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Figure 1 Schematic illustration of stimulus presentation and its time course. The
first stimulus (concentric circle) is presented for S00 ms duration, which is followed
by the second stimulus of 150 ms duration. After the 1st and 2nd stimulus
presentations, a blank screen appears for 1000 ms. At the end of the blank screen, a
response by key pressing is prompted. The figure shows as an example of the
stimulus condition of 360° for inner circle.
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Figure 2 Psychometric functions obtained for a combination of length of inner
circle shown by the degree.
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Figure 3 Grand averaged wave forms of ERPs at each scalp site obtained for a
combination of length of inner circle shown by the degree.

P2 #RIE N1 3RIRE & AR, NWHEE—HROMAE DR XGOS 211728 2
5, WO FTRFE (F9=16.81, p<.01) OANPHEETH 72 (Figure 5)o FHEEZIT -
72 A, FzZIIBTBHIREIL Cz, PzB LU0z I2BT HIRIFIZIE L THEICERL TW»
7o F72, Cz & 0z LOMIZOHEENRD LN,



FHEYHEIZ L BT 7 — 7 OMEH5) 111

6
Fz
Cz
4 ==—=-Pz
— -0z
2 -
> p—
S ) —
~ 0 r \\ e \
51 ~
[a) NN .\\\
= N
52 N
S U R S
~ it
<4 —
-6
-8
360° 240° 180° 120° 20°

DEGREE OF INNER CIRCLE

Figure 4 Mean amplitudes of N1 component at each scalp site obtained for a
combination of length of inner circle shown by the degree. A vertical line of each
data point is a standard error of mean.
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Figure 5 Mean amplitudes of P2 component at each scalp site obtained for a
combination of length of inner circle shown by the degree. Others are the same as in
Figure 4.

P3HRIE N1 #RIE & FEkIC, NHEE—HIOMAEHbE X HVOGHGT2ITo72 8 2
5, WO FERE (F39=9.23, p<.01) OADPHFETH -7 (Figure 6)o FHRETIX, Fz
& Cz 2B BIRWED Oz 12 BT BIRIEIZHE L THEIZH R L Twiz,



112

12
Fz
""""" Cz
10 R
—_— . 0z
8 L
< — |
2 [ '\
a
S .
5 4 "" ______________
o - Ssao
= ’/’ ~~o
< ,| . 1
ol
. - — - —
0 = 1
-2
360° 240° 180° 120° 20°

DEGREE OF INNER CIRCLE

Figure 6 Mean amplitudes of P3 component at each scalp site obtained for a
combination of length of inner circle shown by the degree. Others are the same as in
Figure 4.

Z =

A7 T, AL - W HOBAZZERAEZICRKE VIR TH 5 7V 7 — 78112 oW,
ZOFELMREZTH L FEOCHONIINZOWTHE, HiEd 55t %#%E L TERP 2l
EL, F bE 3 &) RIS A ORI EIZ DOV TRRE L7z, TV 7 — 78
BE—#iz, FOHONH &S E OBEEEA2/308546, FALER R b BHE I ET L &
Wb, WAIZOWTIZE RS, ZREIC W T/ NS AET 2. 2 ORI
ZFEORLMONMZ25E L 220804 ICAMERZ A 85 L, AP KIZT
LR 5B R 2 IR L, RS THM AL & DFRAED S E 225 5 L HfE S 7z,
AFF - 2 (2009, 2010) R4 (2012, 2013) & [AlREZ: Tofse & 12 X ) MR 247 o 705 54
WHDSSEE R IRRET & 2 AL T TSN OB/NMIARD S, BHO T IV T — 7§
DEFIREM L A RAEREN SO N2 (Figure 2) 0 O FEOGHSEEL2S, NWHEER
BB ST L, HHOBABEIANE BT 5 L ISR ZIFEL L7228, #AH
WIEES RD o720 L72Ao T, TOEMTF TGS L7z ERPIEFE L (DA o8/NME) 2
SR (SHOBEKHR) ~NOEFGERIIEHIE L TB 5T, 49 (2013) L1387 285,
HZBWTEON-bDEEZ SN, oW Cld, EE4R ERP ST E LTNI, P2, B
P3 DIRIRE R G E Lze ZOFE, N1LIZOWTIE, WHEE—HEBOM IS HEDHE %
FRIEAFED SN2hS, P2 BLUPIIZOoWTIZWEN G, WHEE—HIOMALE DD
FRIZEEE S Doz TFTIR, ZOREIZOVTEEL THIZV,

N1IRIEIZ DWW Tk, WHEE—HIOMAE LD TR, B L OO EIEE



HERIHEEN I L B TN T — 7 OME5) 113

THho720 L L, WHEE—HKOMAEDLEDEFRIZOVWTOTFTHETIX, Loxt
WA EEL IO hh ol T2, AOERFETIE, OzIREA Fz B & U8 Cz DIRIEIC
R L CHEICHEAL W, ROHICHT 2 /213, WHPEEMO%E, SHH23IEE
IMRERTWZ2AY, WA E], S 512 L7220 TEAMUERIASE NS 2 b O 0k
NEBITELTESLT (Figure 2), xfHITELLh o728z b, NLIRIRIZZ OHEIZE
WT, HHEEOFEHMEIZIE L TEOIRIEL RS2 L8 % RE7-0 DD (Figure 4), HIM
FEEMMICBI 22223720 FTICRES Lo/ TOMT, NWHERBRICERIELS
JF (2013) LFEZLS>TEY, FULL S EANOBITOFEIFEROENE 725 LT hE
AR TE 5,

LA, TONHRIRIZOWTOMEAIE, N EZRL ICH/N S ELHEBIZOWTOME
(5, 2012) EHWL7ZRRE VR B ST, WIMIR2/3O LM O N ERE % 15 4
AR ST, LD R IEAOBATERZTRL S & L72ws, EBEORZ ELTE, 20
FTFTIE—EH LTI 280, 32 b b RELDIEE R ZED AN LTz,
ZOFGEE, ATEEHGRA S FGEIC 20T TO N1 IRIE, B X OFLLEEA 5 BHTEFRIZ 200 T P3
PRIEDS, KR L LB L Tz, bbb, WHASE, BT 2HBICBIT2
K7D N1 IRIEOZE) & —5§ AL E 2 SN b,

AFFEClE, NLIRIE S 13820 P2 BL U P3IRIBICOWTIE, WHEE—HBOMAE
DEOFERRIIERE LT OT, WS E DTN EMREOADIERE L > Tz, M
DZEBEATIE, P2 IRIFIZ360" 2 5 120" &fF £ TIEHAMEM A A SN E S DOD, 20" 54T
O LAWMAKL TS (Figure 5)o F72 P3IRIFIZEMHICTIHTSH ), NHBEEOLE 2L
C7-RIEDZALIZ L ) ABHfETH 5 (Figure 6) o LRE TR/ H 12, A Z FARICEREL
2AH (2013) TUEFAALD H3FHAORBAITOSHIEICRED 5L TB Y, Z OBITHEDH EHS
BROBEBVELLLLTWEEEbN S, 20—, WHEM/NSEZ45H (2012) T
P2 RIFIZ D W CIIAFMIER L &L OXFINIERD HNTBH T, P2IRIFEIZOWTOREDEH
i, TLAZZITH—HLTWDHEWVZ L, i, PIIRIEICOWTIESIH (2012) & &
A3 (2013) &b —HET, ARWIZE TIERMIERE L ORIGAFRD b b o7z,

PiEo 912, WHPGE SN, TOMBEENSE AN 550 F T s /4 Mo
Wz 0ZENE, FEAEOMERSFEDI B S LT 7z &3 1UE, RIFFE TRD 5172 N1 IRIE
DOHRPZOMIELBIHEST 2 Z EARIE SN D,

N E TOMIETIE, NIIRRILEREZOIRIE (Hillyard, Hink, Schwent, & Picton,
1973) THHIELREIREINTETVED, ZOMMABTIZBNTE "RADOER" 124
IIRMBOEEINAEL ) B 2 LA, 4 (2012, 2013) ERIBRIOR SNz D, LALE
Ao, WHZEIELLZEE, ARICBWTY, 249 (2012) 2BWwTd, —ELTH
L2 5RO HMELRBATEES RO 5T, Wz & L CIRbEfRElEICBES 35 &v )
FRPEONT WD, LA o, "ML OADPES T 254 “FMLExtt” &5
T2HE LTI, ERPEWTD 5D FVICERPET RN LD 5. RIFZEHE, B
U4 (2012, 2013) CTHBT A2 i, wWihd M LBERE" ORGAIYRENTWAZ L
ThHY, 2O L E—BLTHILTS ERP S, NIUIERIETHZE VWL, T4bL, [
{BIZ1E N1 IRIE DRI G- AVRIZ S L5 6



114

Pl X9z, KR r 6, WAPGE SN2 OMEENEMT 254 TTOT v
T — 78T, FLOADBENSE LTV EEZ SN, ZOLRMT TR N
IRIEDOG-AVRE S NTze —F7, TUT— 78TV 0D, ) v T AOM %
T o AA BS54 5 8@ T ERP U5 L7285 (49, 2011) Ti&, N1, P2, P3
DOV ILOIRIE S Z 2 TH O 7 AH 2 B S & O BRE 2 RIS ATFED LI TWir vy, L7z
Mo THRIE, TIVT— 78l ERP L OXFIBICOWTHELNZZNE TOMED, ML
ERILE VIS A MEDOEILOF THONTZSDHDD, HEH W, TN 7— 7§
HORBEATEDS G- L TW5E I EIZR L D0, FOMOERKIE L &M S+ 5
VBB S ) o

ft i
AWFFEDO—RIL, 20134F HALHSARETTNIRE (LHEERAT) IZBVWTRRSN,
5 A X #

BT (2008). SATEIYEEH OB ZRIZ DO W TO—ET —REN R BRI LT
[ 3O ER OG- 23E S e26— HdREMRFEERLE, 29, 157-163.
RS - FANRI= - REAE - FAR—3 - AUl - AEF - ST (2005). 4. AT
FAR O LER 2 L E R o0 (OEETOV)  fRIEES - P0G SRR

NS RT w7 RERFME, pp. 350-364.

AT - ILBHEIRR - SHE - mEE W - JDKER] - PRER - AEtAZ (2005). 3.1.1 #&AiT
AR BT 2RI Lot R - APl GERE) SR BTy o
FRF IS, pp. 164-176.

Goto, T., Uchiyama, 1., Imai, A., Takahashi, S., Hanari, T., Nakamura, S., & Kobari, H. (2007).
Assimilation and contrast in optical illusions. Japanese Psychological Research, 49, 33-44.

Hillyard, S. A., Hink, R. F., Schwent, V. L., & Picton, T. W. (1973). Electrical signs of selective attention in
the human brain. Science, 182, 177-180.

S (2011). FRAEEMIZL DY v TZADOKE SERORE BN RPN CFIBN SR 5w
8 NHISHARNR >, 45, 43-54

S (2012). FREEMICL 27V 7 — 7 SR OGS G)—N 25/ 3 % FHEIC B 1T 2 WiET
— AENIREFE AT AR i < AR TR >, 46, 19-31.

SIEE (2013). FREHEBEMIZ L 27NV 7 — 7R OB A3 555, B 2 &M B0y
BSMDIGEIZDNT—  FHIRFEACAE AR am e < AR TR >, 47, 39-51.
SIpE - RIEET (2009). FREAEEMICL LTV T — TEHOBE —FELBRICBIT Ao

IRENZDWT—  BIHRFE AR AR s < ARIE e AR >, 43, 39-51.

SIS (2010). HHRPIHEAMIZ XL BTV T — 7B OME 2 RIS BT B o

INEAZ DWW T—EHIRF ASCFEE A SCR s < AN RHE >, 44, 55-66.



HERIHEEN I L B TN T — 7 OME5) 115

DELBOEUF ILLUSION INVESTIGATED BY THE EVENT-RELATED
POTENTIALS: BRAIN RESPONSES UNDER A CONDITION OF SPLIT
AND REDUCED INNER CIRCLE

AKIRA IMAI

Department of Psychology, Faculty of Arts, Shinshu University

ABSTRACT

This study examined the event-related potentials (ERPs) obtained under the condition that four
participants compared a single circle (comparison stimulus; visual angle: 1.0°) to outer circle of a
concentric circle (Delboeuf illusion figure; standard stimulus) and judged of apparent size of the
single circle as large or small by a key pressing. The constant method was used, and the inner
circle was prepared for five kinds of circular length from 360° (complete circle) to reduced length
of 20° (1/18-circle), of which constructed five stimulus conditions of inner circle. The ERPs were
recorded at four scalp sites of Fz, Cz, Pz, and Oz while participants observed the illusion figure and
judged of the apparent size of the single circles. The outer circle was underestimated for the
conditions of 360°, and this tendency of underestimation was reducing along with decrease of
length of inner circle, but was not shifting into the overestimation, suggesting that the processes of
assimilation were appeared at all conditions. The amplitudes of N1, P2, and P3 components of
ERPs were examined, and only the amplitude of N1 was proportionally changed in response to the
psychometric function produced by the behavioral data. It is suggested that the amplitudes of the

N1 may covary with the processes of assimilation when observer investigates Delboeuf illusion.

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

amplitude, N2 amplitude, P3 amplitude
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