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FOMLEFIEDTTEEIRECHRTH ), SEROBZA I =X L2 oNIITH L
&, BRAOMEMAOEY IEZOLOEEHT LI L EEZLNTND,

COFERIZOWTIE, 3O VER ([FAML - xh k220 - AL AEE - JiiR) %
WM AEDLFICL > TEHMICHHETE S L) T e sNnTnwd (B 2008;
B -F A KRB F AR A - B 18, 2005; Goto, Uchiyama, Imai, Takahashi,
Hanari, Nakamura, & Kobari, 2007), Z® 3 ZRMHEEHET VI LIUE, EZNOEH
FUIE, WAL - xbte, Z2f - Aol BLOME - Fime v ) BRZRT 3Ll Ens
3WITLZEMMIZ, FEROEGOREIG L TESIT SN LIk 5,

CDO3IDODOBVEROPTYH, K& (M - HEE) o WAL - %t o7 2R A3 12
KEWHEH KIEO—207 )V 7 —7 (Delboeuf) #4 (F.OMHEEH) THY, ThFEFT
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Mtz B T, W EA & OERL2/3OEA AN 2SE A, 258
IMBENBEHTH D, T, ERRo SERNMEEHETVIZL > T, FL - &lto
g ElC “MMOBEROBE 2I1ZLAEZITAI LR REINTWARETHS (B - H
KA, 2005)0 WA R D ETFIVT— 7L, FLE A E V) ERAEAI RIS
FEENCHET T2 12h 720, MOERD S OEENE L 1ZITEE T 5 LEO 2 W EHIKTE
L) T LI b, MAT, ZORILD BT IAOZEIRBEFIIL, S D ORFER Y
AN ZALDOHFEDHEE S NL D, TOREHLPIZLMEIEEZ v, Lo T,
HRE VI BROTRIZH 2 MEERERIASE TV T — THRNOHDL T LI1E, 0
BMELRBIR 2D A ER]ET KDL, FHrEBEHEL TV ZDIZAERITHAS ) L EZ
bitbd,

— )7, FHREEFEN (eventrelated potential; ERP) %, IJFEEWMZEA X — T v 7
(neuroimaging) #EDRISEIZ L - T, #H L ZOMPIMREEIICE T A8 S i, 11
b X 91275 T&7 (Qiy Li, Zhang, Liu, & Zhang, 2008; Weidner & Fink, 2006) . Z 415
WIZETlE, I 27— - v — (Muller-Lyer) $HME STV 525, ZOMOEHRIEIC
DVTIEEARL N TV, #HIZIE ERED X912, e S L CIlE S N5 8 MF Y
WCK&ES, RS, HEE AW, MELREHRALRAR»SH 22 Lns, & 2EHARIEIZOWT
B 5 2012 SRR I D W T OHEED, MOFEHBIIZ OV THERISESE S 508
PIIAETH Do L7zh > T, BN ERN %A 20120, $HEIFFE O S AIE
POITHbNTE RN RO HEEE S S5 2 EDRIRN (B - FAHM, 2005,
P.352) L&z L, thiE - FAM2SER L7z 3 R ESER T T VIHE, S5 % 45
B 200, ZOMBRENLHISEHEL ZEVPETHA ). TOHT, TNET
OWF7E (Qiu et al, 2008; Weidner & Fink, 2006) THWHNTWA I 25— — 1) ¥ —$#HIg,
TRl - PR, PREE - NIl - SR - mAE - ORI - AT - /g (2005) RfARE (2008) 1 &
X, FEAb - R, 2R -V, BIOAE - HAE v 300ERDT X CTA b THE
T5, IFFICHENRIMEETH AL I EDWRENTWESE, L20S->T, 3D0ERDH L
FR—ON LV EHMIEZO5WTWARIE» ST 255, MEr LW EHTX5TH
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ZO L) REEER,S, ATV T 78R L )BT, ORI E BT 2 YMIC
BUFAERP 2l L, FAb&xt & v B ZRI A3 2 O MRS EIZ DWW THRET L
T &7z (53 - B2, 2009, 2010). ZOfEE, FMLEROADES LWL EEZ LN
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ATy TIZ LA L, TREAT v 7HBEEL SN IZONTHEET 5 2 L2VREN
72o S BIZ, AL HXHAORAT AR 20D BISHH (43 - #2088, 2010) <, b
5 HANDORATIZAE VEEHLE DSR2 & i/ M EZB) L 7R & L CoRmill e s,
HULER A O BETERRICE S 2 P2 HRIRMEAY L ORI 5 2 LAVRE 7z,

Doz ent, IhEFTOMFICBIT LTV 7 — 7#BBIS P IC#H Sz ERP T,
P3#RIE & P2 3kl & ASEHO KA ICEE T 550 Th D 2 EATRIBENEDS, TNH DS
DOREFEM EFATMEIC S N7z LT v vdzv, PIIRIEIR, UROEHFH 2V LIET —F 7
A €1 @ KM (Donchin, 1981; Donchin & Coles, 1988a, 1988b), ML 3 & i @ B 43 O $5 1%
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(Wickens, Kramer, Vanasse, & Donchin, 1983), & A W&z (d) OFE (Imai & Tsuji,
2004) EEZOLNTHY, EROBHMEIEE OBEBEITE LS THEEVZ S, THITHL
T, P2IRUEI, #HEAFRIER O RAEE & OBFR (Friedman, Vaughan, & Erlenmeyer-
Kimling, 1978) %75l D7 82 & OBIE ST (Rosler, 1981), & %\ &, H#E %
B B R ALEE D B G & R E O] (Lindholm & Koriath, 1985) 7 &% KU L C\»
BT ENTRIBENT VDL, TDEHIZ, PIRIFE P2IRIF L DSBG9 2 Wi R =I32
b EZEZHLNE, Lo T, k4 HEHIKIE % #8152 726 @ ERP B 2 ik
Rl L, % ERP 4 &SRB BN L ORI DT 2 S HICHED 2 LEN S L, S5I2, 45
H - B (2010) TiE, TV 7 — 7EEHIZOWTRALD & 5 O 2B & VE A Sk & %
ELTW22s, 22 TRAMPIERL T L EHIZOWTORDIRETIZIEE ), A 25HE/
LTV EFIZon TR T 5,

Z I TARMIETIX, 4 - 72 (2009, 2010) (251&Hcs, FAL - 3o s ZER AR
WCREWT VT =782 /%L LT, ZoOMARIEZBIE IS5 ERP 2Hl%E L, [
fLExb & v ) OV ERICED 2 MOMBEHIREIZOWTHES Z & & L, AMETE, 7
VT — 7R RN A FGMO, N EATEOBERELA2/300 6, A NN
LSRR R L, FALA RS B ICAET 2N 23505, RN ZLT 25 2 &8
FHENL2/18F THM ZHMH/NSETHRIT LI LI L7z L722T> T, ZOHETERP
ST IUE, A LD SR O EHGBFE KIS L7 ERP OB 2SS HICHFTE 5 Th
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BEE B0, BLOBEMEF 2L TRFE LR (FI520.0%) 2FERIZS
L7 2B, MAOBEEDLHEFIZOVTOMMIIAE L TWd, 0 k) 2EERIISM
T5ZEEFEFOTTHo 72,

B NI EA2/37% 52/18D LU A BEHERIN L LT, 2Okt d iuh i s i
HECHLM3. 0° BEN 7oA E I BT E L TR ZIORL, TV 7 — 7$RIE 2 MRk L 72,
J ¥ PC (NEC-PC9801vm) 12 & W 4 9 —CRT LI2HE AT 5 (0.02cd/m?) 12 H
(20.0cd/m?*) THEE, EEFETHEHMO.67°, 0.33°, 0.17°, 0.11° THM%, 1.0° THH %R
LCRDMEER L7 Lz>C, WP, T2abbAME T E oEFER-IZEZER
2/3, 2/6, 2/12, 2/18& 7x 5> T\ 7z, SR E L COBRMNIFICHMAL 0° TRIR L7z, &
S, MBI L D ISR E L a5 LT, AHELS, AN %L 0° TR
FTLEMEZ T2, D EOMETIZEY, 77— 788K WAV 4 4208, 515 %
ER L 720

BOR DR E M EER10—2081C X Y B EoRES (Fz), f.0E8 (Cz), FETH
B (Pz), BIUMREL (Oz) LY WHAEEFZIEEIZLIVR) 7F7 72 A7 4 (HEANE
RMP-6000) % Fv>CTHEH L7z, $R—3f bR (Ag-AgCl) A% WAl (HAGE Elefix)
AL CHE RICARE L, S51220f, BTEAPHRSORRFERZ, HIRE LT &
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A OFMRANCELE L 728 & ) Fidk L 7o, SEMEIPUE 5 KQUFE L, ARESHT
7 (HANBE AN-621G) 12X 10.08—100 Hz Ok 7 1277 4 V¥ — L 60 Hz D\ A
T AIE — %A L CHEIE L 720 HEERARHI200 ms 2 5 HlEdR R %800 ms £ TOM %, v
7 ¥ 7 JEWEES00 Hz TR - i@ty 7 b (¥ vt A ass5 v EPLYZERT) 24X
A/D ZHit%, PC (Dell Vostro200) (ZEeEkL A4 7 T 4 VALHE L 720 RIS & ERAL, Atk
g (M), B X OHERR O/ ZTEImEFHE L7z,

Fht EWESR BIEFCUTOL) 2BREITo 72, BEHEOHEL, BN (H
L) bR (B) & &R L, HEBRIMTEERIEM O T LT REW
YNEW PO EF—HLICL o TIT) 2 Th otz HEEEZH, T8 1Ml s
L CHE#R % CRT 812500 ms 38R L7214, 45 2 i & L C Mool g & e ot ofu) g & 3t
W2, AT I S 0° BENL 2B IC150 ms $ER L 72s 1%, 1000 ms O 7
Ty 7HHEEFETCHF ML AZRTEEIPR SN, BEFIEIOBEHERERZICF /L%
iTie7: (Figure 1)o BIZEIIH I “HBIEASEER PO L L TRE B2/~ S
WA xR 2METHRIL, FNENCHELT L PCHF —R— P2 EFAZLIBEATFAE
LIBICE ) F =L LCTHE L7z EEOF—ICRNBIO LS 5280 4 TEH0E, R
BEHTH Y 5 —NT Y AR oz, BEEFRONITI L 4 T T H 2 25X 5 1
e Lo, S5 MEDOEERAE 6 O T ¥y AR h, B30T Tl 7ry s
AR L 720 ARBATORNIIE, #E & L TI0RIT 24T 720 BZEIET 70 v 7 BICH#EE, R
BZBALDS127 0y 7 EBF o7,
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Figure 1 Schematic illustration of stimulus presentation and its time course.
The first stimulus (concentric circle) is presented 500 ms, which is followed by
the second stimulus of 150 ms. After the 1st and 2nd stimulus presentations, a
blank screen appears 1000 ms. At the end of the blank screen, a response by
key pressing is prompted.
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Figure 2 1213, 4 AOBIEE OVIGTH 5 Rl ER AR éhfw% RANBER I
S EREIIZR & WA E2/3D 4T, AT L CHREBOIEANEIT N B:JHJUré
n, TOMOEMETIE, 31T K LTSNz, T4bb, %FQﬁl“tﬁiP%&I?J*lE?%f‘%
D, WHORDHENL T LGEAETIE, FMEOERIC L D /IE—B L GRMLES L TWw
Z RIS Tz,

COMIZRED SN D BEA S, AT & D BUGER0 % 12351 5 NS 2 Ko 72
fiR, 1/1.22& 7572, Lt#o“(, WAL 0°, #FFIAL. 22° THER & L7z RO 2388 7R
SENHEI, 1.22° DS AL 0° ORBHI LR RS SORAIIRLEEZLN L,
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Figure 2 Psychometric functions obtained for a combination of the ratio of
inner/outer circle's diameter and the judgement of large/small response.

2. EREEEN

M, SRRz EoKE, BEAER O NS, B X OISR 2 &1, TR 200
ms 2 HHER#%800ms FTEIMAEFIY L, ERP O 1#7- (Figure 3a ~ 3e)o

B, FigureZ IZRBD HILE L)1, BEH I L AW RTH 2 KN UREITSE, &
FIIZBWTIZITRE 721 i/J\O)U‘T?(L%P W7o Tz, T b, AHAMWERRY IS HBIfE
i) %jﬁ%‘/‘kﬁ:“( INT RIS, FOMOSEMTIE KT B EICA LN, Lz
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) —=lZOoWTDATH o720 TbH, FHHPWEIIZRKRE VWEEL L TD2/30 /N K
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Figure 3 Grand averaged wave forms of ERPs at each scalp site obtained for a combination of the
ratio of outer/inner circle's diameter and the judgement of large or small response.

bk Z EH 6, Figure 3IIEKEBIICBUT 5, 2/3(S)12x$ % ERP(3a), 2/3(L)12xf
3% ERP(3b), 2/6(L)IZk9 % ERP(3c), 2/12(L) 2k % ERP(3d), $ & U2/18(L)IZxf

3 % ERP(3e) DR FIGETEAIR SN T 5,

BONTZERP DWEA S, 4 - #2HE (2009, 2010) &[EIEE, HEEER#110—200 ms 12
L 72 BT A~ s 2 N1, 210—260 ms (2 3L L 72B5 1% 7 M~ O B % P2, 400—
600 ms (2 HBLL 725 T~ O 2 P3 & L, FIEEHRRHET200 ms O FIgEM 2 X — 2 F A
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YELTINSDOXBAOE—27IRIEZ RO 7. NS DOFEIREZ 70y b L72b D,
Figure 4 ~ 6 IZ7RENTW 5,

N1#RIE N1IRIEICOWTENL (Fz, Cz, Pz, Oz) x EEL—HEOMEE (2/3(S), 2
/3(L), 2/6(L), 2/12(L), 2/18(L)) O #m i a4r o720 ZORER, HMOFERR (F
(3.9=13.59, p<.01), EEFEL—HEOMELDOENE (Fu,120=3.39, p<.05), B LUK
HAER (F(2.36=6.93, p<.01) "W FNHEETH -7z (Figure 4)o XHAEFIZOWTD
TRMEZIT-728 25, 2/12(L) # K:<2/3(S), 2/3(L), 2/6(L), BLV2/18(L)IZBW
THAL O B A ER R A2E B I F3,45=37.20, F3,45=3.92, F(3,45=3.90, F(3, 45)
=6.05, p<.05) THo7zo 2/12(L) Tli&, MAOHMMERRITAH ZMEA (F3,45=2.53, p<.
07) WZikFEF o720 F72, Fz b CZIZBWTHEAL—HHOMETOHMIEMEIAE (Zh
ZIF(4,48)=5.57, F(4,48)=8.83, p<.01) TdH o720 Pz TIIEZRIL—HIK O G D HAl
TR RS E EMEB (F4,49)=2.07, p<.10) TH o720 HETH o 2 EFEL—H WO AT
DHEMENRICOVWTEEL B 21T/ 2 A, Fz, CzOMEA & $2/3(S) 128175 N1
RIE, fLodTRToBEFELE—HUHoMeE 2/3(0L), 2/6(L), 2/12(L), B &£ U72/18
(L) 2B ZIRIGIZIE L THBEIZER L Tz,
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Figure 4 Mean amplitudes of N1 at each scalp site obtained for a combination
of the ratio of inner/outer circle's diameter and the judgement of large or small
response. A vertical line of each data point is a standard error of mean. Note
that the (L) and (S) in the figure show the observer's response of "large" and
"small."

P2iRIE N14RIR & FERIC, 060 x ERLE—HBOMEE OGS T 2 To72L 25, &
MO EFE (F3,9=10.66, p<.01), B L O & BEEL—HOMETOREERH (F
12,36)=2.74, p<.01) HHEHFETdH o7 (Figure 5)o LHAFHIZOWTO TFTNMEZFT- 72
LA, 2/3(S), 2/6(L), BLUO2/18MIZBWTHMOHEMMERENAEE (HIZ F3 45)
=17.73, F(3.45)=6.95, F(3.45=5.49, p<.0l) THo72s F72, Fz IZBWTHEHFEL—HK
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DOMEFEOHMEREIAEE (Fu48)=2.71, p<.05) TH Y, Cz TIIAZMEIA (F3,45)
=2.25, p<.08) THo7zo Fz IIBT L HERERL—HIOM AT OHA T EIZONT
ZHEIB T/ 5, FELAERIIFAOON 572,
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Figure 5 Mean amplitudes of P2 at each scalp site obtained for a combination
of the ratio of inner/outer circle's diameter and the judgement of large or small
response. Others are the same as in Figure 4.

P3IRIE NIJRIE & RIS, A0 x EEL—HEOMET OGS 2172 25, &
MOERR (FG,9=4.54, p<.05), HEL—HEOMELTO LR (Fu4,12=7.73, p<.
01), BLUOKHEMEH (F12.36)=3.91, p<.01) 2SI NHEETH > 72 (Figure 6)o XKXH.
TERIZOWTOTRMREEZITo728 25, T RTOEEL—HEOMEEIZB W THAL O H
HEERN R DHE B HIC F3,45)=4.60, F(3,45)=4.47, F(3,45)=4.54, F(3,45)=3.84, F(3,45)
=4.94, p<.05) THolzo F72, Fz UHOTRTOEBMIZB W THEEL—HIKOMEED
B3R E B I Fu,49)=7.02, F(4,48)=14.74, F(4,48)=3.34, p<.05) T&H > 7=,
HETH- -EEE—HOMETOHEMER R IIOVWTEERK T2 25, Cz,
Pz, BXU 0z DFXTOFMMIZB T, 2/3(9) 26 5 PIEIRIE, HoOTXTOBEFELL
—HIEFOMARIZ BT BIRMEIZILE L CHEIER L Tz,
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AWFZETIE, L - A HEORGZERDBEE IR E VEFH E SN2 7V 7 — 78I OW T,
T ORI ZEBE ST HHMIZH 5 ERP ZHIE L, AL E A& v ) 2RI 5 5 Mo
ML EIZOWTIHESL Z L2 HIWE L7z T 7 — 78—k, FL.OHOWH &4
E DB 2/30%E, FLER AR O BHEF AT 5 L vbit, IOV TR KD,
FHIZ DWW TIE N KIIZET B0 Z O D SR A IZHHOBEE BT 5 &
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Figure 6 Mean amplitudes of P3 at each scalp site obtained for a combination
of the ratio of inner/outer circle's diameter and the judgement of large or small
response. Others are the same as in Figure 4.

RVTREAERADE Uiho, SO KA T 2 L vwbits, ZORIED» 53t~
DOEBBIRIZ B ZWMOISEEIESL XL, RIFZETIE, WA E2/3D R 2 S5 4 12
MoOBEREL N SE2H5, FEECERP % BUS L CHMET L7z, 43 - 2 (2009, 2010)
R Tt X2 & DRGSR AT o 724G R, I Z #3256t TLEAMH O 8 RARE T 2572
OoNLho7z (Figure2)o LA, TOFEMTFTIE—HL TOHHOBE/NMIERI RS L
XD Lo 2T REMEDURIBE S NIz L7725 T, TORMETTHELNAERP X, [
L2 S HADEHBFEIVE L CW A BIESHICBWTHELN b0 L EEz 61T, it
DHAPELTWIHEIIBITLbDEEZ N5,

A7 TIE, EELZESELTNL P2, BIXUPIDZSIZOWT, ZOIRIEE S
GL L7z TORE, N1 B LU PIETOERMECOWTIE, SO ERE, EEL—HEO
MEE, BIUWMEROLHEEHAOTNTIZBWTHE R RIVR SN2, P2IRIFIZOW
Tk, EEL—HWOMAEDOTEHRIIEELE RO L7000, HfroFTshEe, i
7 & EARL—HWOMETOXHENERANEE TH 72, LFTIX, INHORRIZOVWTE
2L TRz,

NLRIEIZ DWW, o ERE, BEEL—HFoOMEEOEME, BLIUOmMEROK
HEHOTRTHPEETH o720 PIMEDK RN S, HEAIZIZTTT YN Lho7z2/
3O LT, FzB LU Cz 2BV THOEFILHF O AT HE L CTHEIZZ DOIRIED
i L C\w7z (Figure 4) o ZOIRIBOEEEMIE, il EREHOLE) (Figure2) & X<
—HLTBY, L7zw>TNLIEEA, WHEMMENT 55T TORZOEBE—FT 51T
REMEAVR SN2V R 5o

F 72, P3IRIFIZOWVTE NLIRIRE [k, O FERER, EEL—HOMAEEDOERR
BLOMBEROLHNEHOTRTHFETH 720 LL, TAMEORFIL NLIRIE L &
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B, Cz, Pz, BLUOzOTRTOIFMIZBNT, 2/3(S) 120§ 2 Mol —HI kD
MAaE e L TORELRIRIROERA O Sz, $4bb, N1 TIEEIFEERA S HLER
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T5LDENZ D,
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DIRTIGT B W REVED S ], F7z IR SNz VW R b,

—J5, P2I1ZoWTIL, FALOFRIE LG L EEL—HEOMEE DK HENERIAE L
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N1 B X O P3IRIE & 13572 BN E 7R L Tz, P2IRIED SRR I3 2 R0l = B %k
EX BT BT ERRRLMEE LT, 49F - ik (2010) 2'H 575, 2 2 TIISMIA
PRT B LM TIIBIT LD SR EANOLEHEFIZ BT 5 ERP P S hTwiz, 20
A, A OIRIAE NN O KB ASE NN E AT L, ZHIUSHESH P2 RIR O 22 B E]h)
PREHIEREOES E L -T2 22 ENze LaL, KWL THS L7 P2 IRIE
DEFORRTF L, Figure 2 1A 5 NL7AFMMNE O LB BER & 1 X—FE3, P2 IRIFKIES
DL T TERIDAA S LR o 72

UEoZ s, WHDHENT 5580 T CldytHoBRRIEERE S, Lz > T o
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ERPIINI BIXUPIEIRTH LI R ENze vz b, L, ZOXIBERIZITEN
LR S, NI TIATEIR A 5 U 20T CTOIRIEAS, P3 TldHLERD & AR O R
A5, AR ERI RIS —B L Tz,
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DELBOEUF ILLUSION INVESTIGATED BY THE
EVENT RELATED POTENTIALS: BRAIN
RESPONSES UNDER A CONDITION OF REDUCING
THE SIZE OF INNER CIRCLE

Akira IMAIT

Department of Psychology, Faculty of Arts, Shinshu University
ABSTRACT

This study examined the event-related potentials (ERPs) under the condition that four
observers compared a single circle (comparison stimulus; visual angle: 1.0°) to outer circle of
a concentric circle (Delboeuf illusion figure; standard stimulus) and judged the apparent size
of the single circle to be large or small by a key pressing. The constant method was used,
and the inner circle was prepared for five kinds of diameter, constructing 2/3 (0.67°/1.0°,
1.0°/1.5%, 2/6 (0.33°/1.0.%), 2/12 (0.17°/1.0°), and 2/18 (0.11°/1.0°) of inner/outer ratios. The
ERPs were obtained at four scalp sites of Fz, Cz Pz and Oz. The outer circle was
underestimated for all of ratio conditions except for the 2/3 (1.0°/1.5°) of which condition the
outer circle was physically larger than the comparison stimulus, showing an occurrence of
assimilation process. Although several components of the ERPs were emerged under the
observation of Delboeuf illusion, the amplitudes of N1 at Fz and Cz, and those of P3 at Cz and
Pz were proportionally changed in accordance with the psychometric function produced by
the behavioral data. It is suggested that the N1 and P3 amplitudes may covary with the
process of assimilation when observer investigates Delboeuf illusion. Functional
significances of the N1 and P3 amplitudes are discussed along with the previous findings and

the present results.

Key words: geometrical-optical illusion, Delboeuf illusion, event-related potentials (ERPs), N1

amplitude, P3 amplitude
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