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Effects of display set size and its variability
on the event-related potentials during a visual search task

Makoto Miyatani?, Sumiko Sakata?

Abstract

This study investigated the effects of display set size and its variability on
the event-related potentials (ERPs) during a visual search task. In
Experiment 1, subjects were required to respond if a visual display, which
consisted of two, four, or six alphabets, contained one of two members of
memory set. In Experiment 2, subjects detected the change of the shape of a
fixation stimulus, which was surrounded by the same alphabets as in
Experiment 1. In the search task (Experiment 1), the increase of display set
size resulted in the negative shift of the ERPs between 320-640 ms after the
stimulus onset. This negative shift (visual search negativity) was almost the
same in amplitude over the whole scalp. The variability of the display set
size also affected the ERPs between 280-400 ms, so that the ERPs were more
negative when the display set size was constant, compared to when it changed
randomly within an experimental block. This effect of variability did not
interact with that of display set size, which suggested the search processes
reflected in the visual search negativity were not affected by a visuo-spatial
attention. In the non-search task (Experiment 2), the ERP changes caused by
display set size were limited to the occipital and posterior temporal regions,
smaller in amplitude, and later in latency than those in Experiment 1. These
results suggested that the visual search negativity might be composed of
several sub-components, which reflect the activity of sub-processes involved in
visual search processes.
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BN T 2 EBONLOR» S, FFEOREZF > bOZELLTH& 2,
MERRELITR, SHERRL X5 0HMNERZARS 20 TR I NFREN,
HERERERREHETDH S, TORETIE, O LOHBREIL, HHTREGL (Zh
EMEESR) 2—2UEREATH L), BB IEETORERSINSL T X MIEIZ
2VWT, FENOFES, ToMEBIZHTAHEZROONS, 7A PRIEUZIE, 1B
BSOS BHFERE) ZUNEEFNRTHREEE, ENEHERROmE S
FNTVELEND 5, BNLHETBORAIEZ 720, FERETiERITA L AL
TWiz)§2L, REOZETHREIC RS, REOES RIS K (RISEE %
RER) OEEZHANL L IE o T, HEHHRRIEIZET 5EFE - HiEERL
B RHINY - EERIED#E Y (Hoffman, 1979; Treisman & Gelade, 1980) %, H
Bhagke i & BIEEZE DK G (Schneider & Shiffrin, 1977; Shiffrin & Schneider,
1977) Z EBHAS NI INTE

BEERMEOFED—2 & LT, FRHATEN (eventrelated potentials, ERP)
BHWOLNTE 2, ERP &3, &H - W5 - S8 7% EOROTHALILIZHE b 2 1
BAEMORMIMNIEE CTHE L5 EILEM TH S (Hillyard & Kutas, 1983; HH, 1989)
EESE RFEMERIIBITZMIEHOBIEN ERP ICRITTRHELZHADL I LI
XoT, BUEE TIC, Wify, BIRMIER, EfRs, FIBGHE, ZeROHE, R
B EOLHEMBESIIHIETAEEZ LNEHE4D ERP o dithEshT& %
(Donchin, Karis, Bashore, Coles, & Gratton, 1986; Hillyard & Picton, 1987), tHE
FICET 9@ ERP ifE T, FEOESIE L P3b B & OB MAYT
LNz, —HEMIZIE, FRESHEEIC R S L P3b OFEFIXIER L (Ford, Roth, Mohs,
Hopkins, & Kopell, 1979; Kramer, Schneider, Fisk, & Donchin, 1986; Luck &
Hillyard, 1990; Van Dellen, Brookhuis, Mulder, Okita, & Mulder, 1985), IRIEILIRE
3% (Kramer et al, 1986; Miyatani & Maedo, 1994; Van Dellen et al., 1985) Z & %%
o TWhb,

HEEFHAE L XB$ 5 ERP K5 & LT, P3b Boofiiz, EHRBEWEENM
(search negativity) 73 %, Okita, Wijers, Mulder, & Mulder (1985) 1%, Z=fi;#R
ROVE R & BC B EETR (Sternberg, 1966) /A G HE /i E 2 ETHOHEERE NS
ERP Zii#k L7z, 5%, EBA2 0 e 75 REN2UATF O AR EIZT IV
77Ny PFEEERL, £5500AMEIIErHBT 7L, ATICE o
TI VT AITERT HHREITZ, EBo0—OFARISERSE, H61LD
HATERLFVZDONBIZERSNIGEICOARIE Sz, TOR, BHER
LZLFORKE, 1, 2, 4L2{sE, TN ERP O&{LEEIS L2, R
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ERAHE L € ORISR ERFRERT R OFREETAIC RIZTHE

L TRV ER SN2 T %5 ERP 1213, EHXFRICL 2E0WH7%
oA, FEBBHORBICHY A ERP T, HI## 300-700ms AKX M2, Cz
B L, BRI - TRIEW KT 2B 2 BEEMAI ML 72,
Okita et al. (1985) 1X, Z OBEMAFWIEEAOHHWIRE#ELZ KT 5B M TH
bEEZ, WRBEWEM LA

BHORTIERL, 77X MNP ORFESROKEZHEL LGS, Hilok
MEMAHIHAT %, Ritter, Simson, & Vaughan (1988) i, 5 BI—T—O)'}’)I/‘7 7Ny
FEM—FNCERL, HEEICE, TOXFEIPICEEREEIRTVENE) 2D
iz The7z, TO, BENRERENLITREEODHMEZ D H 2 LOWRE
WCHIS R, BNBLTXFHORRIZERENDIGE, EWPBmDOES 622
BRENZIGE, 5XFOEINIEREINDGEO 3 &MHMHT ERP ZHE LA
EZAh, HBEEEETMEIOWEIC, FEEMEIEZ 512 L7255 TRIEAHE K
L, &4 320ms THRRICZBBEEHEMZ RWZ L7, $72, Wijers, Okita,
Mulder, Mulder, Lorist, Poiesz, & Scheffers (1987) iZ, Okita et al. (1985) & {t\®
FIBECE (BHEAZHLE T2 EMIERED 4 BICFRE T 2R) R8T H
v, BERFICED b OB ED 2 IBICIER SEHAMHE, 4 MM
EXBL54MET, ERP 2R L7 ZO/RE, HEHLFOMMIZX 5T, Okita et
al. (1985) DFEFEEMEM & L K PBHEMPERTL I E 23HE L7,

A (1992) 1%, BERFREICBA2ENBOBRELFEEMVEROBRIELX, £
NENR L 2.0HERISEST L2 H 5 (Fisk & Rogers, 1991) Z & %1§
WL, MAEBUEMICB LT TENCFROMR L EEMNEROR R Z L 72,
FIEMOEIE & i3 BT OFRIE Ritter et al. (1988) & EEkE L, FERIZEMNOE
# 1(A),3(A.B, C.5(A, B, C D E) &L EE/, ZORE, ENEKOEMD,
EBMEROBMS, 7 A MBI 300450 ms X OERPHEIEDBEEF~D ¥
7rEbleb i, 825D, 2HEOMREEHE LSMORATRZ-TEY, &
HALEEOMIMI X 2% 7 P3RS L CERSMETEIEZICHIA L2012
L, BERERORIRIE, Cz Z2H.GICERRER TR S/, ERP OBE L4,
ERP BV THAS R ET 720D FI0Y) D—DTdH A (Coles, Gratton,
Kramer, & Miller, 1986; Sutton & Ruchkin, 1984), Ch oD &5, =44 (1992)

PHEBEETAI IS GRIER - RN WNEERESRICBN S b o (BREREL) &

Cz F‘%i‘ WHHLT 20 GREBIREZREM) o 2MlE DD, JiEIHTERNOZEMY
EFBELY, RRIIENEENOREEARE Y RILT 5 LE 27

PRE AL L BERR B2 X5 A28 LT, &4 (1992) 1%, B Lo
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DB NZZETF 72 L L, HNERENOHE Eomicon T, LN TLT
Lb—HLBRVEORTY RV, ERMERTIE 2L, 7AMIBIZEERS
HROZ Db DEWMSETHBIFRES L HEIEA R Oz v ) i
3% % (Miyatani & Maedo, 1994), —7, B4 (1992) EFWL-FRETH Y 2eh®
b, % A B C D E ICAETADOTIELL, HIRFTEIYIERUTH- 7
XENPHORFTIIENE DB LH)ICFEREZEET S L, f.LEB (Cz) TH
RUAER - HRERANEHED & AR ISR B L2 (B4 - 10 - 7RIE, 1994) o
Wijers et al. (1987) T, $IREEMIZZRIEL (Oz) TIRRDEREZRLZH DD,
RIBHED (Fz), 08B, BATHER (P2) ISHIL 0 L Tw7z, $72, Miyatani (1996) i1,
NFERFREL OISR CRIRREENAGDETERLLEICE, BAREE
OB Lot 0iiEmSs e 2, REREREME KU DT EHEL
TWah,

RGERENOHBOLE BV HREOUEIC L > TRAEB Z &1L, HERSIIMFEK
DOLEMERIIZIONTED, REOUHICL - T, €50 & HRHER
PEALTHIEEZRET L, LW o T, B LAz & MREEEMOtE %,
SFESFLRRATHARTNLLILICE ST, SEEEARICHMTIMAZEALZ L
NTELLEZOND, KL TIE, HIEREBEMIZOVTUTO 2 52 68REL
726

7, 7AMIBRICEETNAREUOEAY ERP ICRITTHEIIOWTHRE L7,
BARRBMICHET S ERP AIEDS Tid, MEE—we L3 %, HEME
WOWTIHRLRD (B4, 1992, 1994; Ritter et al, 1988), HHO—# % EHKD 7%
WA ZFIECE &2 5 (Wijers et al, 1987) T &2k o T, 7R Ml OHEE
FEHEBZBEL TS, —AT, THUEZ AWETIE, BETRHEEZEDD
DEBLEEL L%\ (FZ2 1, Treisman & Gormican, 1988). Miyatani &
Maedo (1994) &, ZRHEEOHMAS, & B AEROHM & FROBBHERELD
BMRELLLTILERLA, HOOFERTIX, M—RIATIZEREEIE—
ETHY, ERHEROMBIEIRIIETHEL TW5, KIFETIE, AITRIIAT
ERBEEELSIEGEIC, EOL) LRWERBMIUBIT L2025 2
EZH1OHME L7,

EZAT, BB EAITRIIATEAL S ¥ 2 0RF M THIET 2003, 2H
REZORBMERET 25, BERfEEE—EE L, »OoFHMOBREDFLIZTS
&, HEREIL, FMoOMMTANELZEICTINTE 5, —F, ZRHEEART
WTT Y AIZELT B E, RIBOKIZT TR, ZOMBULE S AHEMICZELT
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5ZLil%b, Do LOEMMEROIT LNALBICER SN, Th
VYA OBGITICBRENTZHEIC TR IERICUE S5 (Posner, Snyder, &
Davidson, 1980; Remington, & Pierce, 1984)o L 7:7%5 T, #ERHIZ L o THIE D
BERMENTFETRETHINE, P LDFOMEBIIEELZATAZLEIZL-T,
EEP X D ERIRAIATON B WSS H 5. Miyatani & Maedo (1994) 1%, #A1THR
FINTRIMOBE* BE L5 L B 3873560 ERP ZHEKL, 240-420 ms
BT, EEEMH® ERP BB EMAEHLI VDB THLI L 2HE LT,
AT, RPINTHBREEEET 54508, RIINTHIBEIIZT 525, 2t
DAFH B TROBITOREE L ZOMEITFMTE B 5M, B L UHIEES:
THANCELT 2502 EL, ERNBROELOM 28 ERP IZRITTHEC
DWTHHETSZEEFE2OEME L7

x &

B &

wiEE Hh BEHIZEL) OEFEREAIS (21-335%, BHE3 4, K
6%) A%, EEIICBML7. &8, GFFETHo7

REREHE FIEUIDOWT, RO I DOOEEEZBIEL/z. F1IZERICERT S
FTORT, 2, 4, FIZ6XFL L. $20ERE, ERXFROE/LLOLS
GRAME) THotzo BRLFHENRFINTIEI—ED FIX &, RFINTZ, 4, 6,
2, 4, 6, =WV AFTHAMICELT S ALT &, BLUOAHANIEILT S
RND %D 3 KX ZE Lz, 83 0EHEIE, 7A MIBICEN XTSI
MEHNT, BRI E RN D 2 EF:23H > 72,

FE A LUE O #ZB7NM77Xy b&HIEEL, ¥V 3D CRT LICE
RU7Tze XFEIZ, BHEpROEHE (+E, HATO7E X0.7E, BEHEEIH
90cm) ZHLETLREFISEMRBMZMEM LI, £0od.00K 2L ICREL
7oo XFEEH 2 OHE, BHAOERICIXFTO2ER L. XFHMF 4 DOGLEE
BREERLETRIEHRO 4BIC, TR 6 OBGEITIE, 6 XFBERHEHEE Y
DELTERBOELEETICAVDAEAATREZER TS L) ICXFEEREL
2o 1 XFEOKE S, 0TEX0TETH o7

7 A MR BRERR 2 300 ms, BRI (SOA) % 1,800-2200ms & LT, 1
FHNZ210E D7 A M HIEL A FITTER Lz, ERRIE O ME#ESRIZ30% (1375
HZ63:89T) & L7,

BE ARVNOEMC, ERXFELTTVZ 7Ry b 2XFET V7 ALRY,



WEREICRR L. HEREIE, TOBRBEREING TR MIRISEN X FREENT
WhE XL, BFETF—2MLTRE L. TEAZLTEL I DOIEM RN %KD
720

TIMEREGE%, HEESF 2T CORN% 1ms AL THE L. Y
FIFITHF LT 200-1,200 ms OENCF =25 S a L, FEEMRIEINIE LT
1,200 ms YINIZF — RIS Lo e R IERIE & L7z,

Fhig [RINOERMENIXFLERL, BEBRENFTIERA - 2R LL
DL, RFATE210TEEL 20 FIX £MTIX, BERXFRICHT S 34&M0%
hENIZDE, 1 RFIZFER L. ALT BX U RND &4ETi3, 1R5IMICHH
BICBIT 5% 3 &R (FXFREFOFEMNRITEIL2IMH) aFhTnio
T, 3RFITE630RITZIEM L 7zo BHMEDLFE U 3 RFNIMEHE L TIT o 720 SRYY
EXRFIOMIC, BYREREEEMERAL, HIMELEIEDLL T L, BLU FIX
FHEOZERIT LI, BI0RITOMEB 21T o7z, BAMEIZHT 540, BT FIX
FARIZ BT B BRCERSEO LR ORI, BERER THE L,

Bk DEeEE: R WALRIMEEE Hv, WHRERZEETHRE LT, Fz Cz
Pz, Oz, 01, 02, T5, T6 @ 8 #BiLA SRk % MM L7z & HICHBLET 2 & Tl
HREX (EOG), £ERBIMUR TKE EOG Zidk Lz, kL EOG i, Hidimd
JE¥E ¥ 005-30 Hz THIMEL (1A97A, NEC A F4 ANTAF LX), F—FlLa—
% (XR-50E, TEAC) Zit#k L7,

ERP O 44 HITLHET 100 ms A S5HEERHMEHE 1,000 ms DX OREH E EOG
¥ 7Y v 7 E¥E 100Hz T AD Zi#t L (DR-F1, TEAC), ¥ E/RiT 100 ms
XHEOFHEMER—RATA L LT, EFTICBTLE M 2RI L, RSB
FUOGMEBHFICWTRPOF v VAV T £100uV (OKFE EOG Tid, *£20uV)
PLEOBEMZRRSFL7-RAT bR &, FIBUCBS 2 &AMy L,

Pz Tk s hiz, ERRIEICHT 5 ERP #EFICoWT, HlE#E 300-1,000 ms

L7z FEERRIBCATT 5 ERP I20WT, FIBERESS 1,000ms QX%
40ms TEIZXY o TXBPFHEMZHM L. £RBOPHEMIH U THAL,
ERNTH, BIUHAMZERE T80 ELIMEOT BRI EEM L7z 2D
B, P - BOBROFESEHEBEICL 54 T T 2T —OHEREMOfER (Vasey &
Thayer, 1987) Z#iT 57212, RO L) aFhidgz b ol 3, HHELZER
ITiE (1,8, EBRITIX (1,5 & LTHEHRZHKLZ, ThTHETE Do
72354121, Greenhouse & Geisser @ ¢ THHEZMBIEL CTfafrz M L7,
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Z B IIZ1E Bonferroni D iEZ AV, AEZOFEQHINEZEIXS %E L
w R

RIS R85 ER MBI 2 ERIS O KSEH, ERfsicst$ s
MU (I R) F, BIUEEMRIBIIHT AL (74 —WVA - TT7—4) &
ZRMERNCK®D, Table 1 R L7z RIBFRRIZET 2 2R3 (3) x A
(3) DA HT DR, XFHOEFE (F (2, 16)=18377, p <.01) DANEFETH
D, XFEHHEZ 5T ECRHPR 2oz 2<4<6)0 IAERLE T+ — A -
TI—LRIIOWT, TNENEFPFLMEL 2%, RROTHGT21To72. WE
ELIIERXFHOTFMESHETHY (IR 1F (2, 16=4862, p <01, 7+—J)V
A TTI—AhIF (2 16=1769, p <01), IALT7+—NVA-TI—L1d, XFHK
EEHizHmL 2z (2<4<6),

Table 1 Effects of Display Set Size and Its Variability on Performance and ERP
Measures in a Visual Search Task

Stimulus condition (display set size and its variability)
Measures FIX ALT RND

2 4 6 2 4 6 2 4 6
Reaction time in | 543.4 | 6124 | 679.9 | 549.9 | 630.6 | 679.1 | 560.2 | 662.1 | 711.4
milliseconds (52.9) | (72.0) | (76.8) | (33.0) | (39.7) | (34.6) | (48.8) | (62.6) | (61.1)
2.3 6.0 | 184 3.2 791 162 27| 100 | 215
(37048 (121 ](22)| (5.0 |(80)](28 (62117
False alarm 0.3 0.9 1.2 0.4 0.7 2.2 04 0.9 1.9
percent (05)[(06)[(08|(06)[(08){(24)|(06)|(0.6)]|(22)
P3b latency in 563.3 | 645.6 | 698.9 | 561.1 | 652.2 | 728.9 | 530.0 | 595.6 | 681.1
milliseconds (71.6) |(121.2)[(109.3)| (54.2) ((110.8) |(118.0)| (75.3) | (49.5) | (77.4)
P3b amplitude in 151 127 | 125 | 135 | 144 | 124 | 151 124 | 11.7
micro volts (63)(63){(571(6.9 |(49|(6.0)}(47]|(36)]|(52)
Note. Values in parentheses represent SDs. Display set size was constant (FIX), regularly
changed (ALT), or randomly changed (RND) in an experimental block. The P3bs

were identified in ERPs at Pz to target stimuli.

Miss percent

ZHRIAICHT T2 ERP Pz Ttk S N-ZERHENIxT 3% ERP 2% Figure
1 ISR L7z BAMEICHT A EBIEIAIILTH S, BHEE T, FEAZMREIC
%% ERP (Figure 2) &N, w84 350 ms 19342 5 K & fatEEAL (P3b) 2%
BT 20088 TH 5. P3b B KTH S Pz IZOWT, P3b THHEOFR &R
P2 3T LT Table 1 (2R L7zo BRI < BAIED 5-HHT %2 FEht L 724628,
R (F (2, 16) =24.11, p <.01) 2DV T HIRIEE (F (2, 16)=6.35, p <.01) IZ2WVTH
NFEBRDENRDPAETHDolzo XFEMPHZ B IZEHRIZERL (2<4<6), ik
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Figure 1. Grand averaged target-ERPs at Pz in a visual search task. The ERPs to the
2-, 4-, or 6-item stimulus are superimposed. Each waveform was averaged
across three consintency conditions.

ML IREE (2=4,2>6,4=6) L7

FIZRFEICIT TS ERP  JHZRHIEIC+ % ERP RS FHEEL2, 2
AL FEHEHBECRET 5 M52, Figures 2, 3 ICRL7z. ShoZRAE, 3
R ERP ik, EP#HED Fz, Cz, Pz &, FOMOIMTIIRSE L 5T
%o EFMETIE, FFHEMES 140ms [CTHSAZ 0B (N140) &, #
200 ms (ZTHM % D OB (P200) ASHTHH - OSRICESICHIT %, T, &
fF 350 ms Fif&IZ Cz THRAIZZR H2BMHE (N350) 2SHBIL, & SI2HuL - BHTHFER
TEBLZLRIZONLHERT B EFNITH . %I - BEMEIHRTIE, £HICE-T
S AREEN R 555, HIBER 100 ms 2 S/ RFEMER (P140) 25 b, Fhic
BV TiERE 200 ms AIE CIAAUSE T A BMH (N200) 2SHH$ 528, Z0#, Cz
R Pz TBEIN LI LHBEFIANDIVIRIZLEALRD LR,

Figure 2 #8835 &, JEEEM ERP ICRIZTERLEROEIE, 3 O0EH
HWCHHELTWAELIIIRZS, ROBRCHBTA20IE, % - HBMETELED
B 80-140 ms DRMT, 2 XFHEMICHAT4, 6 XLFHEMAED ERP &L Y Bk
THDHIETHAbo RiZ, HU L - HERMFERHRIZ DR 160-220 ms X[ T,
6 LFEFEMOWIHIMD 2 50450 BRETH D, 6312, HIF 320ms FiE»S
DAREIE, 28 TERIFHIS WIZE ERP BEEFAIIERTWS, Z O
&, B - BB TN X E ORE E THRET 525 Fz Cz Pz TiE, &
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Figure 2. Grand averaged nontarget-ERPs in a visual search task. The ERPs to the 2-,
4-, or 6-item stimulus are superimposed. Each waveform was averaged across
three consintency conditions.

700ms T2 XF5&EMOEEI MO 2 ERERIL, FhURRLBEEICILE S, £
7z, Figure 3 THIMEORE M2 &, 3, HIH - HITFMEEED N200 IRIFEA,
FIX & X D3 ALT, RND &4 TKRKEZwvw, T/, EF#H LM T,
300-500 ms X TFIX&M4DWIEI D 2 &4 X ) M TH 545, 600 ms LA
ZEhps¥En L, FIX £H0OBEEMMIO2ER LD LHETH %,

P bto#igd, REFHEMICET M 8) x BR3F# 3) x#HAtE 3o
TG THEPDO2. 2B, ZROFEAN 2 FATTAHIEILEEIL4TTI LT —
DA <2®12, 320 ms BBFEOHHERHORWEAEEIIOWTIE, 2 KB
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VARIABILITY OF DISPLAY SET SIZE
le _ ALT ................. RND

34V Jlf 100ms

Figure 3. Grand averaged nontarget-ERPs in a visual search task. The ERPs for three
consintency conditions were superimposed. Display set size was constant (FIX),
changed regularly (ALT), or changed randomly (RND) in a block. Each waveform
was averaged across three display set size conditions.

EFHERBLTCHEREZRVBBONLGEEDOAZIY LTz, BRIFHOERRI,
160-280 ms & 320-640ms DX THETH o720 2D H, 160-200 ms XfH
(F (2, 16)=4.30, £=0.95, p <.05) Tid, XFBXVBUOKE/ERDAETHY (F
(2, 16)=3.81, £=0.14, p <.05), Oz O1, 02, T6 DEHNT, 6L FERGDITEH LD
25 L ) LBREETH o7, 200-280 ms X[ (200-240: F (2, 16)=5.42, p <.05;
240-280: F (2,16)=4.00, £=091, p <.05) Tid, 4 XFWHA 2 XFHEFEI D DEE
WCEHET® o720 6XXFWHRTEDOPH TR 2 FfF & OMICHEEERE R P72
320-640 ms X[ (320-360: F (2,16)=4.93, £=0.69, p <.05; 360—400: F (2,16)=4.34,



ERREE L € ORI R ERRRERT P ORRBLEEMICRIZTEE

£=0.72, p <.05; 400-600: Fs (2.16)>9.09, p <.05; 600-640: F (2,16)=4.67, £=0.625, p
<.05) Tk, XFED %L 2513L ERP 3L 7 o 72, 440-600 ms XT3,
6 XFEWH L 4 LFETEHT 2 XFRBICHRTEETH o2 TOMDXITIZ6
MFWHR 2 XFREELVEETH Y, 4 XFEBIIZOFRMT, MO EOM
WEEBEEE o720

EBEALORAEDORIRIL, 280400 ms KR (280-320: F (2, 16)=4.15, £=0.99
p <.05; 320-360: F (2,16)=8.45, p <.05; 360-400: F (2,16)=4.93, £=0.69, p <.05) TH
HTholzo FIX LU0 RND £HOWRE LY BEETH 72, ALT S
BT EDOHRT, MOFEHLOMICEELRE TR o7z, T2, HAMEXIHALO
RHAEBA 160-240 ms KB THE (160-200: F (14, 112)=3.94, £=0.26, p <.05;
200-240: F (14, 112)=3.29, £=0.23, p <.05) TH - 7z, 160-200 ms Tlt T6 & 02 T,
200-240 ms RHITix 02 IZBWCTHAIMOMREIEFERZTH Y, ALT HEIT FIX
BKELY BBETH o7, RND EREHEOHFM T, tofhl oMichExE
oz,
% =

EBRI T, 7AMURICETINLXFHEOE L, ZORAESHERRRE
FATRED ERP IZRIFTRBIZOWTHE Lz, RIS LRGSR B XU P3b OTE

’fﬂ—%%ﬁ,é &, K%ﬁﬁ‘iﬁhﬂﬁ‘é iz E%ﬁ‘éﬁﬁﬁflﬂ%ﬁ 127 b , ERIZOLERIEEHEE

(Miyatani & Maedo, 1994; Van Dellen et al, 1985) ‘;tf( LTwh,

160200 ms X TH SNz, 7% - HIEHRFERIIBIT 2 BRXTRORRIT,
BIRXFPLVITE N200 KA OIRESHEML 722 & 2R $. EBRITIIBWTIL,
ERNFEPE R LE4TIE, JIOWHED Rz o Tz, TORGHEERIE
KHEODLDTHLHI L L, BRXFEBXIMOXEHAVPEET, XFROBE
FE—RFAEFIOECZEER L REASENICHBALTWwA I L Z2E 25 L, ZOF
R OF&RMEE, LENEROECTIERL, MMEBEOEVERBLTWwS LR
bhb,

200-280 ms X TiX, N200 MOEBERLFEA 4 DL SITRARELRLTS
D, 160-200ms X[J& i, ROHENTI R L o7z, Figure 2 ZHBE, 4XF
ZMEOWIIE, P10 ICHL T 6 XFWREEZ Y, N200 IZBL T, 2345
fFEHM L TWwWA, Miyatani & Maedo (1994) (2 X i, ZoFERHFOREER, B
NXERIZTTRL, ZOREOREDLZITENT S, EBI CRERXTES
RhrbZORELRZ-TEY, IO 200 RAPEAMICHELTWELE
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Abhd,

160-240 ms X Tix, HAIMEXBEOKAEIERPAE TH o 72, Figure 3 R
5L, TOXEMERMIE, HBER - BHATEO N200 1@, FIX &HFTRL /NS
WIEDPRETHZ DT h 5. o 2 FMTl, FIEMBDBETILIERT S
DT, FORRMNELRITILIIELBEDIHS, FIX £ETEXFEIERMTRAL
WEICER SN L2 o T, TORFICHETH2MBEHIFHICRKTHI LI
2V, TORGHORET N200 RIFFIRELZbDOLBbhb,

B 320 ms PIREO BRIXFENERZ, —BL TXFHDP LI EEESLVE
HTHLAHATHONTE Y, WMIFHFEL, £EEOBLAE T LEZ T, HiL
FHRBHECBI 2 HEETROBIC L - TEHT 2 HNEZREN (B8, 1992;
Miyatani & Maedo, 1994; E#&f, 1994) THB ELEzZ 6N b, BERXFROER
EPRFON-EXEICBNT, L OREEH, BIUHANLE ORZEIERIZE
DENLIolze 2D EIX, BN TIERIEZARBOSGEI BRI L ERT,
Thbb, EEITIE, B4 (1992) % Miyatani & Maedo (1994) L3840, #
FIRZF B OBIALE - BIHESEMEIBE I, Fik Le&RICFAREORSE
BRI WwR b, F72, BRXEROBRAMEE, HNEREMNZOLDIZIEE
52 ol vwi b,

280-400 ms XEZ BT 2 HAERRIE, MOBERNE OXKEEMIZE L, FIX &
BOWEIMD 2 &t ) BEUTHHILZRLE, Zhid, BERIXFERTIEE
, FOREO—EMDEEEF7 Mivatani & Maedo (1994) DR & FHETH
72, Okita et al. (1985) i, FIFAVER LAMBICERSNAEEITIE, BTN
ERABICER SN AIZHSN, Fz BXU Cz @ N350 ok T s L%
RW7Z2U7z #ioid, N350 & Znushd Bt a7, SR S i3 % EE
DBEEWEHETABEEZ MY 5 LHH L TWE, LRI OBAERIRIZ, 13132
MY T 2 ERH CTRONTYV S, FIX &4 TRIBMEREND H» Ldbd
2> TW2DT, ZHWLZEROTHREEIZEIIITbNI, N350 K45 DOIRMEEN %
H7o LIRS D 5,

EZAT, VI T 300ms AIEMEOERTFRESAEOEL, HE
BRI PDLZOHBREEESTTERZLTEL, LaL, ERITIIERX
FROZAIIFBICHEGRED B Z Lo TV D, O HFOXFEEMER, X
DR OLEMBEICHRTREL, MHBEOEVOATHATAZ LIIHLVE
EZ2oNBH, EERITEOREHENIDI,
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® B I

FER I CHEINEBERTLFEEB L 20 LOBANEORNEL, FIEOWIEL
MHEIZL 2D 0D, EEFEIZOLPDBLBENBEOLEZL S D 002 i3 5
72012, EBRIZEML. BRI TIE, BRI EABOHEEZERLADS, #HE
X, BEREINLZXFIFENL, BEALSOBOE{LE RN T AE 21T 72
A & . ,

wWERE Bl BEBNIZEL) DIEF%20-250KA 64 (B34, i
3%) BEBEL L, FON1RIE, EFRICIBML TV, £EVFLFRE
Tho7 :

FE UToREZRWT, ZEBRI LFAKTH -7, ENRAITTIE, XFERLE
RELZ, SERAD07E X07TEDOIEFRIZEL L2, XFAHA S L FKIZ, B
b +IZR o7,

BE HEEOREL, BHEOEE+ROERRIEDLoL, TELETHRE
CHAFTAA v FE2MLTIRIDTAIELETH o7

FEEE WREICIE, BERRIIONC, BRENAXTORNET LI L,
FOEALDOHTT, BIUERSIIEHELBEMETHL L2 AS 2, 208TH]
BOBEE, RRTEER L. RTFRERTI, SMEmERE 0RO
i, EBILFEILTho7
w B

RIGEB EBREERE FLEMHICBY2ESEICHME, IAEBIT7+—NVX -
7 I — LAHEOEYMEEIEEFEE%E, Table 2 I L7. RICFMZEZ R % L, FIX &
f£& RND &4Tid, BERXFERICE 2RISR OEWIZ/NEZ WA, ALT &4T
X, BRXFEIPLVEERISHEMPEL 2o TWwad, ERNFHXEEHEDS
A OER, AEZENHRILL, ZREEHAYEE (F 4, 200=3.96, =057, p
<.05) Thoto THNMEDHERE, ALT £HFTIIHBHEOBMEREIFE (F
(2,10)=1341, p <.05) THotzo I AFIE, BRIFHROZHEMN L HEIIRD S
Nz, I AFORFEIREIZ OV TRIGERH & RO 2170 2R, 2
DDEHE, REEAEDIIEETEDPos 74—VA - TI—5FIE, MKT
$07%ThHYH, IAFEMEE, ERIFHROZEIRDOONGNPo72, FHCEoT
X, BRIEZ LEBREREL WD 20T, HEtoiridird@tichsr L&z,
ElLeh o7

EWRIEICX TS ERP Pz TSN -ENHIEIIx 3% ERP % Figure 4
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Table 2 Effects of Display Set Size and Its Variability on Performance and ERP
Measures in a Non-Search Task

Stimulus condition (display set size and its variability)
Measures FIX ALT RND

2 4 6 2 4 6 2 4 6
Reaction time in | 358.2 | 365.3 | 361.2 | 370.3 | 359.8 | 349.8 | 358.8 | 357.2 | 365.7
milliseconds (47.7) | (41.9) | (46.6) | (42.2) | (41.1) | (34.0) | (31.0) | (31.0) | (44.1)
1.1 2.1 1.1 1.3 1.1 1.9 11 0.8 0.8
(18 [(15)|(18) (1D ]|(12)|(28) (08 |(12)](0.8)
False alarm 0.0 0.2 0.1 0.2 0.0 0.7 0.4 0.6 0.4
percent (00003 ](03)|(03)](00](07](05 |07 (04)
P3b latency in 371.7 | 401.7 | 408.3 | 411.7 | 401.7 | 416.7 | 413.3 | 431.7 | 420.0
milliseconds (35.4) | (12.1) | (22.7) | (54.6) | (59.3) | (80.6) | (42.3) | (83.6) | (52.9)
P3b amplitude in 17.0 15.9 15.8 141 17.3 18.6 1511 17.5 16.9
micro volts (52)[(73)[(55)[(61)](53)[(66)]|(61)|(75)|(171)
Note. Values in parentheses represent SDs. FIX, ALT, and RND represent the same as in

Table 1. The P3bs were identified in ERPs at Pz to target stimuli.

Miss percent

DISPLAY SET SIZE -

——— ) —4 sencceccce§

Figure 4. Grand averaged target-ERPs at Pz in a non-search task. The ERPs to the 2-,
4-, or 6-item stimulus are superimposed. Each waveform was averaged across
three consintency conditions.

WCRT . FEERT LB, P3b HEOFKLIRIEZEH LT Table 2 IR L7, 25
LFEH < BAEDO SR 2 ER L 72 &F, REEDICHEELRIHEIXREEH
LN o7,



BRI L 2 0RAEDPBERRRERT P OBRMEEMIZRITTHE

FEAZERMRIBICH T2 ERP  FERMHIBICH 35 ERP OfRMEFHELE, B
RIERERBIEICE T 5 &M4501C, Figures 5, 6 IR L7o ERIDER
(Figures 2, 3) L 3 &, IEA#R IO N140 25K & £, BREFHO P140 i3/ &
Vo T/, ERICHRIE - HEMELO N200 RIEIE, EBRIOFI/NS W, 72720,
T6Tid, ZOMBRIFHIELTWA, T, HEE 200 ms DIREICHEER T 0TI
AoV HUBEEFHILTw20dh, ERIOEROHFETH 2, BRXF
BB 5402 (Figure 5) 1%, WIS 2 AP HBEBICHEBLTEY, ERI
(Figure 2) \ZHARTIRIEE D /NS, F/2, HAMOREIZ, EBRITIE, 3EA

DISPLAY SET SIZE
2 _ 4 ................. 6

34V L 100ms

Figure 5. Grand averaged nontarget-ERPs in a non-search task. The ERPs to the 2-, 4-,
or 6-item stimulus are superimposed. Each waveform was averaged across
three consintency conditions.
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VARIABILITY OF DISPLAY SET SIZE
FIX

3 L 100ms

Figure 6. Grand averaged nontarget-ERPs in a non-search task. The ERPs for three
consintency conditions were superimposed. FIX, ALT, and RND represent
the same as in the Figure 3. Each waveform was averaged across three

display set size conditions.
EBIBRTE RV,

FEBRT Lk, 40ms TEORXBFEHEMIZOWT, B X BRICFE < HANE
DA MEERLIEZ D, ROXH kol 80-120ms K TXFEHNER)
F (F (2, 10)=6.47, £=0.89, p <.05) & &7 X XFEHOKXEMEM (F (14, 70)=3.10,
£=0.25, p <.05) BEETH o720 Oz T5, T6, 01, 02 IZBWT, 4 XFE&EMHL 6
FERBDOWETH, 2 XFLEBOBEFB LI VBN TH o772, 120-160ms (F (14,
70)=4.12, =021, p <.05) & 160-200 ms (F (14, 70)=5.72, £=0.21, p <.01) XK TH
WAL X BRXFHOREVERPEETH 2725, BN LFROSEEZ AL
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A, LOWMUTOIAEBELXTFEHRIBON2h o,

BB 520-640 ms (520-560: F (2, 10)=6.38, £=0.70, p <.05; 560-640: Fs>6.38) &
760-920 ms (760-800: F (2, 10)=5.09, £=0.84, p <.05; 800-840: F (2, 10)=5.32, £=0.98,
p <.05; 840-920: Fs>740) DX TERXFHOEREDS, #HR 360-720ms &
760-840 ms DX (440-560: Fs>6.63; ZDMMDRXIL TR T ¢ TEHEZMBIEL
THIKT L7z F HORRIIAMWT S) THM X XFROREEAPEETH - 72
CHOHDOXBETEHMIMNIERIFROBRE G L7z A, 02,01, 02 TidiFE
AEDXRET, T5 T6 E—HMOXBTXFROMENFETHY, 4XFBIT
6 SLFSMD ERP 252 XFEMGL Y bRETH o7z, EB T OIFEMEILTII,
BAEICE T2 ERROREERDAE TR P 272
Z B

FEERTTIE, EBRI &IIZECHMZ VRS, HEBREICIIHERN R EEY
RL, BERXFEEZOBAMEITEHRE L ERP ICRITTHEIIOWTHE L7,
FOGHER « BA%5 - P3b 15 - RIBDIT L A ETRTICBNT, BRYFHOAE
RRIRIE, Bohhdh ol H—oFsE, ALT &40 KISKR2S, BERCFH
WENNIEFL o/l b ThAH, ZOHHIZL S bR ORVE, $IROHLIS
NEBI L FEOHATHL I Lh s, EERIOREFHEREREL IRL 2
BEEHF - TWDHEV) ZEHNTE L,

RBOEERORSICBVTH, EEBI LI TERMEBEOMEOH bR AR
o TWwWize Tbb, Pl40 BHOIWBIZOWVTIZIERT OATHEREREMHEN
Foh, N200 KA ORIBICOWTIIERE I OATHERIEMFON, L2 A
7%, Figure 2 & Figure 5 # RIS L, FUEORE ERHEINEEEZDFEIC
ML TIREBRMTEVYED LD, £AEEOFANIOWTIE, 2200FEETLIMUT
WAHI EWbhD, T3, HEH - HBEMEIEO P140 WED 2 XTHRFELD D 4,
6 XFE&MTREWVEMIX, Figure 2 THEOOHN L, FAHIZ, 6 XFEEMAD
N200 RIEA 2 XFEMF LD b REVE W) BHIE, Figure 5 TbADLND, £
BRILITIE, BEAEMUMMEES TRV ED, FERBETHLIEIEWVD
BEOOMIZY, HBREOEMMEROMITAPELZEBbIhE, EEBRI T, X
FOMBTAVEIER T A7 O EMMERE 2% D IAHEHICHIL Thzoic
U, EEBITIE, SHAICOKEE LTWRISREEIIZRITTE 2, EBRIOWER
FIWE, EBRIICBMLBESML Do 2B AP VDT, ety i
LT, P140 ® N200 ORIBZOD DO ERBTREL LHICAZS
(P140 3BT < T, N200 ZERI >N, 727°L T6 TOAREERI & I DORFRA
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BEELTEY, TOHETIIC 2SR 28D, IO MEED, BT
OYEABFEIZTTIE R, FEOL ) 2O0HEMNARICL ZEERTWE I E 2R
3%, R/, THhoDEBRKG OIRIEE £ ORBRLFEIRICIZ, ORWO,
QR OEE, @ZEMIEED 3 DOERVPHEIFIEH TV EFEZ 6N,
FE T TlX, 280-400ms XM THSNABAUEOES, EBRI TIIBIETE
e orze T6 % 02 THREMIZHE SN 160-240 ms KB 0 BHMERIF 1L,
Figure 6 TL DO TMIHBETE L, LI A, FRUKBOERTIZOWVWTIL,
Figure 3 TIZBBIZR 615 Fz, Cz 1§74 N350 2%, EBMITIRIIEALHEDS
N, ThHSORED, EBRIICBW CIEBREOEEIRHAIZER LTS,
B O FERIBIIXIFEA LR, EIN T W EXFERTH S ), N200 2B
SHAMRR DL, BESH COEBITEINISHO L) AR ERRAPEET ST
HHHN, FNAERP LICKBENBIFERESHBTANE S 2L, EEOR
FEVHLHEHNERIEEINLON S Ltk
RORREMIL, FRITH O TBEI NN, UTORTHERI &k
RpoTwiz, 7, ERITIE, &R TIZE A LFHRIEOREEMAMF LN
A%, HEERI T, WMBEMAHRIE - RBAEENCIRE Sz, 21, WBRKE
RHEERT Tid 320ms THo7zDIH L, EBMOTIIZENREIDEL, 520ms TH
o7ze B3I, EBRIIIBIZLEMEET, ERIICERTHED NS D27
Miyatani & Maedo (1994) T3, ARHZEDOFEERT & MO B TIT - - IHEREE
BV, FEEB»20ORFLD 4 DD ERP X VEBEETHLEVIBEREIED
NTw5s, ERFREICBITIEEEQOFERAE LTiE, BEIMOERIC &L 52H
FIERO BB, 72 MVIBOHEEICHET2BMOEGEZENEZOND
A, BRI EZHRETMTICRS o2 BRI v,

3 & &

AW T, EFEBEEIERFRPEOW AT, 7A MIBICEF a8 L,
AITRIIN TOMBEDOELDH T AT ERP I RIETEEICODWTHAR, Z0H#
B, OEERHOHKIEL P140, N200 B, SO, fMomRE, B L O0EH
HREBE DN OB % 7z, £z, FIBBELOBBMEI X o TRIMASFE A #E
KR BEBLTERENZ DL HART D, TR S ORI ICHE L,
QOEHRMEIIBVT, BRXFHOMIME D SRR T ORWIFHERARD 5
7oo TOB/MEAIE, XFEBECOBRNEOEELZ T ol T/, HE EE
ARTIIZFEREORIBEMAR S Nz, WWRREAAS, XFHELOBAMEDE
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BT eholzl i, HIBNOBEEROREAIEIL, ZHNEEOVELY
ZURVOHBARETH AL Z LAHRNTE 5, QFFERFEICBNTEH, BB
BRE SN, FEEDPSh o7l BRNEBOEMIIE) ERP oBE®EY 7 b
MDD b,

ARV DD RS 5, PMREEMIZL, BEOTHEG THEINT
Wb EHIitBbnb, Figure 2 DA R S &, Cz ® Pz O TIX, 700ms
720 T2 XLFFEMOWHAIMMD 2 FHEOEBLELZX L TWEOIIH L, % - %5
MIBAERBE I TIE, FRBOLNL Vv, T, Cz R Pz TALNLEHENH
HIERBMICL B TR, Cz BHICHBT A2IEN P3 OBEEVIZLLDDT
Hrrohrb Lk, LAaL, 2XFEEMAFEFD P3 REVEIZD/NEWV Fz T
b, Cz ® Pz LIBEFABEEOFHENIHIALTVEZLE2ERZLL, TROLOH
MOEHEETRT P3IREICLADDLEEZIZ( v, THEHETSHE, 300ms
2 O MBS A2 HMWBRENMNIE, ZOFEHRS L RERSTIIHENRLY, 2
DOBEMPFRHIC—HEL ) Go THIL TV A7, # 100ms Fke T 5 &
ICRZBDDH L, F7:, FEHRFERETHER 520 ms IRICREN 22
RXFEONRP R ONTZ L, FRERE BT HHUNREERLD, FERBEDOL
THHTHEMEE, FERFRETO BHTLBMNECOEH TS 2 WHEHE 2R
3 5%,

HERZAREIL, BEOHEEOTABRIIZZAON, HMEREMIZ, +nb
TR OES 2 KT 2 HBOTHNRGSOEGHTHLLEZONSL, TNEND
THAROCHEE HRPHENRRIE, REOREOLT P REVR, HEREORATS
FEEDENIZ L > TELL, ZhICE L) THRSOIbNEDOE D, HHE
REBMOFE ESAIHEMT—HLEVWIEDERETHA 9. ThEDESTES
BEL, FRZRPRMT Z20BMBRLHELAIIL T LT, HEREELXZ
HUOHBEIIOWTHLPIILTWL 2 TE 5 EHIfFTE %,
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