 BRLIEERLOHTE S ES LUHEEHE

FEER T 5 N72ERPICECDLE # @ L 72, —#%I2, ECDLLETIE, FEESE T IIVNICECD %
BT, W LOBMAOMOMmMELFE T2 [EME] &, HHE L FHIMEO M ORRED K
INE T2 B & ICECD/XT X — 8 R bs 5 [WiRE] 2. MRTEOBTIE, ARkt
BIREE 2 1), AT RUICEME 2 308 L 72 BE L 2 T 2812k 5. BHEFETVE L
T, EEFEORLZLUEE, HEFTBIVOEEO3IEEZ, MOk LTETMLLL
(Fig. 2).

WERE D AL LERE TV O E IS £ HOMRIEE ZFIH L7z, £72, HEEHRONE
EBXOEEMEICOWVWTIE, FNEFN, Goodness of fit (GOF) B X UHeT Y 2 ZHEIR F
[3] OMEICL > TR L7z, SIS DIENTICIZPCHIAUR T-HEE Y 7 b =7 [ 4] (Syna-
PointPro : NEC) # JH\72. 73, ECDL#:IZ X A HEER FICH L Tk, GOFfHAY98% Lh
F, 95% DOEHERAL 1 mmFTH DHERE M L7

EERCTHE O NZEEGIZIIHBRED TIE/2E R LI1I2L) ) A AWRAT L. ZORRAERO
I A X T 572012, FHll SN2 TOEEGIZ D W TIHIEZ#IZ L, KRELENOFET
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Fig. 2 Concentric 3—sphere model of the human brain (left : real head image, right : 3—sphere model)

LEF T — # 1I2oWTIRANT SR S BA L7, AU CIE R ST T L #2 5
N AH400ms LA DEEG % T Oxt g & L 7.

3 HEEHER

EERTHON720 5D 2B HIRF OEEGIZH LT, e I & I2E Y 2 Ko, ERPZ 1S
72, MMPVALERER AL D HEE 24T o 72HE R, 3 B OBERE & D12, ERF600msHi % T Wernickef (2
ECDMSEsE &7z, e B, AR & OWEENSE L UMY LA EERIZ, AR & OB BREMTIX
OG- EERIZECDAMEE ST Wb SBATAIZRIC & ) #EREMTIE S5 25 (4 1%)
W HFDPHER I N TN D,

Wernicke®F [CECDAMEE S L7 LLE2 1L, RIGHRTEF (prefrontal area : PFA), Wernicke® &
[l o> _EHiSERA] (superior frontal gyrus : SFG) 3B & PP EIBE[E (middle frontal gyrus : SFG) |2
ECDAYfEE S 7z, % L CiEs#E800ms TBrocaff IZECDAMEE S 172, & 512, BrocaF IZECD
DHEE S N7z LI O IR T 315 U Wernicke#F [ZECDAMEE S 4L, HK970ms TBrocalf (ZECD#*
fmsh, WEON—TH RSN/ (Fig. 3~ 8, Tablel).

Fig.3 Exam,

Fig. 4 Example of ECD localized to the PFA at 638ms (Subject NS)
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Fig. 6

Fig.7 Exa

Fig. 8 Example of ECD localized to the Wernicke’s at 809ms (Subject NS)

Table 1 Relationship between localized source and its latency [ms]

Subject | Wernicke PFA MFG PFA Broca Wernicke PFA Broca
MY 593 677 712 749 810 830 861 973
NS 586 638 741 766 807 809 881 977
MT 615 634 711 758 822 825 873 972
4 EZ

3B DOBERE DM EM R T T 5 &, WEEMTOHEEMH RO 2 2 O L I13E %
0, FHNCHEZ STV B LAME, HEESNE L ZOBRICRE RETR N L2 o7,
600 ~800ms?, Wernicke®f 7> 5 Brocaf 12 % F TOERIZOWTIE, HHEBIUVE
WIRC AR ORIEE) & AR, RELSRECHET 28I e SN,

F 72, ERS00msLAR DO ARG SL T, FF U"Wernicke®F 2 5 Brocalf ~NDIERE LR 517z,
O 2 M HOHERIE 1 B HOHERE & IZIFAMTH > 72, A—HETOEBORD K LIZHEETFO
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PRHEAE TTIIERR S N o 7. — T, BHROMZE [5] TIEF LEM TOER O K LA
Aoz, BEOEATIIMARIEE LT, RSN F—T7— FE2@BM, ¥—7— FICEH:HE
LRt L7-NEEZRE, OBBEBR COWREZIT> Tnb, 20z, [[—iiToERD
BOBELARELZEEZOND.,

Dbz s, HEMBAETIIRREN TV PBOBRFLOFH 2 HFRENDHE
L, HEHBONEPAEE 3L ETHLHEL T, BRMEENESHFET S LEZLN
5.

RFFECTHWZRIEE, ERODH D0 RHEE (Bl 1 137:5) & ZONEF %2 72 ERO
VOSSN HHEE (B 1 72513) ORIZ, BUERMABER O HEE T 2 WIEEER S 5720,
D574 BEEOMMFBE L LT, EFMLRREMER T O BRI ZRMEIT> T b fEk
BEZOND, RIFFEOMERIE, FFNLRMBRERETEEL LCGRAIL, 2ok IZ3Mm
LIEBEN AT A LA SHOBEREZHMT LI L TIFoTWAEEZZLNS.

72, FATHIZE T 2 BT 12 X BHEE TH o 728%, KRIFH TIE 3 BUBF12 X BT 247 -
7GR, ST COREEIA L ) I E SN E L ON D,

YIS

K Cld, ECDLIEIIZ L o TO S D EEO M EFE 2 HEE L 7245 9, Wernicke®F, Broca
B OSHEE COMIGEI 2R L. INSORREOAL ST, [[W—HMOEBOEED KL
ok, JeATIgE L0 b FEI e E S & 1572

HE

ABFFEAEF 94 3 AT L7 G R A R KA e ML e FH N 727 - )
Y—F by y —EHEEIED B FERRENAT 7 - ) —F - 2y - TE Y s
N OTBUSE - W% - 5 - SEEEROEEL L MEHIEE B~ O] 7 5 NS, SFR19E
FER B TR & 72 SCERRF 248 BN R ik AR 78 SR T I S $2 36 12k 9 il R RN A
T )Y —=F ks —WETE s b B bty vy IR R E T 5 AR E ISR
DIEREHH - MBEATOFIZE LICH ] O—B&RE LTTbhz. AREZIT) 2720 %
THW 7B E B X OB A THW - 4 IS £ Y.
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