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Theam Ki th s research was t° (nvest gate the p tent1 al mpacts °f tag demand and st mulus sal, ence °n the
stmulus-dr, ven attent, ®nal capture effect. The part, ¢, pants perf rmed an  neff| ¢ ent v sual search tast wh,le an
(rrelevant lum nance slnglet n was present n B per,ment 1, the task demand was rnanlpulated whlle the st mu-
lus sal ence f the rrelevant slnglet n was 5ed. “‘tth the same sal ent s ng let"n, the attent1 ®nal capture effect
was hser\'ed n thel w-d, i culty ¢ ndlt1 n but d sappeared  n the h, gh-d, ¥ culty ¢ ndlt1 ’n. o B per, ment 2,
the st rnulus sall ence was rnanlpulated wh, le the tast demand was {7 ed W th the same tast , the h ghly sal1 ent
slnglet n captured attent, °n, whereas the relat vely | wly S 1l‘ent slnglet ncluldn®t n Ei“»per ment 3, b °th task
demand and st mulus sal, ence were mar‘}lpulated s,multane "usly. The st mulus-dr, ven attent1 nal capture effect
by the rrelevant s nglet 'n  ncreased n t ®nly as the tast demand decreased but als® as the stlmulus sal ence
1ncreased The present study m, ght pr v de a way t reconc lec nﬂlctlng ;nd ngs n the attent, ®nal capture
|, terature, the underly,ng neural rnechan1 sm s d scussed.

\‘antls 1933, hntls& llstrom, 1994, '\‘Yantls& Jonldes,
1934) “wever, eV, dence £t each appr %ach |8 rather
m % ed n1 1 heeuwes s stud es, the stlmulus dlsplay usu-
ally c ntalned tw” sal ent feature slnglet ns, each un, que
na dlﬁferent d mens ‘n. ne slnglet n dei’ ned the target
and the °ther served as the d stract"r. 1 heeuwes ®und

“t, s well kn wn that N\ sual selectbve attent, °n can e
¢’ntr’lled n e ther ag al dlrected r a st mulus-dr, ven
manner. \lJlen bservers are able t orl ent thelr atten ’n

t° % ects and events acc rd]0 gt the r current behay, ral
g%als and ntent1 %ns, select, 'n s saldt be goal -directed,

top-down, rendogenous “Jren attent, n (S nVv luntar ly

attracted by specfiC % ects and events rrelevant t° the
current glals andlntent1 %ns Of bser\‘ers select] n ssad
t* be stlmulus driven, bottom-up, °r exogenous.

Alth ugh researchers have been  nvest gatlng ° Iy de-
cades whatk nd Of stmul, have the abllltyt summ "n at-
ten ’n ;na stlmulus -dr, ven fash1 n, th s ssue—referred
t® as attentlonal capture— sstllquteh tly debated (f"
rev ews, seekauschenbergcr 20033., }(n ns, 2000) The
llterature c ntaéns three ma n  niluent al the retlcal ac-
c unts T rst, s "me researchers have prp %sed that atten-
t n .S always captured by the m st sal ent element N the
stlrnulus ¢ splay, regardless Of any t 3) -d° wn m dulat1 n
(T heeuwes l”la 1992 1994). %¢c nd, s "me research-
ers have pr p sed that nly st mul, matchlng the “bserv-
er’s attent1 ®nal ¢ntr®l se &ng are capable Ki capturéng
attent, n (Folk fem ngt'n, & Johnst n, 1992, Ik,
Rem ngt o, & W ght 1994) Thrd, ®ther researchers
have pr p Osed that attent, ®nal capture s un, que t° spe-
¢, ¢ st mulus pr pertl es such as abrupt onset (J nldes &

that when the d, stract’r was m "re sal ent than the target
react, ’n tmes (l! 1's) were elevated relat, ve t° the
tract r absence ¢ ndltb °n B yc ®ntrast, when the dlstrac-
t°r was less sallent n" nterference effect was ° und s®
Theeuwes ¢ ncluded that When search was penf rmed
n parallel attent, ®nal all cat, °n depended °n the rela-
tve 0 tt"m- up sal] ence °f the elements (0 the stlmulus
d splay, and that t % -d’wn selectlv ty based n target
attr, butes was n % p ss ble. g Wever‘?' ac’n and Egeth
(1994) cla med that When the target  tself” was a feature
slngleton as ;n Theeuwes’s e;per rnents the tagt m, ght
be penf rmed us,nga slnglet n detectl nm %de, N vvh1 ch
the part, ¢, pants s mply searchedf ra %[sc nt nu, ty Thus,
any add t "nal  rrelevant slnglet n ¢ uld capture atten-
t %n. W hen the target Waslnstead spec,ijed bya part1 cular
value n afeature dlmens1 n, the ta neededt be per-
’rmed us;ng a feature search m de, 0 wh, ch the par-
t ¢ pants searched f r the relevant target feature Thus, a
sal ent dlstract r c®uld n° 1°nger capture attent, %n. 1 Ths
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dlstbn % ’n between the tw” m Odes suggests the p sslb I-
ftp- -d° wn select, v tyiC T the relevant tar (get feature.
'I'"urtherm re, the m st {Tp Ortant s urce 1 ev,dence
r the t° p- -d°wn m dulat1 n ¢ attent; ®nal capture S
pr v ded by 7 et al. (1992). ni,the r study, they used
the cue—target parad gm, n whcha spat1 ally u nf rma-
t ve cue was presented sh rtly ber’re a target. th the
cue and the target were def ned as ¢ ther an abrupt Onset
slnglet n%rac’’ s,nglet n. 1 he r results revealed that
when the target was an abrupt nset nly an nset cue
captured attent, n whereas ac o1° I cue dld n°t when
the target was a ¢ 1°r slnglet n, hwever, nly a col r
cue captured attent, %n, whereas an "nset cue dd n %t L/ 0
the hasls % such fndlngs Ok et al. (1992) pr p %ed
the contingent mvquntary orienting hypothe5|s wh, ch
clalmed that the al | ty °f a feature slnglet nt° capture
attent1 n was contlngent % the establ1 shment °f a t° P
d’wn attent, ®nal ° Ontr®l settlng °r that feature T Ok
et al., 1994). Acc rdbngt thls v ew, attent, ®nal capture
.8 ultlrnately ¢ nd1 nal ’n the bserver s ntent, °n and
s there” Jen tpurely stlmulus -dr, ven.
The c ntlngent capture acc unt 1$ Supp Orted by the
fndlngs that feature slnglet ns n c o1°, lum, nance, O
t1 On fall t° el ¢ t attent, nal capture ei"”i"ects (D the ab-
sence f any I relevant attent, ®nal settlng MK & Annett,
1994 T.F str’m & santls 1994, j nldes & santls 1988,
Tdd & ramer, 1994, \‘antls& Egeth, 1999), but there, s
ev,dence that the abrupt %nset % a new perceptual % ect
can capture attent, % aut mat1 cally,lrrespect1 ve Ki the lask
athand(] des & Hin ﬁs 1933a ngt n, J hnst n, &
\antls 1992 %antls& llstr m, 1994 %mtls& ] nldes
1984). ' (nstance, J nldes and Bint s’s ser;al v sual
search tasli the partlc pants searched 1 I a prespeg 1 ed
target letter embedded am ng several n ntarget letters
n each tr, al %ne letter p %ssessed a feature that d ffered
:°m all the "ther letters. Any letter n the search dlsplay,
(nclud ng the target letter, had an equal chance °f be g
the un, que feature slnglet n.B ecause the feature slngle-
t°n was ne, ther ¢ ns1 stent w; th the partlc pants’ ad pted
attent, nal s%ttlng1f T letter der'l)tlty, n rpredlctlve Ki the
target p Srtr n, there was g al-d rected | ncer1t1ve1r r
the part ¢, pants t° attend t° (& f,the un, que feature slngle-
t'n was able t0 capture attentI on (v ®luntar Uy twe uld be
the flrst ne t° be pr Ocessed by the \E sual systern Yers t°
1, nd the target sh uld be ndependent Ki ¢ splay s ze when
the feature slnglet n happenedt be the target. Thus, the
slnglet n target funct1 n sh®uld have a zer’ search s1°pe.
Byc ntrast (f the feature slnglet n was unable t° capture
attentd n and theref re . ts status was n°t dlnerent r’m
that f any n nslnglet n element, the slnglet n target
s1° pe sh uld be steep and  dent, cal t® the n’ns nglet n
target s1° pe. -1 th s 1rrelevant feature search parad1 gm,
the pattern O results N catl\‘e O attent1 nal capture was
®bta, ned nly n the ahrupt nset c ndlt] n, n t (0 stat ¢
dlsc nt]nultyc ndltlons Therefre, ‘antls andc lleagues
r°p"sed the new-object hypothesis, whbch clalmed that
nly the appearance anew perceptual b ect culd cap-
ture attent “n,napurely stlrnulus -dr, ven 1”ash1 n, whereas
Other sal1 entfeature slnglet ns ddnt( 1antls 1993 $in-
ts & llstr m, 1994). Alth®ugh there has been ¢ nsld-

erable debate as t° whether the capture effect ass c1 ated
with abrupt ®nset may be due t"a less bvl Ous t° t p- -d%wn
settlngf r therfeatures (Franc ner,, % °Il [ ngw Orth, &Y%
m %ns, 2005, i“ranc ner;, ns & Junge, 2004 ‘i"ellatly,

%le, &B lurt’n, 1999, 'F'bs n& ‘Iﬁelsey, 1998), recent

des ha\‘e dem °nstrated that alerupt nset ndeed plays
aspec al r’le (D atten nalg dance( ntr, dge, &
¥ eywbod 2004 T arrlly & Egl{clth 200 '\‘)r\f ver, ther
recent stud, es have sh®wn that sorne stlmulus propertles
als appeart capture attent, n eﬁfec‘avely, such asm Dtl %n

“nset (Abrarns & fhr;st, 2003), ¢ 1% change (I u, 2006,
Tu &&Zh"u, 2005 urgent event (Tranconer & °ns,
2003), and un, que temp Oral change (v n N|hlene em-
pel, & Enns, 2005)

y far, m st current ey, dence f r st mulus-dr, ven at-
tent1 nal capture ;s unlque t° s°me dynam, ¢ stlmul
Alth ugh there has been relat vely | ttle d rect ev; dence
supp rtlng attent, ®nal capture by sal ent stat ¢ s‘rlrnul1
s 'me recent stud, es have dem °nstrated capture e1fects
by us, g, ndlrect meth °ds that reas nahly rule “ut p -

ble t°p- d wn  nfluences & °rstmann, 2002, Theeuwes
&3 urger, 1998, Theeuwes &"“0 n, 2002) r° T, nstance
1heeuwes Atchley, and gramer (2] 000) £°und thatac or° o
slnglet n dlstract r ndeed nterfered with the search £°r
a shape slnglet n target when the dlstract T preceded
the target by 100 msec r less, suggestlng that attent, ’n
m, ght be, n, t ally drawn t° the dlstract rp slt1 n and then
sw (ftly dlsengaged 1uratt and"Galfan (2001) ’und
capture effect by a sal6 ent ¢’1°r nglet n when data were
analyzed acc rdlngt the dlstance meth°d (Dstead °F the
usual d splay-s ze methd.

: Owever the eff ¢ ency Ki dynam, c stlrnu]1 t° capture
attent1 ’n (S tabs lutely mmune t° t° p- -d"wn rnodula-
t ns and b° tt m- uplni‘luences Byen 1 albrupt "nset,

\‘antls and J nldes (1990) rep %ted that when the subse-
quent target p oslt1 n wasl‘~ n wn, nadvance an abrupt nset
presented elsewhere n®1° nger captured attent, %n (see als®
Ju®la, sl & Warner, 1995, Theeuwes, 1991b). Tur-
therm "re, ]*ﬁrtln Emers n and yramer (1997) shwed
that the capture effect by abrupt %nset attenuated wi th an
(ncreas ng number % n°-®nset elements $,0 the dlsplay
T Kew se, v n Nihlenen et al. (2005) sh®wed that abrupt

onset was less effect ve n captur, ng attent, °n when, t %c-
curred wi th Other env;r nmental changes slrnultane usly.

. sumrnary, dynam, cstmul, e$h b tp wericulp tentlal
t° capture attent 'n nap)urely stlmulus-drlvenfash1 n, but
the rp tent1 al can bem dulatcd by b %th g %al- -4, rected and
st]mulus -dr, ven fact® Js. W ent stat, ¢ s‘rlrnu{l)l merely p°s-
sess a weal< ab llty t° capture attent1 n oy luntari Iy, un-
less they feceve g %al- -4, rected pr, o tlzat1 %n. Alth ugh all
c nternp rary hyp theseslnthe attent1 %nal capture |, tera-
ture are valuable £ °r researchers t° understand the mecha-
0, Sm underly,ng stlmulus dr, ven attent, ®nal capture, n’ne

'them sentrelyc mpat];ble w, th all current €%, per; men-
tal results } W are we t glve a clear answer t° these
cornpl1 cated f nd ngs n the attent, ®nal capture |, terature?
_n.attent, “nal ca}gture es per, rnents the part ¢, pants have
t%m 1, ze the v"luntary attent, n rnechan1 smt penf rm
the tasli at hand, whereas the b °tt°m- up sal ence °f the

1
tat - rrelevant st mulus s ¢ *mputed by the v sual system,
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then tr ggers act, vely the refles ve attent1 ’n mechan, sm.
t,seems lj‘l: ely that the effc ency Ki the tast - rrelevant
stlmulus capture attent, n may be ntly determ ned
by the current tasl< and the stlmulus sal1 enge. l!ecently,
the ni‘luences O ° p- -d°wn and #°tt°m- up ¢ ®ntr°ls °n at-
tent] ®nal capture were nvest1 gated by Theecuwes (200 3
Acc rdlngt hs attent1 ®nal wndow account the s, ze
the attent, ®nal wlnd W may he under a t” p- -d°wn ¢’ntr l
but w th n the oW nd® w sal, ence computat1 %ns ®ceur [0
parallel and n° tp-d° Wil c ntr o1 SP ss1 ble. Therefre,
attent, °n always ges t° the m st sal1 ent element w thln
the wlnd Wy a b ttm-up i°ash1 n, whereas elements ut-
slde the w, nd" ! ll'ee gn Ored. \l,hen the target s sal ent
en ught all Wparallel search the attent, ®nal wlnd WS
set w de t® enc mpass the wh le sty mulus ¢ splay and any
sal ent dlstract) r w Il capture atten't3 %n. W hen the target WS
n t sal; ent en ugh and search bec mes sery al, the s, ze 1
the attent, ®nal W nd ww 1l e reduced nsequently, any
sal ent dlstract r uts1 de the W ndw f'Als t~ capture at-
tent, ®n.Th s Wlnd W ace Ount has been supp Orted by sev-
eral studles‘3 el® P O1sk y, & waan, Theeuwes and amer
(2007) sh wed that an 1rrelevant 1% slnglet n wasm Ore
LK ely t° attract attent1 ’n (0 the d ffuse-attent, ’n c')nd1
t °n than  n the cuscd- attent1 °nc’nd t °n. Turtherm Ore,
Wr ®uk¢ and Egeth (2006) sh wed that as target—n ntarget
s, m, lar, ty was 1ncreased the sal ent , rrelevant slnglet n
had less mpact °n search.
The purp e O the present study was t ® further evaluate
the relat ve ;mpact Of tagt demand and st mulus sal ence
°n the stlmulus dr, ven attent, ®nal capture eff'ect system-
at cally, as well as the;r 1nteract1 n. n the °ne hand,
when the tast demand was % ed, the p “tent al O the tast -
(rrelevant st mulus t° capture attent1 nm ,ght ncrease as
the stmulus sallencelncreased %n the ther hand, When
the sall ence ¥ the rrelevant stlmulus was 4 ed the p -
tent, al Ki the, rrelevant st mulus t° capture attent1 n m, ght
decrease as the tast demand Increased 1 the present
study, we used a des, gn s m lar t° that used hy;.r Oul¢ and
Egeth (2006) n wh, ch the part, ¢, pants ‘perf rmed a v, sual
search tasg 1° r a vert1 cal target 'l)(ne am ng gray d sts con-
talnlng tllted dbstract rlnes. “ne d ¢ was br, ghter than
the ther h°m mgene us d Ks. 1 The lum, nance slnglet n
was %t Only ni ormatlve ab®ut the target p slt1 n but
als rth g nal t° the part ¢, pants’ ad pted attent, ®nal
c Ontr lsettlngf rl ne "rentat %n, s')thatltwas rrelevant
t° the tast . The vert1 cal- l,ne detect1 n tast was ch’sen
because  t was relat; vely easl er t° manlpulate the tast de-
mand by adJ ustlng the degree ¢ °r entat1 on ¢ the d strac-
t rllnes wh le h ldln the partlclpants attent, nal settng
°r the vert1 cal | ne ¢ "nstant. The lum nance dolsc nt nu, ty
was ch’sen because [t was relat, vely eas er t ulate
the st mulus sal1 ence by a ustln% the lum, nance ntrast
°fthe slnglet n element relatlvet n nslnglet n elements.
Alth ugh sal, ent stat ¢ d1 sc nt1 nultles were usually unahle
t° pr. “duce 2 zer® sl pe1r T the slnglet n target1unct] n
A %tth n tlng that |} many studles vl \ng stat dls-
c ntlnulty, the s1° pe °f the (s)lnglet n target funct, n was
s, gn,f, cantly less than the s1”pe *Fthe n nslnglet n target
funct 'n (e.g.,Tu & &1 u, 2005, @per ment 2, ’\antls &
Egeth, 1999, B per,ment 3). A ¢ nvent1 ®nal eSplanatI n

°r such a d fierence hetween the tw® s1° pes s that the
slnglet n element ertﬁ yed a real but small pr, o by ad-
vantage Over n nsln et’n elements, suggestlng that the
salsent stat ¢ slnglet n had an  mpact n attent, ®nal de-
pl°yment. Theref ’re 0 thls study, we e>pected a d fier-
ence hetween the tw sl peslnstead °a zer® s1%pe the
nglet nfunct1 n. Turthermore we calculated the s1°pe
(the d fference n s1° pes d v, ded by then nslnglet n
sl pe), as used  nw 1 ul$ and eth t (nd cate the atten-
t “nal pr, 0r Wty 1r the sal ent slnglet nn the current tast
demandc ndlt1 n.

EXPERIMENT 1

The am O ® per, ment 1 was t° (nvest gate the r%le °f
tat demand n attent, ®nal capture. W ¢ man pulated the
tasit demand whlleli eep,ng the Stl) mulus sal ence constant
The ch’sen vert, cal-1 ne detect; n tasi< Waslinown t be
an neff| ¢ ent v, sual search tasl< and culd pr duce steep
search sl pes as a funct1 n % target dlstract r s;m lar-
Ly (\1'4 Ife, Tt edman-,F 11, Yewart, & ®nnell, 1992).
1 Tast dff) culty culd ncrease w; th the s n#Mar, ty between
the target and dlstractors The more slm lar they were,
the m "re d 1 cult the ta was. Vg et pected that when
the tadt d ¥ culty was h gheré the part ¢, pants w'uld re-
str; ct attent, “nal res urces m re selectlvely t° the target-

de1r g feature t 0penC °rm the tast and then thelrrelevant

lumlnance s,nglet n w %uld be less LKely t° attract atten-
t %n than when the task ¢ ff culty was relat, vely 1°wer.

Method
Participants. Ten ¢ llege students (6 male, 4|emale, ¢, age range,
20-24 years) served as pa d v lunteers All had n °rmal °r ¢"rrected-
t°-n°rmal v 15, n and were na ve t° the purp ’se % the et perlment
Stlmulus and Procedure. 1 he et per,ment was carr, ed ut na
dmlyltands und attenuated r%%m. 7 he part ¢, pants sat appr %, -
mately 57 cm r° m the m mt T. At the center i the bladt screen
was a green 3 at1 °n cr¥ss Of 0.7°X0.7°. n each tr,al, the st mulus
d;splay ¢ nsl sted °¢ three °r R gray d " elements (1 2° n rad us),
equally spaced ar’und the L at6 n °n an  magnary ¢ rcle with a
rad us °f5.7°. The three dlsli s rmed an upward-p ntlng equllat-
eral trangle, the sl‘> st rmed a het ag’n. All the d s but 0ne
had a lum]nance % 3.0 cd/m2. The lun}nance value °f the slnglet n
4 ¢ was f%ed at 27.0 cd/m2. Fach d K ¢ ntalned a bladt | ne seg-
ment subtendlng 1.0° n length The targetllne was vert cal, whereas
the degree °f ° I entat1 On Of dlstract r L nes r°m \Aert1 cal was ¢ ther
+30° (def|ned as | wdli‘lC culty, seef gure lA) r £15° (def] ned as
h gh d 1] culty, seel gure B ).The stlmulus d splay remalned pres-
entuntlaresp nse was made °r 2 500 msec elapsed.
The part, ¢ pants were ast ed t° search °r the vert, cal targ\‘ L ne
n the st mulus dlsplay 1 hey resp "nded by press,ng the “NjKey
n a standard K eyl ard £°r target gresent and the “ " Key f r tar-
get absent. They were  nstructed t” resp nd as qu, d®y as p sslhle
wh le ma ntan ng accuracy mmed, ate err Or feedbady was pr Oy ded
hy a 200-msec, 400-7 z beep. ®Ts were measured r°m the "nset
f the st mulus dlsplay The gartlclpants were et pl ¢ tly requested
t° malntaln i at °n thr ugh ut the entlre tral. They were als
’rmed that the target P s1 °n was rand"m and that the 1° cat1 n
the lum; nance s nglet'n d st was un,ni ormat[ve ab®ut the 1° cat1 °n
% the target
Design. There were three man var, ables tadt d i) culty, d;splay
s,ze, and target type. The tw® ta§< dlﬁD cultles were | w d]ﬁ"~ culty
and h, gh d 1] culty, and the tw” d splay s zes were three and 5% . The
three target types were target present wi th n the lum nance s ngle-
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A

Figure 1. Sample stimulus displays for (A) the low-difficulty condition and for (B) the high-
difficulty condition of Experiment 1. The participants’ task was to search for the vertical target
line among gray disks containing tilted distractor lines, with one disk being brighter than the other
homogeneous disks. In both conditions, the luminance value of the nonsingleton disks was 3.0 cd/m?
(shown here as dark gray) and the luminance value of the singleton disk was 27.0 cd/m? (shown here
as light gray). In (A) the low-difficulty condition, the distractor lines had a tilt of either +30° or
—30° from vertical, randomly. In (B) the high-difficulty condition, the distractor lines had a tilt of
either +15° or —15° from vertical, randomly. In both conditions, the location of the target line was
uncorrelated with the location of the luminance singleton disk. In this example, representing display
size six, the target line is not presented inside the singleton disk.

dld‘ ( r, £°r brev (s present singleton), target present w;th n
anther n°ns nglet n d]sk (°r present nonsingleton), and target
absent. 1ad< dlrf culty ¢ ndlt1 ns were run | n separate bl%ds. n,
each bl°dt, each dlsplay s,z€ °ccurred equally °ften. Verall the
target was present n “ne half” % the tr,als and was absent n the
rema nder. When the target was present t had an equal chance O
appear,ng w, thbn any fthe d s elements, that | s, when dlsplay

ze was three ne thy rd °fthe present tr,als were present slng)let n

nes, when d splay slze was s, however ’nly ®ne s;$th °f the
present tr,als were present S nglet n 0nes Wgth th s des gn, there
was n ncentlve f T the partlc pants t° del berately attend t° the
lunn nance s;n let® 2 d ¢, because that element was n tpredlctlve

i"the targetp s ’n (0 the st mulus d, splay. n . each tast dlﬁc culty
bl Ok, the 3 target type tr, als were cornb ned w; th the tw® dlsplay—
sze ¢ ndbt1 ns. The rder f the tr,als i each tasi< 4 culty bl d<
was rand . Fach part, ¢, pant recelvedf ur e per; mental bl Ot s
96 tr, als¢® reach task d ¥, culty ¢ ndrtr ot The presentat1 °n ®rder of
the ¢, ght bl°dts was h , gh-h gh - w—l O] Ol w—h gh-h gh °r
half f the partlc pants andl el V\th h-h gh h]ghfhl gh 1 e
1% #°r the "ther hal¢. Each par(tlc pant ¢ mpleted a c°rresp 0ndT ng
pract, ce bl % °F 60 tr als bef re the 1 Ist et per,mental bl Ok °
each task 4 culty c ndrtr nands me c Orresp ')ndlng Warm-up tgl-
als oet™® re the seventh et per,mental bl Ok After each bl d< ash'rt
rest per, *d was g ven. The e per, mental sess, °nt°% appr® | mately
1.5h, ncludT ng breakts.

Results
n thls and subsequent € per,ments, err O tr, als were
et cluded f1°m analysls T add1 n, correctki s °f less
than 300 msec °r greater than 3 s ab"ve the mean were
trmmed. 1 "hls rem "ved appr mately 3.8% °f the "bser-
Vati\(;lSﬁ m th, s € per, ment.
anfer s,nthel"w- and h gh-d ¥ culty c ndlt1 ns are
pl tted nf gure 2, anderr’r rates are | sted nTable 1. O
the 0Verall target-present tr,als nly, repeated measures
AN VAs were ¢ nducted n mean 5!1 and err°r rate data
W th task 4 culty (1w 4 culty °r h, gh d ¥ culty), d s-

lay s ze (three r sl‘po) and target type (present %nglet n
rpresentn nslnglet n) aS1act rs. The analys, s f the 7"
datarevealed ma n effects fdl splay s ze [F(1, 9) =65.72,
p <.001] and target type [F(1,9) = 14. 25 p < .005].
The man effect Of tast dli“f culty was als® s, gn, 1} cant
wbth faster fT's (0 the 1°w- versus h, gh-d ¥ culty c ndi
t n [F(1,9) = 65.77, p < OOl] (nd cat ng that the ta
(0 the h gh- dlﬁr culty ¢ nd%)t1 n was ndeed harder than
that (0 the 1° W- ¢ ff culty ¢ %n. 1 here was a s gn i -
cant | nteract, ’n between tasl< dli‘iC culty and d splay s ze
[F(1, 9) =44.28,p < .001], but n ther nteract, Ons (all
ps > .14). n,ad %n, the analys;s °f err°r rate revealed
ma,n effects 1 tast dli‘ﬁculty [F(1,9) = 19.96, p < .003]
and ¢ splay s ze [F(1,9) = 12.44, p < .007], and a s, g-
f,cant nteract 'n between tast d ¥ culty and dlsplay
s z€ [F(l 9) = 6.15, p < .036]. The three-way nteract1
was als® s, gn,f cant [F(1,9) = 5.61, p < 043] Ne, ther
the mayn effect 1 target type [F(1,9) = 0.40,p > 50] n’r
any Other tw -way  nteract, ’n (all ps > .40) appr ®ached
s, gn,f cance. The err’r rate pattern paralleled the {7 data
pattern, e cludlng any speed—accuracy trade- % may n
(nterest was the r eplayed by tast d ff] culty, n att‘ent1 nal
gu1 dance. T heref o the target-present data n each tast
4 culty c ndltl n were entered nt separate AN VAs,
with d splay slze and target type as factrs.

-y the 1%w- ¢ ff culty ¢ ndlt] n, the analysls °f the Yy
data’ y,clded slgnlf cant man e11°ects 0 th ¢ splay s ze
[F(1, 9) =2681,p< 002] andtargettype[) (1,9)=9.86,
p < .013]. The nteract, %n between the tw var, ables was
s gn,f; cant as well [F(1,9) = 6.13, p < .036], ndlca n
that there was a d i erence between the sl opes 3 the tw
target—present:unct1 %ns. T"urtherm %re, the sl1” pe °f the
present- slnglet n 1"unct1 n was 27. 0 msec/, tem, vvh1 ch
was s gn fcantly greater than zer® [t(9) = 3.30,p <
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~ntheh gh-d ¥ cultyc ndl‘r1 n theanalysls *fthele data
% elded a s, gn 1, cant mayn eﬁ“ect i“"dlsplay ze [F(1,9) =
76 77,p <.001], butn® eﬁ‘ect ftargettype F(l 9)=4.18,
p > .070]. The | nteract, n etween the tw var, ables d d
n treach gnb cance [F(1,9) = 0 01, p > .923], nd cat-
1ng that the sl pes f the tO( 35 target-present i"unct1 0ns dd
n't dffer. T“urtherm re, the sl pes were 87.3 msec/ tem r
the present slnglet n ﬁmct1 e and $6.5 msec/ tem °r the
present-n nslnglet n funct1 n. The mean sl° pe rat 0 was
—0.06, vvh1 chwas S gn,f cantly smaller than that n the | (e)5w-
4 culty ¢ ndlt1 n [t(9) = 2.27, p < .050]. n addltI n,
the analys s ¢ err®r rate revealed nly the ma n effect f
¢ splay s ze [F(1,9) = 11.47, p <.009].

Discussion

1 he deslgn and results °f B per,ment 1 were s, m, lar
t° th%e of;.r ul'S and Egeth (2006). ‘nthe 1° (e)Sw-d 1f culty
con %n, we bserved a rel able dli‘?‘"e1rence between the
s1° pes of the t0(e)5° target-present i‘:unct1 ns, suggest ng that
the Irrelevant lurnlnance slngleton dd s')rnewhat gulde
attent; %n t° the slnglet np slt1 On, desp, te the fallure t°

0pture attent, n fully. R the h, gh -4 11 culty c nd1

h”(e)5Swever(e)s, such a dlfference between the t0(e)5° target—preser
sl"pes d, sa}gpeared suggestln%)that the same sal, ent stlmu-
lus i the 17(e)Sw-d ¥ culty ¢ ndlt1 n was unable t° u de at-

tent1 n (0 aharder search tast . The s gn,f; cant reduct "n n
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A

Figure 3. Sample stimulus displays for (A) the low-salience condition and for (B) the high-salience
condition of Experiment 2. In both conditions, the distractor lines had a tilt of either +30° or —30°
from vertical, randomly, and the luminance value of the nonsingleton disks was 3.0 cd/m? (shown
here as dark gray). In (A) the low-salience condition, the luminance value of the singleton disk was
9.0 cd/m? (shown here as medium gray). In (B) the high-salience condition, the luminance value of
the singleton disk was 27.0 cd/m? (shown here as light gray). In both conditions, the location of the
target line was uncorrelated with the location of the luminance singleton disk. In this example, rep-
resenting display size six, the target line is not presented inside the singleton disk.

Stimulus and Procedure. The st mulus and pr cedure were
the same as th se .n Efsperlrnent 1 with a few e cepty %ns. ¥ rst,
the degree f I entat1 n dlstract T llnes °m vert cal was f ed
at =30° e °nd, alth ugh all n°n nglet n d1§<s had a lum, nance
% 3.0 cd/m2, the lumlnance value 'f the slnglet n d st was ¢ ther
9.0 cd/m? (def ned as 1w sal ence, see ¥ gure 3A) r27.0 cd/m2
(def nedash gh sa]1 ence, seer ,qure B ) te that the stlrnu]1 n the

gh sal, ence ¢ ndlt1 n were dentlcalt th%e (0 thel W-dlnm culty

ndrtr n °f B per,ment 1.

Design. There were three man var, ables slnglet n sal ence,
d splay s ze, and target type. The tw?® slnglet n sal ences were 1w
sallence and h, gh sal ence, the tw?® ¢ splay s zes were three and
s, and the three target types were target-present slnglet n, target-
present n nslnglet n, and target absent Wgthn each bl &, each
slnglet n sal ence and each d splay s ze Oceurred equally ften and
the three target-type tr als were comb ned w th the twe” slnglet n
sa]lence condl ’ns and the tw® dlsplay s,ze c ndlt1 ns, pr %duc, ng
12 d fferent types O trals. The rder °F the trals was rand m. Ela
part ¢, pant rece, ved apract1 ce bl f60 tr, als and s% € per, rnental
bl °d‘~ s °F 144 tr als. ther aspects ¥ the deslgn were dentlcal t°
thse °f B per, ment

Results
n.th s e$ per, ment, appr %, mately 3. 2% % the ®wserva-
ns were rem ved. Man T S0 the 1 w-sallence and
h, gh-sal ence ¢ ndlt1 ns are pl Otted .nt" ,gure 4, and err O
rates are ] sted n Table 2. °r the verall tar 6get present
tr,als nly, separate AN VAs were ¢ ®nducted oD mean @
and err’r rate data W th slnglet n sal ence (1w sal ence
and h, gh sal ence), ‘10 play s ze (three and 5% ), and target
type (present slnglet n and present nonslnglet n) as fac-
trs. The analys, s % the Y7 data revealed ma n effects O
d splay s ze [F(1,9) = 39.14, p < .001] and target type
[F(1,9) = 19. 09 p <.003], as well as a s gn,f cant three-
way nterac& F(I 9) = 9.20, p < .015]. Ne ther the
ma, n effect fslnglet n sal ence [F(1,9) = 0. 06 p > .800]
n’r any two-way (nteract n (all ps > .10) appr %ached s -
%lf cance. n, addlt] n, the analysls f err r rate revealed
nly a slgnl: cant man effect rdlsplay s,ze [F(1,9) =

10.85, p < .010. { man nterest was the r’le st mulus
sal ence played 0 attent “nal guldance Theref re, the
target-present data 0 each slnglet n sal ence cond]t] n
were entered | nt® separate AN VAs, w; th d splay s ze and
target type aS1 fact"rs.

T the 1%w- sal ence ¢ ndlt1 n, the analys s °f the YT
data’ y,clded a slgn f,cant man eﬁfect ¢ dlsplay S, ze
[F(1, 9) = 27.58,p < .002] sut n eﬁfect ftarget type
[F(1,9) = 3.78, p > .080]. The nteractx %n between the
tw var ables d d n % reach s, gn, 1, cance [F(1,9) = 0.07,
p > 300] f.)lcatlng that the sl pes fthe two target-
present funct1 ddn tdlﬁfer Yurtherm” re; the sl pes
were 32.2 msec/ltem £°r the present- slnglet n funct1 n
and 34. Omsec/ tern1f r the present- nonslnglet ni“unct1 n.
The mean s1° pe rag a\‘eraged acr’ss all partlc pants was
appr ‘5 mately zer ,n1 addlt] n, the analysls 1 err rrate

dn treveal any s gn,f; cant en"ect

T the h gh-sal ence ¢ nd t °n, h®wever, the analysls

O the {7 data % elded s, gn,f cant man effects ¢ °th
d splay s ze [F(l 9) = 53.89, p < .001] and target type
[F(1,9) = 1125, p < 009] The nteract, %n between the
tw var, ables was slgn11 cant as Well [F(1,9)=11.13,p <
.010], 1ndlcatlng a &1 ference between the sl Opes Oi“ the
tw® target- presenticunct1 Ds. Yurtherm °re, the s1° pe % the
present- slnglet n 1‘"unctl n was 15.9 msec/ tem, s gn ;-
cantly greater than zer [t(9) =4.17,p< 003] The sl pe
°f the present n°ns1nglet°n funct, On was 34.5 msec/;tem.
The mean sl pe rat1 was 0.49, slgn1| cantly greater than
that n thel w-sal ence ¢ nil n [t(9) =3.48,p <.008].
n, adilot1 n, the analys;s °f err’r rate revealed °nly aman

effect 1 d splay s, ze [F(1,9) = 5.34, p < .047].

Dlscusswn

n,the 1°w- sal ence ¢ ndlg n, we dld n°t ®eserve a df-
ference between the s1° pes 1 the tw’ target-present func-
t Ons, suggest, ng that the rrelevant lum nance slnglet n
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Figure 4. Mean reaction times in (A) the low-salience condition
and in (B) the high-salience condition of Experiment 2, plotted as
a function of display size for target-absent, target-present non-
singleton, and target-present singleton trials.

W th 1w sal ence recelvedn pr, rlty advantage ver any
ther nonslnglet n element. n the h gh-sal ence ¢ nd1
t %n, h®wever, we bserved such a dlﬁference between the
tw° target-present s1° oPEs agan, , repl, cat, ng the results Ki
the 1%w- d ¥ culty ¢ ndl‘r1 n,n Bperment 1. The s g-

Table 2
Error Rates (Percentage) by Display Size and Target Type in the
Low-Salience and High-Salience Conditions for Experiment 2

D (splay Yze
1 al Type 3 6

0

I “w $ ence
Absent 2.7 2.1
;.resentnonslnglet n 32 53
mresent snglet'n 4.2 6.1

'F L&h W, ence
Absent 2.0 1.9
;.resentnonslnglet n 2.8 5.6
twresent s nglet'n 2.5 4.4

n, i cant elevat1 n n the s1° pe rat] sh wed that the | r-
relevant slngleton recelved more attent1 ®nal pr, o ty |
the h gh- versus 1%w- sal ence ¢ nd t °n. The results T
[ per ment 2 suggested that w th a certa n task demand
the p tentlal °f the task 1rrelevant st,mulus t® capture
attent, ’n (ncreased w th the »’ tt m-up sal ence 1 the
stmulus. 1 hese results seemed n °t fully compatlble w th
the pred,c on O Theeuwes s (2004) attent1 ®nal wind w
acc "unt, that attent, ’n always went t° the m st sallent el-
ement w, th n the wlnd A B perlrnent 2,the s ze °f the
atten °nal w,nd” w n the tw® s nglet’n sal ence c')nd1
t ®ns sh®uld be (dent cal because 1 the same tast . Thus,
thelrrelevant s,nglet'n, whether 1% °r b, gh sallence
sh®uld have equal lll< ellh Od t° ntrude (nt the Wlnd W
and attract attent, ’n, acc rdlngt the Wlnd w accunt.
D esp, te th; s d, screpancy, the results o B per,ment 2 Sug-
gest that stlmulus sal; ence sh®uld be cons1 dered an ther
necessary | fact"r (D attent, ®nal capture. Alth®ugh the (M-
p’rtance °f stlmulus sal ence has been well d cumented
(n parallel search tasts, n wh, ch the attent, ®nal wlnd W
m, ght be very w, de (e g., 1 heeuwes 1992 1994), the pre-
sent results further c nﬂrm the r°le °f stlrnulus sal ence,
even n seral search tast s, n wh, ch the w ndwm ,ght be
relat vely narr Ow.

EXPERIMENT 3

The r’les % tad demand and sty mulus sal1 ence, n atten-
tlonal capture were nvest1 gated n B per;ments 1 and 2,
respectlvely The results O the tw” et per, rnents suggested
that the P tent1 al °f the (rrelevant stlmulus t° capture at-
tent, %n & ot nly decreased wloth the current tast demand
but als® 1ncreased wlth the #°tt°m-u stlmulus sahence
70 ¢t am; ne the r°le °f the (nteract, n between tast de-
mand and st, mulus sall ence ;n attent, ®nal ca ture . the
present €4 pery ment, we manlpulated the tw™ p tent1 ally

causal factrs at the same t me.

Method
Participants. Ten c’llege students (4 male, 6 female, age range,
19-26 years) served aspadv lunteers All hadn °rmal °r ¢ rrected-
t%-n °rmal v 'S %n and were na ve t° the purp %se % the et per,ment.
Stlmllllls, Procedure, and Desngn Our w th n-sub ects fac-
t%rs were used. tas dlff culty SI w d it culty 't b gh dff culty),
nglet’n sallence (1w sal ence "t h, gh sal ence), dls lay s, ze three
T §%), and target type (present slngleton ’Present n nsngletn,
absent). Fach partlc pant pen‘ormedln tw sess; ns n 2 ﬁ“erent
days. Fach sess, n ¢ n sted ftw bl%&s °r 192 troals 't each
tad< 4 ff culty c "nd, n alnr °f the gartl ¢ pants had the h1 gh—l We—
1 Whlgh presentat1 1 rder fthef ur bl d<s N ﬁ °n 1 and the
I Whlgh h, gh- —1°w °rder D WSS, n 2, and the Other half had the
0pp ste. n each tast dli‘i“ culty bl d< the three target type tryals
were ¢ mb ned w th the tw” slnglet n sal ence ¢ ndlt1 ns and the
tw® ddsplay s, ze c ndltl ns, pr Oduc ng 12 dlﬁferent types Ki tr, als
The “rder f the trals | n each tad‘ dolﬁ” culty bl O was rand m.
ther aspects were dent1 cal t° th%se °F éﬁper ments 1 and 2.

Results

~n.th s ef per, ment, there were ur c m , nat %ns ftad‘~
¢ culty and slnglet n sal ence 1°w dli“" culty w; th 1°w
sal, ence, 1w o ff culty with h gh sal ence, h gh dlﬁ” culty
with 1°w sal ence, and h gh o culty w th h , gh sal ence.
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verall, appr o‘ﬁ.lmately 4.1% °f the ®servat, *ns were re-
ved. Ngan fe7's (0 the ur comblnat1 ne nd t %ns are

pl Otted (¥ gure 5, and err’r rates are I sted n Table 3.
7' the verall target-present tr, als only, separate AN -
VAs were ¢ "nducted ’n mean ¥ and errr rate data w th
tast d ¥ culty (1 O ¢ culty O h gh d ¥ culty), s ngle-
t°n sal, ence ({ Ow sal ence O h, gh sal ence), dbsplay s z€
(three "r s%), and target type (present sln%let n °r pres-
ent nonslngleton) as factrs. The analys s 1 the {7 data
revealed ma n effects °F task d ff culty [F(1,9) = 245.42,
p <.001], slngleton sal ence [F(1,9) = 9.47, p < .014],
¢ splay s ze [F(1,9) = 78.05, p < .001], and target type
[F(1,9) = 7.76, p < .022]. There was a s gn 1, cant nter-
acty %n between task ¢ ff culty and d splay s ze [F(1,9) =
70.00, p <.001], a s gn,f; cant nteract, %n between sngle-
t’n sal ence and d splay s ze [F(1,9) = 13.78, p < .006],
and a s gn f cant nteract “n between s nglet n sal ence
and target type [F(1,9) = 11.80, p < .008]. The three-way
(nteract, %n between slngleton sal ence, d splay s ze, and
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()
£
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]
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= 1,000 -
c
0
‘g 800 Present Nonsingleton
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400
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'8 1,400 -
£
= 1,200 f _
“E’ Present Nonsingleton
E 1,000 -
c
L
© 800 Present Singleton
3
[a'
600
400 T
3 6
Display Size

target type was als® s, gnf cant [F(1,9) = 5.49,p < .045].
N °ther | nteract Ons approached ) §n1flcance (all ps >
.070). nadd t °n, the analys s % errr rate revealed man
effects f tast o culty [F(1,9) = 14.78, p < .005] and
¢ splay s ze [F(1,9) = 18.54, p < .003].

'ma n nterest was the nteract, On effect °f task 41 -
cu{ty and s nglet n sal ence n attent, ®nal gu, dance. T here-
’re, the target-present data n each c')m‘blnat1 ’n condl‘r1 n
were entered nt® separate AN VAs, with 4, soplay ze and

1 1
target type as fact’rs. n,all ¢"mb, nat, nc nd t "ns, the

1
analys;s O the loT" data y,clded s gn f cant ma n effects O
splay s ze (all Fs > 28.57, ps < .001). The man effects
1 target t%pe were s gn f cant n the 1 w-d i¥ culty, h gh-
sal ence ¢ ndltlon [F(1,9) = 49).11, %< .001] and | n the
h, gh-d ¥ culty, hlgh—sgllence cndtn [Fgl,Q) 2010619’
p <.012], and were n"t s gn f cant n the “ther tw" ¢ 'm-
b nat, n c:ondl‘[1 Ons (ps>.50). nly, nthe low-dlff culty,
1 0 [) (21 o !
h gh-sal ence ¢ 'nd t "n was the nteract n between o s-
play s ze and target type s gn i cant [F(1,9) = 16.04,p <
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Figure 5. Mean reaction times in (A) the low-difficulty, low-salience condition, in (B) the low-difficulty, high-salience condition, in
(C) the high-difficulty, low-salience condition, and in (D) the high-difficulty, high-salience condition of Experiment 3, plotted as a func-
tion of display size for target-absent, target-present nonsingleton, and target-present singleton trials.
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Table 3
Error Rates (Percentage) by Display Size and
Target Type in Each Combination of Task Difficulty
and Singleton Salience for Experiment 3

D splay $ge
Tral Type 3 6
T "WP ¥ culty;T "w W ence
Albsent 2.0 0.9
mresent n nsln%Iet n 2.7 3.9
Wresent s nglet'n 2.2 5.6
T WD [ culty, £, gh W ence
Albsent 1.5 1.6
mresent n nsln%Iet n 2.8 3.9
Wresent s nglet'n 1.3 5.6
¥ 2V o cultyT Ow W, ence
Albsent 1.5 6.5
mresent n nsln%Iet n 3.9 9.0
;.resentslnglet n 4.7 10.6
¥.2h0 ¥ culty, g gh W ence
Albsent 1.6 84
mresent n nsln%Iet n 38 9.0
sresent s nglet™n 4.7 $3

.004], | nd catng a ilﬁ“"erence between the sl pes °f the
tw” target-present funct1 ns. The nteract1 %ns between
the tw’ var, ables n Other ¢ mblnat1 nc ndlt1 1S were
n’t s, gn,ficant (ps > .095). The analysls °f err°r rates
revealed nly sbgnlf cant ma n effects Ki d splay s ze nall
c rnbnat1 nc ns(all Fs > 4.76, ps < .05).

Man search sl pes and the respect, ve mean sl "pe rat, %
averaged acr’ss all part ¢, pants n the ur c')rnblna n
c ndlt1 ns are | sted | n 1able 4. ¥ urtherm °re, the sl pe

* data were entered nt an AN VA w;th tast df¥,-
culty and slnglet n sal, ence as fact"fs. The maln effect 1
tagt d ¥, culty was slgnli“ cant [F(1 9) =20.97,p< 002]
ndlcatlng that the sl "pe rat1 (0 the l W—dlﬁf culty c nd1
t ’n was greater than that, n the h gh-d {¥ culty c n‘rtr n.

T'he ma n effect i“slnglet n sal, ence was als 50y f cant
[F(1,9) = 6.98, p < .028], ndlcatlng that the sl pe rat1
(0 the h gh-sal ence coni]t] n was greater than that n
the lovv-sal1 ence ¢’n n. nferest ngly, the nteract n
between tast d ¥ culty and s nglet'n sal ence was s, g-
n f;cant as well [F(1,9) = 7.53, J) <.024], ndlcatlng that
the o, spar; ty between s1%pe rat s K the tw s,nglet n sa-

lLencec™n ns was greatern the 1°w- versus h1 gh- task
glﬁf cultyc ndlt1 n, and the %{spar ty between s1® perat, Og

f the tw" tasl‘~ dlﬁ culty ¢ ndlt1 ns was ‘greater n the
h, gh- versus 1 °w- slnglet n sal ence ¢ ndlt1

Table 4
Search Slopes (in Milliseconds) by Target Present Type and
Respective Mean Slope Ratio in Each Combination of Task
Difficulty and Singleton Salience for Experiment 3

Targetiresent Type 1:)

pe
0ndlt1 ’n Nonslngleton }ngleton i!atl °

T w d i Culty, 1°w sal ence 52.04 43.34 0.11
T w d ff culty, h gh sal ence 54.70 24.88 0.54
r 1gh d {7 culty, I "w sal ence 111.93 117.68 —0.04
1gh d ¥ culty, h gh sal ence 109.52 95.46 0.09

Discussion

,n,thls et per,ment, tast d i culty and S nglet n sa-
lence were rnanlpulated S multane” usef pr duc ng
four c rnblna ’ns °f the tw cr, t cal fact'rs. The pres-
ent results sh wed that the dlﬁ“erence between the tw’
target-present sl pes was ev dent n the | w-dlfi" culty,

h gh-sal ence ¢ ndlt1 n, butdls 0ppeared nb %th the h, gh-
dbﬁ culty, hy gh -sal, ence ¢ nd1 n and the | W—dlﬁ" culty,

w-sal ence ¢ ndlt1 n, repl, Ocatlng the results *Fo ')lth @

erlments I and 2. n.addt 'n, such a dfference was n %t

bserved  n the h gh-d ff; culty, 1%w- sal ence c')ndlt1 %n.
rurthernl e the analysls O 51° pe ra sh ®wed that the
P tentbal °f the task i rrelevant s nglet 1 t° capture atten-
t 'nc uld ncrease n ot only asa func& n °f the decreas-
(ng task dli‘iC culty but als® as afunct n O the (nereas ng

nglet n sal ence. The rel1 able nteract, n eﬁfect between
tast d ¥ culty and slnglet n sal ence nd cated that the
(frelevant slnglet n had relat, vely more ,mpact n v sual
search when the tast was rela &vely less demandlng and
the stlrnulus was relat]ovely m re sal ent. Thus, the most
attent, ®nal pr o 1tzat "n n the present ef per, rnent t°
place n thel w-dlﬁ‘“ culty, h, gh-sal ence ¢ ndlt1 n.

GENERAL DISCUSSION

The goal O the 0present art cle was t° (nvest gate the p -
tent1 al nﬂuences o th tast demand and st mulus sal ence
n attent1 ®nal capture. E";perlrnent 1, repl, cat ng the {|nd-
(ngs f;.r ul¢ and Egeth (2006), sh wed that the spec11f cd
tasi< - rrelevant st mulus was less 1K ely t° capture attent1 n
when the tast secame m "re 4 cult. 3 per,ment 2 sh "wed
thati“ rthe spec,f; ed tast, the aly, | ty O the, rrelevant st mu-
lus t° capture attent, n ncreased wi th the stl rnulus sal ence.
B per,ment 3 further sh "wed that the ab Lty °f the (rrele-
vant st1 mulust® capture attent, °n was ntly determ1 ned by
tasi< demand and st mulus sa]1 ence. T e three ef per, ments
t°gether dern nstrate that b %th task demand and stlmulus
sallence sh®uld e the tw’ cr tb cal fact® Jsn determ; n ng
the °ccurrence and magn, tude T attent1 nal capture by an
(rrelevant stlmulus 1 the bas;s °f the present f; nd, ngs,
we suggest that atte tb ®nal capture may reflect a dynarn1
(nteract °n between v luntary attent1 ’n determ ned by the
ta®t demand and reﬂe§ | Ve attent, n ev%ed by the st mu-
lus sa]1 ence. Alth ugh prev1 %us research has o cumented
the r’les % tat demand (e.g., T ave, 2000) and st mulus
sal ence (e g 1 heeuwes 1994), respectlvely, the present
art, cle c n% ersther le % the (nteract °n between the tw®
cr, tlcal fact rs, n attent, %nal capture.

n the *ne hand, when the target wec"mes less sal ent
and the search tast Wec’mes m Ore ¢ 1 cult, the part ¢, -
pants have t°¢°cus the, r attent, ®nal res urces m Ore selec-
t vely %n the target-def; n ng feature ;n rder t* penf rm
the tast, resultng n a hlgher demand ° s attent1 °nal re-
sources fthe tast srelatlvely easy and d%sn tconsume
all resurces, there may e some res Ources ava lable °r
the v; sual system t° ass, gn pr, o tyt thelrrelevant sty mu-
lus, the rrelevant stémulus theref Ore appears t* oe able t°
gu de attent1 %n aut mat, cally. fthe tas ;s much harder
and requ res m "re resurces, thére may be n° res®urces
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ava lable t° pr Ocess the (frelevant stbmulus s” the (rrel-
evant stmulus 1 Is t° gu1 de attent "'n. As’] I' ave (2000)
sh®wed, the 1rrelevant stlmulus can be pr cessed (1 the
pr,mary ta§< d°cs n°t ¢’nsume all ava lable res urces
n the ther hand, when a st mulus bec ’mes m re sa-
L ent ts 0 °ttm-up act; vat, ’n (0 the sal ence map bec"mes
hlgher resultlng nan ncreaslngp tent]alt summ "n at-
tent, %n aut matlcally (\1‘, Ife, 1994) fan, rrelevant stm-
ulus s nconsplcu us, thasn mpact natten‘tl %nal gu d-
ance (D an, neff, ¢ ent search taé< S there sn dfference
between the tw steep target-present s1° pes 1 the stlmu-
lus,s relatévely m°re sal ent, trece ves h gher atten‘r1 ®nal
pr, rt , s the st mulus somewhat gy des attent1 On t° .ts
p slt1 n, pull ng the slnglet n target s1° pet ward ﬂat o,
the stlmulus s sal ent en ugh t captures attent1 n eﬁ“ec-
t vely, pr duclng a flat 50 glet 'n target s1%pe. ThereiC Je
attent, nal capture mayn tbe, nterpreted as an all-"r-n*ne
phen "men %n, butasa matter 1 degree. Turtherm %re, the
st mulus sallence m 3/ be m "dulated by t°p-dwn nflu-
ences. The sal ence 1 the st mulus that matches the at-
tent, ®nal settlng may be evaluated, whereas the sal ence
°fthe stmulus “uts, de the relevant sett ng may be reduced
(i“°11< et al., 1992, Theeuwes et al 2000). 0 b et ample,
attent, ®nal capture by target-cl red dlstract s was ac-
compan1 ed by ncreased act vty n c°rresp nd ng v, sual
c rt1 cal areas (Yrences et al. 2005) whereas res, stance
t° capture by same-sal, ent but n’n- target -c"1°red o strac-
t°rs was med ated by dnhl blt Ty pr Ocesses (T amy, T eber
& Egeth, 2004). Alth ughl' amy et al. revealed s Jner %le
i° perceptual sal ence OF st mul, w; th n the attent, ®nal set-
the present a &cle suggests "1 the f rst t me a much
re central r’lef rb ttm- up sal ence “1"st mul, utslde
any relevant attent, ®nal sett ng.
n,summary, ‘ur f, nd ngs suggest that attent, ®nal cap-
ture may be ne, ther un que t° spec,fic stmul, (e.g., dy-
nam, ¢ events) nor fully contlngent nt p- d wn ¢ ntr |
settlngs “t.seems t° be mre appr pr ate t° (Aterpret at-
tent, ®nal capture as a quant, tat, ve mechan1 sm rather than
as an all-"r-n"ne phen ®men®n. The e> tent °f the atten-
nal capture efiect ntly depends n o °th the (ntens, ty
v luntary attent1 n determ ned by tast demand and
the  ntens, ty Ki reﬂet (Ve atten ’n ev™ed by st mulus
sa]1 ence. AsB erger, en11< and Rafal (2005) suggested,
»'thv luntary attent; n and refles 5, ve attengl °n were sepa-
rate mechan1 sms that c mpetedf r shared "t partly shared
res "urces. Under 1%w tast demand the tw mechan1 sms
had add ct ve and ndependent rent ng effects and even
c ntradlcted each %ther. L Tr© ntrast under h, gh tast de-
mand, v luntary attent1 ’n se zed m °st resources and re-
ﬂe; Ve atteng *nn®1° Jnger bnterfered W th v luntary atten-
1here1r re, a str ngi“ rm °F attent, ®nal capture may
be c nsédered ac mpetltlve result that under appr pr ate
c ndlt1 ns (;.€., the dfuse attent, %n state , nduced by the
relat, vely easy tasl< and the h gh sal ence "1"the  rrelevant
st mulus), the reflet, ve mechan1 sm act, vated by the -
relevant st mulus wlns the v luntary mechan1 sm ]Onduced
by the task, result ng n an attent, ®nal °r entng t” the r-
relevant st mulus
ur suggest1 ®n that the (nteract, °n between rei‘]e>1ve
attent, ’n determ; ned by stlmulus sal ence and v ®luntary

attent, n determ, ned by tast demand nfluences the eff -
¢ ency °f the  rrelevant stlmulus t° capture attent, n may
mply awayt understand c ni‘h ct,ng results and hyp Oth-
eses (0 the attent1 ®nal capture | terature. ¥ rst, dynam, ¢
stmul, may p Ossess h, gher sal ence than stagoc stmul, .
,n‘ _nature, dynam, ¢ st mul may have hlgh ec’1’g cal s g-
n, i cance, because “rgan sms may have ev Olved t° be sen-
s tve t en\‘lronmental changes that requ;re mmed, ate
attent1 n.The ° ccurrence O dynam, cstlmul needs Organ-
(Sms to mateac 'rresp 0ndlng acty %n, thereby captur,ng
attent, D Thus, m st d rect ev, dence °r stlmulus drlven
attent] ®nal capture ¢ mes fT'm stud es nv lvlng dy-
m, ¢ stmul, (e.g., franc’ ner, & }m ns, 2003, J nldes
& santls 1988), whereas nly s’me (nd rect ev,dence
reveals relatlvely weal capture effects by statlc stlmul
(e.g., 'F ®rstmann, 2002). ﬁc ’nd, even them stp tentlal
dynam, ¢ stlmulus—ahrupt HSCtJ%]S t° e]]c t capture
eﬁcects b °th when the opartlc pants’ attent, n sh ghly °-
cused (e. & santls & J'n des, 1990) and when the sal ence
Ki ahrupt Onset s 1°wered by add] ng greater envlronmen-
tal n° (se (e.g., Nirtln Emers® 2 & yFamer, 1997). Thlrd
stat ¢ stlmul have an mpact n attent, ®nal capture, b %th
when the tas{i at hand s relat; vely easy and eff| ¢, ent (e.g.,
Theeuwes, 1992) and when the statlc st mul, are O h1 gher
sal ence (e.g., Turatt® & 'Walf: an 2001) Ve reas ®n that
the capture effect that 1uratt and c lleagues bserved
may have been due t® s°me factrs °f the des gn rather
than meth d°l° cal dlﬁferences between the dlsplay s ze
meth’d and the stance meth °d (T uratt 'Gahfan ,Yar-
dn, & Mscett] 2004). Actually, ¢ 01 dlsc ntlnulty n
the r stud, es was m e n"t ceable than that | preyy Ous
stud1 es (e.g., J nldes & hnts, 1988). '\‘)re ver, ther
f,nd ngs n the | terature als” appear t® e ¢ mpatlble
w th 0ur suggest, °n ' (nstance, regard ng the reflef -
\‘e attent, on aspect 1 kauschenberger s (2003b) study,
when part ¢, pants were set for new b ect nset, large
lumlnance changes m, ght be ¢ ns1 dered t” be h ghly sa-
Lent,s they captured attent; °n whereas small lum1 nance
changes m, ght be c ns1 dered t° be relat, vely 1°w sal ent,
S they falledt capture attent, %n. kegardlng the v lun-
tary attent1 ’n aspect, ;n Theeuwes andB urger’s (1998)
study, the ¢ ngruency eﬁcect ass clated with a sa]1 ent but
t-e- - &n Ored ¢”1°r dlstract T was elémlnated ®nly when
part, ¢, pants were i“ullg 1ni” rmed abut the ¢®1°rs °f the
target and the d stract 1.
feecent pr gress nphys1 o glcal stud, es may shed | ght
°n the neural mechan; sm. The thalamus, as, s we111< n win,
serves as a %ate thr gh wh, ch the 17w sens ry n-
puts passest the ne ¢ rtes , and th s gate s ¢ ntr lled by
neur 'm "dulat® IS r°m the bralnstem ret; cular ° rmat ’n
(Werman & ,Vch 1986). fastr’-Alamanc’s and ld-
rd (2002) sh wed that whh rats were h , ghly ar Odsed,
sens ry-ev .cd resp ®nses were suppressed n the ne 0
c rteS by wea1< en ng the eff] ¢ ency i the thalam c°rt1—
cal ¢ nnec‘r1 n. Nrever, \yadl w andY®usev’s (2001)
study suggested that when rabb ts were | n a relat ed state,
the r thalam °c rtl cal connect1 ns were enhanced after the
emergence fthalamlc bursts. These stud es may p nt
t° the neural mechan1 sm underly,ng the relat1 n between
\% luntary attent, °n and refles (Ve attent, %n. W hen the n-
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tens, ty O v luntary attent, n Shgh, thebran skept n 2
h ghly aroused state, resultln n a reduced eﬁ“ ¢ ency O
the thalam °c rt1 calc nnect1 ~n.th s case, the thalamus
gate seems t" e narr Owy s the \7 sual system ;s able t°
pricess relevantlni" rmat, n m®re select vely. Unless ;t
(S salenten ®ugh t° t enter and be processed rrelevant n-
forrnat1 n seernst be bl'ded uts1 de the thalamus gate
mak ng the ®wserver rappear nsensltlvet et ternal events
\then the ntens ty Of v luntary attent; n srelatlvelyl W,
the bran sl< ept,n a relas ed state, resultlng (0 enhanced
eff ¢ ency °f the thalam °c rtlcal connec nth s case,
the thalamus gate seems t e W de pen,”s that a great
am "unt °f sensory nf orrnatl n, b th relevant and  rrel-
evant, can enter that gate and be pr Ocessed by the vbsual
system. T Theref"re, the ntenslty 1 refles, ve attent1 n,s
relatlvely h, gh, and the bserver a ‘Ppearst be suscep-
t ble t° et ternal events S0 the env;r ‘nment. Turtherrn Ore,
us ng event-related p tent1 al measures }andy, \Itanl,
and gun (2001) und that when the perceptual 1 Oad
O Oveal target Waslncreased the “cc b, tal'e 1 ampl, tude
evX ed by a paraf Oveal st mulus was decreased Us/ng
funct1 ®nal bra n- mag ng techn ques, Lnn T, Tulu
W nst, and yastner (2002) ° und that 4t t# human thal-
c level neural resp %nses t° attended st mul, were en-
hanced and thse t° unattended stmul, were attenuated
’"hese stud, es may suggest that the ntera n between
Y Iuntary attent; °n and re1‘]e> Ve attent1 °n ccurs dur, g
the relat vely early stage Ki v sual pr cess1 ng.
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