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feid ' H*

B ARG O BB Y — v HBEERFREN (VEPs) ICIETRRICET 2o —]RL
LT, BEPELVIRSROE—ROOABERES T HRE, EAEFICHBHRTRNEN:. &6
B o M 0 S 1345°, 90°, 135°, 180°D 4 TH o7, RADERSME 2 NRI, —@k
VEP D34 EHEE#EES (1), 2o k775, 10, 15cm (15, 110, I15cm) » o E#EEHINS, ZL T, ¥
W7o vy (NR) &bt oEEE &SI Nz, THRE CIIEEEMO N1UE (FHER
BRI 143ms), EAEE CIBEMEEMO P (]9134ms) PEBE I N7z, KIENE ANOVA 2 &1H
B 2 L AACERAL IS OIRIE, MOBRICKN L TERESI N, THAREFONIE, 2L TEAHEFOPED
RIEIX, WIhbAEIETICON, EREZESZTR U, BROBEICEL T, ERADRER
bhiadolz, REROKERIZ, AEEOBEEE LT, THREONIFKE EFEFOPESZLE
hElE, BEAEICERRAT 52 E2RLTEY, MEPRL VEP KD, T4bb C22ERD L
T3 &) Jeffreys & Smith (1979) OEZ FHE2FEL T3,

*¥—v—F HoME, SHEFEREM T4 - LARE, H-RoAERY, mE%

H &

HEFEFHEN (visual evoked potential: VEP) & 13,
FRERBIC & b BRI W AR RERFEEOEBMEE
T ®» %. VEPZ, FEH M (steady-state) & — &
(transient) 1CXHIT 2 Z LA TE B, HiFI, Wz
EAEECRIEIRRT 5 2 LT, BERMSETT 2R
& B> 5RET ZENCRA ICHEE 5% C, &
W ERN B L _RVICGE L ZIREBTIEI N
5. —J, BFE, HEEREEECRRL, HERH
FATHNI X 2 &) 5 T D BRI h, BEL M
HOBMLRVIZRE- RECHZEIN D, —@k
VEP i%, B ooHE, (onset), F7-1304% (offset) 7
5 ORHEBEEICES BMNELERL TV S, —iBEk
VEP 2RI E5HEE LTk, ARGLEXEH
b5 BRABLL-TERINZGICEEL /2 VEP
R LT, EREEWS VEP X, HEEZ (flash)
&84 — v (pattern) D VEPIZX 4 &5 (Regan,

1972; Desmedt, 1977; £&, 1992; ik, 1999b) .

MEEZAY VEP 13, SET—®KR4E7 7 v vafiick
S>THEFK S, BEOHRIC X 2BMEMEZRL T
5. ZhicH LT, /89— VEP i, WP a v
PR EVS T, ZENICHEEE R Y —Vicko
THEHASNIEMTHSB, /89— VEPIF, $F—
YORTRDMAFICEL D, 8y — 2 HE (pattern-onset),
2 (pattern-offset), X #5 (pattern-reversal) 4% VEP
WA IS, B VEP LK VEP X, ZhZht
y—v OB, WRICXVFEHESINS VEPTH 5.
RER VEP 3, ¥ —VE2RXAIREIES, Itz
IR (grating) S HAAAE (checkerboard) @ BH
FE L REEROBE AR AICKIESE5 2 Ltk E
9 % VEP TH 3,

—@MH Y — B VEP Ic D Wi, Jeffreys 5 2%
—EHORIC K b, BERNLED L L CHERAERD
65-85ms @ C1, 90-110ms @ C2, 130-150ms @ C3 %
AEL, UTokshBEEHEzdboLti2®ELE
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(Jeffreys & Axford, 1972a, 1972b; Jeffreys, 1977). Zh
5 3T HHEF (lower visual field: LVF), A%
B (upper visual field: UVF) fcHitknsKEEd 2, T
HHECRBEE—IE—BEoEE L LT, EARE
TiEE—HBE—EtoEFE LTHERT S, Cli
ay IR FOEMICH U TRENE L, EEEL
LW LT, C2, C3IEIE% b 08% — il
Bicx LCHich b, JEEPELRT V., 3ETD
PRI IC D T, B2 BB T 7L 2 RE L 72
W 5, CLIZEHRE (178F), C2, C3IZIEERET (18,
198F) WWHREFERIH B LHEL TS, B2k
EIRICOWT, EARBESRKRE b BEED TR
HOXRF &, THREFKME 15 R O B
THERXRTLETVEREL TS, Z2LT, Z0DE
T LEIN BRI L, EBRd>oBoNELE
AR EL —HT I L2HREL TV S,

7, EN63ES M, BEhLEI, BTE
F230 0 2 ECRBICHEIC KR T 5 B R EA
(late negative potential: LNP), KD H X, A#LH|
SN U CTREN 2 BT 2 R TR M B AL (late
positive potential: LPP), H# /%9 —> D r o — )iz
R, WIS — Vit L TR RIGL, BEEME
THEIN 2 HEBG BN (vertex positive potential:
VPP) ZSHEEZ N T3 (Jeffreys, 1989).

fh75, Ermolaev 5 1%, #— F R — F (dartboard) 7%
EORIB A RE R I IRR L e —EofRic &k b, H
D, BEETICERI NS NI0E, BAIH, &
HMETXI{ERIN S NI30%2FEE L7 (Ermolaev &
Kleinman, 1983, 1984; Ermolaev, 1985). < #1 & N100
& N130iZ D\ T, Jeffreys (1996) X, Zh 2 C2
ELNPIZNIET 5 ERRTE D, C2IHEHILLER,
LNP 3 E AR ICE R 2 b D LHELTWS, D
Db, C2¥7/21EN100 &, LNP % 7213 N1301k, #HE
RDO2ODMBERERKL, HiFIHERR, ©BEIX
EEERICNET 5 E LT3,

Jeffreys iz & %, Cl, C2, C3 e B % k7,
THEFE OB KR £ v 5 AT R L3 fE ~
DT b T %, Lehman, Meles, & Mir (1977) 1%,
N —VREVEP 20z KT 57 4 ARG
Do, WEORKER2EROTNICLOHALL, #5
&, BJ7, ERETARERRIC L D AERT 3 /EE
2, R Z43ms o IEERT B LR2RL, B
DRI, BT OEROThIZE > TRA2F EEL 2
bDTHDBEFERLZ, Zhicxtl, Jeffreys & Smith
(1979) 1%, 8% — v HI VEP I B % Cl, C2H4%

DIEGEIR R L, £, THEF LD C2lcFAR
RIEISEI RS L 2 0lc W LT, ClicizZh b
Nhhrolcl 2Rz, CORRLS, WD KER
%, Lehman etal. (1977) B’FEL ZERO X vic k
Z2EPT EodboTidizl, B, THHEE R
ORMEEZET 2, L, THEERTZ oMk
EREIETHSE EFERLT.

FRES 1L, TAHRECRMENRIE 25K LB o
—x@ME 8y — > HIH VEP DIREEV & TRz —HOTF
FICBWT, WHoBRERS (N1, B OBEER
9 (P2) %FEL, TOLH>ARAE: (7, 1994,
1999a; Ito & Sugata, 1995; Ito, Sugata, & Kuwabara,
1997). N1icow<, E=ZAMIIARY, EHFICH
NTRERRBEZEL, ZhB3FEREES, SHTE
FfF, HRIAR B, SHAKGTLRAKTH
ot 7, BRALNEL OUNEBERBRRZERELTY
FkTho7z. 2L T, BI=AF EELE2AL
TEMERELEMETY, B=ZAF, FEFciEH
LD HMEBREVE LS ABOIREVWE TR L.
P2IRIZ DWW T FAROEME R L7228, N1KIF L
BTidhedr ol ZOHBMENKFIINT % VEP O
REEICDOWTE, EBRSINE O LERRE (KiE
AKHE), BIROERL W EARNEROBE L2 T
W EEHRELTWS (Tto, Kuwabara, Sugata, Suzuki,
& Kawai, 1996; Ito, Kuwabara, Sugata, Suzuki, & Kawai,
1998). %7, ZEI=AK, VIO, HE—imss
MOABERF 2 &2 AWEE T, BEHFEOMAE
DRI S TNIFEOREI WA T 5 L ws THE
HORFE) 2W|MEL T2 (Ito, 1997; HFEE, 1998; Ito,
Sugata, Kuwabara, Wu, & Kojima, 1999) .

INF TNy —HIE VEP It T 20 RIc>
WT, FEBELRECTHRFOER TR L TE .
AEOBERICH > TRIEDHEA T 5 L w5 AEEDR)
RizowTi, EAFHETOMERI L, BE—EY
DAEERIY % T HHE, EHHEFOER TR —DER
NWTE I EHITHAE I TbhTuRwn, 2
T, AT, TAH, EAHBREIERICIBITS
AEEOZIRE K, BETL, #eTZoBMEVD
RBEBDICEDS L DI OB TEER T TABLI LI
Lie,

B B
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BrRonsp»2HERL, IoCAKREAEEDOZIR
2 LA HEOBEEM PR ORIBIC D EHN S DED
EHETY 5. fFEC, NI, owiybwwbv:cé\JEPBa
NICEHD L DIV CREG Ir EE A2 (T

A K

ERREmME LHEYHEIERE (B34,
94, FHLERN28.1%, SDI.THR).

RIB DB o B 4chs. tachistoscope (17 H-H#E%%)
@ 1ch. ZFBE (TF), o lch. ZIEGE (AF) &L
(MBHOER12°16 ), EBER— A THE 240 &
25T LiCk D FIBERR L CHBERRRRE :
100ms, SOA : #91-2s). T R#ELZ <, BZEEM X
80cm, TF O FERE 13#937cdm?® T H - 7=, KA
7RI 2mm X2 D B+ FROEHM (FP) 0A% D
D [FRBEE D KD AF % HEHER L7,

TR 1%, 45°, 90°, 135°, 180° D EE H D
Scm D H—IREREE (HIE0.7mm) OAENF T, HEF
HFROFP O LA EIETAIC, BHAS OHEEE L
> CHIE L7 (Figure 1), Z #iZ FP O A DR HREA:
EMA T ORBOFMD 5~ & LEFIOH 1 T (1
AT I F—HE % 16 FIRERR) 212y vart
LT, ft4kyvavERLE BFBETRTXY
plotter DXY-1300 (Roland) = & b, H#KICHEA v 2
THHEL 7.

VNS
A/\/\

135° 180°
ANGULARITY

Figure 1

Single-lined angular figures with different angularities used in the
present experiment. Each figure was presented under or above the
fixation point (FP). Angular separation between the FP and the top (the
bottom) of the figure was held constant at 0.5°.

VEP @8k M iZ, inion (1), inion EJ55, 10,
15cm (15, 110, I15) O 4 #RALAH 5 B S5EE % HE
& LT (#EHbiZ Cz), 8Schs. polygraph 360 system (NEC
San-ei) THEWEL (0.5-30Hz), FREA D LR E L
% 1T 14chs. data recorder XR—510 (TEAC) ICER#% L 7=,
VEP i3, # 7 5 A » Tsignal processer 7T17 (NEC San-

ei) 12k D, BHfT T L ICHIEIRARET100ms, R
412ms ®512ms O X[ & 1SEMEEY L (ARG
e[ 1ms) .

— S DT FREERAET 100ms O E AL %2 £ff
LT, BNWEMLD VEP b 5 B DT % F
B, EBREME L OEREE (60EME : 15[H X
4y vay) PEHLEZ FHIRE GBI i
B L ¢, REFRIIC ISR 1 B ANOVA % 3 B (4)
KRN LT, (- PHEAER (15) wEL T, RIEH
BE 2 BE[K] ANOVA % #E7 (2) X A EHE(4) o LT
WL 7., &8, AFEETIZ Mauchley test Ic & 5 BRI
RERDMEEZIT o128, TR TR E iz
DT, HHEOBERX TbRP o7, 72721, 2EHA
ANOVA IZ DWW TiE, KENREKFIZEN SN,
%7, HEICIHU T Tukey ¥ (p=.05) I & 3% EH
BE2fTo 7.

EREER

Figure 212, SEERZINE 124 DKL BT 2T
HEFEVA2RT. WINOAESFTH, SE2ERL
THHEMBEDOBMN A MERT NI (ARt :
R TE SRR 143ms) &, P (ESHREPEM B
B TE R R 134ms) HFAEFRETH o 7z,

Figure 31, TAHEFICHIT 5 N1 L EHHBFICE
J % PO FERIEOEE L% R L, Figure4iZ,
BRIRIESE S NIERA7 15128 1T 2 N1 L PIROF
BiRIE, ROSDOEMERT. ZhbDREb, A
EolRicffEs T, NI, PIL D ITIRIED KB
DPLTwBORSh 5, 1512875 NEIRIEICE
% ANOVA (AEM4)) ofR, EMRIEERTH
> 72 (F(3,33)=23.50, p<.0001). % EHE O KR
ENIE, 45ROV T RO D BRI
KEL, 90°5fF L 135°5F13180° %M & b ERITK
Epole, 5B 5 PEIRIECET 2 ANOVA (A
Et4) ofR, FHRPEETH- (F(3,33)
=22.12, p<.0001), ZEHBOMER, 180°5Mixfh
DVBTHOFEHEL D BERIT/NE L, 45°5H13135°
XV ERICKEDP T2,

ZD &, EBROFBRIEZ, NIFEORIESAED
BERICHE - THRIEA L, TAHHEICB T 2AEED
ShESHER I N, ZLC, PERIZOWTHHEDORE
KT THIXARIEL?BA L, EAREFICBLTHE
MaAEEOMREPENSE ZEPHAS Ikt T
FREICE T 5 NIEoBEEFmTomd, EHEE
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Figure 2

Grand-averaged subtracted waves for the different angular figures in the lower visual field (LVF) or the
upper visual field (UVF). Twelve participants joined the experiment.
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Figure 3 Figure 4
Averaged scalp distributions of the amplitudes of the N1 wave in the Changes of averaged amplitudes of the N1 wave in the LVF and the P
LVF and the P wave in the UVF as a function of angularity. wave in the UVF as a function of angularity in Location I5. Vertical

lines indicate SDs.
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B2 PEOBREFATORD & WS, WEERR
D BAL DR SR 1Z— K22 72 5 VEP 4 3B b
STWVBEDTH AW,

FTRUI& o, TORICEEL -EROMIRE L
TiX, Jeffreys & Smith (1979), Lehmann et al. (1977)
LOWIEBZET NS, LaL, H5OMEcERT
DHEIIC, REERTE SN NI, PHELERLET
W5 RO EMEOEBEOENIZOVTHE TE BE
WdH A 5, Jeffreys (1977), Jeffreys & Axford (1972a,
1972b) 1%, EATEOBELHIRIEG S ARk % F o 728
& — v HHE VEP IcBY 9 2 EBT, 3HMEOEFOS
o588 — v OHBICBEE L 2 EARW KD & LT,
Cl, C2, G3D32%FEL, THHE L LAHERET
BMNOBUEREPEL B EEALLIC L, 22T
MR & 72 5 DI Jeffreys 5 L 4 DI L ODIE &S
BROENTH D, BRAXOBERTIENIFOFHES
TERFIZF143ms, P IIZHI134ms TH o 7228, 5D
C2i390-110ms & 7z b o7, ZOHEE\LE LTE
ZbNDBDIE, Jeffreys b & DEBREHFDERTH 5,
11, Jeffreys 5 2585 100cd/m? B _E o EHEE T %
T =V ERERL TR LT, R4 OEEKEER
37cdm?*TH o 7o, EEOETIZ—MIcHEHE, Wk,
RE D% VEP BN OEREROELEZELIE 5 C
& % Kriss & Barrett (1985) »¥ELTHBH, T
BEOZESERICEEL O ARERD 2 E21i,
Jeffreys & 23 - 7- TTIMEREC IEA O BIINE (E
FZe-12°fL D EMH) BH4ONE (AERK: BK
S571°BIA) &b b REL, &b RE LFEBEERHH
BMEnTwnl, FEMoKREINT S5 ¥ aVEP IR
FETRIRIICET 2 ERIC L NIE HREOEKRIZLD,
TE A ISR IR ERE T 5 2 LR &N T v 3 (Eason
& Dudley, 1971; Kakigi, Miyazaki, & Mori, 1972), Z ®
& o0z, Jeffreys 5 L Fr4 L ODEBRFHOERSE 2
i, REBRICBIT S NI, H20EPERESD
W C2IL RKIEEY T 2BUHDTHAI EEZ LN
%,

IC, N —VHB, HHVIIKREICEY SR,
TREFE O B OB R, TR RE O MK
W72 Rl 2 R — 202 L 7e— R E b DR S OB B
BUNAAOEROKBMEEZ TI L EIDEVIE
BELRMERD 5 (FHE, 1996). Lehmannetal. (1977)
&, TR E AW KEE VEP O v B v BT
D% T, ZOREMEIC LR, o, BELT¥
DOEFHIBIC R 2 KOG —E R ($9100ms) %
DD EMOBIEREDOFERTIERL, Zhizzns

2 D DREER AR RO R 57, £%5 b
RIS 7 4 DRz BMNEEE FICHER LR
P EOERTHB L. Thbb, THETHS
PICINTELEBRERFLWITR, H 5 ISR,
HMER, TENFTR» 595 L, THHEE (LEE)
R ETRE (THHEE) R Tid s 2 I BN
W NTEY, VEPIKBEL Td T HREDOFH 2
FEHIERL, RIEBDRKEVWKIGZ2ELZ RS, LD
2T, MRSEMORENHEPELD, 2N 2
BRo T RNIBERES R, EHET 2 Licb i
505, o, BmsBEHEZTSLETHE LA
BHEOBMNDH Y — v BRIF—FKT 2 L 2EED
~ v VYT DT =4 THRL T T D Lehmann et
al. (1977) @ EFRIZHN L T, Jeffreys & Smith (1979) i3,
HIR VEP IC B 2 BEIICRIE L7 2 2D —2 0
BERERFEBO LI 2 DTIERL, — T
ZHONBL 2R ORBEBEMIHADOERITKS D
ThHhdHEREBRNICHL2IC L, 51, FEHFE
Bigl &2 T, Cl (R 75ms), C2 (95ms) D%
TR (WREBRRERTE) o3 2 EERR A2 RS L, W
FIREL - BEZIRZRTH (C2ITIFE L WIEG
MRERPERHEE N2, CliciiRoshZzw), Cl, C2
BENENGHEFO L, TRONEGHEE X L THlid T
—BLZREVERLEZZ L5, HEVEPCBL
Tid Lehmann 5 O#HZ L 72 5w EfERSTTw
5. REBOERIL, Dk 5IC Lehmann et al. (1977)
T3 L, Jeffreys & Smith (1979) 2+ 2R
HBHEVZB,

L Lads, AEBRICBIT 2 NI, PRI
W CQDAERTETEEMELTEZLTCRLDTH
55h, COREREET T, BEICR RN
Ermolaev 5 IZ & - TfTH #1 T W %, Ermolaev et al.
(1983) &, &= bR—=F ¥ —v & A EaEE
DSHIR VEP i FUE T8I BT 3 ERIz B WwT,
B#2200ms DL IC 4297 5 B 5T N100 & N130 D 2
DO S, BIEEAE (f172cdm?) FT
13 N100, {EHBAAME (#91lcd/m?) T Tik N130 23 E
frkizs Z L EiER LT, Fox OEEKEIL3Tcd/m?,
Tk BEIEIICAT - 2 EB T3 5cdm®:Th b, Fick
FOEBERBINBODP L DERLRPTWEETH-
7. B, Z DFE T, FifTIic & - TiZ /7 v F (notch)
DH 3 2EERD NIFEEZRTEBRSMELEA» VI
(Ito & Sugata, 1995), ZNETCHEADRAEIIH L ET
SIRABMEEMEL LTfT>TED, WHRENICHED
R DB T b Tz, N100IZ IEHEF O |,
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TCEMOBMEREHAE T 228, NI30ICIEZS Lk
RERZEL 20 E 0o ZIRBO DKM 5 S, WED
FHAEIFIZFTH D, NI100I1Z C2IckHYT 2 #2565
NTWw3, LEdoT, NI, C2oad»LBERX
NTWw3EVS LD, ZOROEHAICEELT
NIBODMERZIC, $ 2 VIRFMICERET 2RAHEFL
LTMBESTTE IR YD L5 icBbh 3,
N1 D TE SR 255 134ms, P D Z N sH 143ms &
F10ms OENSHE L Tw0d, FTHEREFIZBWL
T C2ITNI0ODSMb o TWwiclzd tEZ bh 5,
Jeffreys etal. (1972a, 1972b) &, ClIZEHEE (17
) i@EE b0, Fica v IR N RRN Y,
C2, C3iIEAEMIE (18, 195F) wiEF% b o xR
BREBRRIC R B B4 & LT v %98, Jeffreys (1989)
i, RFZ—CHEAVEP RN DETICIAZT, /%
Y —v EHEREOENNRETEICRERENS LNP (1B
RIERf165ms), EHEL, FHEAZR Y — VIickR
M7z LPP (#9240ms), ZNICEE/ (Y — VTR
VPP (#7170ms) 7 5 5 % & L CTw 5, i ki,
Cl, C2, C3IIMERICNIG L 7z, X b{ER DB
iz, —J5 LNP, LPP, VPP 3% 5 L7-{kfl% 1T L A
Eblzlzvd, ok bk hBEXROREER
WHERE»H B LI D,. Z LT, Jeffreys (1996)
1388 — IR VEP iIcBd 2RI B T, FIOLE
D OBENICIRR SN 5 NEfER Y — VERICE -
Tid RAFRSINIOEHD L TD C2 LAk
4T % LNP %, #4 %1 Ermolaev (1985) D>
5 N100 & NI130IC % 5§ 2 & R X T\ 3, Jeffreys
(1996) 1z khiF, C2& b b EVER (200ms Az % T)
E &Y AHI B DM 2T LNP 13, BT XFH
0 2 EURN, P OEEE (15°ME) iR
N5 — VRN, BT Sy — U (72 2
X, BEZRL) CioTiREZNBE LEE NS, NI3O
b LEF RO A ICHETH 5 L EZ S
T % (Ermolaev, 1985), LNP, N1301% & & 12 #HEF
WIS 2 KD TRV EEZ SN TED (Jeffreys,
1989; Ermolaev, 1985), % 7z Jeffreys (1989) i3 C2 &
INP 3R & LTH—DERZ b 2B DIRAE O E
PERTHZEBHHEREHLTVS, WBHEIEH
—DER%E b OBEWHE (N1) PHBE L -®4 DEER
HEIX, H— 0RO Jeffreys ® Ermolaev 055
BT 2D BEVEEKETCRRINLZDT,
LNP, $2WIENIB0ZELRTVWERETH-/-LE
ZAbNb, Lo, Jeffreys (1996) & D EiEH
5L TH, N1iZC2, # L TLNP (NI30) Dfi&»

LATENCY (ms)

LRAEME LTHESTS I ENRYTH DS,
B8, REBICEB T HBROHEICE L T (Figure
5), N1J, PIGTESER: (I5) 1cBid % ANOVA (32
THEF2XAEE4) OFR, WIhoRLEE
T oTz.

110 |+ —8—N1 wave
—O—P wave

45° 90° 135° 180°
ANGULARITY

Figure 5

Changes of averaged peak latencies of the N1 wave in the LVF and the
P wave in the UVF as a function of angularity in Location 5. Vertical
lines indicate SDs.
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Effects of the Angularity of Geometric Figures in Lower and Upper Visual Fields
on Visual Evoked Potentials

Motoo ITO, Shingo SABURI

Abstract

As an examination of the effects of the angularity of geometric figures on pattern-onset visual evoked
potentials (VEPs), single-lined angularity figures of equal length were presented binocularly in the lower visual
field (LVF) and the upper visual field (UVF). Figure conditions consisted of four figures of different angularities
(45°,90°, 135° and 180°) in each visual field. Transient VEPs were recorded referentially from inion, and 5, 10
and 15cm above it (I, I5, 110 and I15) for 12 participants. The subtracted waves were recorded between the
figure and the blank (control) conditions. Negative potential, N1 wave (averaged peak latencies: about 143ms)
in the LVF and the positive potential, P wave (about 134ms) in the UVF were identified. ANOVAs of repeated
measures were conducted for the amplitudes and the latencies of Location I5 in both visual fields. Regarding the
amplitude of the N1 and the P, they both significantly decreased as the angularity gradually increased. As to the
latency measure, significant effects were not found. These results come close to supporting the assertion by
Jeffreys & Smith (1979) that the N1 in the LVF and the P in the UVF mainly consist of the same VEP
component, C2.

Keywords: form perception, visual evoked potentials, lower and upper visual field, single-lined angular figure,

angularity






