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- RERUCARRICE T A REFERELO DI

=B OE & &t B 2 A

An Analysis of the Visual Evoked Potentials during Problem SoIVing. 1l

Harumitsu Murohashi, Shoji Kitajima

I % 8§

ZZTHWABEERER L, L NOBEAOEBOVEDOAHEZETLOTH 5,
RIS ETAERMERIE, MEBE,SBEELNA ST X FLERICHEST 5 0I12F T
FRRNEE O MR 2 TR L (REBEER), DV THMBI@ = » 1 CTER &R L, NHREE
SNSRI & ORI L WEAM RN T 5, REMRIGERE L 1T, ARAEREEOMIZET
FBHRICBE T SEEEY, FOLILHETHPE LD IBRBEALAETILATES, 4%, &
ZTVWIHER L, BRESECOREIZE) AN ZMNIREOEEICET 2M#E T,
Pribram (1971) 12 &hiE, AREKFRED, BEIIOVWTOEROTE, & 2, FIEERE
BT 32 L I2E->THRAEBLEIETARIIEZLLSNE 2 D0HENH 5. ULk, AE
REIBAMMBL T ZL DERUEBALETSEE2ETH 3, IV DI, HRELRER
A5 TANEREEEL, MALGAHMEED XV HOEOEIL, LVEVEMELS %
HTBHIEThH3:; ZOLIITHERKE, BELXEBIETDCZLIILD, & 50I3IMHEE
WO ANEZHIR L THBENIHOEHEE2EBD 32 LT VNERARLITE D, LAST
LA T% %, Spinelli and Pribram (1976) &, ¥V OEIFEELRET 5 &, R OBEEHEOR
IGIREOEIE RN, ATEELHINT 2 LEEA R A2 L2 ROEL 2, ZhiE, HERED
BHE LD EWERMUIET 32 2hbY, TAMEETLIVE OERENETLIIL L
bbb e ERET S, NEBERIZE, CASOBUIrEELZEARTLOLTFHRLES,

PEPBEIC L VBB Z A2 2 &1, AREI L WBREBOHE 212, 5 ETEE 2K
RRELTWS, REWE, d50TEBNLZITEICIOMBELMRLEILTEILE, ¥
MZE o> TIEHABEITIIRIIT 34, BICIEEANOLKBEEL<, BE2@E BmL, 5
EREE L NERERMO B OB LR Pb 3 3 7-0101%, BEORSNH 2 WL EIBNITEH 2705
L, AEOREZE 13 »5hI% 5450, LAL, b 2BROEREL THL TE, —EDR
BN TOMBAB IR H 5, 22 CEBILL 30, BEO LD &) 2 EPRERRIC
MET 52 2AL, ZhilfBsh T REBERARNCEMESESILTH S, B
CHRETAEALBROR A5, REOMEICGU AEHREN) AL, BEEROMAIZE-
THRBOBREIPA 21050, BEAIRRIIHTIERERR DI EFTE 5,

WEAIE A IR L 26, BEEIZIEZ OB UEMT AREPEL, v THERITH
EOEMRIGHFET S, 208, HFHECETIRBIETH 3 WIEHEET 5, Sokolov
(19632 ) 12 LT, FERBIIRT 3 ERTMBTFVPRMANICED, FIHFREIET 55E
NEEPETT 52 MENTH 3, ZOBERE, HEO—ME LB T EEZ B IBR
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hEETIHFL, RBZANVF-OETICLZ RSO TS v, BhITKIGOERN 2
MEITH 2, EMRIGIZIE 2 DO P H 3 (Pribram, 1971 U EDIFERIZ» 2 b I3RS
T, WMIIRHII2 Db IS TH 5, MFHEROHBIZLY, AEEKOBE I T 5 1L X
AT 5, COTHEL S, WEBICLIBROPWEL, 20RBL->THDLLTOL, R
WArSPRLT 2L, T2bbLBROTEMIENE L5 T, BRI BIRLIERE N ICIRR
DHEBE MZE-T, BRIHEREEDNIHESEIDDOERNA I AL THBELHLT
ZENTE D,

LM, 23225 =33 DFRELTEERL DY, BBEREE MBIl EF
WEHBLETIENTEL, BB L TERBAMFR L LTHWES  Z &, SRICEET A
ELDEWIGT AENOBOLIZEE L EE 2 LD, BRI ANWORIL, SENFSLAH
RTHI L, HELILELZERUNOBRIIBEEE KL ). THIEBROTE/LIZEST
WEBOBRA XA 5N & 2E®RL, 2O FEMEOEEST) 0L aEEL
WA FREIT %, 2O &) 2 EFLERICIIEESIEST 3 (Sokolov, 1963 ; Pribram,
W7D LAL, BRET 277 20E) B TEHMILESCROSNIRETHY, 2357
AMBROBHMTH T, HEARMITE Ca™ /4 VI T 2 BEBRZHOET I bbb EEL
5N T% (Thompson and Spencer, 1966; Kandel, 198la, b), &7 VK IZHEET 4h
BMUTOMEL NV THEREE TS, 2L TAHREIVTHEAIELES, LarL, &
BRIZE > TFRIL P VWESEBIIHBZ 320101, AHRIIEEEL DS 30EN DL 3,
ZD=DIEBREENR, H30VEHBULPENICE > TVWEZEAUETH S (Groves and
Thompson, 1970). Sokolov (1963b)iZ khiE, BHBENIZIZMEHERA A ST 3, Z D Magoun
5 ORNERHERERIRTE R (Moruzzi and Magoun, 1949) 12x3L T, Jasper. (1960) O3fME4RE
BHERZPRIBEN TV S, JUEHRIEHE R, HRERARER LD LRANICERLE S,
Z DYUERIRE S R TR AR OB R & & b1, AhRiIwT 2 BEnsimiic
METALBETES, BRIIALbE3AH X LFVEZHSL LTI Z VA, Bho®TIL,
WOEELE LRI I3BRIEFOBEL M SVEERBEL EOLESy L L LT
DOEKTET S (Pribram, 1971 L724- T, R EWIBRBEOMBIZIE, KOBRIES
REZEHNTHE LIRS T 52 EE L,

Biase, FRICEEFEEBALL, WMNOBRIEH 2 ERIIRKMT 5, FREM L LEFIERTH
BWFLEFR L OKMIGIZ DB T, EEEZHOMEIMT L b TE T3 (Review [ Donchin,
1979 ; Hillyard, Picton and Regan, 1978); HFEMFERIZE T ANPFEED H 0 » 7= %,
RDEEMIC BT 2E X LIS TR T A2 813, NEBAEEERL X0 BERMIISRT 3
ETEETH S, BICBREULAET 2 2 &, FEEERNICER U b 2 28R 0O BN
WROSITICERTH 3, ‘

I BEEEECSHT IBRBLHE

HERRCELETTILE, ZOHIZWL DADBEIEET 2, 2212305y, @
BICEE T 2B BIRL TR AR, RKEFL, MOBRE LT 28B &1 5,
U os T, BEORBAMERNICBR U, 25 CHEEMRICEI BB L HMT 224
TERE, Z2h 5 OBFRICHIGL 2Rk - BREMAB ST EATRICS 5, BREABD AN
BEANZELTCRBERUVEESFEL 23, SZ2TREMIBVWTEDL LCIZEL TV S
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BEUADOHEL T3, FROMBMERIC L 3BEFHESL VEP) OfF%IE, Chapman
and Bragdon (1964) ; Chpapman (1973) ; Shelburne (1972) ; Friedman, Simson, Ritter
and Rapin (1975) ; Wilson, Harter and Wells (1973) ; Fomer, Spicuzza and O’Donnell

(1976) ; Roth, Kopell, Tinklenberg, Darley, Sikora and Vesecky (1975);-Roth,
Rothbart  and Kopell: (1978) ; Ford, Roth, Mohs, Hopkins Il ard Kopell (1979); Adam
and Collins (1978) ; Rohrbaugh, Donchin and Eriksen (1974)"; Posner, Klein, Summers
and Buggie (1973) ; Sanquist, Rohrbaugh, Syndulko and Lindsley (1980) =512k -T
ThbhTETW3, '

F 7, BEREM A EEICRIRERR T 5 2/ b DFEERIL, Poon, Thompson and Marsh
(1976),” McCarthy and Donchin” (1978), Stuss and Picton (1980) S5i2k-oTirabhhT
WB o F e, SRR A B CREER BR T 2 27 b D EERIE, Sheatz and Chapman (1969),
Megela and Teyler (1978) S5l k-> TG b T W5,

Zd, LTFICEG 3 BRABOBRIESIIEE U TEEEL0—20i (Jasper, 1958) 122
EBRT, Fy FildA A frontal, P, Pild/EE parietal, Cs CildEH central, 0y, O, i&
4 occipital, Fz, Ps Cu, O, 3&ADFEHHEEDOMBERT (Figl — 2 258) HifRE
BT, EENERRBEERETI20%L, EAORMEMVELTIREIINEZA, A: T
A k

Chapman and Bragdon (1964) &, RIEOEWRME : FREME OMFEEIOIBROMBEL

1) BB E T b3 A RO BBRIEOEE (ﬁ@ﬂﬁ@ &9 B —RREVIRABIC L AR O 5B
(3)“’%%% BT AR+ oL HEEE ST, Cho2BETIEREREEAL -,
Thbb, BFEL7IV7&22OTOKEICERL (Ftesi &R CRIEEHIFE—on 22 50n &
T =181 1 750msec), HWEREIZHEFEORIEHMEZRD 2, 20O#R, centro-parietal &
U occipital IZECEB L 2B, 5 OREHEIZ VT, 73V 7OFFRIVZE22b 5T,
KECHTIBREMLDH P REL, »OBHRBECHEET S L, centro-parietal FEDV
EP®DHH occipital FEOVEP LV HKkE D57, FIEERTOD alpha FER 271E & 158
N ClE, activation level M X 3% —REPREBIZ 2 DR IIBEE L Tuwhhoke £, 75
YO RHENCE LR, BT AVEPIR T v 2T AVEP KD B RES o, L
PLBEIINTAVEP LIS Lok, ZOERIT, 11 J‘?%f(@%@ﬁ'ﬂ‘fﬂj&g& RV b
DEREDHFFREMIZLVEBIIEE LB 2RI TV, H212, FEAIZES
BREMNODERIFIH LT L ERL TV S,

Chapman (1973) 1%, HOLED SN F&EEE L, ¥ 23R8 20K +572912Cha-
pman and Bragdon (1964) OHEARESE, 77> 7ORbYIZT V7 7 Xy FRFIEH
W, BE, TAT 7Ry b EKEIZ2 DT O 4EOREE BR L (e 10usec, IS
750 msec)o BEEIIHFOARND, FRETNVT 7Ny POIEFIZOVWTHIIT 22T, &
b5 AR kA, FORITEMNCERE ICHS E 2, WERE I 4 EORBCRTIHR OFTF
TR R, RIEL, BETHEEh 3 NEfil#EmE, L 2LE2605, VEPUE
EAHEEE LTC, KU, 25 BBFE TR . 20RE, AUNBTLREL 2256
OVEPI, BEL2550VBAOVEP &0 HBIEHEMS (B850 ~ 480 msee, C;EH)D
EHEAE AL 2o 2R AAOESNBAVEP OO LA EhrhboTEY, CEBIOV
EPL O, EHDOVEP LT, 202 bb )l REZZEERLE, TOERIE, B1IC
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HEMEOERERIVEPIIRMENEZ L, S22 RERRCE3HBRLEVEPO»DPH D &
TeREEMIIE - TRE AT EE2RBEL TV 3,

Shelburne (1972) &, 7%, #%, FEDQWEFT, 32D T7 L7 7Ny b & 55 Ek
DHBHFE, H5VIEERE (BYD 2 XFFWTRLREIL) 2HENICERL 2~ 5
10 #sec, ISI 1000 msec), BT BERENZIDDTAT 7Ry FPERLAET EL-TL %
HWr s 528207, ZORBIIHVT, BWERE LSV L ROBNEAE T 2505 - R50,
SEHOMETUHARMAIE - HIFL 22515, VEPIIHEAE¥EL L TC,, Py, P,
SO BRI TR L 2o 2 ORER, HIBMERBEL 450 — 550 msec 12E T 3BMMRS GBE
P300 & 30ixP3LIFINS) FIXRHOMBETHLREELA, 72, KA parietal £ 9
HC. TPV B AL 5720 ZOHMMBE L BN AL IMBMARBEL -2 22, ALY
DALETP300IH A E Loy Z2OZ 55 Shelburne 13, P300% BEMRk 2 RTEDEEZ
72

Friedman, Simson, Ritter and Rapin (1975) 1%, ZIELIRIZ» b b 2 K IuHas o BBk
ZOMRIZOVTHHAL, FEHBEOKBLBNEOH TET 32, SBLEIZ»Hb b
BRI L ELERT 222 b TEELHVIDF LV EEBEL 2, 2L T, The
wheel is on the axle. D& I L XBERBET L ITHIFIIZBRT 3 EBRRITE - 120 &Mt
1T, 2EHOHBOBVIOLFDH RN T-cel L VI b TRERL 20 2D DHKER
BINBEL2BEREITRELZVEXBOERY OIS 2D -7, £H 2T, 2FBOTELS
ERPBTERLE, Z20LDPBREIXBEOKRDY F TCHATLLYBOEKE TR TR
2 (EBRIUIBEVWShASTOYETSS» D55 & NTWh), VEPIZADSE S HHEL LT
Cz, 74D temporo-parietal (P, & mastoid D) » 5 BRRGFEE CINGL -, 2 DR,
P00 A HEENE 2 TIHFEHF 20O TR 1 EVEKED o7, FAMEMNEBEE (XZOMK
b)) TIREME 1 OP00ESRME 2 LD b REh o, 2L TP300 BIBHEIISEEL, 212
b0 %, HEME6 TRRE L7 (MENME6 TIEP300RIEMIZSEME10H ARt 2
FOERED L) INEDZ L HHES L, SHELBEERTIE, THEAH XA P300 #i2K
ah, XEOKRTT5IZL0P0RIBMEICEREINS EEZ -,

Wilson, Harter and Wells (1973) 1%, RERBROFE 4 E CHRERRIZHNT, 75
ENEZNEBLDRBIZ L > THERSNAEVEPE, FLOWHEREA R XN 25 5 B
AT ERELT, —EDRHET AT 3L I0L-> THERNEITE DS EREL HEE
Thbtdl, FIBIZIZ4DDORTELHY, ZRFNII2DODL VP H->T kel Mg
FIEFH, RIL2 | XERE2I34HED, RIE3  REBXUIRE, KT 4 AEHEIIEERE) |
ZDOF 8 EDREHED I & 45 Z KT VAT DFH 4 BEORIEA 1 BT CREBSIIZ BoRa h e (35
HikFfi40msec, ISI 500 msec), FMIE 1 BRITRFIAIC, BEREAEL W &£ 2 AHIMAE T
NTVEPELEOABETHRET 228 LA RF— 2T 2 Aok, ERRIZ 1 70 v 73287T
TOMEbh, TORFITHILIZOZERIMS SNz, ZORE, BrBMEL LACEY
Og 2 & DB HRFE THIBEREH 250 — 350 msec 248 U AR MR &, TS RIcihE
D, 400-500msec 12455 Slow Positive Shift (SPS)AHH 5N ISP SIRC,H 50
FEER TR - 0RDENZ, ZOSPSIE, BEAMRL-BEATEL AR, LHEN
WL 57 d, CORFHEBEIRDENE P 5/, TOERIE, VEP 3 #ERED
RIT ZHBRTOBEICEELBA 24 RL TV S,
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Gomer, Spicuzza and O’ Donnell (1976) i, 25Tk 2P300DFELH¥IL,
DHEZENEHPVEPIIEZ 28811, HEBERFELIEBTE, »ORITHIZELE
BUALTHIE SN B 9%, & OBMERMBEP CHNSNENELL L, ZLT,
Sternberg (1969) DFEHMA T DL ) ZHBEERICER LEAIEELFRAZE LT, ZhiH
WTERZITZ - 7=, FIBITHAE22 0A@xFE (10.6fL) ¢, HEKIX1, 2, 4, 6MD4
FEAE, BAREEMIL2MAE o, BREEHL > TERL /2 test HEDHFEIIODWTKIGF — 2 1§
T2 (FETA3HEHTHRE Positive Set © PS &, BHELZVWEAICHTHE
Negative Set INS L2 7)) Bo/, VEPRAELHEEL UEF ML TC.» 65 Bk
FETHEG L, ZORERE, PO HEHEKY, test HEMOEBEBIDWTORIGD L 7212
EoTHEN Lz, PSTIE, NS &V k&% P300S BN, NS 23 3 P300IXEHE KO
MMZHE-> TEA L, PSIZHT 2 P00 DEFIML T o7z, fE51E, P30012DWT, &R
HHERE (Tecce, 1972) °—fkfY % BEE (Eason; Harter and White, 1969), 3 WX KIEMRE
ZAt (Karlin, 1970) TIE4<, Zhs OFBIIT 2REQBZAR 2 HH T 3BORED L
D BEETHIIEET 5 DEE L .

;-Roth, Kopell, Tinklenberg, Darley, Sikora and Vesecky .(1975). %, ~Sternberg
DEREHG, ERETE 7%, HERIEEL, 1DEIT O 1E» S 4l COHERIIE
1MHNI ST TERLA, VEPIIFRRRAHEUL U TC. & ) BFEFUTHEL -, 20
FEE, P300IXBAIRIZEND 5 h I BEMEKRIEES) (Contingent Negative Variation : CNV)
OIRESPEERICE L 2o TEHL, HER1O L RBIIEKRT, 20ERBIEAKEI KEVIE
EWERRE ST, :

Roth; Tinklenberg and Kopell (1977) 1%, Roth & (1975) OFEHEZHVTCVEP %
{2 Ethanol & Uf Marihuana 2P RIETEEBIZIODWTHAN/AVEP IZHEAHEL L TC, IV B
B TSR L 720 ZORER, PI00IRIEHEECNV ON— 254 > OBERBEFZEY R R
65N, N1 (BE70—150msec) RUCN VIRIBHEIZIEZD 51k o,

Roth, Rothbart and Kopell (1978) iX, CNV OR— 254 »~DEIFH, BRI EET
EHbTETI0LH2VEF—HUKBICEL 2225 THET 305 %, Roth 5 (1975)
DFERE O THEN, KO 2F8 0 U CME L 7200 & RIS EREGIRE £ B0 L €
MEL 2R, S5 ICEFVER (1 DORGEHMZEENEEEZOL0%, 2NE2BRT5
B4 DOFRITITH T 3 RICRR 2 22810 U CME L TR U Z2) O 3 DDOINEIRE & /B L
THELZ, BLCNVOR—ZF L v A OBERPF—FURIGIZEEL 222 5 TET S %
S, MIBRBEEEEL L TNE L 2BBIEARDBER2ED 22 b8 5 2 P FPREN
b0 ZLTETFNVEBLRICKME S L ITMELEL Th 52012, FISRAEEMERE &
BloZ8i2%%, 2L LCNVOR-RATL Y AQOERIFIBICRAL 22025 THT 5%
S51F, BTNV L BRBBRREEME R s wZ kb, VEP ZEZE#EL L TC, &
DEBREL TG 2o 2OHE, FIHBHEEEMERE TIE, CNVOR-ZF4 v ADE
ROWBERE, HEIES TR LY, RICHRREIZEMENT T, BRI - TE/KIE
Lol £2ETNVEBENOCNY DON=R 54 v A"OERBEEL, FRHRHHEEINE Y
BT BERBERFISELS, 20E X 2msec o, INENTEHE, HHIXZDERIZE
BCNVOR=ZF L y~OFEIFIE, FIHEET OV EREY RGBT OV ZBREL £
DEBIIRT % L'
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Ford, Roth, Mohs, Hopkins I and Kopell (1979): &, Sternberg ODFFHEHWV - XE
BRIZHEWT, RO (RT) IEHBH (M) OB o TERMIZHEM L, 2 DBEIZRT=
b+aM (b Z8F, a IEHEEZRT) TEbahdEEZ-, 20 L XKD I probe#ill D
FEl, RICOEFTZ EOEBHIIES 2 VIBRICET 2R ERML, F /2% a 3KHE
& probe FIE A I T 2DIZET 5 —HE S/ 0 OB &2 R T 5 & & 2 72—, P300#:
LIEHBOWMINMIES - THMT 2%%, ZOP300EEED RIS MM 2 K4 5 & ]E THhid,
RISHER 2 5 P300E 22 L WAL, RSEFUEICET M2 KMmT 322124 3,
ZFLTZDELGVAEL 77 7L L BDUR o, FERMRISETNEER 2 KRT 3 &
TFHETE 3, &51Z, UAb DEAL LM c DEEZELFI & &, ZOEIIIBMOFENED
AN A LT 2 & PRRTE 2, ZOLIRBMEDNS &12, HFEER (20~20F) &%
FHB (74~84F) O 2FIZxL T Roth 5 (1975) DEBRFHM 2 FVTER /T4 7%, VE
PUiEF, C, P, K0EZHEMEY U THBRIEE TG /2, 2 O&R, 15 12K K- & P 300
BEEDEDED 777 7 DA XIL, probe FIBDEEII DOV TOHBREDHEEDESIZLVE
ENBELMEEL 2o 2L TNEFER L ZERILEFEEDOREE T probe 23Hli$ 2 2 & (2)EF
FEE AR AEER LD bW 5 2B W L QBERINGETAIBISE AEER -
DL DENZE WEEFHIREZ FERMGT PV TEEER LD VMEEFPESC LS
&, BRRMEL .

Adam and Collins (1978) & Sternberg D FF5 %Y, Short Term Memory Storage
DKREXDREKE LTVEP ORI, BEFELT22EL M FgIHEE T, B41
WD 1 %, 300msec FREEER, 100msec W1 ST ¢, 1{AD 511EF COHRS ARG 12 B
RENIz, BeH#Er LT T, T. (EHD temporal) Cs, Ci Cz P, O, VY HEGRFET
gk L 2o ZOOEER, P270k P3S0A KBl N, HEH1 257 £ T, BRSOERIEE
POzl 7o ST 6 DIRIBIZC, THBRAZ -7/, £ /2EE200msec KD B VRS OERL, H
B¥EIIERF L oz,

Zh 5 Sternberg DFHEIZ KL 3 EERTIE, VEP ORI, B2 % OB HE K
JGLTET 32 e ARVWHI SNz ThEDERIRET S 2 &1, BEIRS P EIER L
BRI PboTWEZETHS,

Rohrbaugh, Donchin and Eriksen (1974) &, P300 A" 5HE ik 32 O BEMIREE I IE BN
IZhhbh b, BEREDL) ZERERM TS L TREL, 6X6DHEFTHO S & DEHE
BF RPN BRT ALV TEES 3 WK EFEOEFRIFELEIRL, 20OHE
AHBREBICHI S A3 F M URIEE2 S 3EREITE - /o BT IX—E A2, Sem® 358 7
FAF v 7 KOO EADREF R4 IR SBATESL )85 T/ (1LOfL, 12
DEFITRAELY X 19, BFRFIERL -BOBARII152 7 7)), & 1HMS1& 5 2 1)
WS 2 OMOMMEIEZS OA (Stimulus Onset Asynchrony) 0, 15, 30, 60, 90, 120, 240,
480msec DT NDTH o7 FMET T S1E521330msec B/ &N, S21330msec LI EDS
OATERESNA, LA TS1ES2OMICHEIMA S -7~ (BRED ., £4CTIES 1
Doff LHIZEL B LI IZERS N (S2DBEREFMITE 1230msec), L7245 TS1& 52 O
ICEEREMII 2 o e GERRM) 2 A Z N FhoEMtizonT, BE, KFHEOBERIEF
IV ALALESRE (RBF) EXBEICLAESE (ARFDN 2oV TEHHENE, VEPIL, C.
L0, KDEHAZEREL L THEBHE TR L 2. 20&R, PI0ORIEMHEIZARFILD &R FFHT
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KO AEL, FALRRZFTCIESUIIAT 2P300& D & S212xt§ 3 P300IRIBED S A KEH - 72,
LTSI T AVEPICE, BEENDSOADESGEHRE, IR G- 520l s hn
Poles Thbb, FIBRGPRIGHICS 254 THP00IIMLICHER T2 LRl &h
Feo HIZTNSDZ &h 5, PIOIRIEHEL, BRAECHRENEREATIRES LT, #
ERFZOHUTOL 7zl 2o b TWa3 EEL -, '

Posner, Klein, Summers and Buggie (1973) &, £ & DiEFE T (Posner and Boies,
1971) 12ZE &, BRI (Alertness) LHEZ (Set) &Mt T 20 ¢, BLOMRIIDVWTXFE
BHEREBLHY, FREMETEL U TEREITE - /2o Fl#IZCR T (Cathode Ray Tibe)
Fehsbhd3HAES LTOXF R, BUIOXFEH250msecliH 5 b, 1 HRIZ2HEFH
DXFEFELbRE, FEEIXFORREIIOVWT, ZhZThICEYV B TENAF— 2T 2
ol VEPIC 25 BT EEMEL L, AAMSERLEN L THEBEFE G £,
% OFER, same b different O IHIHEREH200msec 7 5300msec DEIZHE T - &1
bEbhi, 2L TZNDE (peak to peak IRIEMHE) 1 different DHF A K EHh -1, & DEE
FOHMALE LT, (DERNICERS WA & 27EHIZ & > T 2 BEOEERLPFHD 5
7@ (2)different IO F ALY £ OWIE 2 HE L L2720 (3) same BB D 5 DL A
different Fllighk D B HAE - /=720, different FIECHBRIZED 5 W ANK S #mask & h
e, THBEIENELLNE, % ZTCR)DRFEMETT 27720, P00/ HERE ORI
T BFEBEOERICEVEBEE SN, »OHRIIBAT I H/EEEW ERE L, Hl#% 400
msec FFRCDHEEL U, RIROFKEREITZ -7, B, same b 3W(T different DREEH
2328 (HFRERT 3) Zoi, £20ER, count L =5 TP300REE ALY KEL, #
B3 #100msec B o, 51 2 DR %, Limited Capacity System A% set & h /=il
DHIZE-TEIVBEIEDENIZZ L EEET L EE2 2,

Sanquist, Rohrbaugh, Syndulko and Lindsley (1980) |&, Craik and Lockhart

(1972) @, FIBEL NP REREHBOB S ICHBET 2 - 0 ORERICE R, BESHIREC
BOTEADREL NNV EVEPHRGAEET 22EPII OV THRET3EREITE 7% #l
BIICRTIZERINS3E XIS ~10° DHFES00T (HE E 2.7log unitDEH 3 &), HHID
HEES17100msec BRI NARE, 2BOMBEL2EVW T 2HBHOBEN100msec BRE N2,
SEITEER 1 ClE 2 DOHEEIZ D W T@orthographic - @phonemic  @semantic D Th
HDFUEIZHE - T same A different HEFWT 222 7E o7 FALER2TIE, £ 1 TER
ENEHEEEH2 THUSERSNABERRHT D7 ¥ ¥ LICESI L - HEERFIA 3 W
1 EOEETREREN, BHEN old Hnew P EHWI TS 275, WThORBETEF =
HLURBPERE Nz, VEPIEF,, Cz, P, PsRUPOZE 1len LONBEL» S B EEEHEL L
THRBE TR 2. 2ORKR, EEBR 1 OHBRECIEVE P I2#ER500~600msec DL
P C (Late Positive Component) &, SITRMO LD HOES THET SBMEHFMOSW
(Slow Wave) A& 5N, L P CIZIZHBFOE! (same » different &) IZHBEZEIFHD 5
N, FMFELCEERETIRDONE -7 (S212xT 2 P.i3E DV E P ? Baseline
to Peak {RIBEDSESHTIZTE 3), % L T same 12%f3 3L P CIRIBME A different 1245¥ 3
LPCIREMHE LD L KED o4 £/~-PCA (Principal Component Analysis) O#R,
Factor 1 A EULPC &KL, Factor 2 AEICSWERM LUz A 5N, £ 1L TS212x¢
T3VEP OFactor 1 Tlt semantic |2 same & different OfICIZH & D.LEHHS
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#1774, phonemic Z:#E & orthographic Z# Tl same & different D OEII/NEH 51,
F 7= Factor 2 D4 B B CIRFIBF B ¥ B2 07% 51, orthographic BEETOSW AR 4
@fﬁ’\a)&hﬁ@ﬁ( , phonemic ¥ L semantic ZHYEDHICEBE I 2 h o/, EER2TOE
HHRETIE, LPCHLIVEWEBEHETA SN (450—750msec), TEEBRTIZ HIRFEREE COLP
CLEL-S>TWR, ThbDZ EH5HEL1E, L P ClitkiZ phonemic X° semantic 24K T
DILFRIERLEN ’ﬂﬁrﬁfﬁ D, BRIV DVWBRERMT 2L EL k. £2ZDFERTOSW
WBCNVIZARZOUALDTHAE L, WEHL AL, BIZEERIOIEE O 408 % Kk
T3 k%‘?lf:o

Thatcher (1976), Thatcher and April (1976), Thatcher (1977) &, #EBMICER S
N 2XFOESFELHVWTCRT LIIERsNAMAZELS OXF, #HEE20msec, ISI
1000msec), B FPOREBIUIBAETIETEINIZTEERL, TFHIBMICEVESNIRE
RELOMOEE - FEEGEFREBMIZEIVMRFLEIE L, MO FORMEIZIZS
VELFy W3Sy E 3V 2EFBAL, BEEROERTCIL 2L ARADIREEE
E52&5& LA, VEPIWIEAREH¥EL LT O, 02 Py, Py, Ts, Te, Ts, Ty, Fq, Fs,
Cz (Fz)DEEML & Y MIRFETHEL 12, Z20ER, BUOXFORIIBVA Ry b3y
KT BVEPIL, XFEORIZBWA Ky b23% V3T 3V EP & A THIEER% 200 —

250msec (F300—350msec DM TEBVWI H 5 7 EABFOXFIIHTAVE P, FIEER
#%4#9150—250msec ICK & LMK 5%, 400—450msec | ﬁ(% 7255@5‘15}’&% LTWwh, # 1L
THEVDXFELBOXENR U TH > 75813, BL2A38AI10ERT, 2XFOZRFIAOV

EPEHELTE D, »oBREEBMEN S LHE L%A‘@ﬁfl‘fﬁiﬁ LFELVLKREDPH, &5
IZ occipital, temporal EH MV F P13, frontal, central BHEDOVEP kY &-kEh o/,

IRE®, FIEMOBSMNBRIZK > THRBRREBREMIZSEL ZFRIZE-T

(1) VEP 3o HEMEEE 0 L RBOBREICHG L TEH LGS Z &

(2) FREMREFICVEP, BUBENSOREISRALEZVEZZL, E2Z0OREAT
BRI IREMRAROE . ORMINERL KM LB 2 & (BUriBoBIER L FHIC
b H I ETELES)

(3) EEOLVM AL DEELAVEPHSE, K0BALPSEHNLZVEP MRS E T,
RERMERICE L2 I MIENENDO U7 PR E 5 2L

BFRLEPIIE S5 TER, LA L ZhETOMETIE, F& L CREFRINBEOESE» %
PELEZELLZBIILEESTHD, REMR) _ﬁ5%%&?1@W%{Saﬁﬂ%@hmuﬂ_ow?
S I TRV, Thatcher OMETE, XFRBORBRICEALLZN y b3y viotd
TAVEPORBIZEY, EHREFEPOMAREEZRITL L) &L, 2hid s 3 BEMAD
ﬂf’ﬂ%”ﬁft BHLEPIZILZEWEBN, 5O TIEBERERPO—RIVREBOE(L 2R T
12EEEBL FIhETOMER, FREMOKRSD ) & EBIEH300—500msec DREE
I%SZ YEJES L OFENY, ZhEDLROESG IOV TR R h TV L0, Zhid
INETOMETHO b NAEFETIE, K0 BVEBEREFIIEHNI DL, -2 28R LUTY
Bo UAL &) BWEENSIE, SWEORII,2HEFHEANEROGHT, FICEHER
WREDODBHIIDPPHVEBEZZELEIFTFHEINTEY (Harterand Salmon 1972, Ritter, Simson
and Vaughan 1972, Regan 1972, Picton and Hillyard 1974, Hillyard, Picton and Regan 1978),
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MBI B W CHEEEL00—-300msec DV EP AN A2 FWERET 22 213, NEHE
Rt LV EMIaNT 3 LCERETH B,

#EBEIL, 2HROBELCRSNAEERS, BEMOKRELZIEEL, 20 2008
MOBEEIEES 2V IZHEBEOHEEEOHIT 4 FE L U2ERE2IT 2 -7 (B8 1979 1%
BB L LT, BHROMY Ah, REE, WHEEEORE, 2o&ROHE, etz
ELEBEREL, TNLLOBBEVEP RS EOMBEMEL 2o 2 OMERIEL, Zh
Fh3ETOREERL, BHEEFHS ZVIEKNLOERCHOVEP OFH 2 ML A, VE
PUEE#EL L TF, F, Cs, Ci, Cs 01, 0:, OB LD BMRBETCHH L2, 0
EERTIL, BoERR (RT) EERZEBIMUTITF LW, ARERE300—400mseciz+ 5 B
Moah, 7)) —-OEANE, REBROZODOMENEOERAVE LLVER 22 H
NEAZ &, ELMENRE T, FIENF T 2 BREBHROE 2 L o@ R A i
BREA 400 msec [MELSHENB/IZL2BEL 2, LA2L ZOEBRTI, BHRESERE
- TOVEPBSORBROEIMIMAL 212268 000 ZHBRAVAREA RRELE L EE
%ﬁ%ﬁﬁﬂ%ﬁ%ohﬁbt,%%ﬁ%n##b%ﬂ@ﬁ%wfﬁ%&%ﬁ&#ottbk
FHETE 5, :

m = B

1§ (1979) OEBRIZOWCHRIEL 2 MBS 2B T 5720, LITFIOBN2EBREEHL
Tro TRLDERTIE, HISHEEALYMMT, AOSENFEIAE LHEE L TTEH
SVIEHMF L, ELEENFAAPRELAME LTI Yy o585 v 2AWE, hh. AL
T RERFICE 5 SBEY, BIIEROB AR BB 2 hbIBEIIBE 25T, Zh
6@&%&##bnm&wmmmmgmmVEPW%&*@K&ﬁ?éo:@tbm~ﬁ@£
BROCENEF I ERERF E 3BT LB 2 v, A4 EROERAEET 2120 2.
ERIOVTEMECRET 3 FETH 5. Lo

LIFOfEd i 50 THICH b A LISME, VFPIRIBE ORI E & £ CHlEERZESH O
FREREISHAMICEY, $BE0 2 RIEHEMOEOEMIEREIIAIZ LA EO Stud-
entDt MEILE -7, HEMRROBBAREILS %E L, 1 %4FRL 21848 55,

M—1 SEBI No.77047706

I-1—1 B &

L, REICEE T A AN, NEICET VAR EAS IR VELIELD 3
EEZLNG, BEMRRICESEERIIHIS S € ABIME, FRFAKMENI bV EESR
THL, BRI T 3 ENIET 5, ZOBNO S0 22 B OBRE S HE L T, 2
BRICEIRBETREZ 2L HFFRINS, FAEEBTOMBORERTIE, SBREDIE
HIeEELOBZ L1143, ZOMBNAE L, AROB®RECHEL A 72 LT, BhOb
DRI HEERIETTHS I,

b N DB R D, HATE & 720 ORIBEE I SRR A S 5, BEFEET, » O]
BOEREEH A OCBA I, BRAEN S II TR S B 3BA B L L FRLES, 20
£ %BE, RMERERETRT A LBRAET IEE CRT T, 20808 T2 S 3,
TYETLTF 2y A=Y VRHIE TV T 7Ry MR EFNFRARERRT S, TL7 7N
v MBI L CIRBENFEASFEE TH Y, ZORBICHT 2RESEF LI 1 EEO RS
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THFCETIEFHRTEL0T, 2HAUBEO VELICH L TIHERPELE LD S EF
BULIES, CHICKL, v aF2yh—r5% VRERTIE, BEMNESPRETRNEEF
LATEBEOBRTIEFSICEE LI WETFRTE 2, LAY >T2HEBLEBOCDELT
LNESEF VORI 2 b, 7TV 7 7y ML S ERTECIZ B EFRLE
Zo U7A - THBBEOERD AN BRI, b S occipital LD VEP 451k, 2HEBELIED
CVELTRI YV LF oo b= VEBUIRLTT AT 7y MO B AN & 5 &

TFHRLES,

I—1—-2 # &

(1) #EE KkEHE6Z (BHF34%, ©F34) - RNIBERNZ2EDIERE, F420—
23

(2) #l ¥ 12X122= 9y FOF x v H—-FBERCT, ROBEAEEKRL - (Fig 1 —

Fig.1-1.. Examples of stimulus patterns: Projected
patterns on the screen were bright figures
against dark background. Checkerboard,
letter and number patterns were used in all
experiments described in later sections. The
warning stimulus pattern was used in Exp.
1 and 2.

O 6X621=y FOERT =y h— (BEREH) :

@ 6X62rzy bEHWAET VI LYY (55 L85 RFIH)  30HEE

@ 12X122=y bEHAVWAETLT7 77Xy b (7L T7 7y FRFIE)  26F8H

INSEBRPL 230mA T 4V AEATL R (BHICARIR & UTHWY, fil#e s,
ZOARTA FHREBIIRA7 )~y ETHEXSem, HEEOMNE TORAEIIHI L o7,

(3) EEBREE EBREIIL )~ MITERI-VFEHBLTHY, FMHEHEF IR S
Nb, ZOBEERNRRIZZAT [ FMEBREREER 77 AF v 787 1) — v (F—-L4K) &5
Bo CORT)=vhoflmDE ZACHEMAY 7 F 4 = v 75T L BRIk B 2 % E,
AR ERBEI T 5y 78AF —2]IT, ZhaiTHEHs 7))ty by 4 v — R U IERE
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MW7 7030 V24— —F G—330 8 % F\ CHRRSGRRR, R RIpE & B,
INLHRMBIFEREIIREIMIREL, PIRBEBLTENAZ Y= VIZAZ ) - 0EH
PEEEL 72 BRAIRELED 28BN L0 A7) — Vi EBRPEICHRE, ks =
S EREI WM — 103 &Y (AERBIEER11178I% 14 ch #3A | BE#0. 38,75 » FIi§ 1 Hz~ 3 KHz)
YHEW BRI FM 57— % L a3 — #—TEAC R —270% (14ch. /3> Fig D.C. —
1.25KHz) #HW iR L, CORELEEL 2N %, BALER ATAC —2018H 5 \»
W, 32ava—y—#ika—b oy b/vy h— FELYHP 2100A B & o CHIERIE L /-,
MEOBRIITIRERES OE U257 2B X, 40EMEL 7=, SHREEIXT. 8 msec/ point T, #l
WonAb 1 BEMANMEL 7. BIEEMRIE Ag— AgClBIFT, 10—208k12 &3 F,y, F,, C,, C,
Ci Cz, O, O, IZECEB L, HEERL LTA, A %) vy 7 LTHY, HBRECENL -
(Fig. 1—2&H8) ,

Fig.1-2. Schematic representation
of electrode locations ac-
cording to the international
10/20 system. ~ Cs and C+
were used in. Exp. 1 and 2.
In other experiments, P; and
P+ were used in place of
Cs and Ca.

4) F & BHESSTHR, WERESRGCERL 2, BWICT ¥ ¥ L858 Y REIR VT W
7 7Ry bRFE 2EFTOMERITL, ZORMRIIET VL2672 170y 7L T
470y s BRL 2, LEORTIEETEORM 5K 0, RUAEEME (WS) T, #uo

CHECKERBOARD
SEQUENCE

NUMBER
SEQUENCE

300 msec 300 300 300 300 300 300
WS 1 2 3 4 5 6
} 1500 }—=1000 41000 1500 e 1000~ 1000 —}
A i . J
v v
FIRST STIMULUS TRAIN SECOND ‘STIMULUS TRAIN

Fig.1-3. Time sequence of stimulus presentation. Letters were presented in Exp. 1 in
place of numbers. The identical time sequence was used in all experiments described
in the letter sections except in Exp. 6 and 7.
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TE LRI LT3 EDE—F Y Faxsy (TL7 7y M), RIZE2HEFIE LT3
BORF—F v FL38 Y (TLT 7y b)) Fhol, 1HITOEMREER, FIEMMREIFig.
130Dk 312% - T, ZEEOREERLIL 300 mseec Th 5, HYWITEE#HZERL,
1500msec OFIHR (on-on) MR (ISD) 2BV, & 1HH 1B E O IBNERS
1) #8mR, 2 0%ECEEEZ1000msee DISI T2 @ ERL /2, HitlF T1500msec D IS1
P HLTE 2SI 1 EHE OB FMABERS 4) 22K, 20 %R UAlEz1000msecd
ISIT2EERLE, TLV7 7 Xy bRFIODBTOBRES TN LERRICERL 2o BUTHIRR
1310—20%0, 70y 7 HEOKRBIIESM E - 72 BEREOBREL, 5V 54659V RFIOHE
EE1EE2REFTERINZA Y v ORFERT, TLV7 7Ny PRIIOHEITE1
CE2ENMAITERENSA T L7 7Ny b 2FH UL Th-72 WTHOBREE, HER, &
BOTEA I TH S 1L kA - 721812, QBETT 2 bz, 70y 7 DEFILEEEIZE,
TH-TEREL 2,
m—1—-3, #£1

BB L »5 6 £Th, Cz RUO, 25 BH L7 VEP D 1414Fig. 1—4 R U 1
— 5 DEENRL f2o FEAFTNT 7y D RF, FBAFT v 5Ly v RFIERT, C2 &
H VEP Tlt, #4120 msec OREMEm S (N120) & Y180 msec DFEMER S (P 180 )
R OB EE#370msec DFEIER S (P370) 25N 5, /20, M VEP TIE, #EigW 180
msec D&M S (N 180) L BBE270 msec DR S (P270) A8 oshd, 7L 7 7

—NUMBER
—LETTER
~~~~~~ CHECKERBOARD - CHECKERBOARD
VEP :0: VEP:C, VEP:C,
/\ / \
z (s f i
g 1IN : 1
=
) 10pv
o I+
a9
- P2ro |
2 ,
wd < . /\
2 1y v }{ \B370 , \P370 A
£ "
n ) L'
o N180 N180
i
ot i~y
S:* V4 ;
£ 5 AR 1\ W 3 \/\/"
Z
HARAS6-2TT WSEC HARA 6277 WOMSEC MATSU 830-8  SUMSEC MATSUI&-SO;?S SMSEC

Fig.1-4. - VEP wave forms recorded at the central (Cz) and left oc-
cipital (01) loci. VEPs in the left panel were recorded in Exp.
1 for a subject, whereas those in the right panel were recorded
in Exp. 2 for another subject. = Intratrial stimulus positions
from 1 to 3 are seen on the ordinates. Latencies in msec
from stimulus onset are seen on the abscissae. VEPs for the
letter and number stimuli were traced with solid lines, whereas
those for the checkerboard stimulus. were traced with. dotted
lines. Peak identification with latencies is shown on the VEPs
at -position 2.  The amplitudes- of 01 P270s: to the.letter .and
number stimuli enhanced at position -2, whereas those to . the
checkerboard stimulus decreased at the same position, as com=
pared to position 1.
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~——LETTER -] = NUMBER
"""" CHECKERBOARD wmee CHECKERBOARD
VEP 01 VEP :0:

S

INTRATRIAL STIMULUS POSITION

HARA 16277 SOMSEC |MATSU 83078  SOMSEC

Fig.1-5. VEP wave forms recorded at 0:. VEPs
in the left panel were recorded in Exp. 1,
while those in the right panel in Exp. 2.
VEP negative and positive peaks were iden-
tified as N2 and P2 which are shown on
the VEPs at position 5. Intratrial stimulus
positions from 4 to 6 are seen on the ordi-
nate. Other details : see Fig. 1-4,

v b ZFIOP 270IRIGME L, FIEOIE 2 (5 1AEED K U'5 (B 2RHS) THRARELHD
xtl, v 8L v RFITIHRBME L R U4 TRARELESTWS, T4bb, (DR
nEFc T 20, ZEOP 270 IRIBES, T T 7Ryl SUTLIY L RFIMTEL-T
WEDAFRD 5N 5, Tablel—1, 1—2KU1—3 L& VEP RS I &I,  HBEEMNEC
3t R IRIBEOHERE 6 1T DOV TOEHER EERE L, SEHIMIZ OV TRL A, &
BT v 5588 V25, BRI TLVT 7y NRFITH S, BH, BEHBIIHTS VE
Pit, a2y ¥a—%-DREEREOMGLE, WHEL 42220 THEEHL Twiv, Table 1 —

Table ]l —1 Mean amplitude (#Volts=+s. e.)of N100 component to the checker and letter stimuli
in positions from1l to6. Exp. No. 77047706 N=6

Stimulus : Checker Stimulus I Letter

F3 F4 Cc3 C4 Cz 01 02 F3 Fé C3 C4 Cz 01 ®

2.741.6 2.8+1.7 1.240.9 1.240.9 1.1£0.8 2.8+1.6 5.6+18 3.5+1.5 4.0£1.4 2.0+0.8 2.0£1.4 1.440.9 1.6+1.9 4.2%1.6
2.4+0.5 2.6+0.5 2.3+1.1 1.9+0.7 2.0+0.540.241.7 1.5£1.5 3.0+0.7 4.0+1.0 3.2£0.8 4.5+1.4 3.24£1.0 1.8+0.7 2.8%1.3
3,140.8 3.140.6 3.1+1.2 2.8+0.8 2.3+0.9 0.5£1.0 2.5%1.4 1.5+1.0 3.0+1.4 3.0£0.7 4.0£L5 4.1+0.8 1.2£0.5 2.7+0.8
24415 4.242.5 2.421.5 2.5+1.4 2.55L5 0.8£0.7 4.3+1.2 4.0+2.1 2.8+0.9 3.521.5 2.440.9 2.9£0.9 1.4£1.2 3.1£1.0
1.941.0 2.840.7 2.140.6 2.140.7 2.5+0.9+1.1£0.6 2.1+0,6 2.5+0.4 3.7£0.6 2.4£0.9 3.1+1.2 3,1%0.8 0.241.1 1.2+1.0
2.841.0 4.4+1.2 3.241.4 3.7+1.3 4.0£1.14L.3+1.6 1.4+0.9 3.041.2 3.740.4 2.7£0.7 2.320.9 3.1£0.740.920.7 0.6£0.3

=SS TS SV O
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Table 1 — 2 Mean amplitude (#Volts+s. e.)of P200 component to the ¢hecker and letter stimuli

in positions from1l to 6. Exp. No.77047706 N=6

Stimulus © Checker Stimulus © Letter

F3 F4 C3 C4 Cz 01 02 F3 Fd C3 C4

Cz 01 02

4.742.6 3.7£2.0 3.0+1.5 1.940.9 5.4%1.7 4.6+1.7 4.5+1.7 5.942.2 3.842.1 4.4+1.4 4.1+0.7
3.3£1.0 2.5+0.3 3.0::0.6 1.740.8 4.5+1.1 5.6+1.2 4.8+1.3 2.8+0.4 2.3404 2.1+0.5 1.7+0.4
2.3£0.7 2.24£0.7 L7+1.1 1.24£0.6 4.320.6 6.0£1.4 6.5+1.6 4.1+0.4 2.3+2.3 1.1£1.2-0.1+1.4
4.410.6 2.311.1 1.5£1.3 1.4£1.6 4.0£1.8 5.6+1.2 4.5+1.2 4.2:£1.4 3.4£0.7 2.4+1.5 1.8+0.6
1.9£1.5 1.3+0.9 1.8+0.7 1.3+0.4 3.6+0.7 6.841.7 6.6:+1.5 2.1£0.4 1.8+08 2.3+1.0 1.8+0.7
2.8£1.5 1.04£0.4 2.520.9 2.1£1.2 3.9£1.5 7.142.4 8.042.8 0.7+1.0 0.5£0.7 1.7£1.1 1.741.3

S U e GO DD s

7.8+£1.3 4.9+1.2 3.9£0.8
3.7+0.8 6.2+2.1 7.442.2
1.7£0.9 6.0£1.3 5.6+0.9
4.2+1.4 46114 4.9£1.0
4.0£1.0 8.4£3.0 8.1+2.4
3.8+1.2 6.9%1.5 7.8+2.2

Table | —3 Mean amplitude (4Volis+s. e.)of N300 component to the checker and letter stimuli

in positions from1l to 6. Exp. No. 77047706 N=6

Stimulus . Checker Stimulus | Letter

F3 Fdq C3 C4 Cz 01 02 F3 F4¢ C3 C4

Cz 01 02

WS

4.1£1.5 3.5£1.6 3.741.2 3.5£0.7 4.6£1.0 4.3+1.4 4.241.2 5.240.8 2.5+2.1 4.9+1.0 4.240.2
1.1+1.3 0.8+1.2 1.6£0.7 2.1+1.0 2.8+0.9 3.1£1.4 3.241.2 2.6£1.4 0.4+1.3 2.740.5 1.0+0.9
0.6£0.7 1.0£0.8 0.7£0.4 1.4+1.0 2.0+0.5 1.5+0.9 2.3£0.8 1.241.4-0.3£1.6 0.4%1.0 0.3+1.0
7.0£2.2 3.8+2.4 6.0+1.2 5.642.9 7.8+2.0 3.1£1.2 2.9+0.9 5.0+2.4 5.1+2.2 3.74+1.9 4.4+2.3
2.910.7 2.24£0.5 1.3£0.4 1.940.7 2.4:£0.8 2.040.9 1.541.2 3.0+1.0 3.6+1.3 1.8+0.6 1.9+1.0
1L4+1.3 1.240.7 0.8+0.8 1.0+0.9 0.2£0.9 1.0£0.5 2.141.2 1.3+£L6 0.241.4-0.6+0.7-0.8+1.0

P RS, B N -

5.8+0.3 4.2£1.1 3.640.8
1.8+0.7 2.4+0.8 3.2£1.1
0.4£1.0 1.8+1.1 1.6£0.7
4.742.0 3.6+1.3 3.2+0.9
2.1£0.9 3.6£1.4 3.9+14
0-5+1.1 2.6+1.5 3.3+1.6

11 Fs,F,Cy, Co, C212DWTIEN120, O, R UV0, 12D TIEN 1800 IR G (GAIE FLHs 13,
H# on %20 msec I DB PHE) AR¥, Tablel — 213 F;~Cz 122V Tk P180, O, &
U 0, 122V TIEP 2700RIBE 477 ¥, Table 1 — 3 XA OP 3700 IFEIEME # 7~F, Fig.
1—6KU1—712Tablel —12»561—3F T4 5712720457+, Fig. 1 —613F,
Fy, G5, Co 12817 3N120, P 180, P 370 X FHiRIEME # MM E Z L IRLAZB O, Fig.
1—713Cz, 0y, 0,12%13 3 N120(Cz) , N180(0,, 0,) , P180(Cz) , P270(0,, 0,) &

UP 370 DEFHIRIBHE 2 FBMUE L IRL LD TH S, ERFTLT

7Ny bRA], A

PS5y Fh3% v ZFERT, Fig. 1 —8 12120, RUCz 12513 32 VEP %, HliE < ViE L

L TEREbLE THVELHEZRT,
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o—oLETTER
10} o-—OCHECKER
8
2.
EA ] a
4
2
12}
10 F3 Fa c3 ~ ca
8. 8
-l
[*9
6 )
[»
4 y
\“‘D P \‘Qw [wERNE w o
2 C o 9 O 56 o
I 2 4 5 . 12
6 1 2 3 4 5 6 5 3 4 5 6
_~ e 1,
[n o - p=N o= -~
o Er, o N O/B”?z o
—4 /\B e °\<o—\-.—%
8
S s
2

Fig.1-6. VEP amplitude values averaged across 6 subjects for the letter and checkerboard stimuli
The amplitude values in iV are seen on the ordinate. Intratrial stimulus positions from 1 to 6
are seen on the abscissa. Centro-frontal electrode loci (F3, F4, C3, and C4) are seen in the
upper part of the middle panel. * VEPs to the letter stimulus were traced with solid lines and
open circles, while those for ‘the c¢heckerboard stimulus were traced with dotted lines and open
squares. The amplitude values of the centro-frontal P370 are shown in the top panel, those of
the P180 in the middle one, and those of the N120 in the bottom one. Letter B in the top panel
indicates levels of statistical significance of the amplitude changes across stimulus positions, re-
vealed by an ‘analysis of “variance.

(1) N120
Fi, F,, Cyy Ciy C2OBEMRTIE, HETORE, RIBOBEIZ L 550K, FIMGIEIC X
ARROVTHIZLEBRZIRO S h -7, WEIEL, 2, 3, 4, 5T, 777
Ny FZFNIRT AN 120 IREBEOFHF T v ¥ 688 v ZFNCxT 3N 120 RIBEL 0 ET
KEWHEEAED 5N AP, WTHLAEBEI L7,

(2) P180 ‘ :

F, Fi, Cs, Ci, Cz OFEI T, FHKOMEIC L5208, BBHIEIZ £ 38R0V Th
WWEEBZEITDEN o s , ~

(3 P370 ' ,

F,, Cs, C,, Cz DEEIZH VT, BRIEC L 33BRITHEEEIRO 5 h /e (FiF(5/36)
=4,03, C,: F(5/36) =519, C,:F (5/48) =3.84, Cz :F (5/60) =8.62), Mi%k¥l& &
BB L 2563, R4 L5612 TIE- & D& EREERL T35, FIMOBREIZ &
ZERINE, WTFNOBMTLEBEIRD SN L - FINIEL T, TV 5 h3s Y
REDBEDNT T 7Ry FRIIEDERE D,

(4) N180

occipital EH D VEP 4N 180 1%, O, 2V THME - L3R ICFBEIRDLN
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o BEUHIMIIEL 253, RU4 L5612 THVEREZRL TV S,

(5) P270

occipital D VEP AP 270 13, O, 0, WTFhIZHWTE, HlEOMEEIIL 2588
RSB BIC L3 RIIEBZ2EROSNE o2 LALO LB T 2HIBMIEL »5510h
T, Ty 8L RFITHEMERI D s h7e (=4, t=2.21 P<0.10), %720, I
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Fig. 1-7. VEP amplitude values for the letter and checkerboard stimuli recordéd

at the central (Cz) and occipital (01 and Qz) electrode loci. N120 and
P180 on the left side of the ordinate stand for negative and positive
peaks of the Cz VEP, while N180 and P270 for those of the 01 and
0z VEPs. Numbers between arrows indicate levels of statistical sig-
nificance of the difference between two amplitude values pointed by
arrows, revealed by Student’s t-test for paired observations. Other
details, : see Fig, 1-6.
The occipital P270 amplitude for the number stimulus significantly en-
hanced at positions 2 and 5 as compared to positions 1 and 4. The
P270 amplitude, for the checkerboard stimulus also enhanced significantly
at position 5, but not at position 2. The 0: N180 amplitude decreased
significantly at-position 2 for the checkerboard stimulus. The Cz P180
and P370 amplitudes were maximum at ‘position. 1' and decreased ‘at
positions 2 and 3.. The Cz P370 was significantly larger at position 4
for the checkerboard stimulus than for the letter. About letter B, see
Fig. 1-6.
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- STIMULUS POSITION -1

—_—2

CHECKER LETTER

HARA : 6-2-77 500 MSEC 500 MSEC

Figl!-8. VEP wave forms to the letter and checkerboard stimuli
for a subject. The VEPs to the checkerboard stimulus are
seen in the left side, while those to the letter stimulus are
seen in the right side, of the figure. Electrode loci (Cz and
01) are seen on the left ordinate. Latencies in msec from
stimulus onset are seen on the abscissa. Three VEPs at
positions from 1 to 3 are superimposed in order to. show
amplitude changes acréss stimulus: positions. The VEPs at
position 1 are traced with solid lines, those at position 2 with
dashed lines, and those at position 3. with dotted lines. The
central (Cz) P180s for the letter and checkerboard stimuli
were maximum in amplitude at position 1 and decreased at
positions 2 and 3. For this subject, the occipital (0:) P270
for ‘the checkerboard. stimulus increased in amplitude across
stimulus positions from 1 to 3. The 01 P270 amplitude for
the letter stimulus enhanced at positions 2 and 3 as compared
to position 1..-The P270 amplitude changes across stimulus
positions were larger for the letter 'stimulus than: for the

“:checkerboard.  The Cz P370 was observed for the letter
and checkerboard-stimuli at position 1.
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Fig.2-1. VEP wave forms evoked by the number and checkerboard stimuli recorded
at. centro-frontal and occipital electrodes for a subject.  Electrode loci are
seen on the ordinates. -Latencies in.msec are seen on the abscissae. In-
tratrial stimulus positions from 1 to 6 are seen at the top of the figure.
VEPs to. the number stimulus were traced with solid lines, whereas those
for the checkerboard were traced with dotted lines. . Noté that amplitudes
of the occipital P270 evoked by the number stimulus at positions 2, 3, 5,
and 6 were much larger than those evoked by the checkerboard at the same
positions. The occipital P270 amplitudes for the number stimulus enhanced
at these positions as compared to'positions 1 and 4. The same P270 am-
plitudes. for .the -checkerboard -stimulus, on: the contrary, became smaller at
positions 2, 3, 5, and 6, as compared to positions 1 and 4.
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Table 2— 1 Mean amplitude (#Volts+s. e, yof N100 component to the checker and number stimuli
in positions from1 to 6. Exp. No. 78097811 N=5

Stimulus . Checker Stimulus . Number
F3 Fiq C3 Ct¢ Cz 01 02 F4a F3 C3 C4 Cz 02 ®

1.540.3 1.4+0.2 144203 1.4+0.9 1.7£0.7 3.242.0 6.6+2.4 2.240.8 2.3::0.8 2.740.8 2.140.8 2.9+1.1 4.3£2.0 6.2£2.1
2.440.6 2.310.3 2.5£0.3 2.3+0.6 2.6+0.3 L.7+£1.6 3.1+L5 1.8+0.3 1.9+0.6 2.3+0.3 1.9£0.6 2.240.5 3.1+2.5 5.442.3
2.3+0.5 3.340.6 2.420.6 3.240.4 2.8+0.4 1.8+1.5 2.3+1.8 3.5+0.8 3.9£0.6 2.8:£0.3 2.9+0.5 3.5+0.4 1.421.8 3.6+2.2
2.0£0.8 2.24+0.9 2.3:£0.5 1.8+0.6 2.3+0.8 4.0+1.3 6.5+15 3.7+0.2 3.8+0.8 3.0£0.5 3.3:0.9 4,0£0.9 5.14+3.3 6.1£2.8
2.740.8 2.940.8 2.4+0.6 2.5%0.7 2.4£0.6 0.8%1.6 2.6+2.0 2.3+0.6 2.24+0.8 2.8£0.7 2.4+0.7 2.7£0.3 0.842.6 1.843.5
2.7+0.3 3.440.4 2.8+0.6 2.6+0.3 3.040.3 0.4£1.7 2.0£1.9 32+0.6 3.5+0.8 2.9+0.7 2.1+0.8°2.820.6 1.3+1.7 2.2+1.9

O W1 B W B ke

Table 2-—~2 Mean amplitude (#Volts+s. e.)of P200 component to the checker and number stimuli
in positions froml to 6. Exp. No. 78097811 N=5

Stimulus © checker Stimulus | Number

F3 F4 C3 C4 Cz 01 02 F3 F4 Cc3 o Cz 01 02

6.0+1.0 6.5£0.8 6.5+1.1 5.7+1.7 7.541.1 8.4+1.8 8.3+2.0 7.4+1.0 7.520.7 7.2£1.0 7.8£1.3 9.0+1.6 6.6+2.3 8.4+2.1
42408 4.0+1.0 4.141.2 4.241.5 49413 6.141.2 6.4+1.7 5.4+1.3 5.0£1.6 4.0£L1 4.1+1.7 4.9+1.110.142.610.7£2.7
31414 3.941.4 2.941.2 2.7£1.6 3.642.0 6.0+41.4 6.3+2.0 2.8+1.1 2.9£1.2 1.8£1.0 2.7+1.1 2.8+1.1 9.9+2.511.4+2.7
4.9£1.0 55410 5.8+1.2 4.7+1.2 6.2+1.3 6.431.0 6.3£1.7 5.0:41.1 3.810.8 4.7£1.4 41411 6016 8214 9.552.0
3.8+1.3 4.0£1.4 2.74L2 3.0+1.7 4.5+1.4 7.6+2.0.6.5+2.5 3.641.0 3.8+1.1 3.0£1.1 3.241.0 3.9+0.610.3£2.712.1£3.3
4.6+1.6 4.5+1.4 2.940.9 3.74L4 4.7+1.4 7719 8.242.3 4.141.2 3.7+1.4 3.3%1.1 3.4£1.7 4.6£1.6 9.4£1.711.242.3

L S T

B VEP ClF, 8K 120 msec DR (N 120) & #E##T 180 msee OFFMERS (P 180)
R UG 370 msec DB S (P310) 2B 51 b0 N Fyy Fy, Coy Co CHREMTS
2 (Fig. 2—1)., %7/, O, %Y VEP Tif, #EY180msec DEEMER S (N180) & #EHEL
270 msec DRBMEM S (P270) R 513 (0, HFEHR) . HFERFIO P 270 IRiGMHEIE, 7V
77y N RFIE IR, RAE 2 520 1E3 RU5 550186 TRAL &> T3, Table
2—1, 2—2RK0U2—31, &VEP®H I L1Z, SHIMAE T 2 RIBEOKERE S 4
I W TOFIER EEEE LR 2, ZOERICH VT & BEAMIHT 5 VEP 130 5
LoD TEHL TWiw, Table2 —11%, Fy, F,, G, C,, Cz 2D Tix N120, O,
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Table2—3 Mean amplitude (#Volts=ts. e.)of P300 component to the checker and number stimuli
in positions from1l to 6. Exp. No. 78097811 N=35

Stimulus : Checker Stimulus | Number

F3 F4 Cc3 C4 Cz 01 02 F3 F4 C3 C4 Cz 0 02

WS§

3.6%L.0 3.4+1.0 6.7£0.7 5.6+1.0 6.7+0.5 8.241.2 7.9£1.2 4.0+0.9 4.0+1.3 6.7+1.5 7.0+1.2 6.2+1.3 7.7£L9 8.542.4
13410 2.3£0.7 2.6:40.6 3.0£1.0 3.04£0.7 3.74£1 3 3.941.4 1.0£1.2 2.0+1.2 1.1£0.9 0.5£0.9 0.3+1.0 5.4£2.5 4.242.4
1.5£0.8 1.9+0.5 2.0£0.4 1.040.9 1.7£0.6 3.2+1.1 2.941.1 0.5£1.0 1.240.8 1.5£0.9 0.2+0.8 0.5£1.4 5.4%1.9 5.1+1.7
6.5+1.2 6.541.1 8.8+1.5 8.1+£0.610.3£1.0 5.3+1.2 4.8+1.7 3.8+0.8 3.841.1 5.740.8 4.9+0.6 5.4+0.8 5.0£1.4 5.4+2.1
2.6£1.3 2.3¢1.1 2.6£1.0 2.240.7 3.240.4 4.3£2.0 3.74£2.4 1.4+0.8 0.8+1.1 2.540.7 1.0+0.9 0.6+1.5 6.6+2.8 7.243.4
1.4+0.9 1.8£0.7 1.6+0.7 0.8+0.7 0.6£0.3 3.4+2.1 3.0+1.8-0.5+0.4-0.940.6-0.5+1.0-0.240.8-0.9+1.1 4.9%2.0 4.9£2.0
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Fig. 2-2. VEP amplitude values averaged over 5 subjects for the number and checkerboard stimuli. The
amplitude values in (V are seen on the ordinate. Intratrial stimulus positions from 1 to 6 are
seen on the abscissa. The centro-frontal electrode loci (Fs, Fs; C;, and C() are shown in the
upper part of the middle panel. The VEP amplitudes for the number stimulus were traced with
solid lines and open circles, whereas those for the checkerboard stimulus were traced with dotted
lines and open squares. The centro-frontal P370 values are seen in the top panel, P180 values in
the middle one, and N120 values in the bottom one. Letter A in the top panel indicates levels of
statistical significance of the amplitude changes across stimuli, revealed by an analysis of variance:
Letter ‘B, indicates levels of .statistical significance of the amplitude changes across stimulus posi-
tions.

R U0, 1290 T IE N 1800 PHRIE(E #7F. Table2 — 213 F,~Cz 1221 i3 P 180, O,
B0 1220 Tk P2T0DFGIRIEMHE R T Table 2 —3 (34810 P 3700 FHiRIEHE
BT, Fig. 2—2Rk102—312, Table2—14#52—3% T4/ 5 712LA8045RT o
Fig. 2— 213, Fs, F,, Cy, Ci 12513 3 N 120, P 180, P 3700 & FEIRIEHE 4 HI{IE = >
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Fig.2-3. ~ VEP amplitude values recorded at the central (Cz) and occipital (01 and

0:) electrode loci. Electrode loci are shown in the lower part of the middle
panel. ' N120'and P180 on the left side of the ordinate stand for negative
and positive’ peaks of the Cz VEP,: while N180 and P270 for those of the
0: and 0: VEPs. Numbers between arrows indiacte levels of statistical
significance of the difference between two amplitude values pointed by arrows,
revealed by Student’s t-test for paired observations. ~ Other details : see
Fig. 2-2.
Thé ocecipital P270 for: the number stimulus enhanced significantly at posi-
tions 2 and 5 as ‘compared to positions 1 and 4.,  This enhancement was
observed at 01 and 0:z. The occipital N180 amplitude was maximum at posi-
tions 1-and 4, and decreased at other positions. The N180 at position 2
was significantly smaller for the checkerboard stimulus than for the number.
The ‘central P180 and P370 were large in amplitude at positions 1 and 4,
and decreased at other positions, The Cz P370 amplitude at position 4 was
significantly larger for the checkerboard stimulus than for the number.
About letter A and B, see Fig. 2-2.
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- STIMULUS POSITION 1
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500 MSEC

MATSUMOTO 8-30-78 500 MSEC
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Fig.2-4. VEP wave forms to the number and checkerboard stimuli

for a subject. The VEPs to the checkerboard stimulus are
seen on the left side, while those to the number stimulus are
seen on the right side, of the figure. Electrode loci (Cz
and 0:) are seen on the left ordinate. Latencies in msec
are seen on the abscissa. The VEPs at position 1 were
traced with solid lines, those at position 2 with dashed lines,
and those at position 3 with dotted lines. As seen at the
bottom of the figure, the central (Cz) P180s for the number
and checkerboard stimuli were maximum at position 1 and
decreased at positions 2 and 3. The amplitude of the occipital
(01) P270 for the checkerboard behaved in the same way as
that of Cz P180 across the stimulus positions. The 0: P270
amplitude for the number stimulus did not decrease at posi-
tion 2 as compared to position 1. - Large amplitude of the
Cz P370 was observed for the checkerboard stimulus at
position 1.
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ZHETVT 7Ry FEFERF] L OZERIBAMOMHBEEE % Omsec & 5312msec (40po-
nt) DEITEHEL LD E2 75 7I1ZRLAEOAFig. 2—5TdH 3, 2hizkhid, 0, RU0O,

Fig. 2-5. Coefficient of correlation between
the VEPs evoked by the number/
letter and checkerboard stimuli.

.

L:f 1.0 pL&N 11978 Sample interval was 312 msec from
. g n:4+4+3=7 40points (0 —312 msec) stimulus onset and sampled points
£ b S I N D& 0z were 40 (7.8 msec/point). Cor-
2 2 8t Cz relation coefficient is seen on the
E g 7 _F3 ordinate. Intratrial stimulus posi-
a 3 F i, tlons. from 1 to 6 are seen on t‘he
8 5 .6 F F . h}? abscissa. Note that correlation
- X st 4 coefficient of the occipital (0: and
S & 02) VEPs were constant across
Pl stimulus positions, whereas that of
28 4l the centro-frontal (Fs, F«, and Cz)
zga ¥ FIRST TRAIN SECOND TRAIN VEPs decreased across positions.
o o
o =

1 2 3 4 5 6 Correlation coefficient of the Cs
INTRATRIAL STIMULUS POSITIONS and C+ VEPs which are not shown

here behaved in the same way as
the F3, F4, and Cz VEPs.
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7~ VEPEFE, FEOZINLTHETH 2L ERL TV,

[I—3 3B No.80058005
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CHELBRENBE—FBOTEEF LV ECI L IBET A FRLES, ZONERR
P2TODIRBE D RIZE > TRERGETEH 2 Y, +ORETH I PBIZ DOV TETHTS 5,
ZOEBRINEVCROEBRNICEWT, FBRIAMEEL S LI TIORERETL LI &
Lo

m—3—-2 5 &

(1) BERE KEREFRFI0%L, HAXBEERN2EDIER. F923~305%,
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BITHOALOEFERLE, BEBMIERF v -7 v TlE%E<, 12X12229 b O
Fryh—HEREBAY, FHELED TF 2y IR TEVWT YLy v 2ERL, 2hi A
Wiz,

(3) FEEREE NEQEIC YHP2L17F B % Fv, MERIEK 2600 & Uz, 72, BEEtO
BEEHE 1.5 MIZL 2, MIEBHRORE TR, C,RUCEPRUPIIERE L /-, #RIBHREE
#5 2 on %20 msec B DT HME 2 5 i on BT#%50msec 3770 §1100msecH O FHMEIZEEL
oo ATA FIEBOBMEIEL )Ly A=t T 7 v av b AL -5~
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Bh2e, MHESR Oy s TN A v — 10k 35IBIZEE LA, o sso I3 EERT
12| Uy ; :

4) F 75N VRFETLT 7Ry FRFUCBEELZ, 28770y 7%
6 7y IR LALISHIERT SEL, :

RIHAEB L 255 & TDC,, 01,0 5B L VEP EHO 1% Fig3—1 127/ L
7eo CELH VEP T, #EE#140msec DEEMER S (N140) & i5E:40220msec DR 5 (P
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———— NUMBER

+
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Y s "’\- -, i: -\' 2y
v RS J

| 7S /i ey 3 ; " R ; iy
02 i M \:'

MIYAZAKI ,
4-16-80 500 MSEC 500 MSEC 500 MSEC 500 MSEC| 500 MSEC

. Fig.8-1. VEP wave forms to the letter and number stimuli for a subject. The VEPs to the letter
stimulus were traced with solid lines, whereas those to the number stimulus were traced
with dotted lines. Electrode loci (Cz, O;, and O;) are seen on the left ordinate.. Laten-
cies in msec from stimulus onset are seen on the abscissa. Intratrial stimulus positions
from 1 to 5 are seen at the top of the figure. The central (Cz) P220s to the letter and
number stimuli were large in amplitude at position 1 and decreased at positions 2 and 3.
Amplitudes of the occipital (O, and O.) P260s for the letter stimulus enhanced at positions
2 and 5, whereas the P260. amplitudes for the number stimulus decreased at positions 2
and 5, as compared to positions 1 and 4. The Cz P360s for the letter and number stimuli
were large in amplitude at positions 1 and 4 and decreased at positions 2, 3, and 5.

220), f& UNEEE 360 msec OISR S (P360) 238 5 h 3, LA L P360ik, £ IRCIIC
BUBTVT 7Ny b RFIRHERFICHN TSV EIIZH LB, $72, 0K U 084 VE
P T3, K 170 msec DIEMERLS (N170) & # B5 45 260 msec DFBHER 4 (P260) 2° 550 5
n3, C, 0, 0,4, MRIMTHEHBOELNE N, 27 20HBETE, ORV0,12EY
BRTB 2 BU5T, 7T 7y RHID P60 AHIEAIE 1 & U4 £ 0 &80+ 3 1@
ERL TV L, HERFITIRZOL ) 2Em@IKIE-> * VRO 5%, Table3 —1,
3—2, 3—31, £ VEPRS I ¥z, SHMAE T 2 IREEOBERELIZII DN TO
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PR OHEHERRE AR L 72, ZOEBRTCIIESIEO VEP 208 L /2729, RIEAE 6

VEP |30 L % 7=, Table3—11, F,, F,, Py, P, C, 122V TIENI40, O, %0,
1220V TlE N1700 SEHIRIEME % 7R, Table3 — 213 Fo~C, 1221 Tt P220, O, % U0,
SV IE P260 DEYGIRIBHE % 7R T, Table3 — 3 I3 & ZRIIZ OV TO P60 R 26 2 &
THWABEOHEIIEEMIIOT 2D TH Y, TIEME &K UTIEORBIEIC L > TETOMHE
#HHb, Table3—1H53—3F T,/ 771/ LA-LD% Fig. 3—21kF,, F,, Py, Py,

C, iz #1F 3 NI4ORI#I 3 5 VEP Z DIRIEME 2 Bl E 1 D#IZRL Th 5,Figd —
31, O, R U0, I2H 3 NITOK U P260 D HiRIEIE 2R L Th %,

Table 3 —1 Mean amplitude (uVolts+s. e. ) of N100 component to the WSand number and letter stimuli
in positions froml to5. Exp. No. 80058005 N==10

Stimulus | Number Stimulus © Letter

F3 F4 P3 P4 Ce 01 02 F3 F4 P3 P4 Cz 0k 02

WS 2.7x0.5 2.540.4 1.5£0.8 1.3£0.8 2.4+0.5 1.0£0.9 0.8+1.1 3.140.4 3.140.5 1.8+0.6 1.5+0.5 2.740.6 1.7+0.6 2.1+0.7
1 28406 2.6£05 2.240.7 1.8£0.8 2.4£0,7 2.241.0 2.551.1 2.520.7 2.3+0.5 L.740.7 L720.6 2.440.4 2.8+0.7 1.8+1.1
2.440.5 2.240.6 2.8%0.6 2.610.7 3.3£0.5 2.1£0.7 2.7£0.9 3.7£0.4 3.7+0.5 4.0£0.7 3.4+0.6 3.940.6 2.5£0.4 2.5+0.7
3.1£0.5 3.1:£0.5 2.240.5 2.5£0.6 3.3+0.6 2.240.6 2.0+0.9 3.520.5 3.840.6 3.0+0.6 2.9+0.7 3.9+0.6 1.5+0.7 1.84+0.8
3.040.7 2.9+0.6 2.3+0.6 1.8+0.5 2.7£0.6 2.4%0.8 1.5£1.1 3.0+0.7 3.240.6 1.7+0.5 1.8+0.5 2.840.7 1.5+0.8 1.1+1.1
3.5£0.5 3.540.5 2.420.4 2.7+0.5 3.9£0.7 1.24£0.6 1.8+0.6 3.8+0.6 4.0+0.5 3.1+0.4 3.240.4 4.5+0.5 0.8£0.5 0.9+0.6

[ TR

Table 3 —2 Mean amplitude(# Volts+s. e. ) of P200 component to the WS and number and letter stimuli
in positions from 1to5. Exp. No. 80058005 N==10

S timulus Number Stimulus © Letter

F3 Fe P3 P4 Cz 01 - 02 F3 F4 P3 P4 Cz 01 02

WS 5.241.0 5.9+13 5.241.3 4.6£1.4 6.1+1.0 8.8+1.9 8.4£1.6 4.8+1.1 5.0+1.3 5.4+1.5 5.8+1.4 5.5+L1 9.0+1.9 8.3+1L.7
1 7.14£0.7 7.8£1.0 7.2+1.3 6.5+1.2 8.440.9 6.6+1.8 6.2+1.5 6.9+0.7 7.8+0.9 6.5+1.4 6.7+1.4 8.1+1.0 6.6+£1.7 6.7+1.6
5.1%41.0 5:4+1.3 4.8£1.2 4.3£1.0 5.3+1:2 6.4+1.1 6.5+0.9 3.9+1.1 3.8+1.2 3.7+1.0 3.541.0 3.9£1.0 6.2£1.0 5.9£1.0
5.04£1.0 5.3£1.0 5.1£1.1 5.04£1.0 5.4+1L1 7.3+12 7.441.0 4.1+1.0 4.441.0 5.041.2 4.5%1.0 4.3+1.2 7.0+1.2 6.94+1.0
6.040.9 6.541.0 6.9+18 6.4+1.6 7.0+1.2 7.9+2.1 7.3+1.5°5.141.0 5:7+1.2 6.5£1.6 5.74L.5 6.4+1.0 7.4%2.0 7.3+1.8
4.211.1 4.6+1.2 5.2+1.1 5.140.9 5.0+1.1 8.4+1.0 8.3£0.8 3.1+0.8 3.4%0.9 4:9+1.0 4.5+1.1 3.0+1.1 7.9+1.1 7.8+1.0

ST o DD

Table3— 3 Mean amplitude (# Volts+s. e. ) of P300 component to the WS and number and letter stimuli
in positions from1l to5. Exp. No. 80058005  N==10

Stimulus © Number Stimulus | Letter

F3 F4 P3 P4 Cz 01 [ F3 F4 P3 Py Cz 01 02

WS 4.6£1.7 50£2.0 8.3%1.7 8.4£2.1 6.9+2.2 8.7£1.9 7.9£1.7 2.941.7 3.0£2.0 8.9+2.2 8.4£2.0 5.422.0 8.7+1.9 7.5%1.6
3.641.2 4.141.5 9.4£1.7 8.3£1.7 6.241.6 87+L.7 7.5+1.3 3.74L2 5.5+1.5 8.3+L7 7.4+18 5.6+1.4 6.8:+1.8 6.7£1.5
2.5+0.8 2.540.9 4.6+1.0 3.941.0'2.3+0.9 5.5+1.1 5.0£0.9 1.1+0.9 1.341.0 3.3£0.9 2.6+1.0 1.1+0.9 4.8%0.8 4.2:£0.8
0.9%0.6 1.3+1.1 4.2411 3.3£1.2 1.4£0.9 5.7£1.2 5.3%+0.9 0.5:0.8 0.6:£0.7 3.241.4"2.8+1.2 0.5£1.5 5.0+1.3 4.420.9
3.6+1.0 4.1£1.3 7.6+1.4 6.6£1.6 5.9+1.5 7.8£1.7 7.0+1.3 3.8£1.3 4.5+1.4 8.2£1.4 7.6+L.7 6.1£1.6 7.8£1.8.7.6+1.6
0.8+£0.8 0.9£0.9 4.1£1.0 3.7+1.0 1.2£1.0 6.4£1.0 5.9£0.9 0.5£0.7 0.5+0.7 4.0£0.8 3.1£0.9 0.9£0.7 6.1£0.9 5,8+0.8
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Fig.3-2. VEP amplitude values averaged across subjects for the letter and the number stmuli
The amplitude values in #V are seen-on the ordinate. Intratrial stimulus positions from 1
to 5 are seen on the abscissa. Centro-frontal and parietal electrode loci (Fs, Fi, Ps,
Pi, and Cz) are seen in"the upper part of the middle panel: VEPs to the letter stimulus
were traced with solid lines and open circles, while those for the number stimulus were
traced with dotted lines and open squares. The amlitude values of the centro-frontal and
parietal P360 are shown in the top panel, those of the P220 in the middle one, and those
of the N140 in the bottom one. Letter B in the top and middle panels indicates levels of
statistical significance of the amplitude changes across stimulus positions, revealed by an
analysis of variance. Filled circles ‘and filled squares show the amplitudes for the letter
and the number stimulus at WS.
(1) N140 | |
%8k TR O N2 51 5 N120 & FRIC, RESOMBIC £ 2%, RIEHE D &3 HF0Th
CAERZERD SN G o TAT7 7 Xy FRFITIE, FGLE 2 125V CEFIRIEOHE
MEm A AR SN SH, FEEIZD SN LD 7,
(2) P220
Fy, Fo, CoORBAIZHENT, FBHRIBIC LA RICERENRD 517z (F, I F(4/90)
=3.88, F,:F(4/90)=3.92, C,:F(4/90)=5.11), #F, 7L 77~y FEZFIE L, #
BB L1252, RE4L55122T TE- &0 LEADEBARD 5115, FIBOEHIZK S
MRICIEBZIROOSN Lol F72, BEHIEICET 5 P220IRIEMEL, BISBAELICT
¥ % P220IRIGME & 0 /b s,
(3) P360 -
Fs, Fo Py, Py, C,OREIZHWT, |, FIBMB I L3R ICFEEVBD 5N/ (F
F(4 /90)=4.29, F,:F(4/ 90)=5 55, P, F(4/90)=7.33, P, F(4/90)=6.41, C,. F
(4/90)=9.58)s FUMAIE 153122037, TAMMEEL LS5 50,0 T, #E, TV7

7y FERY & %?lé?’)‘ftﬁr‘ﬁ]ﬁf&b Jh%:o
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o—0 LETTER
10 O~ NUMBER
-
. 8 \ G\g | 3\\5
a s \3’8 o Fig.8-3. VEP amplitude values averaged across 10
4k subjects for the letter and the number stim-
uli. The amplitude values in gV are seen
z on the ordinate. Intratrial stimulus positions
z T Ty R T s from 1 to 5 are seen on the abscissa.
z 121 Occipital electrode loci (0,, O,) are seen in
” ol 2 the upper part of the middle panel. VEPs
8 10 to the letter stimulus were traced with solid
E = 8 L g,/g L] B lines and open circles, while those for the
% § @\8'7)3 Wg @ number stimulus were traced with dotted
N 6t lines and open squares. The amplitude values
5] al of the occipital P360 are shown in the top
> panel, those of the P260 in the middle one,
zr 1 2 3 4 5 1 2 3 4 5 ar?d tho§e of the N.17O in the bottom one.
Filled circles and filled squares show the
£ ; ‘:J/’8 " 8'/43 amplitudes for the letter and the number
z -2 g;ﬂ%g ol ¢ 8\9,/9 stimulus at WS,
—4
—6

LA LRIBOBEIZ L 20R101E, WIhoOSizsw TLAEREIRD S hE h o,
FAGERBICAT 5 P3COIRIGME L, FIRAIE 1123 72 P360RIBHEICIZIEHEL - Tw
%o

(4) N170 |

occipital EH D VEP gy N170 T, RIBOREEHIZ L 2R, #IIE I X 38R DT
WL EBREITO SN o, £ 2 00FIBNERMOEIILEREERRD N Lo,

(5) P260

occipital H D VEP it5r P260 T4, RIBOEEIZ L 250R, BB IC L 320 R 00T
NICLEBZRIRO NG ol TR200FBMNEBEMOLEICLAEEIRAD W E» -
oo BERBIIITT 5 P260IRIBMEIL, RIBALE 11264425 P260IRIGHE LV & K&\ BHER
HIZOWTH B L, L0EFFEHAERFITHIMER 2R L, HEEIPRPEEZRL Tz,
LALT 77Xy b, BFEBHRFITC—BLAEBEEZRL 2EEDEL -7,

ZOEBOKERIL, EBRIERUCI CE LR, oceipital B VEP 4% (P270) Dl <
D3R LA ARMER Y, ZHSDOERIZAWAETL 7 7Ny hLHFIZMEOMEE T2 W
TEERR U7 THDOLMAIBICEBL 258 TH 5 & FRL LEZENFEIIMHEL ORI
TUEME, P260 DRFEMEINAHEAELECLO3+5EETIEEL, T v 5Ly Y 251%
$FDO—F TRV & S NB9EEE 5 P260 OIRIEE ORI BVBETH B2 &L &7 L 7,

M—4 ZEEB&N No80068010
m—4-1 B ®

ERIDO AWM TR0, 20FERIZENTHHBOC VB LIZE 3 TTESEY o-
ccipital D VEP 5 (P260 / P270) OIREHKIZE > THERFE LV EI2E» %
BT 5, ZOERTIE, HFERFIL, 20ORFIIE LT, B MIES>TERY AN S NE
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BEHRBIILZ VDL VEFRELEL, BROF - X0 U2 WEH RECEM) 2B THEL

A Lo

‘M—4—~2 K & , : : :
(1) #EE A2ESE (BF64, XT7248) HRBERNLEDER £41420—

2% b, BFO—BOBPERE I ILHBEE T 2.

(2) AB BFEEIERIT CHWA LD RFRL 26 ML, EAFBITD iR 8%
FH#EHL v X% out of forcus IZCUTH|;BEL, AFTITANLETHBZEEROIESEY LRV
KA E o723 DERATL FE L, i

(3) EEREE #EOEHIE ( blurred stimulus) i, ZHEFTIZHW AR EANT X
EZEBFEBEVOT, A 74 FEBESORTIZ#H/ 12 Nentral Density Filter &2 1F7=, 21 L)
ST ERIICE L, ;

(4) FH  ECUHIBERINCGT 2 BB, AR DAL L,

M—4—3 #& B ‘ .
BIMATE 1 25 5FTD Ce, Oy, Oup 5EH L /=2 VEPBIED 1H1% Fig. 4 =1 1ZR L/

w——NUMBER
.......BLURRED +
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Fig.4-1. VEP wave forms to the number and blurred spot stimuli for a subject. The VEPs to

the number stimulus were traced with solid lines, whereas those. to the ‘blurred spot stim=:
dus were traced with dotted lines. Electrode loci' (Cz, 0,, and O,) are seen-on. the left
ordinate. Latencies in msec from stimulus onset are seen on the abscissa. Intratrial
stimulus positions from 1 to 5 are seen at the top of the figure. At three loci; latencies
of negative and positive peaks were longer for the blurred spot-than for the number in the
case of this subject. The central (Cz) N140 was more negative for the blurred spot than
for the number, The Cz P220s to the number and blurred spot stimuli were large in am-
plitude at positions 1 and 4, and decreased at positions 2, 3, and 5. The occipital (0, and
0,) N170 was large in amplitude for the number than for the blurred spot. The occipital
P270 amplitude enhanced at positions 2 and 5 for the number stimulus, but not for the
blurred spot. Cz P360 was observed at position1 for the number and blurred spot, whereas
at position 5 the P360- was observed only for the number stimulus.
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C,# M VEP T, B 140 msec D B2 ( N140 ) & #8349 220 msec O &M 4 (P220)
B UEER Y 360 msec DR S (P360 ) M0 6 3, HECEEIBIC LTI P 360k & &
DEETZ WV, 72 0RO »5EE L - VEP TlX, Y 170msec DMK (N170)
& BEEH) 270msec DB (P270) 738 5 h 3, IRECERE A L T, N170 , P270
EHhEL, Fo& 0 Uhv, BFERBTCITRIEALE 2 5 52 \Wik 4 TP 270 OIRIBIED #I1H
Rbohd, COBIMERL, BT EFHOSN S, Tabled—1, 4—2, 4—
312, EVEP KA I &1z, ZRIBAE 123 2 IRIBEOHERE 8 £ i2D T O FIRIEMHEK
RUME#ERE LR U7, Tabled —11%, Fs, Fi, Ps, Pi, C2iZ2DWTIEN140, O: BRUO:
IZDWTIEN 170 D FIRIEE % R+ Tabled — 21, Fi~C:TIEP 220, 0. KU 0, TIF
P 270 O FIRIGHE % R T, Tabled — 3 X LA T P 370 # L HIRIEME 2 R+, Figd
—2, 4—31Z, Table4d—1»54—3F T2 75 7IIRLELEDERL 2, Figd— 211,
Fs, Fi, Py, Py, Cziz#17 3N 140, P 220, P 370 O FPERIEME & SHSAE = L I10RL
bDTH B, FIMAE 1 OMIIZBEREICAT 32 VEP EEIRIR@E 4R L 720 Fig.d — 2
20, R 012813 3N 170 & P 270 D FHIRIEHE 2R L 7=

Table4d —1 Mean amplitude( gVolts*s. e. ) of NI0O component to the WS and blur spot and nmber stimuli
in positions froml to5 . Exp. No. 80068010 N=8

Stimulus ; Blur spot Stimu lus ; Num ber
F3 F4 P3 P4 Cz 01 02 F3 F4 P3 P4 Cz 01 02
WS 18+L0 L7£L1 L1407 L74£0.5 14409 1.9+0.9 3.3+0.7 22:+0.8 29+0.6 21106 22+0.4 23409 23411 34+0.9
2.6+0.7 254£0.9 15403 21£0.4 2 240.8.0.8£0.9 1.2£0.6 19207 24208 L.5+0.8 L.9£10 L5409 3 6+15 5916
40410 41+£L0 37409 36+0.7 49413 0.4+0.6H0,.220.8 2.8+0.5 3.3£0.5 27+0.8 3.5+£0.8 3710.6 3 610.9 5.0+L3
4.7+0.8 46408 34207 31+0.6 54:£1L0 0.140.6+0.2+0.9 3.8+0.6 45108 3.4+0.5 3. 4+0.4 42405 1.6+0.8 29+11
5612 40+12 274£0.5 29406 3911 0.3+L1 0.1+0.9 2.8+0.6 28+0.6 21107 22406 20+0.7 2810 4.6%1.4
36410 38+10 25409 25+0.7 4,241 240.940.8+L5+0.8 3.240.5 3.940.5 3.0+0.6 33+0.6 45503 L1£L3 26+L6

R I O

Table4 —2 Mean amplitude(#Voltsts. e. ) of P 200 component to the WSand blur spot and number stimuli
in positions froml to5 .Exp. No. 80068010 N=28

Stimulus : Blur spot Stimulus ; Number
F3 F 4 P3 P4 Cz 0L 02 F3 F4 P3 P4 Cz 01 02

WS 47413 5.8+16 38417 36420 52413 7.5£L6 79414 50+0.9 59507 37416 3.4£18 50411 7.5+18 7.2+13
1 37409 44£10 41408 4409 5.5£1.3 44+14 45209 66408 7.2+0.8 5410 53+L2 7.7£11 46118 47£13
0.7£10 L0+L2 21407 3.3+10 1.240.9 58+L5 7.0+14 35+0.8:4.3£1.0 3.5+10 41+£1.03.0+0.9 81+2.3 9.61+23
0.240.6 0.6x0.7 27405 3.1+0.8 0.8+0.7 57+L4 65413 L9%0.6 2.040.7 3.3£0.8 41£1.2 20+L0 83+20 9.9+£2.0
L0+L1 L8+1L1 34412 42%13 30413 56+L9 6513 3.740.9 45107 4.8£1.3 54416 47+1L1 7.9+1.8 86118
0.3£0.7 0.740.9 3.1£0.5 3.5:40.8 L4406 6418 7.2+1.6 23409 27£10 34412 44414 1L92L1 9.0£2110.8+2.6
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Tabled —8 Mean amplitude (#Votls £s. e. ) of P300 Component to the WS and blur spot and number
stimuli in positions from 1 to5. Exp. No. 80068010 N=2§8

Stimulus.» Blur spot Stimulus : Number
F3 F4 P3 P4 Cz 0L 02 F3 F4q P3 P4 Cz 0L 02

WS 2.2%1.2 2.241.3 7.8+1.7 7.4+17 5.741.3 85+1.9 7.6+1.6 1.9:+1,3 '1.9%1.3 8.6+1.4 7.8+1.4°5.9+1.4: 7.8+2.2 7.1+1.8
5.541.4 5.941.510.4%0.9 9.3+1.1 9.341.6 8.7+1.3 7.940.9 5.9+0.9 5.7+1.111.1+1.3103+1.3 9.1+1L0 9.1+1L6 7.5+L3
0.940.7 1.240.8 1.8+0.7 2.4£1.0 0.8£0.8 6.4£1.5 6.5%1.5 0.7£0.5 0.4£0.2 3.3+£0.7 3.1£0.7 0.4£0.3 7.3+L.6 7.5£1.6
0.3+0.3 0.3+0.3 2.2+0.5 2.4+0.8 0.6+0.6 5.8+1.2 6.0+1.0 0.24£0.2 0.3+0.3 3.2+0.7 3.6£1.0 0.5£0.5 7.541.6 7.6+1.4
1.0£0.8 1.0£1.0 3.3+1.0 3.7+0.8 1.9+1.2 5.5+1.8 5.5+1.2 2.1£0.7 2.0%0.7 7.4£15 7.3+1.7 5.2+1.1 8.5+1.5 8.1+1.3

0 0 3.4£0.7 3.140.8 2.0+0,3 6.5+1.9 6.2+1.6 0.3+0.2 0.320.3 2.9+0.8 3.7+1.1 0.4+0.3 8.5+1.8 7.1£1.9
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Fig.4-2. VEP amplitude values for the number and blurred spot stimuli récorded &t éentro—frontal (Fs,

P390

VEP AMPLITUDE IN #V

P270

Fe, and Cz) and parietal (Ps ‘and P.) loci. VEP values were averaged over 8 subjects. The

amplitude values in #V are seen on the ordinate. Intratrial stimulus positions from 1 to § are

seen on the abscissa. Amplitudes for the number stimulus were traced with solid lines and open

circles, while ‘those for: the blurred spot were traced with dotted lines and open squares. Filled

circles and squares near position 1 show the amplitude values for the WS in the number and

blurred ‘spot trials, respectively. N140 and P210 on the left side of the ordinate stand for'nega-

tive and positive peaks of the centro-frontal VEPs, while N180-and P270 for those of the parietal
ones. P390 values observed at the centro-frontal and parietal VEPs are seen in the top panel,
the centro-frontal P210 and parietal P270 values in the middle one, and the centro-frontal N140
and parietal' N180 values :in" the bottom one, Letters A and B in the panels ‘indicate levels of
statistical significance revealed by the analysis of variance (A : between stimuli, B : across stim-
ulus positions).’
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10+  o---oBLURRED SPOT
o, o0
8t § o =y
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6 U""-ﬂ D"/D ) ey o o
4}
2
TR T I Fig.4-3. VEP amplitude values for the number and
12} 8 blurred spot stimuli recorded ‘at occipital
(0,.and O,) electrode loci. ‘Numbers between
10 arrows in the middle panel indicate levels
‘8 of ‘statistical significance of "the difference
between two amplitude values:: pointed by
6r arrows, revealed by Student’s t-test for
4 paired observations.’ Other details : see
Fig. 4-2.
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(1) N 140

CozBVWTHIBNBIC L2 EEEFTRWO 5N (F(4/70)=3.76). FFEAIE 1 »5 3,
B 425 5120 THEMERAAR SN 3, MO TLE 1EEI VI, HEoE &
FilRFITHIMER AL 53, BIBALE 4 T3, SECERFNCT 3 N 140 IBIRHEO 2%
FRINAT AN M40IRIBE L Y K2 VHALF S SN 3, F BSR4+ 2N 140 HRiE
EIEHEOLE 1 1244 2 N 140 IRIEEICIZIEEL S 2 > TWw B,

(2) P210

Fi, Fo, C:OREBMIcHWT, BB I L3MBICHEEE TN (F, D F(4
/70)=7.54, F,: F(4/70) =7.14, Cz: F(4/70) =7.24), £ 72[F U F;, F,, C.D&EE
Sz HE VT, HEBOBBICL2HRICLEBEZF T S5NE (Fy: F(1/70) =20.68, F, :
F(1/70) =17.57, Cz . F(1/70)=3.95 C.D#% P<0.10), #EOE, HERBFI & LK
ME1»253, RFA»5523 TRPMEREZRL TWS, $-KFMNEICHNT, ¥
FFNC AT 3 P 220 IRIBMED F A HEECERFN 3 5 P 220 RIEME L 0 K % 1,

(3) P 370

Fi, Fi, Ps, Py, C;OREAICHNT, BIBMEIC L2 BRICABEIRDE N/ (F
DF(4/70) =21.41, F, I F(4/70) =18.53, P;: F(4/70) =28.37, P.: F(4/70) =
15.21, Cz:F(4/70) =35.58), HAMME 1 52, RU4H5 512,37, HE0E %
BRI LIFITHPEREZRL T3, £/-P;, P,OREMTIE, BIBoOBEHE Iz L2858
BERESBED SN (P D F(1/70) =5.46, Py 1 F(1/70) =4.26), Ps RU'Ps T3, &
e HEFERFN AT 5 P 370 RIBED FATBERINC AT 2 P30IREE L0 b k&< 2o
TW3, FREMAIZE T2 HBNE 4 CIREERD HPHECEZFIE D k&0,

(4) N170 '

occipital EH, D VEP N 170 Tlx, O, RUO Iz W THIBOBEIC L 2R 10682
B 5 (0, F(1/70) =14.51, 02 F(1/70) =33.94), ZRMIE I 5VTHE
JFNZ A 5 N 170 IRIBED F A HEOERFN 3T 2 N 170 IRIEHD B A5k % v, B E 12
BRI EFEERRD SN L o,

(5) P 270 \

occipital EH D VEP RSP 270 Tlt, Qi W THIMOBE I L2 E2 WD 5 h /-

(F(1/70) =4.68)c E7-RBHALE 1 A5 212213 T, 06, HERRFICHEIMERY
b7z (OB BHFRF I f=7, t=2.26, O:IZHFHILEAERS] | =7, t=2.34,
O liB A MFRS : =7, t=2.18, 0.2 &1 ZLEERFI : £=7, 1=2.34), BHKALE
1 2B BHBMNBIZH VT, HFERFNT 3 P 270 IWIBHED 5 AR R FIZ 15 3P270
RIBEL D BRE V. FABERBCET 2 P 270 IRIBHEIE, RIBOIE 11+ 5 P 2705RIBHE
O HIEV, o '

Z O EER 2 13, MEECER I, BERFIOVFROBE VELIZE > T occipital  EHoD
VEP o P 270 0 BIMER A 38O 5z, LA L F0oMiIEmE L, HEEFlcdT 4P 270 &
DHHFRINHT BP0 FAIEETH 5, .

Figi4d — 41213, B0 R T & HERFZ hFho) VEP BIBIZ 1T 50 msech 5312 msec
(40 point ) F TO, MR FI D ZBREFOL O FEBIRE A FIMMEB L 12/ L Che s b &, F
Fo, C:CRBEIELP 502022 2R, £/ 0, 0, THESHIEA, SHIEAE 112
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A > TEEEEPERL TS, PsRU P, TIIENEILE 2 F TR 5 25, FIBALE 3 T
ITEUEINT 2, BRI GRLUAE, TV 77Xy bRFISHIVIEHFRIIE 55488 %
FIDAHBIEH DA O R U 0,12 1) 5 HBREIIABIIE IC K> TR L A EEETH WE
EFHRTWE, LAL) COERTIZ ORT GicE T 3 EBRHITEY, 2hik, TOER
THWZE 7 BB & 5%, BEEOEWFIEI U T i oceipital 133137V 77
Ry FOHEL DL VR SRRISET B EERUTWE,

1.0 Fs Fay Cz

Fig. 4-4. Coefficient of correlation between

the VEPs to the number and
5t ‘ blurred . spot’ stimuli. Sample
% ) . interval was 312 msec from stim-
* ulus onset (40 points, 7.8 msec/
poinit). Correlation coefficients
are seen on the ordinate. The
warning stimulus (WS) and in-
tratrial 'stimylus . positions:‘from
1 to 4 are seen on the abscissa
of ‘the bottom panel. - The cor-
[ ‘ : i relation coefficient of the centro-
frontal VEPs (top panel) and
the parietal VEPs' (middle one)
was. high at. WS position and
position 1 and decreased at posi-
tion 2. The correlation coefficient
of the occipital VEPs (bottom
panel) was low at all positions
except at WS,

P: P4

COEFFICIENT OF CORRELATION BETWEEN
THE VEPS TO NUMBER AND BLURRED SPOT
i

> N

L
)

ws 1 2, 3 4 :
INTRATRIAL STIMULUS POSITIONS )

M—5 BV No.79077909

m—-5—1 B ® ' , i

FBRIRVITE, 75888 Y RIIOFBL DB LISHL TR, occipital #HOVE
PSS, ThV7 7Ry FRFIRBERFIO &) RS IR A RE 2 h o720 7V F A
Ry Y RENL, VAR BRELSIETIVT 7Ry FRFIRHFERIIOBED L 4 N %
RTDTHEI ho CNETRLAERTIE, FIBLLE 11250 BRI HROEE 2 751+
BUENS 5, ZORIMESFS UZ N FhORIHO ST F VBRI AT 2 50T v e T
I, RIE 1 R ERRS HEA TR EROSMBN L D5 252210k 3,
TV F LSS VRINE, TT 7Ry P RFILHFRFIL D LRI TVEKIC LD £ O
M4BT 2EFRLES, LT Y5 L% Y RINCHT 5 EBMA DR WREE 1 o5+
BESEOLLIE, FIRTE L 25 3 RAPTLELHETE, 7257 L58 YRIlcEW
THET LT 7Ry FRFIRBERFIO & 5 ITRIBIE 2 125 RO TEEAAEL 20,
VEP A O BIMERAET 2 & FRLES, ZOERTRE, ZhE TRV 2 2EEEIC
ST 1S I RBEALE 1 CORBINEL REIZT 3 2L I0&oT, ZOAERILZ,



298 . HEFIE $ 397

M—5—2. % &

(1) #HBRE KkFHE8HL (BF34%, XF54%) HAIBEHR N2 EDIEH, £41320—
308%o

(2) #IE BEEEE LT, ERITHWATLIZ 7Ny FRFIERABOM, RUS5 v
F L3y 2 RENE FERRORIEE VW 2o Z D RFIOFIE E 7 URREO #l# s BERE s
L, 81 RUE2HBFIORE S XEICHEBIcZ 5 2L 3z, T48bb, BWICEER
BETVT 7Ry bTHNEL, ZOBRTTOREIT V7 77Xy FOBEANY ThHY, BLH
BT oLy vThnE, 2OBITORBEIXS v 5438 VEORBHITH S, 2L
BEHIEIRIZH 2 2 oBEz > W T BRI 2 EBRIT S 2 2V,

(3) EEREE F2HEFITIIANED C VEL 2500, HSMNE4DADERE L, 1
ERINZFE L,

4)  FH BEREIC OV THEEBREICHMELMZ 2 EAIEERTICRAL,

I—5—3 & B

Fig.5—112; Cz, Oi, OS5 BHL /- VEPEED 1 HERL o BEEATL 77Xy
LRI, HARDTT Y T LNE Y REITH B, CoEHO VEP TIBEHY 140msecDEMER 5 (N
140 ) & BEEHY 200msec DFFMER S (P 200 ) K UHBEY 350 msec DRBEMERS (P 350) A% 5
hd, 720, K00, BHD VEP T, #4180 msec DML (N180) & iRy 260
msec DFERS(P260) 22505, 2 LT, O KU 0, EHED VEP ¢, FI#IE 2120
T, ThW7 7y FRFIDHLE 5T TV 5 L35 v RINZH L THP260 IRIEEA ML T2
DHFRHENDB, Table.5—1, 5—2, 5—312, EVEPHHS T LD, REEALE Izt
LIRIEMEE, HBRES L (0,0ATHE) IIDWTEYL 44, RUE#EHAEL 7+, Table. 5

1| POSITION 1

i POSITION 2 POSITION 3 . ,\EOSI.TION 4
% T

LETTER
............ CHECKER

SUB KANEKO 790912

500MS ‘500M S 500M-S 500M S

Fig.5-1.. VEP wave forms evoked by the letter and checkerboard stimuli for a subject. Electrode loci
(Cz, 01, and 0:) are seen on the left ordinate. Latencies in msec from stimlus onset are seen
on-the abscissae.” VEPs to' the letter stimulus were traced with -solid ‘lines, whereas those to
the checkerboard were traced with dotted lines.. Intratrial stimulus positions. from 1 to.4 are
seen at the top of the figure. "Note that the checkerboard stimulus as well as the letter stim-
ulus evoked enhanced occipital P260 at position 2 as ‘compared toposition 1,
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—14%, Fs, Fi, Ps, Pi, CIzOoWTIINI0; Oy RO, iz2oW T N 180 O EHRIEH %
R¥o Table.5—21%, Fy~Ci22WTIZP 200, 0, R U0, 122\ T 2N 180 O PRI H %
RTo Table.5 —21%, Fi~CrlzoWTIEP 200, 0, %V 0:i22 Tk P 260 0 FE4R1E il
%77 o Table.5— 313, 2EATOP3B0OFEREHES R T, Fig.5—2 K15 —312,
Table.5—1%255—=3F T4 75 712L2bD%RT. Fig.5—21%, Fs, F, P;, P,
C. DN 140, P 200, P 350 DFHRIEMEE T o Fig. 5 — 313, & EEAFZOEBRO 77 7T,

8 LETTER~0—
6} CHECK-o-- o 8 o
4 P350 "o .01
= [a] u,
B F3 F4 P4
2 . =}
z o B:.01© o 5.0
j£a)
o ® . 2
8 .l P200 . o .
5 6 u\“u = .:TQ\.B o o
& Oeee ° Orees © o
< 4 ~ a \_‘D o
Py
H o2
> 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 3
—2 -Mc o $ [=2 = °
o -] | BN, B o o 3 e g
—4 N140

Fig.5-2. © VEP amplitude values averaged across 8 subjects. VEP amplitudes in #V are ‘seen on
the ordinate. Intratrial stimulus positions are seen on the abscissa. VEPs. to the letter
stimulus were traced with solid lines and open circles, while those to the checkerboard
were traced with dotted lines and open squares. Filled circles and squares near position
1 indicate VEP values evoked by the warning (task-notice) stimulus in the letter and check-
erboard trials, respectively. Letter B in the top panel indicates levels of statistical sign-
ificance ‘of the amplitude changes across stimulus positions, revealed by an analysis of
variance.

Table5—1 Mean amplitude (¢#Volts*s. e.)of N100 component to the WS and checker and letter
stimuli in positions from1l to4 .Exp.No. 79077909 N=28

Stimulus : Checker Stimulus © Letter

F3 F4 P3 P4 Cz 01 02 F3 F4 P3 P4 Cz (U 02

WS 2.7+0.7 2.8£0.9 1.6+0.9 2.3£0.6 3.2£0.9 2.3£0.8 3.1£1.3 3.240.6,3.040.6 1.6+11 1.9+0.8 3.640.6 2.741.2 3.5+ L7
1 2.3£0.4 2.3£0.6 1.0+0.6 1.5+0.9 2.0+0.7 1.3£0.5 2.1+0.8 2.140.5 2.140.6 0.8£0.6 0.9£0.8 1.520.6 2.2+0.6 2.4+10
2 2.9%0.6 3.3£0.6 1L.2+L1 1.1£0.8 3.0£0.9+0.6£L2 0.4£0.9 1.420.4 2.140.6 1.24£0.8 14*E1 1.6£0.5%0.4£1.24+0.621.5
3 2.5%0.6 2.8+0.6 1.4%0.8 1.4£0.8 2.7£0.6+0.8+1.2+1.5£1.1 3.140.7 3.240.7 1.4£L0 1.6%0.8 3.3%0.7-0.621.4+L 915
4 2.940.5 2.8+0.5 2.6+0.7 2.820.9 2.8+£0.8 1.240.9 2.0+0.6 2.9+0.5 3.240.6 1.5+0.8 2.040.9 3.1£0.4 1.0£0.9 0.9£1.0

Table5 —2 Mean amplitude (#Voliszs.e.)of P200 component to the WS and checker and letter
stimuli in positions from1l to4 . Exp.No. 79077909 N=8

Stimulas [ Checker Stimu lus . Letter
F3 F4 P3 P4 Cz 01 02 F3 F4 P3 P4 Cz 01 02
WS 7.8+17 7.8+16 88+L4 6.9+12 8.7+19 7.6+L2 6.8+13 85+L6 8.7+L6 9.0+L4 7.0£0.9:9.9£L7 71414 66213
50111 53£10 7.32L7 64412 62415 7.0+16 6.2+17 6.4+11 6.8£12 85+L4 77414 80417 69417 56409
47210 48+0.9 39+1.0 57+0.9.58%1.3 76415 7.9+L4 5.0£L2 5111 75207 7.520.6 6.4+15 9.0+19 9.3+2.1
32+L0 3.3+0.9 6.4+1L1 6.240.9 4.4+1.4 8.2+1.8 9.1+22 36509 38+10 59+L1 65205 49£1.3 86+2.110.3+25
42410742411 7.3+L4 6.7+%3 6.3+L7 7241471415 54414 52+£1.3 7.6+12 6.7+1.1 7.6+18 6. 7LT7 7.1£L7

ET - SR
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Table5 —3 Mean amplitude (zVolts:ts. e.)of P300 component to the WS and checker and letter
stimuli in positions from1l to4 . Exp.No. 79077909 N=8

Stimulus : Checker Stimulus : Letter
F3 F4 P3 P4 Cz 01 02 F3 Fa P3 P4 Cz 01 02
WS 13408 1.440.9 55+20 42+19 49£1.6 1.9+L3 L9413 L5410 L9+L0 6.7420 52+1.8 3.9+L5 L9+L3 21414
1 L6407 15207 55411 42409 3.8+10 24£1.4 23+1.3 1L.6+0.7 14106 5.8+L5 40+£1L2 47410 L9+L4 22417
2 04£03 0.3+0.2 30£0.7 26406 20210 21404 24414 0.240.2 0.340.3 45+10 41410 21+0.7 26120 2.9+21
3 04403 0.3+£0.3 28+10 20+0.8 1.2+0.8 24£1.9 25+19 0.1i0.1 0 29409 24406 0.6£0.3 0.7£0.7 0.7£0.7
4 32413 28+L.2 6.8+1L1 55+1.2 58+0.7 L9+L3 L6+11 L6408 1.9+0.9 6.1£1L2 51+L1 43406 L9+1L4 0.6+0.6

LETTER ~—O~
10 CHECKER -qr--

e /\B

8 & o

3‘& =g B
01

6
4F poso
2
1 4
Ty _DT;.’ o .‘/
—2 ' /Y B:.10 B:.0l o
N180 )
10 :01 v o2 &—4’ Fig. 5-3. VEP amplitudes for the letter and checker-
8 P260 C T= . board stimuli, recorded at the occipital (0: and
2 s "\,D >* oo a 02) ‘loci. VEP values in the top panel were
Z R R averaged across 8 subjects in Exp. V, those in
fg 4 the middle panel across 8 in Exp. V[ and those
5 9 in the bottom panel across 5 in Exp. VI. An
E - 1 _g___'g O\o :1 2 3 g,,o 5 asterisk indicates .05 level of significance of the
% Deg gt M B difference between two amplitude values pointed
<9 N180 by arrows. Other details : see Fig. 5-2.
o,
g

—4

O, BT 022V THN180 & P 260 D FIJIRIBIE % R $ o RIEALE 1 oIz B Emsi 35
VEP O FHRIEMHE % R 3o

(1) N140

LTSI ERTS, MROEEIC L3RR, RBMLEIC X BROVTIZ AR
ZIWO 5 NLEH ol BEREUC KT 5 N 140 HRIBHEIZHIALE 1 1233 2 N 140 #R1IE fE12
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IEIEEL v,

(2) P 200 ;

WTNROEMICHEV TS, FIMOBEIC L2808, MBI X28R0nFhizs 58
ZURDEN Lol FIBAE LT, 7TV7 7y FRINZHT 2 P 200 RIBE O K A5
YT LNG L RINIHT S P 200 IRIBME L D KX WEBEA RSN B, B ERNRIINT 2P
200 MRIFME | RIBAIE 1 12404 2 P 200 HRIEME LV 4 BT A & ( fronto- central L, &L

(‘parietal ) A H 5N 5,

(3) P350

Fo, Fo, Py, Py, GOBRIAICEWT, FIBMEIC L3R IcEEEITAD 1 (F
s F(3/57)=5.17, F. ! F(3/56) =5.25, P, 1 F(3/56) =4.77, P, : F(3/48)=3.92,
C, ' F(3/56) =11.31), WHFho#frizs b, HME 1 » 5 312213 TR ER %51
LTWae FIBOBEIC L2%RIZEEBEITD 5 Wt b o 7o 2 BERRIC 3T 2 P350
PRIGMEIE, RUBOIE 112484 3 P 350 SRIBMICITIFE L W,

(4) N 180

occipital BHD VEP BN 180 TiE, 0, R U0, 12 B W THIBALE - L 35 RICE B 2N
FHohiz (0,:F(3/56)=2.70, O, : F(3/48) =5.29), gz & 2%0Bz 124
BEERDONLE otz WTROEMIZEVT Y, HRFIE LEEME L 25 31223 TH
PIEEERL TV B,

(5) P 260

occipital D VEP m5 P 260 TI%, RIEOEEIC &2 508, HISAEIC L2 8E 00
THhIZLEBZIRO WL o LALTA T 7Ry F ZHITIE, O, K0, 12H1F 3
FIBME L »5 2122 CHIMERA B 5h7 (0, =7, t=2.81, 0, :f=6,1=2.34
Oz oW T P<0.10),

Fig.5 —4 15,7 V7 7 Xy NRFNKT 2 VEP & 5 v L7388 Y ZFN2At+ % VEP &
D& BIREOL O FRIF S ( Omsec A 5 312 msec £ 40 point ) %, BHIHALE 2L 1257 L 72
ETOEMT, FHRNIE 28 CTHBGERIEE Y, TV 7 7Ry NEERFIE TV 5 b8
7RI, ZOFERD K I L EBEHEOFEED L P-4 (Fig.2—5) Lik~N3
.9 PR Fig. 5-4. Coefficient of correlation between
8 X the VEPs to the letter and check-

erboard stimuli under the condition

-7 of task-notice.  Sample interval
. . . was 312 msec¢ from stimulus onset
Pi Pu (40 points, 7.8 msec/point). Cor-
9r 7~Q<>< relation coefficients are seen on
8 the ordinate. The position of the

warning stimulus (WS) and intra-
) trial stimulus positions from 1 to 4

- . . are seen on the abscissa of the
9 W bottom panel. - The correlation coef-

01 Ou ; ficient of the centro-frontal VEPs
8r (top panel), the parietal VEPs
(middle panel), and the occipital
VEPs (bottom panel) were almost
the same each other and constant

COEFFICIENT OF CORRELATION BETWEEN
THE VEPS TO LETTER AND CHECKER

ws 1 2 3 4
INTRATRIAL STIMULUS POSITIONS across stimulus positions.
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L, EEOXOMBOEWAL (Fs, Fo, Cz) T, FIBD < VELIZE S % > THEREA D
LTWEWDHFZDEBRTORMTH 5, BEHBAFEEL2 L -22810&-T, LVEIH
DEMTIE, FREOVELIZE L - THEDULERIER2LAZZEE2RLTW S,

Fig.5 — 5 1213, BB RATH# & 500msec o> 7 V7 7 i (8 Hz~13Hz, 304V BLE)D#
Pz, HBRESZIIOVWTTFYL THEIEME I L IR L 2. B EIEERIIEEE LT
0:T,0, CHOT N7 7N E-> 50 LaEVEEITIE O ORI % Fwv /2, FEIZHIEE 500msec
1ZOWTDZ T 7, REIHRREET 500mseciz oW T D 7T 7, LENIBNERETR EF 1,000 msec {2
DVWTDT T TTh b, 2hhkH DL, FEEREHE, FRICHIBER 500msechl £ TIzid, HIE
B2l AT7T VT FHBFRLDELE>TWE, ZLTTAT7 7Ry FRFIDTHTHFF >
FANRY VBFIED VL EREL B 5TV 5,

LETTER CHECKER
50
40 t Fig. 5-5. Numbers of alpha waves for the letter
20 stimulus and the checkerboard stimulus under
the condition that the task choice informa-
20 Appddan  F tion was delivered at WS. Left panels show
wl ""1?1?2: the number for the letter stimulus, and right

panels the number for the checker stimulus.
Alpha waves were measured and summedin

30 Ao | 30 epochs. Each epoch was 1000 msec : 500
5004 msec before and after stimulus onset. Alpha

20 waves were counted only when their am-
plitudes were larger than 30 V. Upper

10

panels of the both column show averaged
number across 8 subjects during 1000 msec,
20 G\O_O/O/O middle ones during 500 msec before stim-
10 0 uh.ls onset, and bottom ones during 500 msec
#5004 stimulus onset.

ws 1 2 3 4 ws 1 2 3 4
INTRATRIAL STIMULUS POSITION

\

NUMBER OF ALPHA WAVES

M—6 LBV No79117912
m—6-—1 H B
CHETHRLTELERTIE, 777Xy b ZFIRLHFERFUIATT 3 occipital HHD

VEPRKSP 260 LIEP 2704, RO R LIZE L 2 ) WPEAEZRL 228138 h o7,
EERN & 5 WIZERV T, IWEOERFILS ¥ 5438 VR EIMER A AL N, L
# 5T occipital M VEP B4 P 260 33 P 270 o AL, 77 7 v F BHIRMES
ﬂ@&m%ﬁ%&@@ﬁ%%t@wi&woL#L&ﬁe,7»77N9F%ﬂ%ﬁ?%ﬂ®
BAICIE, B ZORSOBEEO MR 5 h b, SOBBANUEDELT, INETHE
FUNT 7Ry FRFIREFERINLT v S LY RFNNT, SENTELITRTH S
BDIZHNEBETF NV A LD EVERRICHRLEBS L FRLE, L LIOTEFIZETHI LT H L,
BB MO A NEEMA 2 2 DL, TV 7 7Ny b RIIPEFRINC BV TEREE TV
BRATRFHIZE0, ZhE5DRFITE EBDO &) %2 VEPSDIRBHAELC 25T
MUBE2, ZOEBRTIE, TSHEREEEL Mseced —F =0T A2 L2, TORERE L
YA
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M—6—2 % &

(1) #BRE K¥E5% (BF14, KFi48), HHEBERI2 8D EEE41319—
30i% o ‘ '

(2) R THT7 TRy MRFIE T VLY Y REE RV, BRSO ERI
THWZI2X122.= v NEWH/Sy YRl ER L7,

(3) FEBMBE 5y AF—2BIAEIhTWwA sy YT v 75033 L, Xenon
SYTEBATCESEIUE L - Y vy ¥ —13EICHET, Xenon'F ¥ 7D on—off T
BR{§ A on —off & % 5, Xenon' » 70 AFRIFGAREIEF204 secThH 5 75, MIELOHS X %
BT ABEEBIISIIAVE TR, LAUZOBEEIIEL £ b 200~300 g sec & T
LIADT, 22 Tldusect — —DEFREH L ERZ L 12 L/ss Xenon 7 v 7OFREHE L
LT, HAREE - THEEEMS —2 PSHEZH, ZhaTHESET 2y by
—RUEERERE Y7 Y 7Y gy VAL =5 —CHIBIL 72, ZRLSHEERITIZE U,

(4) FHt FNBEIEEEMOZEE L FRRFIOEELIMIERITIZFE U,

m—-6—3 # 8 '

Fig.6 — 112, C;, 0y, O, 58I L7z VEPEED 1 FlERL 2o EEFTALT 7y
NBF, BERAS S LN VRIITH B, CEBO VEP Tk, BIRH 140msec DMK %
(N 140 ) & #8847 200 msec DBBIEER 5 (P 200 ) K U7HE#Y 350 msec O 1R (P 350) A°

HoNB, ZOWRBRECIIAMME412HIF 2P 3502 RIFEREEVAY, OBRET
AL OREL, 20V EICELZZE Db Ve, 0, RU O IO VEPTIE, #HEF 180 msec
DREMERST (N 180 ) & #BiE#) 260msec DRI (P 260) »&5hlz, O KU O, EHOV

-—CHECKER ;
------- LETTER
POSITION 1 .POSITION 2 POSITION 3 POSITION 4 POSITIONS

% !""'\ P
e ef < : ;’\..»..--‘»-’ ‘-J"‘\

4 W )
¢ o “!r-..».
+
104V
¥ Rl
SUB MORI 791121 )
500M'S 500M S 500M S 500M S 500M S

Fig.6-1. VEP wave forms evoked by the letter and checkerboard stimuli recorded at cento-frontal and
occipital electrodes for a subject. Electrode loci are seen on the abcissa. Intratrial stimulus
positions from 1 to 5 are seen-at the top of the figure. VEPs to the letter stimulus were traced
with solid lines, whereas those for the checkerboard were traced with dotted lines. Note that
amplitudes of the occipital P270 evoked by both letter and checkerboard stimuli at position 2 were
not larger than those evoked by them at position 1. Similarly, amplitudes of the P270 at position
5 were not larger than those at position 4.
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EP 5P 26013, FIBMNE2I2HWT, TA77Xy b, Y5489 VHZHIE L@
BELETV5, FIBAES CLRBOER A 5N 5, Tablee6—1, 6—2, 6—3 I2,
FHVEP B Z LD, SRIMAE I 513 2 RIBHEOBERE 8 120w T O FHIRIE i & e
ZAERL o Table.6—11%, Fy, Fi, Ps, P, CIZDWTIEN140, O, R0, 12D W T
IEN 180 DFHIRIBME % R T Table. 6 —21%, Fy~Coiz2WTIEP 200, O BU 01200
TIEP 260 OFHIRIEMEE 7T o Table. 6 — 3132 TO P 350 O E¥RIEME %7+, Fig.
6 —2RUS5—3DTFEIZTable. 6 =125 6—3F T, 7I2LALD%R LA, Fig
6—~21% Fs Fi, Ps, P, C;OEZHFRBMEZE DN 140, P 200, P 350 0 K FHRIEMHE %
RLU, Fig. 5—3DTEIE, 0, RV 0, DN 180 & P 260 O FEHIRIBME 2 R¥ . ANKAIEL O
11, BEREUC T 5 VEP RSO FHREH AR L 72,

(1) N 140

P., P.OREMICHNT, FIMMBIZ L20RICEBEZIBOS5N (Pl F(4/40)
=4.82, Pi:F(4/40)=3.84)o Ps RUP«TIE, BN E 1252, RU4H55i12h10
THRFIE L MERYFBDENS, £/, P TREIBOBHICL3DEI BTSN,

Table6 —1 Mean amplitud (xVolists.e.)of P300 component to the WS and checker and letter
stimuli in positions from1l to 5. Exp.No.79117912 N=35

Stimulus © Checker Stimulus : Letter

F3 F4 P3 P4 Cz 01 02 F3 F4 P3 P4 Cz 01 02

WS 28405 3.4+0.411.0+1810.8+2.5 6.7+1.410.2+0.7 88+1.7 2.1+0.8 29+0.911.5+1.210.1+2.3 6.241210.5+0.7 80+20
1 61£34 5933.615.044.013.244.511.024.812.142.4 9.9+2.8 9.0+3.7 & 5+3.316.1+3.615.0+3.516.2+3. 911.7+2.4 85+3.2
2 20+1L2 22413 0 0.1£0.1 20£1.1 04404 0 33411 34412 29409 3.0£15 3814 39£1.7 32416
3 L6209 2012 L4209 13208 25215 L5315 L6+14 L6£L1 L9+L2 46307 45+0.8 26+12 5511 45+0.8
4 11.4%53 9.64+4.615.024.814.024.017.325.710.1:42.5 74125 7.6£3.0 7.8+2614.5£3014.8+3 113,243, 410.6£2 110.2+2.6
5 22+13 33+L3 0 L7410 33+L5 L0+0.9 L1£L1 26409 25409 2.7£0.4 44412 21408 29419 26325

Table6 — 2 Mean amplitude (u#Volts*s. e.)of NIOO component to the WS and checker and letter
stimuli in positions froml to 5. Exp, No.79117912 N=5

Stimulus © Checker Stimulus @ Letter

F3 F4 P3 P4 Cz 01 02 F3 F4 P3 P4 Cz 01 02

WS 51405 55+0.9 20+0.4 213403 4441041 7214412409 25307 32404 0.8+0.4+0. 141 3. 2140, 741 62:0.9+1. 6£0.8
42410 AAEL1+0IH0E 0.540.6 2 8+0.7+2 521 3+0. 4515 30221 37420 04414 0.8+L0O 28420414205 0412
334141 37411 32+L1 41409 36+0.9 L1+L5 28418 27£L6 25554 24311 20412 2,741 6 .71L4 0.71L9
36+0.6 44409 2412 33410 36306 0+21 19%+23 26410 3007 25405 23+0.4 26409 0.1£L3 L1tL6
31408 35413 10+£0.9 LO£0.7 L52L4+L5+14 L0218 3.8+L5 441 7+0.520,90+L 0214 261442241 3+1.4320
27407 3.0£0.7 35407 3.4£0.7 3.7+0.6 0.6+21 21423 22441 23+L0 3.0+0.8 L8+L5 28209 L1+L5 L0+22

DT O B

Table6 —3  Mean amplitude (uVoltsts. e. )of P 200 component to the WS and -checker and lettér
stimuli in positions from1 to 5. Exp. No.79117912 N=5

Stimulus ! Chge C Checker Stimulus I Letter

F3 F4¢ P3 P4 Cz 01 02 F3 F4¢ P3 P4 Cz 01 02

WS -0.6+0.8 0.6£0.5 6:7£0.5 6.4+0.8 1.3+0.8 9.4+0.8 7.7+L3 12408 L8407 6.6:0.8 6.6+12 3.0+0.9 88+L1 75415
3:543.0- 39434 89413 81414 6.053.010.54L.3 9.4£L4 55527 58+2.2 7.8+L1 7,910 70423 84412 7.9+1.2
39%18 38418 26408 20+L7 34%L7 45417 36415 3341942418 29410 33443 39212 42412 4.3£12
L7+L7 21420 3.840.4 31209 25415 55418 46+13°3.0219 32417 3740.7 44409 32416 59%12 64113
37418 3,8+2.2 7.3112 76416 6.7+18 95+1.2 8.7+1L1 31421 33422 7.140.9 85412 56+1.9 88+0.9 92415
37420 42417 31412 37£L1 31416 39415 51414 4341945420 32414 55421 62417 5.6+L5 61415

O W B
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Fig.6-2. VEP amplitude values averaged across 5 subjects for the letter and the checkerboard
stimuli (duration gsec order). The amplitude values in 4V are seen on the ordinate. Intra-
trial stimulus positions from 1 to 5 are seen on the abscissa. Centro-frontal and parietal
electrode loci (Fs, Fi, Ps, Pi"and Cz) are seen in the top and bottom panels. VEPsto
the letter stimulus were traced with solid lines and open circles, while those for the check-
erboard stimulus were traced with dotted lines and open squares. The amplitude values of
the centrofrontal and parietal P350 are shown in the top panel, those of the P200 in the
middle one, and those of the N140 in the bottom one. Filled circles and filled squares show
the amplitudes for the letter and the number stimulus at WS. Letter B in each panel
indicates levels of statistical significance of the amplitude changes across stimulus positions,
revealed by an analysis of variance.

(F(1/40)=3.99)0 P: TIIHIBLIE 1% < BHIEAE T, 724 L8397 RFNZAT 5N 140
REEOFAFT VT 7 Xy bRFHIxTT 3N MORIEMH LD A E 0,

(2) P 200

Py, PaOBEALIZEWT, BHENEBIZ L350 RICERZFBH 5 (Pt F(4/40)
=12.09, P« F(4/40)=5.23) Ps RU'P.TlZ, FIKAIE 1 252 KU 4 5 512H13T
M RFl e b MEEPRBD 5N B, £/, PaTREBOBRICL3EFEO SN (F(1
/40)=3.17)o P TIIFIBME 1 2 BHBBB T, 7V 7 7y F RFNKT 2 P 2003k
WBEDFEDT v L35 Y RINCKT RIRIBE LD B AE WV,

(3) P 350 '

Fs, Fi, Ps, Py, C:OBEMIZHWT, BB Iz L3BRICEBEZITBOShA (Fs
PF(4/30) =4.19, Fi:F(4/30)=23.06, Ps: F(4/30)=16.57, P«: F(4/30) =
12.95, Cz I F(4/30)=9.52), RELLDT ¥ FL38 v, Th7 7y bERFIE G, FIK
MNE1»53, RU425512r3 THEHAEEI R 55, fligofEEIc 58RI, w
THOEMIIEWTEEZEZITO N ol LAL Colzkb T 2HBIIE L T, TV
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7Ry b RFNAT B P 350 IRIEED H A, 75 L3 RFNTT 5 P 350 IREHELD &
HEIZAE -7 (=3, t=4.57),

(4) N 180

occipital i VEP B4 N 180 T, HlEoEEIC L2308, HlEE I L 25F0n
FTHhHIZLERBRZRTED S b o7,

(5) P 260

oceipital D VEP B P 260 T, Ot RU O iz W THIBNBEIc L3R IcEEE
AEb 5N (011 F(4/40)=6.15, 0: 1 F(4/40) =5.25)0 Os RO TE T ¥ &4 /8
U, TNT PNy NERFIEL, FEL 252, R4 A5 5122 TEPEALRD
5NB, FIEOBIHIC L AR EREEIRDSNE o7z, EEERBIHT 2P 260
RIEMEIL, FIEALE 1120y 3 P 260 HRIBIEIZIZIZE L v,

Fig.6 — 312 R RA0% % 500msecfilic 13 5 7 V7 7 (8 Hz~13Hz, 304 VLI E)
D¥EKZ, WHRESLTFHYL EE, FHBNIEZ L IR 2, FEIZERE 500 msec i
DT IV T 7 ik, PR BRET 500 msecfilod 7V 7 7 L, LB EIRATR ETL, 000msecf] o 7
N7 7B ERLTWS, EBRVOD Fig5—5T8A5NE LI, FvFL/380, T
7y FNEZIED, TNT7 7 IERIIEIBNE 2 TREL DL Lo Tw 5, ‘
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=
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+5004
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INTRATRIAL STIMULUS POSITION -

Fig.6-3. Numbers of alpha waves for the letter stimulus
and the checkerboard stimulus (duration usec order).
Left panels show the number for the letter ‘stimulus,
and right panels the number for the checker stim-
ulus. Alpha waves were measured and summed in
30epochs. Each epoch was 1000 msec : 500 msec
before and:after stimulus onset. ‘Alpha waves were
counted only when their amplitudes were larger than
30 #V.  Upper panels” of the both column show
averaged number across 8 subjects. during 1000 msec,
middle ones during 500 msec before stimulus onset,
and bottom ones “during "500 msec after ‘stimulus
onset.



RERPERI ST 3 REFRETOSFT 307

M—7 3EBRVI No80118012
m—-7—1 B ®

EER I Tl ARBE R & g sec A — ¥ — 12 L 72 58, occipital #it, VEP 6% P 260 X1

P270k7 v #5689 v ZEIOBE LRI TV 7 7 Xy s RFIOFERITHFNTH, HIETE
1756 21223 CRADHEALZRL 2 ZOBMPERIZT VT 7 Xy FRFADHFEITIE, FIEE
FREREZEEL TWL 2L IZE > TRBICER ] & 5 013 [ TOHKEFH300mseciz &\ TH
SNIFERIZEDL & FRLES, ZOERTIIHIEIERRIEM210mseclc LT Z D F % R
L

m—7—2 % %

(1) #BrE KFEEBT8%, HAXBEHNLADEE. 420235k, &, 2HKR
HBIZHE % X3 7z,

(2) whg EERVIIZE U « ~ ,

(3) EBREE 254 FEEEBIIHEShTVS Y v v sy— (ITHEERE) &, THE
BEBET o v & —ICHOBRZ 72, 2D v 2 ¥ —DIiLbL EAD RUNE FAY) B EIE#5msec
Thd, IDYxy ¥ —2MHFEBHTO T I TN < —CHIEIL 720 fIFEBRVIZEL,

(4) FH EBRIZHEU.

I—7—3 # &

Fig.7— 112, Cz, Oy, O 5#H LA VEPIEED 112 R L 72, C:EHE D VEPTIX
EIFHY 140 msecD B MRS (N 140 ) & #8E# 200 msec® BEIERL S (P 200 ) &% U BRE 49350 msec
DB S (P350) AAhb5h3, 7=, O kU O EHo VEP T, #HEF#1180msec?) ik

—LETTER
~.CHECKER POSIT A
POSITION 1 POSITION2 POSITION 3 4 10}/11 4 L POSITION 5
v i i X
3 A
N

Ao

SUB KWAN 801202 )
500 MS 500MS 500MS 500MS ; 500 MS

Fig.7-1. VEP wave forms evoked by the letter and the checkerboard stimuli (duaration 10msec) re-
corded at’ centro-frontal and occipital electrodes for a subject. Electrode loci are seen: on the
ordinates.” lL.atencies in msec are seen on the abscissa. Intratrial stimulus positions from 1 to
5 are seen at the top of the figure. VEPs to the letter stimulus were traced with solid lines,
whereas those for the checkerboard were traced with dotted lines. Note that amplitudes of the
occipital P270 evoked by both letter and checkerboard stimuli at position 2 were not larger than
those evoked by them at position 1. Similarly, P270 amplitudes at position 5 were not larger
than those at position 4.
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A5 (N 180 ) & #HHE4Y 260msecDFBIE S (P 260) A2 515, O RUTO BH D VEP 5K
5P 26013, WEIECRFIE b, FIENE2 CHOEREAETWS, Table. 7—1, 7—2,
7—312, & VEP 5L OEAMAIE Iz 51 2 RIBEOBIRE 8 KDV TH FHHELE
HERZE AR L /2o Table.7— 113, Fs, Fi, Ps, P, C2iZ2WTIEN 140, O RTU0:1zoW0
TIEN 180 O FHHRIBMH % R+ Table. 7 — 2%, Fs—Cziz2WTIEP 200, O, RV 0:12D
WTIEP 260 O FHERIBIE % R+ o Table. 7 — 3 I3 2L P 350 O F¥IRIEME 2 7T, Fig.
7—2&5—3DFEIZ Table, 7T—1257—3%T% 277 7{tLAbD %R 2o Fig. 7T—

21, Fs, Fe, Ps, Pe, C2i2H133N 140, P 200 , P 350 @ ZHEALE & & 0 EHIREME %,
Fig. 5 =3 OHEIZIE 01 R U 0212 %17 % N 180 & P 260 O FHIRIBHE % R o

(1) N 140

Ps, Ps, CzDEELIZHNT, M‘é%ﬂjﬁzzg:é&‘b% CHEEFRBOLEN (Ps1F(4/
70)=793, Ps ! F (4/70)=8.81, Cz:F (4/70)=9.56)c Ps, P, CzOBEMITIE, 7
W77 Ry b, FUFLNRY OFERHIE %)%U(?ﬂiﬁlyb‘bZ U4 555120 Tiéilﬂ{tﬁ
BIAERD 55, FIEOFERIZ ZA%R 12, WTFhodilics Tt FEREITD S E

Table7 —1 Mean amplitude(zVoltst+s.e.)of N100 component to the WS and checker and letter stimuli
in positions from 1 to5. Exp.No.80118012 N=8

Stimulus © Checker Stimulus . Letter

F3 Fdq P3 P4 Cz 01 02 F3 Fiq P3 P4 Cz 01 02

WS 3.3+0.64.4+0.8 0.3+0.7 0.7£0.7 1.2£0.5 0.2:£L5 0.2+0.7 3.920.8 53£L1 0.9£0.7 0,920.9 26+0.6-0.3+L4-10+L3
29+1.23.3+13-0.4+11-0.5+0.9 1.6+0.9 0.8+15 1.0+L1 1.9+0.8 21£1.0-12+0.8-0.6£0.6 0.4+0.8-0.3£1L3 0.3+0.8
29+0,539£0.6 3107 3.2+0.6 41+0.6 L1411 L5409 3.3+0.5 39106 24+0.3 29206 3.7+0.4 0.9£0.9 1.4+0.9
3.540.53.740.6 24%0.6 28+0.6 3.420.4-0.4+1L2 0.8%0.9 40104 42+£0.5 24405 24£0.5 42+0.3 0.7£0.7 0.520.9
L7+0.916%£0.9 0.1£L1 0.8+0.8-0.5%1.0 0.9+L1 L3%L0 3.22L2 28+L0-0.2:0.9 0.2+0.8 1.3£0.8-1.3+18 0.0+L3
3.740.73.740.7 25406 3.2+0.8 4140.6 0.2+10 L2410 3.240.6 35206 1.8+0.7 L7409 3.5+0.9-0.5+0.8-0.5+1.2

T LD DN

Table7 — 2 Mean amplitude (#Volts=s.e.)of P200 component to the WS and checker and letter stimuli
in positions from1l to5. Exp. No. 80118012 N=8 /

Stimulus : Checker Stimulus : Letter

F3 F4 P3 P4 Cz 01 02 F3 F4 P3" P4 Cz 01 02

WS 39%1L0 34£12 83%0.7 93+0.8 6.2+0.9 81418 8.6+L9 29£L7 21421 7.8+0.6 843108 6.1£L2 9.6+L4 931424
1 55tL4 6.0+L4 88+L510.3£L7 7.8xL3 63216 81£L9 7.1+L5 7.6+1.3 8312 9.52L1 9.2+13 6.1+L6 7.2£20
32205 2720.6 4010 39110 36406 4.7+L1 48413 40411 3.6+0.8 49+0.6 53+£0.7 3.9+0.8 50+1L4 6313
24409 23409 3.4£0.9 3.9£1.0 31413 52410 6.3+L1 36+L3 3301 41407 5009 45513 5,4%12 7.2+1.4
4.7£13 5.5+1.3 86109 9.2+1.4 9.3£12 72414 8519 52416 5414 80412 91412 7.541L3 7.4+2.4 88427
L9+0.9 27409 4911 54413 35213 55+0.7 6.5+L1 27+L1 26£L1 53105 6.4£0.8 2711 68117 92119

[ N

Table7 — 83 Mean. amplitude(xVoltsts.e.)of P300 component to the WS and checker and letter stimuli
in positions from1 to5. Exp. No. 80118012 N==8

Stimulus . Checker Stimulus | Letter

F3 F4 P3 P 4 Cz 01 02 F3 F4 P3 P4 Cz .. 01 02

WS 24308 19407 84£10.83£08 67414 62413 51£1L0 L7414 20414 75413 7.4£13:6.0+1L9 6.9+L.5 6.5£L5
1+ 57414 64216 9.6£1.810.0+1.8 99423 59416 6.0+1L4 71112 7.541.310.2£1.010:3+1. 211.0£1.7:6.1£0.8 58107
2 39fL1°391L1 27411 2341233402 16410 L6411 47210 452104 9£1.0 48412739414 3.3£12 32115
3 74940.8 46411 44410 45411 53412 20410 24413 49410 52411 53+L1 53414 53412 37413 39417
4 1L741812.622212.6£1.112.041,317.0£2 0 56411 55408 83+18 87+1911.04£1210.7£0.912.3£19 7.3+1.2 7.2%+L1
5 34410 34412 43+0.9 £4+L1 43410 25409 33213 47412 42411 5240.9 53411 40+L1 46413 57£L7
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Fig.7-2. VEP amplitude values avereged across subjects for the letter and checkerboard stimuli (dura-

COEFFICIENT OF CORRELATION BETWEEN THE VEPS

TO NUMBER AND CHECKER

tion 10 msec). The amplitude values in 4V are seen on the ordinate. Intratrial stimulus position
from 1 to 5 are seen on the abscissa. Centro-frontal and parietal electrode loci (F:, F., Ps,
P) are seen in the upper part of the middle panel. VEPs to the letter stimulus were traced
with solid lines and open circles, while those for the checkerboard stimulus were traced with
dotted lines and open squares. The amplitude values of the centro-frontal and pariental P350 are
shown in the top panel, those of the P200 in the middle one, and those of the N140 in the bottom
one. Filled circles and filled squares show the amplitudes for the letter and the number stim-
ulus at WS, Letter B in each panel indicates levels of statistical significance of the amplitude
changes across stimulus positions, revealed by an analysis of variance.

-7 Fig.7-3. Coefficient of correlation between
the VEPs to the number and the
checkerboard stimuli. Sample inter-
val was 312 msec from stimulus
onset (40 points, 7.8msec/point).

.9 I;: //\// Correlation - coefficients are seen
-8 on the ordinate. The position of
7 the warning stimulus (WS) and

intratrial stimulus: positions from 1
'6j " to 4 are seen on the abscissa of

the bottom panel. The"correlation
coefficient of the centro-frontal
VEPs (top panel), the parietal
VEPs (middle panel), and the oc-
cipital VEPs - (bottom - panel) are
seen in each panel.
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*

Y
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Sl FRABEMBIIT AN 140 IRIEMHEIE, FIEOLE 112383 2 N M40RIBE L D B TR
EVWAIRIEFEL W,
(2) P 200
Fs, Fi, Ps, Py, C:OZBEIZHNT, FREMNEIZ L2BRIAEBEIRD SR (Fa
tF(4/70)=23.52, Fi:F{(4/70)=5.10, P: 1 F(4/70)=10.19, Ps : F (4 /70)=10.
22, C2:F(4/70)=10.44)0 FEWMIZBNTT VT 7 Xy b, 7Y FABmRFE S, FEHL
BE1A253, RF425 51223 CRMEAFRD 5N 5, BIEOBEIC L3808, wi
NOBMIZBNTLAERZEERD SN E o 2o T BERBUST 5 P 200 IRIEHEIX, BRHE
B 1 1o 2P 200RIEZE LD L ETF/hxwh (centoro-frontal) , 1ZIEHL v ( parie-
tal )o
(3) P 350
Fi, Foy, C:OBEIZENT, BB L30RICEBEZIROoAL (Fs 1 F (4
/70)=7.60, Fe:F(4/70)=8.14, P::F(4/70)=20.26, P.«:F (4/70)=16.29, Cz
CF(4/70)=18.68)c HFEMLIZBVWTT N7 7Ny b, TV &Ly VERFIE S, FIBLL
Bl252, RUM425 523 CEMERSFRD 5h 5, BB L2800, Wi
NOEIIHFEVNTLEEZIBO N oz, LALFs, Fi, C:OBEMIZEH T S RIEA
B4TE, 5v5L8y YRINIKT B P 3B0IRBED HF AT V7 7 Xy FRINZ x4 5P350
BEBELVLEBICAE o (Fiif=7,t=2.79, Fe 1 f=7,1=2.43, C. 1 {=7,t=
3.98), ¥ -BEHBIC T3 P 350 HRIEME L, FIEE 112333 2 P350IRIEME LD &4 x 0w
( centro-frontal ) #, #&FF/H&Xw> (parietal ),
(4) N 180
occipital EH D VEP BN 180 Tif, #IEOEIEIC X 338, BN EIZ L 28R00n
FTHICLBEEZIRDSNE 2o, BEBIEC AT 5 N 180 IRIBMHEIE, RIBOLE 12343 5
FBIEMEICIZIEE LV,
(5) P 260
occipital EH D VEP 85y P 260 T, KO EHIC X 2%0%, RIEMEIC L2 8R00
FTHIZEEBZIRDENE o L2L QB ITIRBNE LIPS 21203 TOT Y 5 A
Ny VBREITORMMEIIBERL >~ (i=7, t=2.50), T -BHEHEIIHT 5P 260 IRIE
B, FEGIE 1A 2 P260IRBME LD b ETAE VY,
Fig.7—312, v 539 Y RFIETNT 7Ry FRFIOZhEho VEPE#IC BT
% Omsec?* 5312 msec(40 point ) & TD, iR FID X BREEAL MO FHBIEHZ FIBUIE Z &1
FUL7o T HBE centoro-frontal KU occipital TIEHIEAIE2 CHE THBZHEIMEL &
Y, parietal 'Cli?ﬁﬂ‘?%f(ﬁ[% 3 THBMGEHMAEL > TV 5. EBRI XU Iz H1F 3 FHHeREH300
msecDEED FBFRBO BB 2+ 2 %81t (Fig. 2 — 5 28) & l~d &, H1REIIcE
I+ % fronto-central TORM L HBRE OB AER D, 20EBUTIEEShz v, L
LEBRVICE 2 RETFEDHAOHBREOMBME 3+ 5221t (Fig.5 —42M1) &1k
NB L, BEMIE LERVEID EBEFERMHIAEL 2o TV B,
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