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Comparison of Spatiotemporal Activities in Human Brain Between Words
and Symbols with Directional Meaning

Hisashi ToyosHIMA*', Takahiro YAMANOI*, Shin-ichi OHNISHI*,
Toshimasa YAMAZAKI** and Michio SUGENO***

Abstract

To investigate the brain activity during human recognition of words and symbols both have the
same meaning, the authors recorded electroencephalograms (EEGs) from subjects in looking at
Chinese characters, called "Kanji", or arrows that indicate directions presented on a CRT. In the
cases of arrow, the reaction times were almost equal regardless of the directions. And the laten-
cies at which VEP amplitudes start to increase were longer than those of the Kanji for all the di-
rections. In the cases of the Kanji, ECDs were localized to the language area. At the latencies of

400-500ms, ECDs were localized to the semantic area in both cases.

1 EU®HIC

b N NEEREIC BT AR 4 2 gRIC LT, HERIBUCE T 2 MBI REE TR SN, WO
BB CIX AR OB ERBITAR LR T, AHEFORERBILRMERTREIR, ZTORIC
HIEEAGH CTRESINL I EPHMON TS, SO ICERLEOMEEIT LR & Ak e TH
IEENTHWD 2 EPHLNTNA,

SEICHET APV ICE L CIEF X D99% U LB X UEF & DT0%REATEMIZE
FLTWA EEbh, FOEXMEEICE L TidWernicke®f 8 & UBrocaf %2 U256 5 L b h
TWBY, $7:2h60EMALAIC D, AfAE (angular gyrus | AngG), ZAGSEIRE] (fusiform
gyrus : FuG), /£ THEiSEM (inferior frontal gyrus : IFG) B X Ui ¥ ATEF (prefrontal area :
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PFA) 7% & CHEFEUEIMTONE L SNTWE, FIETLRETLTLE TIEFNS T S
BEN AT ) AR > TV DB I LY, HEFICHT 5 ML EA ORFFe: &b iThhTn
59,

ATFIECIEHFE LT 1T T 2 M ALE S O E B L I 24T D 720, HERIEE LT
XA RTHEFELET L B IRRENZBOEEG M L, BECDLEY # R4, HEEx{T- 7.

2 FMRTIT-> X

2.1 XERBROFESLURTL BERR

ARERRTIE, FRENTHEFFELRL G L 2B5T HBOEEGREHII L 72, EBRO I HFE
TR B PRI O & KB TH B 720, BEERR IR T A MR LTI, B
HEVZIA & 2 RS A HEE (H7 . ETEAR) BLURT (RE . t l«—) AL Zh
LOMERBE LRI L TV BHOEEGEFHHT 572012, 7Y% VL HEMIEFT (Synafit EE
2500 : HAGE~ V7 v b) ZfERA L7z, #BRZFIZIOF Y AVOEBBY v v 72EEL, Th
2 L TERT OB 2FHT 5. GRS WM EADERR - FEALTTF— ¥R GEHD
PCIZHITI§ 4. FEBRERIZISEMEAIKITEIZR AT H 10kQUL T CTEHl 21T o 7-.
EBUIREN TV, BEEBREANOEEHE S U CCRTHRICHET T 72135 % 3 BRR
L, TOBRIVHB~AF 72479, RSN AMEIMONEITS > ¥ 2%dbne L, KHl#
WZDOWT30Mm], &EF240B ORBIRR 2 M VRS, ZOF A 7V TIRRET, BEHM R
RENTWD 3B OEEGE 5HEI L 72 (Fig. 1).
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Fig.1 The flow of the present experiment (repeated a total of 240 times)

2.2 FEBROHERE

REBROPIEZIERE W EEHT 220ROLF 3 4B L 2NBOLT 1 BOFH4 4T, &
BOMETBLONEIRIILTH S, EEBRIFICIIETH OIEREM 2 &2 R L, EBPIciz—
ERFH IR E &), HEREOE T OEEVIIOWTEREIT> T A,
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2.3 RALEREOHESEH SV TOHEA

EBTIRONBEGE b LM LBE AL O E 24T - /2. AT TIXECDLEE % illA 5 72
DICHHOPCH B FHEZEY 7 F 7 =7 (SynaPointPro . HARGE~ IV v ) #HW/A. /
A ADFENRD LN WER 7 — F 12 L THRIR S BRGNS AP 2 Ko,
HFH5 BN (visual evoked potential : VEP) %757 (Fig.2).

3L NIZVEPER RIT 5 &, /R SHZBUERIBUC & 5 3 RF450~550 3 ) A TR & 7% R
DEALFBIZE S 7z, RBFFETIE, VEPTORE HIRIBOZALIZER L, SHERERRER D
LIRNEDZAL DB S N7 EHES50 UM F TR HEEH MO & LT 3 Wik TDECDLE % 3t
ATz,

-50

50

[uV] 500 1,000 [ms]
Fig.2 VEP waveforms. Upper were evoked by ‘T’ . Lower were evoked by ‘| ’.

3 ®BR

3.1 B85h/-VEPOHER
%O N/VEPA IR S AR OMEE (E, %) BIPmas I eicml.
ELRROIMEYNOVEPER T 5 &, WBEOE— 27 L 2 BIEFIZIZELL, 0¥ -7
OBYEZF LA & B Ba L BRI N (Fig.3). EFIIREETIX, #3203 )
EEToO#HBETIEIRRINAZMEICI ST, BEFACEKRTE—78AabN, Z0BIEETH
[ T OIRTR OB A LER420 3 VBRI T, 6 HMORRDOSE IZERS00 3 ) 2R THRIE
DEALDBIE S N7z, FEORBITH L TORBETIE EL D b TORBOHET, L0 bE
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50

-50

50

[nV]

0 500 1,000[ms]

Fig.3 VEPs of presenting word. Upper were evoked by ‘T’ . Lower were evoked by ‘L.

DA TIRIBOZALS R BN THE SN,

FEHERCOMEJOVEPR ET 2 &, ¥ — 7B TOBMEIZ OV TIZEFIRROBEE &
FRE DD H 572 (Fig.4).

FKEHRROBGE IR ENZME I L S5 TR0 VBHETE - BA LN, 20Kk
EFS00 X ) BRI TVEPDIRIB IS K & 2B b BE Sz, sHOER L R TRIBICH LT
E, 111 &0 T ] ORBOBET, $72 -] L0 [« OREOBHETRIBOZEI
BRRLENTHHEINT.

FULMEEERT HETLRENE TOVEPE KT 5 &, HR250I VB CTlRAERE
FALNT, BR250I VBLRICOWTY, U= BRICEIITET S b 00ekmicidiz
ZFBEOMEAITY — 27 BL U ZOBESIEN L T/, F/2VEPOIRIEDE LS % B % ik
5 E, EFRROGEIRARROGE L BT 5 £50~803 VHREER (B LLTwAEZ
ENEBEINT.
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50
[nV]

o 50  1,000[ms]
Fig.4 VEPs of presenting arrows. Upper were evoked by ‘ | *. Lower were evoked by ‘1.
3.2 RALIEBMOHEERR

VEPD ¥ — 7 i % B S ICECDL % A 245 5, #EREHY IS W THIER3003 )
R E TICHEE S NAECDIZ D W CRITRIIEOEE B & O 212 X o FIZIZEKOMER T,
WERE130 3 ) BRI CHAMTE (Fig.5) ICECDAMEE 37z, £0%ER2003 ) BRIZRTAD
Ao A (posteentral gyrus © PstCG) (2, ¥HF2703 ) # a1 CHLATE (precentral gyrus :
PrCG) (Fig.6) \CECDMSHERE S 7z,

V300 X UM LIE TR, EFRROEAIIIRREEOM £ 12 X 5 F#R350 3 U BHIR T
EMTG B & U'Wernicke® (Fig.7) 12, Ht\» CiERE350 3 ) LB TALAngGH L A F KN

(lingual gyrus : LngG) (Fig.8) |ZECDAEE SN/, £ DIRILLIFG, PFA, SFG (Fig.9) % &
\ICECDASEE S, RIS 2 ER O ¥ — 7 B2 TPrCG (Fig. 10) ICECDAYHEE &
M7z (Tablel).

ZEMEROBEIIE, VEPOIRIBIEILT 2% T TOMTIE, #ESNERIIRLDLD
OOFEADFHGED (middle frontal gyrus : MFG) (Fig. 11) B X AIFGIZ&EH L TECDAMEE
Xhse. F7o, BRI OmEIC L S FERS80I ) Bl A BEIZEE (middle temporal
gyrus . MTG) (Fig. 12) 12, % D% VEPDIRIEHZEALT % B A D ¥ — 7 ¥ HE i #& TIIPFA
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(Fig. 13) @ L&k~ ERiHE[E] (superior frontal gyrus | SFG) (Fig. 14) {ZECDAMESE & 172 (Table 2 ).
ML DECDAHEE SN72ELE L U Z O ICHT 2 @I MOBERE TLAETH - 7
7%, BCDAHEE & N7 HFIZIE20~40I VHREDIES D E A S5 N72 (Table3).

Fig.6 Example of ECD localized to the PrCG at 279ms (Subject HY), Stimulus . ‘&’

S

Fig.8 Example of ECD localized to the left LngG at 353ms (Subject HY), Stimulus . ‘7%’

Fig.9 Example of ECD localized to the right SFG at 452ms (Subject HY), Stimulus . /&’

. ;
e - - e o

Fig.10 Example of ECD localized to the PrCG at 479ms (Subject HY), Stimulus | ‘/&’



Fig.13 Example of ECD localiz

Fig.14 Example of ECD localized to the SFG at 481ms (Subject HY),
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(Subject HY), Stimulus . ‘<’
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Table 1 Relationship between localized source and its latency (Subject HY), Stimulus : word [ms]
Stimulus MT PrCG left MTG PFA SFG
™ 126 256 354 409 401
= 119 293 348 410 406
H 109 287 344 447 450
Vi 113 292 338 447 452
Table 2 Relationship between localized source and its latency (Subject HY), Stimulus : arrow [ms]
Stimulus MT PrCG right IFG right MTG PFA
' 126 256 365 380 493
1 119 293 358 373 462
— 109 287 386 370 529
“~ 113 292 382 382 517
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Table 3  Relationship between localized source and its latency, Stimulus | word ‘/£’ [ms]
Subject MT PrCG left MTG PFA SFG
HY 113 292 338 447 452
MM 136 290 339 424 438
MY 129 284 347 431 442
SI 122 273 334 444 463
4 EE

ECDHHEE S 728 & A 5 L iERE3003 U B LIEI CH LITG % L SHECHEFR T L Sh 5
HRALICECDAMEE S T W72, T OHFTHE SNECDOTHM B L NiERIzOW T,
AU OBEBIUOME L 2ZEIALN L2572, PICGICHEE SN AUEICHES L
7ZERAZIZBE U TR AL I C B L T W A MBS 2 ST/ s 2 5h b (Fig.15).

BR300 2 U B LR OHEEHRICOVTIE, EFRROBA T Wemicke®, 7£AngGEB L O
FuGZ &, BEDOHETSEICHEBRT 5 L b A5 (Fig.16) ICECDAH#EE SN Tz
A, REMEROBEIIZINS OFMIIZECDIZEEE ENT Wi oz, —HERHTROBE
(21, AIFG~-MFG3 & U'PFA (Fig. 17) ZECDASHEE S T W 7205k BRI I3 A M 5k & 1
BybE, HESINTZECDIIA Lo/ s, FHNIR L TIEA A —JIZEBRT 5 0EH
FLTHholzbEZLNS,

T RERDOGEIIIETRROSEE L 1) b BVl CIFGB X U'MEG,ECD$ & U'SFGIC
ECDASERE S 7278, VEPOIRIEAEAL T HERAETIRARL ) b BR TV A2 &5, Rk
DA EZRTRMTH o THEFT L RENE TOMBEEN B L O F ORBAEL B Z & HEEGE
WL B FETOIHR SN, LPOLEDVOHEREICL > THET 2R SN TOBRICET
HEMLICECDAEE SN2 2 &, 2 TORBRE I ODVWTHERN#IEFTD ‘L $21
T OGEGETO A 23 K OBEL) KBS Rr oI b s, B
FORBERHTIZIEF L L CORBREFRICES & L TORBI 2 ENTWTRERS L O
WL TR DBEF I T 5 BRI ISR ISR 2 BT AR EZ O 5.



MEERTHELEGICL 2REMKEE O HE 131

Fig.17 Spatio-Temporal transition of estimated ECDs (Stimulus : Arrow)
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5 B/ & #-8 W E —-0 B % E-F B o#E kR

AR OFIFNI A 5 B TIHETIVR L SRR OBE & b ICVEPOMMEDE U ¥ — 7 %5
IZBWTIIHERE SNECDDE— X ¥ MHITIZFR L TH o7 (Fig. 18) DiZxt L, VEPORMA
BETH 72— 7 HRETIRECDDE— A ¥ NIRRTz, F28HRTO [1] &
[ ] DBETHIFGE L UMTGICH#EE S NL72ECD (Fig.19) % &, dInd b L E 2605
ECDDE— XA ¥ FNZITHH E THLHERH RS HFAEL 2. TITESBET 2R % &8
29 HUROEEGRH B X CECDLILOFER TH RO DA SN2 Ehs, BEB LY
SRR TS > THIRIRHM DM X OIERAECDOIA E TR L TV A ITREMENE Z b h
%,

Fig. 18 Comparison of the moments of ECDs localized to the right IFG between upward and downward, in
the case of their polarities were in same (left | upward, right . downward)

Fig. 19 Comparison of the moments of ECDs localized to the right IFG between upward and downward, in
the case of their polarities were in reverse (left | upward, right . downward)

5 BBbHUIC

ABFFETIIMN & 2 BIRT 5 ET & RENHT 2 BB A2 ANz COEE LTEREN
WEDOHFRICB W TEE L IITIRICE T 2 BB AL & SN2 EBALICECDAMEE S vz o
EERMERL, TAMUMELRTERE RN T RN LEBEOER ICHET 2R
7z.

—J, WHROEREZ b OMEREL IS LT — 27 Oika5 T 2EEGH S S 4, [ X
D CHER B2 BXO ‘1) ZowTE20BBI AL TCHLIE, ¥—2
DRV T H B EFFIZ DV TECDLIE T 24T - 72858, 1 3IZ[E D67 T[] X o) & — X
¥ NOECDHHEE SN2 & 2 RER L7,
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PlEofEs, FUME 2RTET & RENS T 2 MPLEOBEELS S L OMES, £LT
HMERM OB & 2T 2MALEOELNZRL TS EEZLNA.

HHEF

AWRIAEFRKRFEICBTENA T2 - U —F - 2y —pR7aT 2y b [HE - W
% - HH - SEFROBEL L MEHURIEEA~OIRH ] o—&RE L Tirbn7:,
KL AT 12H 72 Vi 2 THV 72 HBHE B L O ROED 2 THW 725 4 ICH B2 RT.
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