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Event-related brain potentials in a letter search task combined with selection by color

Makoto Miyatani

This study investigated the effects of display load on the event-related brain potentials (ERPs)
in two different visual letter search tasks. ERPs were recorded from eight normal adult
participants, when they were required to judge if a horizontal array of six colored (red or green)
alphabets contained target letters. Memory set always consisted of two alphabets. In one task,
participants were required to respond to the test stimulus containing a target letter regardless of
its color. In another task, a response was made only when the test stimulus containing a target
letter was presented in a previously defined color. In both tasks, display load was manipulated by
the instruction on the position in an array where a target would appear. In a simple search task,
the increase of display load caused the negative shift of ERPs between 300—600 ms post-stimulus.
This negativity was dominant over central, parietal, and posterior temporal scalp. In a search task
combined with selection by color, display load also resulted in the enhancement of the negativity,
but its latency and topography differed from those in a simple search task. Negative shifts
appeared about 400 ms after stimulus onset, and had a more frontal and central distribution.
Topographic differences of these negativities between two tasks suggest that at least two different
systems are involved in visual search fasks, and that the functional organization of these systems
could change according to the task requirement. In discussion, a tentative linkage between these
ERP changes and two slave systems of working memory was proposed.

Key Words: Visual search, Event-related brain potential, Display load, Working memory
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? ERP 1, REHFEH (BHELTIFFIOHREIC
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POBREFEICY 7 N LIED, TOEIEEI VR
BT s, COBREAEWSE (Llk, EEMICSNE,
Search Negativity & FER) DOHEPE EAFIIMEETE

0 (DVEREED & BIEEERIC T TRE % SN
AHBE L, POEBRRIEREO ERP I2iEH T ) LT
TWwETHHME (EF, 1992 ; Ritter, Simson, &
Vaughan, 1988), (2)F.0:#8C % (REER & FFEBED SN
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1998) 7°H 5,
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BP9 ABFFETIE, LED2)ELB)DENEZELY EIT
5,

EAM (1994) LEAS (1998) RH#ET AL, SN
BOWEIEA Cz THRAKL 22 EIR L TH 52, FiE
TRETEE (F2) KIREBLALVERSGEIBELL
VORI L, HEO SN HIZEER (P2) L9 Fz
TREV, 200FEOFHRETRIKREGEI DL
EAME (1994) Tk, BEMACTEREE (FIZEB
LXPEER) RERLTWADICT L. ED (1998)
DEEIT, ENPLFEOBLEBOHEAELEICLST
FRIXNTVSE (FVBEX) HThb, EHDOEE
FiEid, RERFREORTRFCHETIERO—
DTHb, BlZIE, ZWEFFERH, BRESDHNA
% CE—ORBEINFHIZT TRATE AEEFTIE, B
BRI IIHEATOZE LRI 2\, L ITHDN
EH BRI OHEA D TER SN EHTIE,
HEEMIPIKREVWIZICENRERERIERT S
(Treisman & Gelade, 1980). AHFgRIE, BHLXFE
BEREnEE L IR LA S LY E AW EREE
LT, SNEOHEE ES/IBRLENE) R, B—
HERETHRETAILZEIOENE L,

EAMM (1994) REL (1998) T, 7T 7Ny
k5 XFEDT A MHEER T, FRO 1 XFEDAK
EESEREM (PLE&MH). MiED 2 XFIEE &
D&M (P24, BEUETOXFIEE s 24544
(P5 §f) MERP #HE LT3, LA L, ZOFE
72&. Pl &fF& P2, P5 &fTlE, BESROHL
FERC, EHEROHBMISRL2 o THY ., £HHMD
ERP MDE WA, ZDEH 5% KELL TWA DA
FETR\, FITABIETIE, TIVT 7Ry b 6XF
EHE—FICER-DDEF A MREE L, REENE
e LT, hRO2XFICER (C2). MWD 2 3LFEI
EH (P2), BLU6XFETRTCWEE (P6). 3%
BEEE L, C2—P2 £HEOLBTEHWEREDNE
FORR%E, P2—P6 £HOLBTERNEEOME
FEMECE A LE XTIz,

&

g B @EERNEED) OEER20-275%
DA %E (BE2%, K6k PEBRICEMNL
EEPEFHETHo T2,

R BB vV 2 CRT (MF-8621, #RILEKE)
2. TV77 v b6 XFEEE—FUERTERLZ,
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BIXFOKRE SFRATO7TEX0.7TE (REEE, ¥
77em) XFFIEAOBEIRIT, 4.3 TH o7z, i
. BEWEREICRE, TR TERLE, 6X
FETEELBTERL.

C. G. U, VEBRL TN TZ 7Ry b HLTF VA
22 Y, BiERy PE L. 7R MR,
FRUANDT VT 7Ry v OB RL6XFEET VY
DBAT, T A MRIBATEMRIEOBA L., 63
FOELNPEREREEY VAD I XFEERHR L, £
LEFRIENAENE, FrFnE LT

£7 A NRBO2RER 2300 ms. EREM R
(S0A) %1700—2000 ms PHETT ¥ A & LT,
10203 2 EHE L TER L7 AMOERE KGO
D AAIZIZIYY 3 (PC-9801RA2, NEC) % i\,
ZOREMIRIMICE, FH (1994) ¥4 <—7ar
T ALEFEW,

R CHEMF BEMRIFRERREL, BIlEO (B
REXFHRRELEABEDLEESERBELEREL 72,
BREFEE T, BMER. 7 A MBO® T ER
LT, 50 LDRELAL2XFEDOLL L5PPERS
hizo, FLEDAL v F 2L TS L, Z89H
BOERERIZB% & Lo 7 X MBIIEED B W
BRETT VS LAPOSREICER L, HABERR
BT, BB, BEAXFEFHO2LOEESN
RETERENZGE (EERENNE, DBATH
B, BERMEFRIZII2.5%) KAL v F2 LTS L,
FA MRS, EEBR TS APENLESEEINT
Wi WiEE (EEBIEENRIE, ANFE, 37.5%).
BERXFREIN TV ESEEETRVES (BHe
BEHRE, 1THE, 12.5%). BXOELEETEY
XFESEEVHE (ERAEENRE, IN R,
37.5%) Zix. MRS Ladol, BEDER DR
BOBREFIZT V¥ L, 72720, FEETK
BT REREIE, FEBRRFIORIO 3 BATICIER
P, ToERELTHRELRVEIICL,

BGPRRILE, HAMRBEL LI, HAHEANICD
WT3EMH (C2, P2, P6) %EtE L7z, BRIFIL,
C2 &M TRLTIFIFRD 2 XFDOEL L P,
P2 &M TIRERD 2 LFOEL ST, P6 £HTIE
6 DDBFMO LI HPICHE Lz, BRXFOERNVE
. VT A0SR IIEE L

BATHIE, XFFIRREEDO L TICEX0.7TEDOK
FHn (MBITH1IE) 2EICERL, ZhCETIN
TR A ERUE E L, ZME IR, BRLE>S
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oz, WEREOERIRMICEMERAEL, £
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DEMFIEFE 2T Lz, BHEREETREETEE
o & 135 (192847) EML., 2OMEFIERZ VY
LE LT, BABERBEIIBOTE., REWEHFICD
X2 RMEERL, ERMIEFIEZT V5L L LA,
B CERAEtn2REIT, EiE L TERLZ,

BiEDEEE ST - BAAREBEL R, WER
EETREEM L LT, Fpl, Fp2. F3. F4, C3,
C4. P3. P4, O1, 02, F7. F8, T3. T4, T5,
T6. Fz. Cz. Pz, Oz O EEH L/, HIT,
ARE L2 S EEERER (E0G) %. AHIESESE
BIT/KYEEOG 25 L. Wi L EREHZE=F —
L72. Bk & EOG i&, H£KH T >~ 7 (BIOTOP-6R1Z,
NEC X F4 H NV AT LX) &HANT, WiEEEE
W $50.05—60 Hz "THINE L 72, WEIE L 72k & EOG i,
yrFvTary ¥ (DP-1200, NEC A T4 ANV
AFHRX) #BWTEY 54 Y TADER (71
Y IRBBEEIZ200H) L, BRBOT - EHT 1A
TR L,

FIBERAIO ms DFHEMNEN—ATS L
T, ZBFRTICB T BRFE L BOG ORELZEH L7
SHEEIR., ERERICO W TIHEER$1200 ms,
FEEMHEFIZOVTIZEL {1000 ms F T& L7z, &
KRB X UPWEFRIDF ¥ ¥ AN TE1004V GKF
EOG Ti3£304V) MEDOIRIBA G LABIT2HRE,
BEREEICB W CHREBOEE (B, R
XEH(3)D 6 5:tF, BABEFREEIIB W TERHOE
| (AT, AN, IT, IN) XEM(3)D1254FimE
ERE KD,

EROGHTICIIR Y R UBEO S BAH 2 Az,
S8 - HOBMOFESERCEE 54T T LT —HED
Bhn & BT B DL, LEICK LT Greenhouse &
Geisser (1959) M e THHE*R/E L, AEKE
E5%& L7, SEREICE, F2—F—-DHSD K
Ex BV,

= R

RiCKEE & BEE HARFRE BT EHEMH
BrhE, SENCEHOFHESE IARBIT
Tx—WA 7T —2u (FA) BERERE T LITRDZ,

8 L DWHRE T OVWTEFH LIHERE Table 1 1IRT
KinERicowT, BB (B, B#6) XAR (C2,
P2, P6) DHESWE To7-mER. BE (F(Q,7)
=6.43, p<.05) LEHOEHRE (F(2,14) =39.99,
€ =0.960, p<.001) PEETH o7z, FUILKHIX
BEEREEL ) DBRABERFETRL, C2 &H4%
P2 &tk ) b P6 EHETREP o2 I ARERHTE
BLEICOWTRABEOSM LT o722 25, BWO
58 (F(2,14) =35.36, € =0.878, p <.001)
OARPEETHY, IAFC2&BRP2E&HLDD
P6 &M TE P o772, FAREPRFEERLEICDOW
TRRBEOGH 2 iToiz b 25, BEZESR, KEE
BidfgEonidr ol '

IT A3 5 FA =i, C2 & (1.05%) #°
P2 (0.26%) BLUP6 &M (0.53%) LY dKREHo
7oo INHELIIHTS B FA FIETRTOEMETO.2%LL
TTHh otz ERGHNEICY L TERSE L2 BEE
BAORTH o0 T, HETWREZTLEDP o7,

Table 1 Performance Data as a Funcion of Task and

Display Load
Task Dli‘?al;y Reaction Time (ms) Miss % False Alarm %

Cc2 556.8  (66.4) 261 (3.47) 0.61 (0.58)

Simple P2 5941  (84.5) 314 (641) 105 (1.30)
Pé 743.1 (85.9) 2455 _ (16.97) 114 (135)

Cc2 6285  (61.0) 263 (245 053 (0.72)

Combined P2 6444 (589) 470 (4.56) 123 (1.48)
Pé 7311 (53.7) 21.89  (1245) 123 (0.82)

Note. Values enclosed in parentheses represent SDs.

EZRFRICH T B ERP  Figure 11J. Pz TREEE
NIERRIEIC R B ERP 28T, KO LAEIASHHFERE
BRBOEPFIEIA T 5 ERP. THIFEGHEERRE
? AT FIBCHT 3 ERP T, ZNENAREHEOES
530D EEREELTHS, TNHDERP TH,
Pz B RICHAT Ly MhORIBIIIT$ 5 ERP ICIZHITR L7
v, KELZBIEYT7 M (P3b) PHBEL,

Pz T XN~ ERP IV T, FIEERH#300—
1200ms KBV TRAKOBEHEMNE R LA %
P3bTEEEED, FOEBLEEZHELZ, 8&D
BEREIZOWTFY LR %E Table 21TR L7z, &
PTEEICHT A OHSMORKERE., BEOENRIEE
(F(1,7) =7.40, p<.05) ThhH, BEERRED
P3b Y, HMBEREEIIER TR0/, BHD
FRELEE (F(2,14) =16.33, € =0.878, p<.001)
THD., P6 5o P BRI, C2 £HBIUP2
LD A EP o, REERERD NP 072,
P3b MBI DV T d FERD I EIT o 7285, TXTD
R, REERIEE TP o7,
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Table 2 The Peak Amplitudes and Latencies of P3b of
Target-ERP at Pz as a Funcion of Task and

Display Load
Task Dﬁi‘:;‘y Amplitude (uV) Latency (ms)

2 G0 GO  H9 620

Simple P2 143 (60) 6375 (149.8)
P6 118 (60) 7925 (200.7)

7] 27 G3) 600 (136.0)

Combined P2 101 (54 6850 (196.9)
P6 17 (58 799 (172.6)

Note. Values enclosed in parentheses represent SDs.
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Figure 1. Grand averaged ERPs at Pz to targets in a
simple search task (upper panel), and to attended
targets in a search task combined with selection by
color (lower panel. ERPs for three display load
conditions (C2: real lines, P2: chain lines, P6: dotted
lines) are superimposed.

FEEERFI IS T B ERP  Figure 2 12, HEFER
BEIC BT AIFENRIME L CEAREREICBITS
AN FIEICHHE B BRP #7RY (—EROFMIOR) . Bl
BEFEE (Figure 2 DEM) T3, &F8IICRE T, C2
Ffl P2 EEOBBIL L SBTBY . P6 &MED ERP
WD 2E&HLERELD LHICRE D, FEEREL00
ms #40ms T KXo CTREFEHEMZ KD, &
WICET 2 1 ERTRGMEBAL LT ER

(FEZSOTBIFEL) POHMTE L. Oz TITHIE
%200 ms Hifk 2 5 B RSB, F N EELW0
ms 70 FTHHET B, SEHFOERIRDIIEL
TW5%400—~440 ms K CHRTH ., FHIEEIL, C2
=P2 >P6 CREMUOFHEISEINVRETHE L ER
F) Thol, CzTiE, FEE200—240 ms XETH
WEEPDH ., EIRIZ P2 = C2>P6 & rol, 72,
ERF360—600ms DX T EELETHENS Y.

BA

REIBI C2 = P2>P6 Tholzo Fz TIRITL A LER
MRIIBETEY, 480520 ms R CHELBH
BIBONIZDATH o7z, FplOEFERS L, o
AL & 13T, P6 EHFDEBAMO25ME L ) DREHE
ThHrHIHICRLD, TNIHFWICLEET, B
360—840 ms XE DIFHRIRIL.. P6>C2 = P2 TH o712,

EEFHREICBIT B ERP (Figure 2 HR) T,
BRHEOBNFTBRRELR b, T, 0z Tid, B
ZhER (C2 = P2>P6) DT 5 DT FIBHEH600
ms % T, ENPHMEEERTETHREL TR, —
7 Cz Tid, 40— 720 ms KE CEELBWHRED 5,
BUMBERRECIELALEWNYROE, /2 F2 T
b, 480—680 ms X CHE R BRI bz,
FERERZE, 3O0BBHEFHMCErSS L) IR
ZBH, HERICIE C2 & P2 FMICERRD L
Mote T, BUIIER L TWRWAS, BIEEOE
#P T, 300—400 ms XD ERP i3, P6 £fFIZBNWT
D 2E&HEY BB TH o7 TORETIEX, F3 B
LU'F8 M ERP 1%, P6>C2>P2 Th o720

BAPRIRAE D Cz TS N ERE200—240 ms XD
BWHRE., BABERBECEED e o, =
DRHBIZOVTESITHELLHARDL 20, BABRED
RERTRIS & JERERTHIE, EARREED AT Fl#. AN
FUEL 1T REL. N FIBOZFNRFNICHT 5 Cz D ERP
D200—240 ms KM OFHEM =KD, BIFICET S 1
BRSO EAT o720 TOREE. BELRBETRIED
B O N0 EMBERBEEOFENRIEIC AT 5%
T TH ol INFIEICHKT % ERP (IR L CTWwi
VW) KWK EMICES W CERIRICELT
S L7285, Fz, F3, F4 Tid, 360—400 ms XFHC,
P6 SEEOWRAMD 2 X ) SBFETH o720

SNED RIS 71 FRBEEOEEOENIZL
% ERP EOMMEERRIEDEVERARD 12D, THEEE
D P6—C2 MR TN EEHE L, Figure 2 AR
RL7ze SN IEOFER ESH OB # BERIIRT 720
2. @BLOZEROREFHEMN (BMEREET
12350—450 ms. HABERIFETIT500—600 ms XH) 2
EOWTEENE (FRFF74) %KD, Figure 3D
HENR U7z, BMHEERERRE T SN AR A
EEREFEY TEETH LT L. HABERREETH,
FOHEHFLERD S ATERELICE L L L d%h
b, 2B, SNEOHEE E5FOECE, HEHIZD
BRTAZENTER, PRI 74 ERICAW20
EROL DFHIEAL % 3 #e4E (McCarthy & Wood, 1985)
L7AEZDWT, BREXELOSEO & T o728 25,
RERPEE (F(19,133) =3.50, € =0.140, p
<.05) Thot,
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Figure 2. Grand averaged ERPs at five electrode sites (Fp1, Fz, Cz, Pz, Oz) to non-targets in a simple search task (left
panel) and to attended non-targets in a search task combined with selection by color (middle panel). In these panels
ERPs for three display load conditions are superimposed. In the right panel, difference waveforms in two search tasks
obtained by subtracting ERPs for C2 condition from ERPs for P6 condition are depicted.

Z =

KR, Bl 5 EBOREEO LB, SHEHE L7z,
EEOMEIZ L S SN EOEE EAA OB R R —%
BETHEIOLBENTER L, Figure 3IXRT &
34C, BAEERETIAER, BIEER, HEE
FIZT CTEZETH -2 SN L, BABERFECS
W ELERS S BIEEERIC T TR E S BT 5 &)
ol ZOBFSNELESLDIDOTHY., &
BEBCEEICENE P ICLADOTRENI L
BRI, BRED P6 LM THESI N R

B D600—800 ms KE DOFHEMICESTWT RS T
7 4 %VER L. Figure 3O TFHENIR L, THER
BE, P OSAIR, EMERFEE, BEERERE
& B ICHEERER T, FEEICL BTV S,

FRFFEOE 2 OB, BEBFHRICEELTY
-, ZHMREEROHE L FEENREEE VD 2 00EHE
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Holz, C2—P2 £AHICRREZEIRDONT. 20
Hid, ZHBEEOER TR, BEARL LR
BOBIZE o TEE LT
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Figure 3. Scalp distributions of the search-related negativities (upper panel) and P3b (lower panel) in a simple search
(left) and a search task combined with selection by color {right).

SIMPLE SEARCH COMBINED SEARCH
(350-450 ms) (500-600 ms)

ALTERNATE
TYPE
(N=4)

CONSISTENT
TYPE
(N=2)

4 pv

Figure 4. Individual differences of the topography of search-related negativities. In four of eight subjects (alternate
type), parieto-occipital distribution in a simple search task changed into centro-frontal distribution in a search task
combined with selection by color. Two of eight subjects (consistent type)} showed very similar display load effects
between two tasks.
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BER oA, BICET CERBEEOMMI L o TE
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22 EHD, ZOER ESHFOELIE, BERICEDS
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Mecklinger, Kfamer, & Strayer (1992) . FEE
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ryFXy FOWEEZRBL TWAIREND 5, I8
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BREBEESRICLABERFELEAAEDINLE, W
HIBEFBROEREIC & o THERABEDRBELE
Th, TDHI, BRBHEIECEREETIIRE
BEFOFRIAPEEL 2D, SENFTICETFTLE
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EPHETA LIRS,

SN DR LA 2 BME T L IR L, RE
WKLo THAIPEILT AE (8&F 44, Figure 4
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Whholz, SNEOHEE ESHmOEVE, BRTH
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