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ABSTRACT

Selecive attention has been hypesiised to operatat a perceptual level by focusing
perceptual resources on the attended location (Lavie,)198& thesis examined (1)
the shape of therofile of perceptual resources in space and (2) the effect of several

factors on thdéocusof this profile.

The spatialprofile of perceptual resources was indexed using different measures,
namely a ran@ of measures distractorinterference in the flanker task (Eriksen &
Hoffmann, 1972 and performance at detecting a probe in the cue/probe Bs$nér,
1980. In all casesthe profile was found tdescribe a Mexicahat pattern and this was
true whether attention wadirectedat fixation orto the periphery. The effects @t
number offactors on thdocus of the Mexicaiatprofile, namely on the efficiency of

the perceptual level of selective eation, were investigated. Whilenéreasingboth
perceptual load (i.e., the perceptual difficulty @ktracting information) andrait
anxiety causedhe profileto focus increasingcognitive load (i.e., the difficulty of a

mental task performed in pamllito the selectivattention task) causetto defocus

These resulthave two important implications. Firstariations instimulus and task
properties (e.glpad or in individual characteristics (e.canxiety) across studies may
explain why some stlies have reported gradiemtthier than Mexicahat patternsin
some studies, perceptual resources may have been defocused, causing thehdéxican
profile to look like a gradient. Secondontrary to thdoad theory avie, Hirst, de

Fockert, & Viding,2004), the focus of perceptual resources is controlled not only at



perceptual but also at cognitive levels. Cognitive load may therefore change what we

see whether it be an individuated object or the global properties of a scene.
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CHAPTER 1 +GENERAL INTRODUCTION

To ensure efficient functioning, the brain mfiscus on goatelevant information and
exclude distracting information. In order to achieve this, the bnaékes use of
selective attention. This function has been the focus of much research in the field of
cognitive psychology and is tiseibjectof the present thesis. The experiments presented

in this thesis addressed several questions that remain unresolved or controversial in the
literature to date, namelyl) what is theshape of theprofile of selective attention
around the attended locatiof2) what are thendicesthat are best suited to studyeth
shape of this profileand (3) do perceptuaload, cognitive loadinda number of other

factorsaffect the extent diocusof this profile?

In the presenthapter we summarize the literatutbat exstson these questions. &V
discuss somdimitations of most previous studies thatve addressed the effect of
perceptual load, cognitive load aother factorson the focus of perceptual resources
These studies havexamined only fixed separations froinet attended location and
have thereforenot examined the profile of perceptual resources (available only by
probing a range of separationB).the absence of a full profile, a change in focus can
only be impliedbut not concludedsee Section 1.2 belowlhis is especially true given
the controversy about the shapetlwé profile of perceptual resourcesiless the shape
of the profileis agreed uponore cannot measure a changehe focus of perceptual
resources Some studies suggest that the profilescribes agradient pattern when
others suggest that it describeMlexicarrhat pattern (see Section 1.3 belowyevious

studies that have shown gradient or Mexiban profiles have used a variety of indices,
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among which three have been most commonly .u3éese three indices are (1)
performanceat responding to a probe occurring at an uncued locatidhe cue/probe
paradigm (Posner, 1980see Section 1l.below), (2) responseelated interference
namely the interferencegenerated bylistractos drawnfrom the same set of letters as
the targetin the flanker paradigr(Eriksen & Hoffmann, 1972see Section 1.6elow),
and (3) saliencerelated interference, namelyhe interferencegenerated by salient
distractos, in the flanker paradigm (see Sectioh lelow). We examinevhetheror not
these indices can be usedterchangeablyto measure the profile of perceptual

resources.

In Chapters 2 t®, we present the results of h2w experiments that tested the above
questions. Finally, in Chapter 6, we diss the implications of the results of these
experiments.This thesis will address only thasual modalty of selective attention.
While some of its conclusions may apply to other perceptual modalities, this possibility

will not be discussed.

1.1 Selective attention

Selective attention is the umbrella term given to the mechanisms thought to be involved
in the exclusion of distracting information. It has been envisaged aslaelqrocess
involving two independent mechanisnesd.,Lavie, Hirst, de Foogrt, & Viding, 2004
Pashler, 1999 According to this view, visual attention to a target location fingblves

a perceptual level of selection that blocks distractors from being perceptually
processed. This level of selection is inherently spatial in nature; it is thought to involve
a pool of perceptual resources that can be focused on a target locaticemewved

from neighbouring distractor locations (e.g., Eriksen & St James, 1986; LaBerge, 1983
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Yantis & Johnston, 1990 Due to its spatial nature, this level of selection is often
referred to aspatial attention The second level of selection in the tlewel process

occurs postperceptually It allows distractor stimuli that havbeen perceptually
processed (because they have not been efficiently blocked at the perceptual level) to be
blocked from reaching the higher levels of processing that support awareness and
response selection. This level of selection takes place at -gogrosptual level and is

by definition independent of stimulus location; it is thought to rely on mechanisms that
set and rehearse task priorities &hdt require the availability of workingnemory
resourcesde Fockert Rees, FrithlLavie, 2001, Lavie et al., 2004Lavie & de Fockert,

2005 2006 Lavie & Fox, 2000.

The work presented in this thesiginly focuses on th@erceptuallevel of selective
attention.It capitalizes on its spatial nature igplateit from the (non-spatial) post
perceptuallevel of selective attentionnpte thatthe latterlevel of selectionwill
neverthelesbe addresseith Chaptes 4 and 5. In Sectionl.2 below, we summarie the

dominant modebf spatial attention.

1.2 The focus of perceptual resources

Selectiveattention theoristhave classicallyreferred tospatial attentionpnamely the
perceptual level of selective attentjdsy appealingto a spotlight metaphor(Posner,
1980. The stimuli presentin the areareceivingperceptual resourceare perceptudy
processed whereasthe stimuli presentin other areasare not(e.g., Briand & Klein,
1987; Broadbent, 195&gly & Homa, 1991; Hazlett & Woldorff, 2004; Remington &
Pierce, 1984; Shulman, Remington, & McLean, 19%9erling & Weichselgartner,

1995; Tsal, 1983; Treisman, 197Tteisman, 1988Treisman & Gelade, 1930
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It has been suggested that the size of the ra@avng perceptual resourcaesriesas
though controlled byD p] R R P Ediks€n\&5t. James, 198baBerge, 1988 When

the sizeof this arealecreasegerceptual resources aaidto be spatiallyfocused

In this thesis, we are particularly interested in the effecthode factorsthat have
previously been claimed either to cause a changjeeifocus of perceptual resources
not to do so These factors ar€l) the percepial difficulty at processing target
stimulus(a higher perceptual difficulty, or perceptual loawidely assumedo focus
perceptual resources; e.g., Downing, 198&ster & Lavie, 200;7/Handy, Kingstone &
Mangun, 1996LaBerge, Brown, Carter, Bash, & Hartley, 1994&vie, 1995; Lavie &
Tsal, 1994; Lavie et al.,, 2004MacDonald & Lavie, 2008Williams, 1988),(2) the
availability or successful deployment cognitive resourcest(has been concluded that
neitherthe availabilitynor the deploymenof cognitive resources affecthe focus of
perceptual resourcesForster & Lavie, 2007 Lavie et al.,, 2004 and, finally, (3
individual differences in trait anxietyafixiety has been suggestaoth to focusandto
defocus perceptual resourcdraunsteirBercovitz, 2003; Dusek et al., 1975, 1976;
Easterbrook, 1959; Janelle, Singer, & Williams, 19%hapiro & Johnson, 1987;
Shapiro & Lim, 1989; Solso, Johnson, & Schatz, 196&l|tman, Smith & Egstrom,

1971; Williams, Tonymon, & Anderson, 1990, 1991).

Remarkably, ie evidence that exists on the effeof the abovehreefactors on the
focus of perceptuaesources remairscarcedegite the many studies dhese effects
Classically, agiven factorhas been suggested to focus perceptual resources wines it

found to cause(l) a decrease ithe inteference generated by distractorstimulus
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occurring away from the attended locati@n the flanker paradigme.g., Braunstein
Bercovitz, 2003; Forster & Lavie, 200Kramer et al., 1994; LaBeeget al., 1991
Lavie, 1995; Lavie & Tsal, 1994; Lavie et al., 2004; MacDonald & Lavie, 2008; Martin
& Jones, 1983Scerif et al., 2006Tipper & Baylis, 1987 see Section 1.5 beldwr (2)

a decrease iperformanceat responding t@ probestimulusoccuring away from the
attended location (in the cue/probe paradigmy;,Dusek et al., 1975, 197§owning,
1988;Easterbrook, 195%andy et al., 1996janelle et al.1999;MacDonald & Laie,
2008;Shapiro & Johnson, 1987; Shapiro & Lim, 1989; Solso, Johnson, & Schatz, 1968;
Weltman et al. 1971; Williams, 1988;Williams et al, 1990, 1991;see Section 1.4

below).

Neitherof thesetwo findings however providesfirm evidence of a changa the focus
of perceptual resourcetdeed the firstfinding (a changan distractor interferenge
may reflecta changen the efficiency ofpostperceptualselectionmechanismgqsee
Section 1.2 above) rather thanchangein the focus of perceptual m@srces Even
where posperceptuakelection mechanisms can be exclydeath the first and second
findings would only unambiguouslyindicatea focusing of perceptuaesourcesf the
profile of perceptual resourcésamely the distribution of perceptuaksoures around
the attended locatiordescribé a gradienpatternbut not if it describél a Mexicanhat

pattern.The distinction betweegradient and Mexicahatprofilesis discussedext

1.3 The profile of perceptual resources

Up until recently, ithas been widely held that the profitd perceptual resources
describes a simple gradient, witberceptual resourcedecreasing steadily with

increasing separatidinom the attended locatiofe.g., Cave & Bichot, 1999Cohen &
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Shoup, 1997; Connor, Preddie, Gallant, & Van Essen,;19@7er, 1997 Eriksen & St.
James, 1986Handy et al. 1996 Henderson & Macquistan, 1998lommel, D03;
Kramer & Jacobsonl991, LaBerge & Brown,1989 Matchock & Mordkoff, 2007,
Mattler, 2006; Miller, 1991; McCarley & Mounts, 2008; Murphy & Eriksen, 1987; Pan
& Eriksen, 1993; Paquet, 2001; Pratt & Quilty, 20@&zzolatti, Riggio, Dascola, &
Umilta, 1987 Scharlau & Horstmann, 200&hepherd & Mdller, 1989Shulman,
Wilson, & Sheehy, 1985Starrevéd, Theeuwes, & Mortier, 2004y antis & Johnston,
199Q seeFigure ). However, recent studies have suggested that the profile is more
complex and best modelled by a Mexidaat function, in whichperceptual resources
do indeed first decrease but thanrease before tailingoff, with increasing separation
(Bahcall & Kowler, 1999; Caputo & Guerra, 1998ave & Zimmerman, 199Cutzu

& Tsotsos, 2003; Downing, 1988; Hodgson, Miuller, & O'Leary, 1999; Hopf et al.,
2006 Kim & Cave, 1999; Kristjansson & Nakayama, 2002ounts 2000b; Miuller,
Mollenhauer, Rdsler, & Kleinschmidt, 2008ee Figure )L The bottom of the Mexican
hat (where perceptual resources stop decreasing and start increasing) IEtre seat

of best exclusion and the stimuli occurring in this areanost efficiently ignored.
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Figure 1
Schematic representation of a focused and defocused gradient profile of perceptual

resources (top) and of a focused and defocused Mekigamprofile of perceptual
resources (bottom).

The question of the pattern described by the profile of perceptual resources is important
given that changes in the spatial focus of perceptual resources can only be properly
indexed when the profile is well defineticcording to the gradient modéhe focusing

of the profile ofperceptual resourcedwayscause perceptual resources tecrease
except athe attended locatioand neighbouring locatior(see Figure 1)On the other

hand, accaling to the Mexicathat modelthefocusing ofthe profilecauses perceptual
resources talecreaseat some separations frometlattended location but aiso cause

them to increase at large separations and not onlyat the attended location and
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neighbouring locationssee Figure 1)As a result, if the profile of percegturesources
really describes a Mexicahat patternfindings of a decrease in distractor interference
or in performanceat responding to a probe (see Section 2y indicate either a
focusingor a defocusingf perceptual resourceepending on thpostion at which the

distractor, otheprobe, occurredn the Mexican hat

In sum, findings of a decrease in distractor interfererare in performance at
responding to a probeannot be interpreted when only one d@istoror probe location

is sampledThe onlyway to ascertain that a given factor realpuses a focusing (or
defocusing of perceptual resources is to measure the effect of this factor on the profile
of perceptual resources. In other words, it is necessary to sample more than one
separatiorfrom the attended locatiom.o our knowledge, of all the studies whichve
tested theeffect of perceptual loadthe availability and deployment of cognitive
resourcesand trait anxiety(see Section 1.2)nly four of themhave examinedthe
profile of perceptual resourcemndthenonly to measure the effect of perceptual load
(Downing, 1988 Handy et al., 1996Mdiller et al., 2005Williams, 1988) Thesefour
studies generated contradictdmgdings as onlytwo of them showed #exican hat
profile (Dowring, 1988; Muller et al 2005), and onetbem (Mdller et al., 2005Jlid

not replicate the finding of the other (Downing, 1988) tpatceptual load focuses

perceptual resources

In the present thesis, we tedtthe effect of perceptual load,availability and
deploymentof cognitive resourcesand trait anxietyon the profile of perceptual
resources. Before testing these factovs, tesed the possibility thatthe profile of

perceptual resourcedescribes a Mexicahat patternusing Muller et al.§ V2005)
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flanker paradigm and we attengatto bring the paradigmin questioncloser toother
flanker paradigmsvhich have revealed gradient profilésriksen & St. James, 1986;
McCarley & Mounts, 2008; Murphy & Eriksen, 1987; Pan and Eriksen, 1993; Yantis &
Johnsto, 1990; see Chapter 2)loreover,we examinedwhether the samseparation
functionis derivedusingdifferent indicesextractedn the flanker paradigm (McCarley

& Mounts, 2008) andhe cue/probe paradig(e.g.,Bahcall & Kowler, 1999; Caputo &
Guerra, 198 Cave & Zimmerman, 1997Cutzu & Tsotsos, 2003; Downing, 1988;
Hodgson, Miiller, & O'Lear, 1999; Hopf et al., 2006<im & Cave, 1999; Kristjansson

& Nakayama, 2002Mounts 2000p with a view to decidingon the bestindex (or
indices; see Chapter 3) Cue/probe and flankegparadigns are describedelow, in

Sectionsl 4 andl1.5 respectively

1.4 The cue/ probe paradigm

1.4.1 Description of the paradigm

The cue/probeparadigmhas beercommonly usedo study selective attentiofe.g.,
Briand & Klein, 1987 Berger, Dori, & Henik, 1999Egly & Homa, B91;, Funes,
Lupiafiez, & Milliken, 2007;Haimson & Behrmann, 20Q0Hazlett & Woldorff, 2004
Henderson & Macquistari,993;Jonides, 1983Miller & Rabbit, 1989 Miiller, Teder
Saelejaervi, & Hillyard, 1998Murphy & Eriksen, 1987Posner, 1980Posner, Snyder,
& Davidson, 1980 Prinzmetal, McCool, & Park, 200Remington & Pierce, 1984
Sheperd & Miller, 1989 Sperling & Weichselgamer, 1995 Tsal, 1983 In this

paradigm, participants are askeddetect,or identify,* a probethat can occur atne of

! In the cue/probe paradigm, the task requires paatits either to decide whether a

stimulus is present or absent (detection task) or what the identity of a stimulus is
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several possibldocations the probe dcation, in the visual sceneEither before or
simultaneously with the presentatiohthe probea cueis displayed to signa spatial
location (the cued locationand to orient to, and focus perceptual resources, this
location(thus making itheattended locatiop Cueing is said to be endogenous when it
involves eitheran informative symbol or prior instructionsthat engage tolown
mechanismsto orient perceptual resources to the cued location; it is said to be
exogenous when ihvolves the preseation of a singleton stimulus at (or next to) the
probe location that engages bottoqm mechanisms to orient perceptual resources to the
cued locatiorf Critically, only in some trials doethe probelocationcorrespond tahe
cued location(i.e., the atended location These trials are said to alid. In other
trials, when the probe occurs away from the attended locatimn,probelocation
corresponds t@n uncued locationThese trials are said to levalid. It is typically
found thatperformance ategponding to the probe is betten owalid thanon invalid
trialsand it is concluded thalhe probe receivasore perceptual resources validthan

on invalid trials It is arguedthat he stronger theueingeffect s, the more efficient the
cue B atorientingperceptual resourcés, and/orfocusing perceptual resources, time
cued locatior(e.g.,Funes etl., 2007 Jonides, 1981; Juola, Koshin® Warner, 1995

Shegerd & Miller, 1989).

LGHQWLILFDWLRQ WDVN ,Q WKH IROORZLQJ SDUWYV
performance atespondingto a probe, which c® HTXDOO\ ZHOO UHIHU W

performance at detectirgy identifying a probe.

2 Note that a particular stimulus can operate both as an endogenous and exogenous cue,

namely, when a singleton stimulus is predictive of the location of the probe.
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1.4.2 Measuring the profile of perceptual resources

Using the cue/probe paradigmhe profile of perceptual resourceground the cued
location can beextractedby looking at invalid trials (e.g., Handy et al., 1996;
Henderson, 1991; Henderson & Macquistan, J993 DUWLFLSD QWNtHheseHU IR U
trials is measured as a function of the separation betweecuel (attended)ocation
andthe probelocation Performance atesponding tdhe probeat a given separatiois
assumed to reflediow many perceptual resources presentat ths separationd.g.,
Handy et al., 1996;Henderson, 1991 Henderson & Macquistan, 1993Thus,
performanceat responding to the prolss a function of separatias used tandex the
spatial profile of perceptual resourcasund the cued locatioMote that, in most
studies, theued ad probelocations occum theperiphery at a fixed eccentricit{e.g.,
Bahcall & Kowler, 1999; Caputo & Guerra, 1998ave & Zimmerman, 199TCutzu &
Tsotsos, 2003; Handy et al., 1996lenderson & Macquistan, 1993; Hodgson et al.,
1999; Hopf et al., 20Q&Kim & Cave, 1999; Kristjansson & Nakayama, 208funts
2000b) to make sure that the effecttbe separatiorbetween cued and probe locations
really reflects the profile of perceptual resources rather than only an effect of cortical

magification (Anstis, 1998 Rovamo & Virsu, 1979; Virsu & Rovamo, 1979)

If performance at responding to the praddéoundsimply to decrease with increasing
separation betweethe probe and the cued location, thisuld suggesthat the profile

of perceptual resourcemound the cued locatiodescribesa gradient On the other
hand, ifperformance at responding to the prabdoundfirst to decreasand thento
increase befare then tailing off with increasing separation between the probe and the
cued location, thisvould suggesthat the profile of perceptual resourca®und the

cued locatiordescribes Mexican hat
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1.4.3 Limit ation of the cue/probe paradigm

The cue/prob paradigmmight not be the bestool to index the profile of perceptual
resources (Mdller et al., 20Q50his is mainly because, in this paradighe profile of
perceptual resources is indexesing invalid trials, namely,those trials in whichhe
probe (i.e., the stimulus thaits centralto the task doesnot occur at the attended
location.lt is possible thaton thaseinvalid trials, perceptual resources aetistributed
from the cud to the probdocation The cue/probe paradigmould index mechaniss
underlying this redistribution of resources rather thanin addition to,the actual
profile of perceptual resources around the cued locafiamely, performanceat
responding tathe probecould index the strength of the redistribution of perceptual
resources to the probecation (Muller et al., 2005) If this is true, it means that the
effects on performance of cuprobe separatiorthat aretypically observed in the
cue/probe paradigne(g., Cave & Zimmerman, 199Cutzu & Tsotsos, 2003; Handy et
al., 1996; Hendemn & Macquistan, 1993; Hodgson et,al999; Kristjansson &
Nakayama, 2002Mounts 2000; Pan & Eriksen, 1993%eeSectionl.4.2 abovég index
variations in thestrengthof the redistritution of resourceslue to separatiorather than

justtheprofile of perceptual resources.

This hypothesisvastested in Chapter By directly comparing the performance function
of separation measuraasing the cue/probe paradigmwith that measuredising the
flanker paradigm whicks thoughtnotto beaffectedby the above limitatiofMueller et
al., 2005 see below Provided thatthe flanker paradigm measures the profile of
perceptual resourcesny qualitative differenceobservedbetween the functionsf

separation obtained with the cue/probe paradigm and the flanker paradigtd
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suggestthat the cue/probe paradigdoes not purelyndex the profile of perceptual

resources

1.5 The flanker paradigm

1.5.1 Description of the paradigm

The flankerparadgm has also been widely usdd study selective attentior(e.qg.,
Chastain & Cheal, 19971999 Chen, 2005 Cohen & Shoup, 1997Eriksen &
Hoffman, 1972, 1973Eriksen &St James, 1986; Eriksen & St. James, 1986; Facoetti,
2001, Flowers, 1990; Hommel, 2003; Jiang & Chun, 20Rdamer & Jacobson, 1991;
Matchock & Mordkoff, 2007; Mattler, 2@ Miller, 1991; McCarley & Mounts, 2008;
Murphy & Eriksen, 1987 Mdller et al., 2005;Paquet, 2001; Pan & Eriksen, 1993;
Yantis & Johnston, 1990In this paradigmparticipants are asked identify a target
letter (typically throughmaking a two-alterndive-forced choice+2-AFC tresponsg
while ignoring adistractor letter that occurs imost or all) trials. The target always
occurs in a 100%redictable location In other words, unlike in the cue/probe
paradigm, thestimulus that has to be respondedalways occurs at thattended
locaton. The distractor occurs at varying separations from the tdrget at different
separations from thattended location The distractor is completely irrelevant to the
task ands typically not predictive of the response to the targeedpitetheirrelevance
of the distractarits presence interferes with performance at identifying the tswgae
extent that iis allocated perceptual resources (@herdore perceptually processed)
As a result, tiis typically argued that thamplitudeof theinterferences a function of

how many perceptual resourceare presentat the location of thedistractor (note
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howeverthat, as discussed Bection 1.2the amplitude of distractor interference also

reflects the efficiency gbostperceptual selectiomechanisms)

In sum, in the cue/probe paradigm, perceptual resources are measuhedprobe

location by measuring how well participants respond to the probe at a given separation
from the attended location, whereas, in the flanker paradigm, percepsoakces are
measuredat the distractor location E\ PHDVXULQJ KRZ SDUWLFLSDQ
affected by the irrelevant distractor when it occurs at a given separation from the

attended/target location.

1.5.2 Measuring the profile of perceptual reso urces

In the flanker paradigm, the profile of perceptual resources around the target location
can be extracted by looking &he interferenceof the distractor Which indexes
perceptual resources at thecation of thedistractoj as afunction of thetarget
distractor separation (Eriksen & St. JamE386; McCarley & Mounts, 2008; Murphy

& Eriksen, 1987Miiller et al., 2005Pan & Eriksen, 1993; Yantis & Johnston, 1290
Thus, distractolinterferenceas a function of separation is used to index the spatial
profile of pereptual resourcedNote that, in many flanker studies, as in cue/probe
studies, the stimuli (target and distractor) are presented ipdhghery at a fixed
eccentricity (Eriksen & St. James, 1986; McCarley & Mounts, 2008; Mduller et al.,
2005; Pan & Eriksn, 1993; Yantis & Johnston, 1990), to make sure that the effect of
targetdistractor separation really reflects the profile of perceptual resources rather than
only an effect of cortical magnification (Anstis, 19%8vamo & Virsu, 1979; Virsu &

Rovamo, 1979).
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By the same logic outlined in the previous section on the cue/probe paradidpen, if
amplitude of distractor interferenceis found simply to decrease with increasing
separation between théarget and thedistractor this suggest that the profile of
perceptual resources around tiaegetlocation is shaped like a gradie@antis &
Johnston, 1990)Similarly, if the amplitudeof the distractorinterferences found first

to decrease and then to increabefore then tailing offwith increasing separation
between theéargetand thedistractorocation, thissuggest that the profile of perceptual

resources around thargetlocation is shaped like a Mexican f{ituller etal., 2005)

1.5.3 Strength of the flanker paradigm

The flanker task has been suggested not teuigect to the same limitatioas the
cue/probe paradigm (Mdller et al., 2005; see Sectior8 Bdove). Namely, in the
flanker task, the stimulus that iemtral to the task (the target) always occurs at the
attended location and, therefore, there is (arguably) no incentive for a redistribution of

perceptual resources.

1.5.4 Different categories of distractors

In the flankerparadigm, the distractor can &) compatible, when its identity is
mapped to the same response as the tta(@g incompatible, when its identity is
mapped to the@pposite response to the target,(3) neutral, when its identity is not
mapped to any responsko the extent that disictors are processed, it is possible for
these three types of distractors to affect performance through one, or both, of two types
of interferencenamely,responseaelated interference andaliencerelated (singleton

type) interference. The former is assd to reflect a competition for response selection

(e.g.,Anderson & Kramer, 1993€ebeaer, Ullsperger, Siegel, Fiehler, von Cramon, &
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Engle, 2005 Eriksen & St. James, 198Borster & Lavie, 2007 Hommel, 2003 lani,
Ricci, Gherri, Rubichi, 2006Kramer, Humphrey, Larish, Logan, & Strayer, 1994
Kramer & Jacobson, 1991aBerge et al., 1991; Lavie, 1995; Lavie & de Fockert,
2003 Lavie et al., 2004 Maruff, Danckert, Camplin, & Cuie, 1999 Matchock &
Mordkoff, 2007 Mattler, 2006 Muller et al., 2005; Murphy & Erikseri,987; Paquet,
2001, Pan & Eriksen, 1993; Yantis & Johnston, 1990) and the latter a compédition
perceptual representation in the visual systerg.(Bjork & Murray, 1977; Forster &
Lavie, 2008; McCarleet al., 2004 2007 McCarley & Mounts, 2008Mounts, 2005
Mounts & Tomaselli, 2005Mounts & Gavett, 2004van Veen, Cohen, Botvinick,
Stenger and Carter, 200Verbruggen, Liefooghe, &andierendonck, 2006 It has
been suggested that both resperedated and salieneelated interference can be used
to index the allocation of perceptual resources at the location of the distractor

(McCarley & Mounts, 2008).

Resposerelatedinterference

Compatible and incompatible (but not neutral) distractors can gemesgenseelated
interference. This effect relies on the fact that compatible and incompatible distractors
are drawn from the same response set as the targetdifdction of the response
related interference depends on whether the distractors are respomsatible or
responsencompatible. Thusjncompatible distractors have been showniricrease
latencies and errors for targeentification (e.g., Cohen & t®up, 1997 Fan,
Flombaum, McCandliss, Thomas, & Posner, 2008ler, 1991; Mdller et al., 2005;

Ro, Cohen, Ivry, & Rafal, 1998rantis & Johnston, 1990)n such circumstances, it is
generally concluded that incompatible distractors compete with the preparation of the

response to the target becausartidentity is mapped to the opposite response to the
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WDUJHW LW FDQ EH FRQFOXGHG WKDW LQdspoRs8 DWLEC
related interferencedi.e., competition).On the contrarycompatible distractors have
sometimes been shown teaeaselatencies and errors for target identification (e.qg.,
Cohen & Shoup, 199Hazetine, Poldrack, & Gabrieli, 20QMiller, 1991, Mdller et

al., 2005; Murphy & Eriksen, 198Pan & Eriksen, 1993vantis & Johnston, 1990In

such circumstances, it is concluded that compatible distractors facilitate the response to
the target becaugbeir identity is mapped to the same response as the target; it can be
FRQFOXGHG WKDW FRPSDWLE O Hesponé&éldtedrmeRddevicel H Q H L
(i.e., facilitation). Note that neutral distractors cannot generate respeteted

interferenceas their identity is not mapped to any response.

Responseelated interference has typically been isolated in two ways, either by
comparingcompatibledistractor performance withcompatibledistractor performance
(e.g., Anderson & Kramer, 199®ebener et al., 2005Eriksen & St. James, 1986
Forster & Lavie, 2007Hommel, 2003 lani et al., 2006 Kramer & Jacobson, 1991
LaBerge et al., 1991; Lavie et al., 20Maruff et al., 1999 Matchock & Mordkoff,
2007 Mattler, 2006 McCarley & Mounts, 2008Miller et al., 2005; Murphy &
Eriksen, 1987;Pan & Eriksen, 1993Paquet, 2001Yantis & Johntn, 1990 or by
comparing neutrakdistractor performancevith incompatibledistractor performance
(e.g., Kramer, et al., 1994avie, 1995; Laie & de Fockert, 2003 These comparisons
have been proposed to isolatesponseelated interference and to excludsalience
related interference(see below) The first comparison (namely, incompatibleersus
compatibledistractor performance) is proposed to isolatecttrabinationRI PQHJIJDWLY |
and PSRV LWLY HdlateidHN\e3f& EhseHyenerated by, respectively, compatible and

incompatible distractors. We refer to this first index casnbined responselated
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interference The second comparison (namely, incompatibkrsus neutradlistractor
peUIRUPDQFH LV SURSRVHG WR LV-R@tBdWikterfevadeteé HLSR'
generated by incompatible distractors. We refer to this second indagaaspatible

distractor responseelated interference

Both indices of responselated interference nabe used to measure the allocation of
perceptual resources at the location of the distractor and, therefore, can be used to
reveal the spatial profile of perceptual resources. In ttiesis we usedboth these
indices to measurethe profile of perceptuatesources(combinedresponseelated
interferencewas used in Experiments 1 & Chapters 2 and 3nd incompatible
distractor responseaelated interferencevas used in Experiment, 5, 10 and 11,
Chapters 3 and )4 The profiles extracted using the twgpes of measures were
compared (see Experimentsand5 in Chapter3). A concern was to test whether the

shapesand the focbf the two profiles agree@ee Chapter 3)

This concern emerges from the fact that one of the two measures, ndmebne
obtained by comparing neutrdistractor performance with incompatibdestractor
performance, may contain residual salienglated interference as, in certain
circumstances, incompatible (and compatible) distractors can be predicted to be more
salient thanneutral distractors due to differences in their #adfitedness (Bjork &
Murray, 1977 The possibility that salieneelated interference differs between
neutral and incompatible distractors can arguably be ignored wii@oilusdriven

salience is highgiven that taskdriven differences insalience should then be

5TKLV IRUP Rl VDOLHQF\ KDV EHHQ ODEHOOHG pFRQWL
the underlying task set (Corbetta & Shulman, 20B@lk, Remington, & Johnston
1992.
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substantially reduced (this was supported by comparing the RTs generated by
compatible and neutral distractors in Experimedtsand 5, Chapter 3,where,

respectively, stimulusriven salience as low and high).

Saliencerelated interference

In any case, the presence of residual salieeleged interference in the index obtained
by comparing neutratlistractor with incompatiblelistractor performance is not
problematical if salienceelated inerferencealso measures the allocation of perceptual
resources at the location of the distractor (as suggested by the results of some studies;
Bjork & Murray, 1977; Forster & Lavie, 2008; Lavie & de Fockert, 2005, 2006;
McCarley et al., 2007Mounts, 2000a, 2005Mounts & Gavett, 2004Mounts &
Tomaselli, 200k We tested whether the shaged the focusf the profile measured
using salienceelatedinterference agreed with thoseeasured using sponserelated
interferenceExperiment 5see Chapter 3howed this to be the case and Experiments
8, 10, 11 and 2 (see Chapters 4 and |jilt upon this finding and useshliencerelated

interferenceto index the profile of perceptual resources.

Saliencerelated interferencevas meaured using neutral distractolsy comparing
targetidentification performance in the presence and absence of a neutral distractor
(Bjork & Murray, 1977; Forster & Lavie, 2008; Lavie & de Fockert, 2005, 2006;
McCarley et al. 2007 Mounts, 2000a, 2005Mounts & Gavett, 2004Mounts &
Tomaselli, 2005* Note that, unlike responselated interference, salienoelated

interference can oploperate in one direction (namely, to increase RTs and errors).

* Responseompatible distractors also creaaliencerelated interference Bjork &
Murray, 1977 Flowers, 190; Grice, Borough, & Canham, 198&rice & Gwynne,
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Total interference

In four experiments famely,in Experiments6, 9, 10 and 11, Chaptes 3 and4), a
measure thatombinedsaliencerelated and responselated interference was also used.
This measure was obtained by comparingdistractor with incompatibleistractor
performance and was therefore referred to as incompdalifti@ctortotal interference.

If both salienceaelated interference and respomekated interference index the
allocation of perceptual resources (as suggested in the literature and confirmed in
Experiments4 and 5, Chapter 3 incompatibledistractortotal interference is a more
sensitive index of the allocation of perceptual resources than either satkatee or

responseelated interference alone.

1.6 Plan of thesis

In summary, te present thesis addregshe followingissuesFirst, in Chapter 2it was
tesedwhether the profile of perceptual resourdescribes gradient or a Mexicahat
pattern as measwd using combinedresponseelated interferencein the flanker
paradigm Second, in Chapter 8ree types of measures other thewmbinedresponse
related interferencethat have been used to index the profile of perceptual resources
were testedtwo from the flanker paradigm and one from the also widely used
cue/probe paradigmThese measures aiacompatibledistractor responseelated
interference(in the flanker task)saliencerelatedinterference(in the flanker task), and

performance at responding toprobe(in the cue/probe taskThird, in Chapte#, the

1985 Lavie, 1995 Madden & Langley, 20Q3McCarley & Mounts, 2008Miller, 1991;

Yeh & Eriksen, 19811 However, compatible distractors cannot be used to measure this
LOQWHUIHUHQFH DV WKHLU HIIHFW L \-reatediRtErietle@eD WL R Q
DQG pQHJIDW brMatefi inteifsr&ire V H

36



effects of perceptual loadworkingmemory sparand cognitive loadon the extent of
focus of perceptual resourceeretested. Fourth, in Chapter 5, the eftaat individual
differences in trait mxiety and cognitive failure on the extent of focus of perceptual
resourceswere tested.Finally, in Chapter 6we discussedhe implications of the

findingspresented ifChapter< to 5.
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CHAPTER 2 +THE PROFILE OF PERCEPTUAL

RESOURCES

2.1 Introduction : Gradient or Mexican hat?

This Chapter focuses omapping the profile of perceptual resources and testing
whether itis shaped like a gradient or a Mexican lis¢e Chapter,1Section 1.3)Note

that gudies have attempted to map this profile usingfldrgker paradigm(e.g., Eriksen

& St. James, 1986and the cue/probe paradigm (e.g., Posner, 1880)because of
reservations with regard to the quebe paradigm (seehapter 1Mdller et al., 2005),

in this chapter we confine ourselves to the flanker pargdigareturn to the cue/probe

paradigm in Chapter.3

Flankerstudies have measured the effect on performance of distractors as a function of
the separation between the attended location and the distractor |dsato@hapter 1,
Section 1.5)It has been widely reported that compatible and incompatible distractors
generateresponsaelated interferenceto an extent that decreases with incregsin
separation from the attended locatiang(, Eriksen & St. James, 1986; Yantis &
Johnston, 1990). Such findimghave stimulated much work that has generated
ZLGHVSUHDG VXSSRUW IRU D pJUDGLH@é@® Tol&b RILOH
Shoup, 1997; Eksen & St. James, 1986; Hommel, 2003; Kramer & Jacobson, 1991,
Matchock & Mordkoff, 2007; Mattler, 2006; Miller, 1991; McCarley & Mounts, 2008;
Murphy & Eriksen, 1987; Paquet, 2001; Pan & Eriksen, 1993; Yantis & Johnston,

1990. A recent study usm the flanker task byuller et al. (2005), however, has
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suggested that the profile of perceptual resources is more complex and describes a
HOH[LKDAQVY IXQFWLRQ 7KXV 00O H tistiddtoribté@ference VKR
was higher at 1.3 than 2.5 deg from the attended locatiompwat at 2.5 than 4.7 deg

from the attended location.

It is possible that the profile of perceptual resoursesally shaped like a Mexican hat

in which casesampling aly part of the profilewould havemade it look like a gradient

it is more difficult to see how a gradient profédeuld present as a Mexican h@mne
reason why previous flanker studies might have mistaken a Mexican hat for a gradient
may be that, in thee studiessome factors have causetianges in the focus of
perceptual resources, causithg bottom of the Mexican hat to occur so close to, or so
far from, the attended location as to make it impossible (or very difficult) to index a
Mexicanthat profileof perceptual resourceBactors that could have had swaheffect

are, for instanceperceptual load, the availabilitfand deployment of cognitive

resourcesandtrait anxiety (see Chapter 1).

In this chapter, we didot address these factoftheywere addressed in Chapters 4 and

5). We reasoned that, in order to be in a good position to test the efféoeseffactors

on the focus of perceptual resources, we first ee¢d know whetherthe profile
describes a gradient or a Mexielaat pattern. fl it doesdescribe a Mexican hat,
arguably the best place to find such a profile is to use a methodology as close as
possible to that used by Miuller et al. (2005) as their study is the only flanker study that

showed a Mexican hain sum, in this chapterwe tested whether the profile of
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perceptual resources describes a Mexican hat or a gradient pattern using the

methodologyclosely related to that dfliiller et al. (20055

In additon, wH DWWHPSWHG WR EULQJ 0-OOHU HéNabk& TV
paradigms previously used to measure the profile of perceptual resolingesvas
motivated by the fact thdi OOHU HW DO (V SDUDGLJP LV GLI
paradigmson (at least)three important aspects(1l) it used aconsiderablyhigher

number of trials (2) it used a unique target locatiamd sampled only within the right
hemifield and (3) itused a target location that was endogenously defifleglsethree

aspects are developed below.

First, MilleU HW DO ¢V a sighwcarlyhighéthGmber of trials than other
flanker studiegthat have measured the profile of perceptual resolr@&secifically, in

0-OOHU HW DO WKHUH ZHUH WULDOV DV RSS

>8VLQJ 0eOOHU HW DO TV alleweWKtBecGrR @ flarhe RftedtX D E O\
of perceptual load andf the availability (and deployment) of cognitive resourcés

these factors do affect the facof perceptual resources, they should do so in the same
PDQQHU LQ WKH H[SHULPHQWYV RI WKLV FKDSWHU DV |

use a closely related methodology

® In many flanker studies, only two separations from the attended lovasiesampled

and it has been argued that the profile of perceptual resources describes a gradient
pattern from the finding that distractors interfered more at small than at large
separations€.g., Cohen & Shoup, 1997; Hommel, 2003; Kramer & Jacobson, 1991;
Matchock & Mordkoff, 2007; Mattler, 2006; Miller, 1991; Paquet, 2001). However, the
shape of the profile of perceptual resources cannot be derived from just two sample
points if it is not a gradieniTherefore, only studies that have sampled more than two

separations are considered here.
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Mounts (2008), 512 in Yargiand Johnston (1990), 990 in Murphy and Eriksen (1987),
936 in Pan and Eriksen (1993) and 2700 in Eriksen and St. James (1986). We tested
whether thenigh number of trialsused inMuller et al. (2005)s a critical aspeaif thar

paradigm(see Experimestl and 2)

Second, Miller et al. (2005) used a single target location and always sampled within the
right hemifield wheranost otheflanker studies (that measured the profile of perceptual
resources) used multiple target locations and sampled in bwiifidlds (Eriksen & St.
James, 1986; McCarley & Mounts, 2008; Murphy & Eriksen, 1987; Yantis & Johnston,
1990). This meant that, in Mduller et al. (2005), targistractor separation was
confounded with distractor location. Because of this, it is posiatethe Mexicarhat

finding of Mdller et al. resulted from field effects rather than from the profile of
perceptual resources. This possibility was tested by testing the effect of target location

and hemifield of distractor presentation (see ExperimeatsiZ3).

Third, Muller et al. (2005useda target location that was endogenously definedravhe
most other flanker studies(that measured the profile of perceptual resourcssd
target locations that were exogenously defined (Eriksen & St. James,NO&8érley

& Mounts, 2008; Murphy & Eriksen, 1987; Yantis & Johnston, 1990). The use of an
endogenously defined target locatiomeant that it was necessary moonitor eye
movementsWe tested whether using amdogenously defined target location was a

criticDO DVSHFW RI 0cOOHU HW DO 1V SDUDGLJP VH

In the present experiments, the method wlasely modelled orthat of Muller et al.

7KH SDUWLFLSDQWY KDG WR L G#hQrindking abxweV DU J H
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alternative forcd-choice (2AFC) responset ZKLOH LJQRULQJ D GLVWUDF
)T  RFFXuagln@ separdtionsrom the target location (i.e., from the attended
location) Both target and distractor letters occurred in the periphery at the same fixed
eccentricity (in order to control for corticenagnification factors; Anstis, 1998
Rovamo & Virsu, 1979; Virsu & Rovamo, 19/8mongst irrelevant filler eV HUV  p; TV
DQG p2fV ,Q ([SHULPHQWYV DQG WKH WDUJHW O
therefore endogenously defined). In Experiment 3, the target location varied from trial

to trial and was indicated by a 100alid exogenous cue.

In all three expements,combined responselated interferencef the distractors (i.e.,

the combination of response facilitation for compatible distractors and response
competition for incompatible distractors) was measured by comparing compaiiile
incompatibledistractor performance (see Chapter 1, Section 1.5.4) and the spatial
profile of perceptual resources was indexed by measuring this interference as a function
of targetdistractor separation (Eriksen & St. James, 1986; McCarley & Mounts, 2008;
Muller et al.,2005; Murphy & Eriksen, 1987; Pan & Eriksen, 1993; Yantis & Johnston,

1990).

2.2 EXPERIMENT1: Replication of Muller et al. (2005) and effect

of number of trials

In Experiment JasLQ 0«OOHU HW DO WKH WDUJHW DOZD\V
(D V Wcttion and the stimuli (target, distractor and filler letters) were presented at
fixed eccentricity (4.0 deg away from fixation) around an imaginary arc of a dincle.

this experimentin addition to measuring the profile of perceptual resources, stedte
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the importance of using a high number of trials to sampepiofile. In order to do
this, we compaedthe profile of perceptual resources obtained in the first and last 20%
of trials of the experimentwe referred to this factor axperimental pretice since,

arguably, the number of trials equates to the degree of practice.

2.2.1 Method

2.2.1.1Design
The responseompatibility of the distractor (compatible or incompatible) and the
targetdistractor separation (1.6, 2.9, 4.4 or 5.6 deg) werdpukated at fixed stimulus

eccentricity in a repeatenieasures design.

2.2.1.2 Participants

10 participants (7 females]l right-handed; mean age 28.6 yr; age range 18 to 55 yr
see Appendix B with reported normal or correctéo-normal vision, partipated in the
experiment. Six of them were postgraduates and the other four were the experimenter,
his supervisor and two relatives. Participation was voluntary and was not remunerated.
Participants were all naive as to the aim of the study apart fronoftwloem (the

experimenter and his supervisor).

2.2.1.3 Apparatus

The testing room was sound insulated and dimly lit. Stimuli were presented eim a 20
monitor, operating & resolution of 800 x 600 pixels withvertical refresh rate of 100

Hz. A chin st was used to maintain a viewing distance of 70 cm. The program used to

generate the stimuli and run the experiment was Turbo Pascal 7.0.
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2.2.1.4 Stimuli and Procedure

The stimuli are illustrated ifrigure 2. Participants were instructed to make a-two
alternative forcedthoice (2AFC) identification of a target letter while ignoring a
distractor letter and five filler letters, or no distractor and six filler letters. The target
ZDV DOZD\V WKH OHWWHU u(T RU u)T WK H Hs IOVHWWUINDHFWV |
RU p)Y DQG WKH ILOOHU OHWWHUYV ZHUH DOZD\V WK
(target, distractor and filler letters) were all of the same dark blue (GIB.¥47,

y =0.074 and L= 0.44 cd/n) and subtended.7 by 0.8deg.

A cross (subtending 0.5 deg square; the fixation cross) and seven outline boxes
(subtending 1.1 deg square; the placeholders) were present on the screen throughout the
experiment (seé&igure 2). They were dark blue (the same dark blue as the stimulus
letters)against a light grey background (CIE=».289, y= 0.320 and L= 3.71 cd/m).

(Note that Miiller et al. did not report the precise colour and luminance of the stimuli
and background they used.) The fixation cross indicated where participants had to
fixate. The seven placeholders were arranged around an arc of an imaginary circle of
radius 4.0 deg in the right hemifield and circumscribed the locations of the 7 stimulus
letters (target, distractor and filler letters). The centre of each placeholder waseskpara
from that of its neighbours by a distance of 1.6 deg (centre to centre). The box located
in the NorthEast location (45° clockwise from the vertical) defined the top edge of the

row of seven placeholders. The six other placeholders were displayedeattiat.
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Figure 2
Experiment 1+Method. A schematic representation of an experimental trial. In each
WULDO D WDUJHW OHWWHU p(f RU Rajtitcipdrts Bigidlledd G L Q
target identity (with a twalternative forced choice;-AFC) while ignoring distractor

H(T RU p)T DQG ILOOHU p;MV DQG p21V. OHWWHUV 7t
possible targetistractor separations (1.6, 2.9, 4.4 and 5.6 deg, corresponding
respectively to the firssecond, third and fourth placeholder removed from the target
SODFHKROGHU DQG FRXOG EH FRPSDWLEOH ZLWK WK
WDUJHW ZzZDV pu)Y RU LQFRPSDWLEOH ZLWK WKH UHVSI
ZDV )Y 7 K HludttateX WQ )Y Wit AH#&¥ponséncompatible p (1§
distractor occurring at a targedlistractor separation of 2.9 deg.
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The letter that appeared in the top placeholder was defined as the target to be identified.
,W ZDV DOZD\V WKH QIHWHWMHOQHY PHWWHUV pu;TV DQG
(Y RU p)I RU VL[ ILOOHU OHWWHUV DQG QR GLVWU
displayed underneath the target placeholder. When a distractor was presented, it was
either responseompaW LEOH ZLWK WKH WDUJHW Hwav \NKHRQHYV
responseLQFRPSDWLEOH ZLWK WKH WDUJHWaVHp Y WKKH O
distractor always appeared inside a placeholder separated from the target placeholder
(centre to entre) by 1.6, 2.9, 4.4r 5.6 deg (the four levels of targeistractor
separation) in a clockwise direction. These separations corresponded to presenting the
distractor in the placeholders that were respectively one, two, three, and four
placeholders reoved from the target placeholdeseé Figure2). Note that these
separationgare not exactly the same as those used by Miller eteahgly,1.3, 2.5, 4.7
and 6.5 deg). We found it hard to replicate the design they reported with placeholders
that did nottouch each other or letters that remained distinguishable inside the

placeholders. We therefore adapted the sizes slightly.

Each trial started with a screen containing the fixation cross and 7 empty placeholders
(for 800 ms). This was followed by the peesationof the stimulus letters (target,
distractor and filler letters) in their respective placeholders for 150 ms. Participants
ZHUH DVNHG WR UHVSRQG WR WKH Wdidkératiwy focetdWw W H U
choice (2AFC) asquickly but accuratdy as possible while ignoring the distractor letter

(the participants had to give an answer within 1000 ms). Half the participants used their
OHIW IRUHILQJHU WR DQVZHU p(f ZLWK WKH p]T NH\ |
forefLQJHU WR DAOQWZK W KNHHMARI WKH NH\ERDUG 7TKH RW

H(Y ZLWK WKHLU ULJKW IRUHILQJHU DQG p)Y ZLWK WKF
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incorrect answers. The next trial started 200 ms after the participants had pressed a

response key.

The whole experiment lasted 2.5 hours and was performed in two sessions (over two
different days). Each participant run a total of 4160 trials, of which 10% were no
distractor (control) trials. Each of the four targkttractor separations was tested 936
times (with equal proportions of respoAseompatible andcompatible distractors).
Participants were given short (participaatminated) breaks every 70 trials (about
every two minutes). The experimental conditions (combinations of distractor
compatibility and targedistractor separation) were presented in a randomised order in

each block.

2.2.1.5Fixation control

,Q RUGHU WR PRQLWRU WKH VWHDWLREOVWRH WEBYWILF
was monitored using the Eyelink 2 eyetracker and soffW8R Research)Eye
movements were calculated for each trial by subtracting the average coordinates of the
eyes during the first 400 ms of each trial (with the eyes fixating the fixation cross) and
the average coordinates of the eyes during the subdeth@ms display of the target.

The computer used for experimental testing sent trigger signals to the eyetracker

machine in order to define the start of each trial and each phase within a trial.

2.2.2 Results
We discarded trials with eye movements beldnO deg from fixation (this meant
excluding an average of 7.6% of trials). For the remaining trials, we analysed both the

speed and accuracy of foreedoice targett GHQWLILFDWLRQ p(Yf YV |
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Latencies were examined only for accurate resggrand only when they were longer
than 200 ms and fell within three standard deviations of the overall mean for the

participant, which represented an average of 90.5% of the latencies.

For each participant, mean RTs (and error percentages) were eaculat
incompatibledistractor and compatibl@istractor (distractepresent) trials at each of
the four levels of targedistractor separation (1.6, 2.9, 4.4 and 5.6 degFspaes3
and 4. No-distractor (i.e. filleflettersonly) RTs (and errors) wereot analysed but

were plotted on the graphs to provide a visual baselind-(gaees 3 and4).

Two analyses were performed on mean RTs (and error percentages) using repeated
measures ANOVAS. The first one was performed on theatsi from the whole
experimentandthe second oneras performed on a subset of trials dested for the
effect of experimental practicdy comparing the first and last 2086 trials from the

experiment

The first analysis tested for the effects of two factamgmely, Compatbility
(Incompatible vs. Compatible distractor, or I. vs. C.) and Separation (between target
and distractor; 1.6, 2.9, 4.4 and 5.6 deg of separation) on-tdegeification RTs (and

error percentages). Inighanalysis, we were particularly interestedsee (1) whether

the main effect of Compatibility (I. vs. C.) was significant, which would indicate that

" The level of significance was set at 0.05 and a level of marginal significance at 0.10
The p values were Greenhouseisser corrected when the test of sphericity was
significant atp = 0.05, leading to nemteger valus of degrees direedom (d.f.\where

d.f. > 1. Norrintegerd.f. were written with one decimal place,statistics with two

decimal places angl D Q ﬁvalueswith three decimal places.
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distractors generated significasimbinedresponseelatedinterference(and therefore

that distractor locations were allocated significant percepésalurces; see Chapter 1),

and (2) whether the interaction between the effects of Compatibility (I. vs. C.) and
Separation was significant, which would indicate tltaimbined responseelated
interference varied with separation. If the interaction betweéme effects of
Compatibility (1. vs. C.) and Separation was found to be significant (in other words, if
the interference function of separation was founad to be flal, the shape of the
interference function of separation would be examined using poighdrands, thus
indexing the spatial profile of perceptual resouftésfunction explained by a linear
trend would be consistent with a gradient profile of perceptual resources. On the other
hand, a function explained by a quadratic or a cubic trend ¢@mbination of both of
these trends) would be consistent with a Mexicanhprofile of perceptual resources (as

a quadratic and/or a cubic trend can only be explained by the presence of an increasing

arm in the profile).

In the second analis the sameomparisons were performed as in the first analysis,
except thatan additional factgrnamely, Experimental Practice, was also tesidis
analyss tested whether Experimental Practice affeatedhbinedresponseelated
interferencepooled across sepai@is, and whetheit affected combinedresponse
related interferenceas a function of separation. If the latter was found to be the case
(i.e., if there was a significant interaction between the effects of Compatibility,

Separation and Bperimental Pract®), this would indicate that the functions of

8 The interference functions of separation are not explicitly illustrated in this thesis
(except in one condition dxperiment § but they can be derived from differencing the
absolute RTs as a function of sepg@nmin the relevant distractor conditions (see Figure
2).
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separation described lmombinedresponseaelated interferencewere different in the
two condtions of Experimental Practicdf such difference was found, ivould be

investigated with additional analyses.

2.2.2.1 Analyses on the trials from the whole experiment: comparison of

incompatible - with compatible -distractor RTs as a function of separation

Reaction times

This analysis tested for the effects of Compatibility (I. vs. C.) and Separation on target
identification RTs from the whole experiment. The results of the ANOVA showed a
highly significant effect of Compatibility (I. vs. CE(1,9) = 67.46,p0<0.001, pZ:
0.882): incompatiblalistractor RTs were higher than compatibistractor RTs. This
finding shows that, consistent with the findings of numerous flanker studies (e.g.,
Eriksen & St. James, 1986; McCarley & Mounts, 2008; Murphy & Eriksen, 1987; Pan
& Eriksen, 1993; Yantis & Johnston, 199@pmbined responselated interference

was significant It can therefore be concluded that the distractor locations received

significant perceptual resources.

The analysis also revealed a significant main effect of Separ&if@rd(13.0) = 11.24,
p=0.003, pz = 0.555), showing that RTs (pooled across incompatésid compatible
distractor conditions) varied with targeistractor separation. Most importantly, the
analysis produced a significant interaction between Compatibility (I. vs. C.) and
Separation K(3,27) = 9.30p < 0.001, pZ: 0.508), showing thatombinedresponse
related interferencevaried with separation. Polynomial trends for the interaction

showed thattombinedresponseelated interferenceas a function of separation was
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best explained bg linear trendR(1,9) = 17.36p = 0.002, p2 = 0.659; thep values for
quadratic and cubic trends were > 0.1@®@mbinedresponseaelatedinterferenceust
decreased with increasing targis$tractor separation, suggesting that the spatial profile

of paceptual resources described a gradient pattern in this expe(srerftigure 3

Figure 3
Experiment 1+ Latencies and errors. The figure shows: (1) distragimsent mean

latencies (in ms) and error percentages (in %) aduaction of targedistractor
separation (in deg) and targelistractor compatibility (compatible or incompatible)

see solid lines; and (2) ndistractor mean latencies (in ms) and error percentages (in

%) tsee dashed lines. Error bars depict 8/5 M. (x FRPSDWLEOH GLVWL
= incompatible distractor; (FOA) = attended location.
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Errors

The results of the repeateseasures ANOVA showed a significant effect of
Compatibility (I. vs. C.; F(1,9) = 19.65,9% pz = 0.686): incompatiblaistractor
errors were higher than compattalestractor ones. This finding showed that, consistent
with the findings observed in the RT data, the distractors generated significant

combined responselated interferencéseeFigure3).

The analysis also slwed a significant main effect of Separation (F(1.6,14.2) = 21.27,

p< p2 0.703), indicating that errors (pooled across compatible and
incompatible conditions) varied with separation. On the other hand, unlike in the RT
data, there was no sigrdéint interaction between Compatibility (I. vs. C.) and
Separation (F(1.4,13.1) = 1.34=p p2: 0.129). The absence of a significant
interaction showed that, in this experiment, errors were not as sensitive an index as RTs

of combined responselated interferencas a function of separation.
2.2.22 Analysis of the effect of Experimental Practice: comparison of
incompatible - with compatible -distractor RTs as a function of separation in

the first and last 20% of the trials from the experiment

Readion times

We selected the trials obtained from the first 20% and the last 20% of the experiment
and compared them to test for an effect of Experimental Practice. In order to do so, we
performed the same repeate@asures ANOVA as in Sectidh2.2.1exceptthat the

factor Experimental Practice was added to the analysis.
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This analysis replicated the main effects and interaction reported abowh@ndd a
significant main effect for Experimental Practide(X,9) = 27.31,p= pZ:
0.752): participats were overall faster by the end of the experiment (bsn&1 This
analysis also showed that the interaction between Experimental Practice and
Compatibility (I. vs. C.) was significantF(1,9) = 5.77,p=0.040, p2= 0.391),
indicating that increasing xperimental practice significantly decreasedmbined
responseaelatedinterferenceacross separations (sEgure4). This decrease was not
the result of a spatial focusingf @erceptual resourceshe threeway interaction
between Experimental Practic€ompatibility (I. vs. C.) and Separation was not
significant ¢(3,27) = 0.75p=0.534, pZ: 0.077), showing thatombinedresponse
related interferenceas a function of separation described a similar pattern at the

beginning and the end of the experiment (Sigeire4). This suggests that the profile of

perceptual resources dimbtfocus wih increasing experimental practice.
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Figure 4
Experiment 1xEffect of Experimental Practice on latencies. The figure shows: (1)

distractorpresent mean latencies (in ms) as a function of tedggtactor separation

(in deg), argetdistractor compatibility (compatible or incompatible) and experimental
practice (low or high)+see solid lines; and (2) adistractor mean latencies (in ms) as

a function of experimental practice (low or higkyee dashed lines. Error bars depict

+/- 0.5 SEM. ( FRPSDWLEOH GLVWUDFWRU Vv LQFRPS

attended location.

Errors
None of the effects of Experimental Practice were significant in the error data (all

values > 0.100).
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2.2.3 Discussion

The first important findig of Experiment Ivas that incompatible distractors increased
latencies and errors comuged to compatible distractorsombinedresponseelated
interferencewas significant, consistent with numerous previous find{egs,Cohen &
Shoup, 1997; Eriksen &t. James, 1986; Hommel, 2003; Kramer & Jacobson, 1991;
Matchock & Mordkoff, 2007; Mattler, 2006; Miller, 1991; McCarley & Mounts, 2008;
Murphy & Eriksen, 1987Pan & Eriksen, 1993Paquet, 2001; Yantis & Johnston,

1990).

The second importarfinding of Experiment 1lwas thatcombinedresponseelated
interferencesteadily decreased with increasing separation. This findasyconsistent

with a gradient profile of perceptual resources (Eriksen & St. James, 1986; McCarley &
Mounts, 2008; Murphy & Eriksen,9B7; Pan & Eriksen, 1993; Yantis & Johnston,

1990) and not with a Mexicamat profile (Muller et al., 2005).

7KH |IDedpeRrmental practic§ could not explain the failure to replicate the
Mexicarthat finding of Muller et al. (2005 asit did not affet combined response
related interferencas a function of separatio®n the other handt did affectoverall
combinedresponseelated interference(i.e., interferencepooled across separations)
Indeed, the lattewas shown to be significantly lower thie endof the experiment. This
might reflect an improvement of selection at ppstceptual rather than perceptual
levels(sincethe decrease in distractor interference was not accompanied by a focusing
of perceptual resourcesee Chapterl and 4. Alterndively, it is possible that the
decrease in distractor interference with experimental practice edsulbt from

improved postperceptual levels o$election, but from the speeding of reaction times
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(by approximately 40 ms)According to this logic, e distractorwas not given an
opportunity to compete as much with the target when resporesesspeeded (Miller,
1991). In any casgincreasingexperimental practice rda it harder to observe a
Mexicanthat profile of perceptual resourcasit reducel the effect of distractors and
therefore the sensitivity of the paradigror the latter reason, in subsequent

experiments, we did not use as many trials per condition as in Expefiment

A last observation orExperiment 1 that deserves to be noted is tlahpatible
distractors appeared to hawecreased latencies and errors compared to the no
distractor baeline (rather than decreasittgemy see Figure 3 and % This finding is
compatible with several previous findings of the literaterg.(Bjork & Murray, 1977,
Flowers, 1990Grice, Borough, & Canham, 198&rice & Gwyme, 1985 Lavie, 1995;
Madden & Langley, 2003McCarley & Mounts, 2007; Miller199% Yeh & Eriksen,
1984) showing that compatible distractors can genesaliencerelated interference

(see Chapter 1). It must be noted that the interference effect of compatible distractors
was not testedsait cannot easily be interpreted, combining as it does influences that go
in opposite directions (compatible distractors can improve performance through
responseelated facilitation but impair it throughsaliencerelated interference

saliencerelatedinterferencewas tested using neutral distractors in Chapter 3

In conclusionExperiment GLG QRW UHSOLFDWH 0O @difiddiHgvV D O
despite having used a very similar methodologyis possble that this discrepancy
arosebecause of @rticipant differencege.g., an effect of trait anxiety; see Chapter 5)

In our experiments and with our participants, the bottom of the putative Mexican hat

may have occurred at or above 5.0 deg, further out than in Muller et al. (2005). This
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being the ase, since we only sampled separations from 1.6 to 5.6 deg in Experiment 1,
we would have missed the bottoihis hypothesis was tested in Experimnwhere

we sampled the additional separations of 7.2 and 8.0@ggg this meant that the
largestseparéion would have occurred in the opposite hemifighdi the second largest
separation would have occurred on the boundary between hemifklgherefore
moved the target location from the fixed NeEhst location used in Experimehto a
mixture of Norh and South locatiorso that the target and distractor always occurred in
the same hemifieldThis made it possible for us also to test efffect oftarget location

and hemisphere of distcdior presentation in Experimedt(see Introduction of this

chaper).

2.3 EXPERIMENT 2 Range of separation sampling, target location

and hemifield of distractor p resentation

This experiment used a method similar to that used in Experiment 1 except that it tested
larger separations aritl extracted the profile of pegptual resourcewith North and

South targets and both visual hemifields.

2.3.1 Method

2.3.1.1Design

The compatibility of the distractor (compatible or incompatible), the tatigétactor
separation (1.6, 2.9, 5.6, 7.2 or 8.0 deg), the hemifiettistfactor presentation (left or
right) and the target location (North or South) were manipulated at fixed stimulus

eccentricity in a repeatendeasures design.

57



2.3.1.2 Participants

18 participants (16 females; 3 lfanded; mean age 20.6 yr; age rang¢ol36 yr see
Appendix 3), with reported normal or correct¢éo-normal vision, participated in the
experiment. They were all undergraduates and received course credits for their

participation. Participants were all naive as to the aim of the study.

2.3.1.3 Stimuli and Procedure

As in Experiments 1 and 2,agicipants were instructed to make a {alternative
forcedchoice (2AFC) identification of a target letter by pressing one of two keyboard

keys (using the forefinger of each hand) as quickly butcasrately as possible while
LIQRULQJ D GLVWUDFWRU DQG ILOOHU OHWWHUV 7K't
GLVWUDFWRU ZKHQ SUHVHQW ZzZDV DOZD\V WKH OHW
DOzZzD\V WKH OHWWHUV pu2Y1 theQamepastthogeKused/ivVExpexXi@dnt Z H U
1, except for the following difference. In this experiment, there were sixteen instead of
seven placeholders. The sixteen placeholders were arranged around a whole imaginary
circle of radius 4.0 degFifteen of them datended 1.1 deg square and one of them, the
placeholder located North (in one set of trials) or South (in another set of trials),

subtended 1.2 deg square and had chigfedorners (se€igureb).
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Figure 5
Experiment 2+ Method. A schematic representation of an experimental trial. In each

WuUuLDO D WDUJHW OHWWHU p(T RU p)T RFFXUUHG LQ
set of trials, or in the bottom placeholder (South Target) in anotbetof trials.
Participants sgnalled target identity (with a-3)& ZKLOH LJQRULQJ GLVWI
W)Y DQG ILOOHU pu;fV DQG pu2fV OHWWHUV 7KH GLVYV
and right visual hemifields, at one fafur possible targetlistractor separations (1.6,

2.9 5.6, 7.3, corresponding respectively to the first, second, fourth and sixth
placeholder remaced from the target placeholdé@note that the 8dleg separation was

also tested but it wasot included in the analysisee Results sectihnThe distractor
cRXOG EH FRPSDWLEOH ZLWK WKH UHVSRQVH WR WKH
LQFRPSDWLEOH ZLWK WKH UHVSRQVH WR WKH WDUJHYV
illustrates a North p) farget with a compatiblep ) flistractor occurring inthe left

hemifield at a targetlistractor separation of 7.2 deg.
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Each placeholderwas separated from its nearest neighbours by 1.6 deg (centre to
centre).They circumscribed the locations of the 16 stimulus letters (target, distractor
and filler letters). The placeholdemwith chippedoff cornerslocated in the North
location (in one set of trials) or in the South location (in another set of trials) defined the
target location: the letter that appeared in this placeholder was defined as the letter to be

discriminated.

Fourteen filler letters and one distractor, or fifteen filler letters and no distractor,
appeared inside the remaining placeholders. When a distractor was presented, it was
always responseompatible or-incompatible and it always appeared idies a
placeholder separated from the target placeholder (centre to centre) by 1.6, 2.9, 5.6, 7.2
or 8.0 deg (the five levels of targdistractor separation) in both clockwise and
anticlockwise directions. These separations corresponded to presentimgjrdnetat in

the placeholders that were respectively one, two, four, six and eight placeholders
removed from the target placeholder ($égure5). Within each set of trials, 10% of

trials were nedistractor (baseline) trials. In the remaining 90% of dria distractor,

that was equally often response compatible and response incompatible with the target,

occurred equally often at eaohthe ninepossible distractor locatien

The whole experiment lasted 1 hour. Four sets of 500 trials were run for each
participant. In twaconsecutive oneshe target was always at the North location,amd

the twoconsecutiveothers it was always at the South location. The order in which the
participants performed Nortand Soutkarget locations was counterbalancéd.the

beginning of the experiment, participants performed a training block of 60 trials. During
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the experiment, participants were given short (participerminated) breaks every 75
trials (about every two minutes). Three of the experimental conditidissractor
compatibility, targedistractor separation and hemisphere of distractor presentation)
were presented in a randomised ordeeachset of trials. The remaining one (target
location) was presented in different sets of trials. Fixation was di@atnasing Eyelink

2 (see Method of Experimetfh).

2.3.2 Results

We discarded trials with eye movements beyond 1.0 deg from fixation (this meant
excluding an average of 8.0% of trials). For the remaining trials, we analyzed both the
speed and accuracy dbrcedchoice targettGHQWLILFDWLRQ p(f YV |
Latencies were examined only for accurate responses, and only when they were longer
than 200 ms and fell within three standard deviations of the overall mean for the

participant, which represemt@n average of 89.1% of the latencies.

For each participant, mean RTs (and error percentages) were calculated for
incompatibledistractor and compatibl@istractor (distractepresent) trials at each of

the two levels of target location (North and SQutht each of the two lels of
hemifield of distractor gesentation (Left and Right) and at each of the four levels of
targetdistractor separation (1.6, 2.9, 5.6 and 7.2 deg;Rgeres 6 and }.° No-
distractor (i.e. filleflettersonly) RTs (and errojsvere not analysed but were plotted on

the graphs to provide a visual baseline (Sigares6 and?).

® RTs and errors were also calculated for the fifth tadigitactor separation (8.0 deg)
but this separation was not included in #malysisas itwould have had to be attributed
to both p U L and\ly @ tev#snf the factorHemifield of Distractor Presentation
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RTs (and error percentages) were analysed using a repeatsiires ANOVA. The
ANOVA tested for the effects of four factorsamely, Compatibility (I. vs. C.),
Separation (1.6, 2.9, 5.6 and 7.2 deg of separation), Target Location (North and South),
and Hemifield of Distractor Presentation (Left and Right) on tadgsitification RTs
(and error percentages). In this analysis, we were particularly i@erés see: (1)
whether the main effect of Compatibility (I. vs. C.) was significant, which would
indicate that distractors generated significaminbinedresponseelated interference

(2) whether the interaction between the effects of Compatibility ¢l. @.) and
Separation was significant, which would indicate tleaimbined responseelated
interferencevaried with separation(3) whether the threway interaction between the
effects of Compatibility (I. vs. C.), Separation and Hemifield of Distracteséhtation
was significant, which would indicate that the shapecafmbined responselated
interferenceas a function of separation wads#ferent in the two hemifields, an@@)
whether the threway interaction between the effects of Compatibility &. C.),
Separation and@arget Locatiorwas significant, which would indicate that the shape of
combined responseelated interferenceas a function of separation wesgferent with
North and South target$f point 3 and/or 4 werdound to betrue the efect of
Hemifield of Distractor Presentatioand/or Target Locatioron the shape of the
function of separation would be investigated with additional ANOVAs and

interpolation analyses.

2.3.2.1 Comparison of incompatible -distractor with compatible -distracto r RTs

as a function of separation, target location and hemifield of distractor

presentation
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Reaction times

Effects of Compatibility (I. vs. C.) and Separation

The results of the ANOVA showed that: (1) the effect of Compatibility (I. vs. C.) was
significant (F(1,17) = 69.69p < 0.001, pz = 0.804) showing thatombinedresponse
related interferencewas significant; (2) the effect of Separation was significant
(F(3,51) = 29.05p < 0.001, p2 = 0.631), showing thaRTs (pooled across compatible
and incompatiblalistractor conditions) aried with separation; and (3) the interaction
between Compatibility (I. vs. C.) and Separation was significk(®,%1) = 15.07,

p <0.001, pZ: 0.470), showing thatombinedresponserelated interferencevaried

with separation.

Polynomial trends for hie interaction showed thatombined responseelated
interferenceas a function of separation was best explained by a combination of linear
and quadratic trends (respectivélfl,17) = 21.83p < 0.001, p2 =0.562 and~(1,17) =
54.38,p<0.001, p2: 0.762; the cubic trend was not significant withpavalue >
0.100). This finding suggests thmimbinedesponseelatedinterferencepooled across

the different conditions of Target Location and Hemifield of Distractor Presentation
decreased and then incredswith increasing targelistractor separation, consistent
with a Mexicanhat profile(Mdller et al., 2005). Nevertheless, the increassoimbined
responsaelated interferencewith increasing separation was very small (of 1.8 ms,
from separation 2.9 teeparation 5.6 deg; see Figuee Moreover, this increase in
interference was only due to the fact that incompatilid&ractor RTs decreasedore

slowly than compatiblalistractor RTs with increasing separation (seagire 6). In
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sum, the evidence foa Mexicanhat profile was scarce when the data was pooled

across targetocation and hemifield conditions.
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Figure 6
Experiment 2+ Latencies and errors. The figure shows: (1) distragmsent mean

latencies (in ms) and erropercentages (in %) as a function of targkstractor
separation (in deg) and targelistractor compatibility (compatible or incompatible)

see solid lines; and (2) ndistractor mean latencies (in ms) and error percentages (in

%) tsee dashed lines. Emrtars depict +/ 0.5 SEM. FRPSDWLEOH GLVWL

= incompatible distractor; (FOA) = attended location.

Effect of Target Location

The main effect of Target Location was significaR(1(17) = 13.02p = 0.002, p2 =
0.434): participants were slower (by 28 ms) to give thesponse when the target
occurred at the North location. Moreover, Target Location significantly interacted with

Compatibility (I. vs. C.;F(1,17) = 4.83p= 0.042, p2: 0.221):combined response

65



related interferencevas larger when the target occuriedhe North than at the South
location. The interaction between Target Location and Separation, and that between
Target Location, Compatibility (I. vs. C.) and Separation, were not significant
(respectively,F(3,51) = 1.05,p= 0.380, pzz 0.058 andrF(3,51) = 0.48,p= 0.698,

o> = 0.027).

Effect of Hemifield of Distractor Presentation

Strongerevidence fora Mexicanhat profile of perceptual resourcemsmergedwhen
considering Hemifield of Distractor Presentation. This factor had a significant main
effea (F(1,17) = 7.60,p= 0.013, p2: 0.309),as RTs were overall faster (of 4 ms)
when a distractor occurred in the left than in the right hemifield Sgare 7).
Moreover, while neither the twway interaction between Hemifield of Distractor
Presentationand Compatibility (I. vs. C.), nor that between Hemifield of Distractor
Presentation, and Separation, were significant (respectivflyl7) = 0.67p = 0.425,

2= 0.038, andF(3,51) = 2.21,p= 0.099, ,°= 0.115), the threway interaction
between lmifield of Distractor Presentation, Compatibility (I. vs. C.) and Separation
was significant £(3,51) = 3.07p = 0.036, pz = 0.153). The significance of the three
way interaction showed thabmbinedresponseelated interferenceas a function of
separéion described alifferent pattern inthe left and right hemifields (seanalyses

below andrigure?).

None of the interactions involving Target Locatioassignificant (Target Location x
Hemifield of Distractor Presentatior(1,17) = 0.35,p= 0.561, p2: 0.020; Target
Location x Hemifield of Distractor Presentation x Separati{8;51) = 2.28p = 0.090,

p2: 0.118; Target Location x Hemifield of Distractor Presentation x Compatibility:
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F(1,17) = 2.51,p= 0.131, ,°= 0.129; Target Location x Hefigld of Distractor

Presentation x Compatibility x Separatiéi{3,51) = 0.98p = 0.409, pz = 0.055).

Figure 7
Experiment 2 + Effect of Hemifield on latencies. The figure shows: (1) distractor

present mean latencies (in ms) asunction of targetistractor separation (in deg),
targetdistractor compatibility (compatible or incompatible) and hemifield of distractor
presentation (left or right)tseesolid lines and (2) nedistractor mean latencies (in
ms) tsee dashedines Error bars depict +/ 0.5 SEM. () = compatible distractor;

\ LQFRPSDWLEOH GLVWUDFWRU )2% DWWHQGHG

Given the significance of the threeay interaction between Hemifield of Distractor

Presentation, Compatibility (I. vs. C.) and Separation, the effects of Compatibility
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vs. C.) and Separation were tested separately for each level of Hemifield of Distractor
PresentationSignificant interactions between Compatibility (I. vs. C.) and Separation
were revealed in both left and right hemifields (respectivg($,51) = 8.4, p< 0.001,

o= 0.332 andF(3,51) = 8.49,p< 0.001, ,°= 0.333). Polynomial trends for the
interactions showed that, in the left hemifietdmbinedresponseelated interference
as a function of separation was best explained by a combination of cubic and linear
trends (respectivelf(1,17) = 12.24p = 0.003, ,°= 0.419 and~(1,17) = 10.67p =
0.005, p2 = 0.386) and, in the right hemifieldpmbinedresponseaelatedinterference
as a function of separation was best explained by a combination of quadraticeznd li
trends (respectivelf(1,17) = 22.14p < 0.001, ,°= 0.566 andF(1,17) = 16.63p =
0.001, ,*= 0.494). In both hemifields;ombinedresponseelated interferencefirst
decreased and then increased (before tailing off) with increasing sepésaééigure
7); thus,in both hemifields, the interference function of separation described a pattern
compatible with a Mexicahat profile of perceptualesources (Miller et al., 2005
Nevertheless, the bottom of this Mexielaat function seemed to havecocredcloser
to the attended locatiom the left than in the right hemifield. This suggestion was
tested usinginterpolation analyseshat isolated the separation at which each
SDUWLFLSDQWIV LQWHUIHUHQFH IXQFWLR @askthea X U U H (

tested whether these separations were different in the two hemifield conditions.

Comparison of the locations of the bottoms of the functions of separation

A cubic model was used for these interpolation analysed-(gaee8 for an example of
interpolation).Such a cubic model was used because the Mexiaapattern consists:

(1) first in a decrease, (2) then in an increase, and (3) finally in a tailing off of

perceptual resources with increasing separation (Muller et al.).2006 important to
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note that, even when the data aestbexplained by a linear trefsee left ofFigure8),

the function obtained by fitting a cubic model closely mirrors that obtained by fitting a
linear model (because the cubic and quadratic coefficients in the cubic model approach
zero, bringing the maal close to a linear model). The same is true when the data are
best explained by a quadratic trefsge right ofFigure 8), in which case the function
obtained by fitting a cubic model closely mirrors that olsdimy fitting a quadratic
model (because ¢éhcubic coefficients in the cubic model approach zero, bringing the

model close to a quadratic model).

Figure 8
Experiment 2+Example of curve fitting. Combinedsponseaelatedinterference as a

function of targedistractor £paration (in deg)escribing a linear trendléft) and a

quadratic trend ight). The local minima in this example were at 7.2 deg and 3.9 deg
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for the left and right examples respectively. ( REVHUYHG GP3WDhw& RLQW
fitted with a cubic model.

JRU HDFK KHPLILHOG FRQGLWLRQ DQG IRU HDFK SDUW
PLQLPXPY RU ERWWRP RI WKH LQWHUIHUHQFH IXQFWI
function stoppd decreasing and started increasing) was estimated by calculating the
derivative of the fitted function. When the local minimum occurred outside the
boundaries of the sampled intervah(nely,at a smaller separation than 1.6 deg or a
larger separation tha7.2 deg), the boundary closest to the local minimum was coded as
the local minimum: for instance, if the local minimum occurred at 9.0 deg, the bottom
was coded as 7.2 deg. When there was no derivative in the domain of real numbers (i.e.,
when there wasio local minimum in the function), the functiatescribeda linear

trend, and the local minimum was therefore defined as the lowest point of the function
within the sampled interval (i.e., either 1.6 or 7.2 deg, for linearly increasing and

decreasing funa@ins respectively).

The local minima so derived were compared across the two hemifield conditions for all

participants. The groumean local minimum occurred at 3.4 deg (SEM = 0.30) in the

left hemifield and at 4.5 deg (SEM = 0.30) in the right hemifigékis difference was

significant ¢(17) = 2.36p = 0.030, d = 0.712). In other words, the profile of perceptual

resourcepresented as beimgore focuseth the left than the right hemifield.

Errors

Effects of Compatibility (I. vs. C.) and Separation
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The results othe ANOVA showed that: (1) the effect of Compatibility (I. vs. C.) was
significant €(1,17) = 11.65,p=0.003, p2: 0.407): the distractors generated
significant combinedresponseelated interference (2) the effect of Separation was
significant £(3,51) = 20.73p < 0.001, pz = 0.549): errors (pooled across compatible
and incompatiblalistractor conditions) véed with separation; and (3) the interaction
between Compatibility (I. vs. C.) and Separation was significk(®,%1) = 12.10,

p <0.001, p2 = 0.416):.combinedesponseaelatedinterferencevaried with separation.

Polynomial trends for the interactioshowed thatcombined responseelated
interferenceas a function of separation was best explained by a linear tFébd 1) =
26.46,p<0.001, pz = 0.609; the quadratic and cubic trends were not significantpwith
values > 0.100). This shows that, ihet error data,combined responseelated
interferencepooled across conditions of Target Location and Hemifield of Distractor
Presentation tended just to decrease with increasing -@iggetctor separation (see

Figure6).

Effect of Target Location

The main effect of Target Location was significai(1,17) = 24.02p < 0.001, p2 =

0.586): participants made more errors (i.e., 4.6% more) for Ntntin for South
located targets. Moreover, Target Location significantly interacted with Compatibility
(I. vs. C.;F(1,17) = 4.96p = 0.040, pz = 0.226): the compatibility effect wadarger (by

2.0%) when the target occurred at the North than at the South location. The interaction
between Target Location and Separation, and that between Target Location,
Compatibility (1. vs. C.) and Separation, were not significant (respecti#851) =

0.69,p=0.561, ,°=0.039 and(3,51) = 1.35p = 0.267, ,° = 0.074)

71



Effect of Hemifield of Distractor presentation
The main effect of Hemifield of Distractor Presentation was not signifiégatl(7) =
2.35,p= 0.144, pZ: 0.122). Moreover, Hemifield of Distract®resentation did not
interact significantly eithewith Compatibility (I. vs. C.)Separatioror Target Location
(Hemifield of Distractor Presentation x Compatibilif(1,17) = 0.74p = 0.401, p2 =
0.042; Hemifield of Distractor Presentation x SeparatF(3,51) = 1.07,p= 0.369,
p2 = 0.059;Hemifield of Distractor Presentation x Target Locatib(t,17) = 0.27p =
0.610, p2: 0.016;Hemifield of Distracto Presentation x Compatibility Separation:
F(3,51) = 0.41,p= 0.746, pzz 0.024 Target Laation x Hemifield of Distractor
Presentation x SeparatioR(3,51) = 1.24p= 0.304, p2: 0.068; Target Location x
Hemifield of Distractor Presentation x Compatibilif1,17) = 0.00p = 0.982, p2 =
0.000; Target Location x Hemifield of DistractoreBentation x Compatibility x
Separation:F(3,51) = 1.61,p= 0.198, pz = 0.087%. The effect of Hemifield of
Distractor Presentation observed in the RT data (see above) was therefore not replicated

in the error data.

2.3.3 Discussion

Once again, the disictors generated significantombined responseelated

interferencewhich varied with separation. In this experimenthere we sampled
separations up to 8.0 d8gand measured the effect of hemifielthe profile of
perceptual resources was found to déscra Mexicarhat pattern.mportantly, he

Mexicanhatprofile presergdas being less focused in the right than in the left fiéd.

19 Only separations up to 7.2 deg were included in the andlysés Results section of

this experiment).
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a result of the latteiwhenleft- and rightfield profiles were averaged, the Mexican hat
almost disappearecdmpareFigures6 and 7). If this difference in focus in the two
hemifields had occurred in previous studies that probed both hemifields but did not
analyse the effect of hemifie(@&riksen & St. James, 1986; McCarley & Mounts, 2008;
Yantis & Johnston, 1990)his ould explain why they revealed a gradient profile.
Thus, it is important to take into account the hemifield of distractor presentation when
studying the profile of perceptual resourcéssuming that the effect of hemifield
observed in Experiment 2 can lextrapolated to Experiment 1, we might
Experiment 1 have revealed a Mexicdmat profile with a range of separations
extending only up to 5.6 degf we had sampled the left hemifield. Because we
sampled the right hemifield, where the profile waentially less focused, we could
only reveal a Mexicaimat profile with a range extending upt@® deg.We suggest that

the profile was really shapeitké a Mexican hat in Experimefitbut we mistook it for a

gradient.

This experiment also showed that, lghithe hemifield of distractor presentation
affected the focus of the profile of perceptual resouyrd¢asget location did not have
such effectsThis null effect argues against the possibility that the Mexigrprofile
obtained in this experiment (andy extension, in Miller et al., 2005) resulted fram
complex interaction between a gradient profile of perceptual resources and irregularities
in the visual field(see Introduction of this chapteNevertheless, becausias finding

is based on the cqmarison of profiles obtained with a limited numbertafget and
distractor locationsthere arguablyemainsa possibilitythatthe Mexicarhat findings

of this experimentesulted from irregularities in the visual fielthe effect ofthe latter

factorwas therefore investigated further in Chapter 3 (see Experiment 7).
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In this experiment, e null effect of target locatioron the profile of perceptual
resourceswas found despite target location exerting an overall effect on absolute
reaction times and ooverall combined responselated interferencgpooled across
separations)Participants were slower to respond to North than to South tatbetss
consistent with previous findings showing that visual resolution is better in the lower
than in the uper visual field (e.g., Carrasco, Giorda®oMcElree, 2004 Kristjansson

& Sigurdardottir, 2008 Lakha & Humphreys, 20Q05Moreover,combinedresponse
relatedinterferencewas overall larger with North than with South targets. The origins
of this effect are not cleart may be that, when a target takesger to be processed,

this leaves overall mor@paceffor distractors to generate interference.

The results of these experiment also bear on the issue of practice addressed in the
previous experimentnlthe presenexperimentwe succeeded in replitag Muller et

DO fV OMIDMWFBOQRILOH RI SHUFHSWXDO UHNaBXUFHYV
Therefore, the results of thisxgerimentconfirm that it is not necessary to use an

excessive number of trials tadex the profile of perceptual @srces

In conclusion, this experimeneplicatedthe Mexicarhat finding of Miller et al.
(2005). In the next experiment, we tested whether this finding can also be obtained with
exogenous cueing of the target location as most previous flatkeies hAve used
exogenous cueing and doing @tviates the need to monitor eye movements.
Experiment 3 alsdurther investigatedhe effect of target location and hemifield of

distractor presentation.
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2.4 EXPERIMENT 3 Exogenous cueing of target | ocation

Experment 3used a method similar to that usedExperiment 2except that the target
location was exogenously cued and that the target could occur at eight possible
locations (North, NortHEast, East, SoutBast, South, SoutWest, West and North
West) ratherthan only at two locationgs in Experiment 2(North and South)In
addition, to limit the number of trials, the distractor always occurred removed from the

target location in a clockwise direction.

2.4.1 Method

2.4.1.1 Design

The responseompatibility of the distractor (compatibler incompatible), the target
distractor separation (1.6, 2.9, 5.6, 7.2 and 8.0 deg) and the target location (North,
North-East, East, SoutBast, South, SoutWest, West or NortWest) were

manipulated at fixed stimulus ectgaity in a repeategneasures design.

2.4.1.2 Participants

16 participants (11 females; 1 fanded; mean age 23.6 yr; age range 16 to ;38w
Appendix 4), with reported normal or correct¢d-normal vision, participated in the
experiment. Their pécipation was remunerated and they were all naive as to the aim

of the study.
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2.4.1.3 Stimuli and Procedure

As in Experiments land 2, participants were instructed to make a {alternative
forcedchoice (2AFC) identification of a target letter lgressing one of two keyboard

keys (using the forefinger of each hand) as quickly but as accurately as possible while
LIQRULQJ D GLVWUDFWRU DQG ILOOHU OHWWHUV 7K't
distractor (when present) was always the lefigf] RU p)Y DQG WKH ILOOF
DOzZzD\V WKH OHWWHUV p21 DQG ;1 7KH VWLPXOL ZHU

1, except for the following difference.

In this experiment, like inExperiment 2 there were sixteen instead of seven
placeholdes (sed-igure9). The placeholders were arranged around an imaginary circle
of radius 4.0 deg and circumscribed the locations of the 16 stimulus letters (target,
distractor and filler letters). Each of them was separated from its nearest neighbours by
1.6 deg (centre to centre). In this experiment, a cue was used to indicate the target
location. It was a bar, 0.4 deg long, of the same dark blue as stimulus letters, fixation

cross and placeholders.
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Figure 9
Experiment 3 Method A schematic representation of an experimental trial. In each

WULDO D WDUJHW OHWWHU p(T RU p)Y RFFXEAHG LQ
exogenougue. Participants signalled target identity (with aAEC) while ignoring
GLVWUDFWRY DBQIGRIWOOHU u;fV DQG p2fV OHWWHUYV
one of five possible targelistractor separationg1.6, 2.9, 5.6, 7.2 and 8.0 deg)
corresponding respectively to the first, second, fourth, sixth and eighth placeholder
removed from th target placbolder in a clockwise directiomnd could be compatible
ZLWK WKH UHVSRQVH WR WKH WDUJHW H J H)T LI WK
UHVSRQVH WR WKH WDUJHW H J p(T LI WKH WPIUJHW
targetwith anincompatible p ( §istractor occurring at a targedlistractor separation of

2.9 deg.

Each trial proceeded as follows. 800 ms after the beginning of the trial, the cue bar was
displayed collinearly with one of the four cardinals (North, Soa#st or West) or one

of the four diagonals (Nort&ast, NorthWest, SoutFEast or SouttWest) for 50 ms, 1
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deg away from the centre of the placeholder it indicated. After the offset of the cue and
a delay of 50 ms, the target appeared in the placeholdeatad by the cue and the

distractor and/or filler letters appeared in the remaining placeholders. The stimulus
letters stayed on the screen for 100 ms. The next trial started 200 ms after the

participants responded or aft&#0D ms had elapsed.

When a dstractor was presented, it always appeared inside a placeholder separated
from the target placeholder (centre to centre) by 1.6, 2.9, 5.6, 7.2 or 8.0 deg (the five
levels of targetistractor separation) in the clockwise direction. These separations
corresponded to presenting the distractor in the placeholders that were respectively one,
two, four, six and eight placeholders removed from the target placeholdéfigsee

9).

The whole experiment lasted 2.5 hours and was performed in two sessionsv@ver t
different days). Each participant ran a total of 3872 trials (in six blocks). All the
experimental conditions (distractor compatibility, targestractor separation and target
location) were presented in a randomised order in each block. The targetedcc
equally often at each of the eight possible target locations. 5% of trials were no
distractor (baseline) trials and, in the remaining 95% of trials, a distractor, that was
equally often response compatible and response incompatible with the taoyeted

equally often at each of the five possible taigjstractor separations.

At the beginning of the experiment, the participants performed a training block of 60
trials. Within each block, participants were given short (particigemtinated) brdes

every 72 trials (8 breaks per block, about every two minutes).
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2.4.1.4 Fixation control

Participants were instructed to keep their eyes fixated on the fixation cross at all times.
Their gaze was not monitored with an eye tracker since only 200 naitsgptne onset

of the cue from the offset of the target and it is generally accepted that the planning and
execution of eye movements requires approximately 250 ms (Darrien, Herd, Starling,
Rosenberg & Morrison, 200Henderson, Pollatsek & Rayner, 198Kloreover, all
participants kept their eyes fixated on the central cdossg the practice session (as
monitored by the experimenter) and reported having done so throughout the

experiment.

2.4.2 Results

We analyzed both the speed and accuracy of fechette targett GHQWLILFDWLRQ
M) UHVSRQVHYV /DmiheldoRly oV actitaieHresppbses, and only when
they were longer than 200 ms and fell within three standard deviations of the overall

mean for the participant, which represented an average of 89.5% of the latencies.

For each participant, mean RTs (androe percentages) were calculated for
incompatibledistractor and compatibi@istractor (distractepresent) trials at each of

the eight levels of target location (North, NeEhast, East, SoutBast, South, South
West, West and NortiWest), and at each dhe five levels of targedistractor
separation (1.6, 2.9, 5.6, 7.2 and 8.0 deg;Rgares 10 and 2). No-distractor (i.e.
filler-lettersonly) RTs (and errors) were not analysed but were plotted on the graphs to

provide a visual baseline (sEguresl0 and12).
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RTs (and error percentages) were analysed using two different repssdsdres
ANOVAs. In the first analysis, the data from all conditions was tested. The ANOVA
tested for the effects of three factangmely,Compatibility (I. vs. C.), Sepation (1.6,

2.9, 5.6 and 7.2 deg) and Target Location (North, NBekt, East, SoutBast, South,
SouthWest, West or NortWest) on targetdentification RTs (and error percentages).

In this analysis, we were particularly interested to see: (1) whéthemain effect of
Compatibility (I. vs. C.) was significant, which would indicate that distractors generated
significantcombinedresponseaelatedinterference (2) whether the interaction between
the effects of Compatibility (I. vs. C.) and Separation wi@mificant, which would
indicate thatcombinedresponseelated interferencevaried with separation, and (3)
whether the interaction between the effects of Compatibility (1. vs. C.), Separation and
Target Location was significant, which would indicatatttombinedresponseelated
interferenceas a function of separation had a different shape for different target
locations. If the latter was found to be the case, the effect of Target Location on the
shape of the function of separation would be invest@atith additional ANOVAs and

interpolation analyses.

In the second analysis, only a subset of the data was tested. The analysis was performed
on the data obtained with North and South targets only. The effect of Target Location
was thus confounded withnaeffect of Hemifield of Distractor Presentation in this
analysis. Indeed, when the target appeared at the North location, the distractor always
occurred in theight hemifield and, when the target appeared at the South location, the
distractor always occred in theleft hemifield (see Method section). Since Target
Location has not been found to affect the shape of the profile of perceptual resources

(seeExperiment 2, we predicted that an effect of Target Location would in fact reflect
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an effect of Hemikld of Distractor Presentation in this analysis. In sum, the ANOVA
tested for the effects of three factangmely,Compatibility (I. vs. C.), Separation (1.6,

2.9, 5.6, 7.2 and 8.0 deg) and Hemifield of Distractor Presentation (left and right), on
targetidentification RTs (and error percentages). In this analysis, we were particularly
interested to see whether the interaction between the effects of Compatibility (I. vs. C.),
Separation and Hemifield of Distractor Presentation was significant, which would
indicate that the shape @bmbinedresponseaelated interferenceas a function of
separation was different in the two hemifields (as was shoviixperiment 2 If the

latter was found to be the case, the effect of Hemifield of Distractor Presentatios on
shape of the function of separation would be investigated using additional ANOVAs

and interpolation analyses.
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Figure 10
Experiment 3- Latencies and errors. The figure shows: (1) distragigesent mean

latencies (in ms)and error percentages (in %) as a function of tardistractor
separation (in deg) and targelistractor compatibility (compatible or incompatible)

seesolid lines and (2) nedistractor mean latencies (ims) and error percentages (in

%) tsee dashetines Error bars depict +/ 0.5 SEM. FRPSDWLEOH GLVWL
= incompatible distractor; (FOA) = attended location.
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2.4.2.1 Comparison of incompatible -distractor with compatible -distractor RTs

as a function of separation and target location

Reaction times

Effects of Compatibity (I. vs. C.) and Separation
The results ofthis repeateemeasures ANOVA showed that: (1) the effect of
Compatibility (I. vs. C.) was significant~(1,15) = 14.00,p =0.002, pzz 0.483),
showing that the distractors generated significatombined resporserelated
interference (2) the effect of Separation was significalR€1(.9,28.6) = 4.59 = 0.020,

p2 = 0.234), showing thaRTs (pooled across compatibkend incompatiblelistractor
conditions) varied with separation; and (3) the interaction bet@eempatibility (I. vs.
C.) and Separation was significami(4,60) = 6.24,p<0.001, pZ: 0.294), showing

thatcombinedesponseelatedinterferencevaried with separation.

Polynomial trends for the interaction showed thambined responseelated
interferenceas a function of separation was best explained by a combination of linear
and quadratic trends (respectivélfl,15) = 11.13p = 0.005, p2 =0.426 and~(1,15) =
10.93,p =0.005, pZ: 0.421; the cubic and quadratic trends Ipadalues > 0.100)
combined responseelated interference first decreased but then increased with
increasing targedistractor separation (sdg&gure 10), consistent witha Mexicanhat

profile of perceptual resources (Muller et al., 2005).
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Effect of Target Location
The main effect of Target Location was significaR{(7,105) = 16.74p < 0.001, p2 =
0.527). Bonferronicorrected pairwise comparisons showed that participants were
significantly faster (at the 0.05 level) to respond to a NB#dhkt or a SouthVest target
than to a North, East, South, West or NeéfMest target (sed-igure 11 for a
representation of RTs at each target locatid@yget location did not interact with any
other factor (Target Location x Compatibility (I. vs. CF)(7,105) = 1.09p = 0.374,

o2 = 0.068; Target Location x Separatidf(7.8,116.3) = 1.53p = 0.157, ,* = 0.092;
Target Location x Compatibility (I. vs. C.) x Separati6if28,420) = 0.72p = 0.854,

p2 = 0.046), suggesting thatcompatibledistractor responserelatedinterferenceas a

function of separation described a similar Mexiteat pattern for eaclatget location.
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Figure 11
Experiment 3tEffect of Target Location on latencies. The figgt®ws distractor

present mean latencies (in ms) as a function of tedggttactor compatibility
(compatible or incompatible) and targecation (North, NorthEast, East, Soutkast,
South, SouthWest, West or NortkVest) (x FRPSDWLEOH GLVWUDEF

incompatible distractor.

Errors

Effects of Compatibility (I. vs. C.) and Separation
The results of the first repeatetkasures ANOVA showed that: (1) the effect of

Compatibility (I. vs. C.) was significant~(1,15) = 1253, p=0.003, p2= 0.455),
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showing that the distractors generated significamdmbined responselated
interference (2) the effect of Separation was significaR{4,60) = 13,76p < 0.001,

pz = 0.478) showing that errors (pooled across compaitanit incompatibledistractor
conditions) varied with separation; and (3) the interaction between Compatibility (I. vs.
C.) and Separation was significari(4,60) = 4.80,0=0.002, pZ: 0.242), showing

thatcombined responseelated interferencearied withseparation.

Polynomial trends for the interaction showed thadmbined responselated
interferenceas a function of separation was best explained by a combination of linear
and quadratic trends (respectivélfl,15) = 6.58p = 0.022, pz = 0.305 and~(1,15) =
6.38,p=0.023, p2 = 0.298; the cubic and quartic trends lpadalues > 0.100). Thus,
combined responselated interferencefirst decreased but then increased with
increasing targedistractor separation (sé¢@gure 10), consistent with a Meganhat

profile for the profile of perceptual resources (Mdiller et al., 2005).

Effect of Target Location

The main effect of Target Location was significaR{3(4,50.7) = 11.41p < 0.001,
p2 = 0.432).Bonferronicorrected pairwise comparisons showedt fparticipants made

significantly fewer errors (at the 0.05 level) to respond to a Neait or a SouthVest

target than to a North, East, South, West or N@vtst target.

On the other hand, Target Location interacted neither with Separ&if@a8,420)=
1.13,p= 0.30, ,°= 0.073) nor with Compatibility (I. vs. CE(7,105) = 1.51p=
0.173, ,°= 0.091), and the interaction between Target Location, Compatibility (I. vs.

C.) and Separation was not significant eitig8,420) = 1.23p = 0.198, p2 = 0.076).
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The non gnificance of the thregvay interaction suggests thabmbined response
related interferencas a function of separation described a similar pattern at each target

location.

2.4.2.2 Comparison of incompatible -distractor with compatible -distractor RTs

as a function of separation and hemifield of distractor presentation

Reaction times

In this analysis, only the data obtained with North and South targets were analysed to
test for the effect of Hemifield of Distractor Presentation, in addition to the effécts

Compatibility (I. vs. C.) and Separation.

Neither the main effect of Hemifield of Distractor Presentation nor any of the
interactions involving this factor was significant (Hemifield of Distractor Presentation:
F(1,15) = 0.67,p= 0.427, pZ: 0.043; Hemifield of Distractor Presentation X
Compatibility (1. vs. C.)F(1,15) =0.11p=0.743, p2 = 0.007; Hemifield of Distractor
Presentation x Separatioi(4,60) = 0.19,p= 0.944, pZ: 0.012; Hemifield of
Distractor Presentation x Compatibility (I..v€.) x SeparationF(4,60) = 0.17p=
0.955 p2= 0.011). Thus, unlike ifExperiment 2 the profile of perceptual resources

wassimilarin the left and right hemifiekl(seeFigure12).
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Figure 12
Experiment 3xEffect of Hemield of Distractor Presentatioon latenciesThe figure

shows: (1) distractepresent mean latencies (in ms) as a function of tedggtactor
separation (in deg), targetistractor compatibility (compatible or incompatible) and
hemifield of distractor gesentation (left or right) + see solid lines and (2) ne

distractor mean latencies (in ms) as a function of hemifield of distractor presentation
(left or right) £see dashetines Error bars depict + 6(0 X FRPSDWLE
GLVWUDFWRU v LQFRPSDWLEOH GLVWUDFWRU )2$%

Errors
In this analysis, only the data obtained with North and South targets were analysed to
test for the effect of Hemifield of Distrear Presentation, in addition to the effects of

Compatibility (I. vs. C.) and Separation.
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Neither the main effect of Hemifield of Distractor Presentation nor any of the
interactions involving this factor was significant (Hemifield of Distractor Presentati
F(1,15) = 0.02,p= 0.907, p2: 0.001; Hemifield of Distractor Presentation Xx
Compatibility (1. vs. C.)F(1,15) =0.71p=0.412, p2 = 0.045; Hemifield of Distractor
Presentation x Separatioi(4,60) = 0.19,p= 0.944, pZ: 0.012; Hemifield of
Distractor Presentation x Comgatity (I. vs. C.) x SeparationfF(4,60) = 0.62,p =
0.653 ,°= 0.039). Thus, in the error data as well as in the RT data, Hemifield of

Distractor Presentation did not affect the profile of perceptual resources.

2.4.3 Discussion

The results oExperiment3 were consistent with those froBxperiment 2in that (1)

the distractors generated significanbmbinedresponseelated interferenceand (2)
combined responseelated interference as a function of separatiomescribed a
Mexicanrthat patternMller et aO TV 0 Hfat f#nDiQy can therefore be generalised to
the more commonly used methodology of exogenously cueing the target location
(Eriksen & St. James, 1986; McCarley & Mounts, 2008; Murphy & Eriksen, 1987;

Yantis & Johnston, 1990).

In Experiment 3, & in Experiment 2 participants were slower with some target
locations than others, but this did not have an effectanbined responselated
interferenceas a function of separatioMoreover, unlike inExperiment 2there was

no effect of hemifield ofdistractor presentatioithe profile of perceptual resources
revealedin Experiment 3was the same whether measured withi& tight or the left
hemifield; e bottom of the Mexicahat profile occurred around the same separation

(5.6 deg) in both hemifid conditions. The profile was therefore similar to the one
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measured in theight hemifield in Experiment 2but it was moredefocusedhan the

profile measured in thieft hemifield inExperiment Zcompare~igures7 and10).

The origin of the abs@&ce of an effect of hemifieldon the profile measureth
Experiment 3s not clear. It may be due to the use of an exogenous cue and/or the fact
that we only sampled distractor locations removed from the target location in a
clockwise direction. The experimeritgat follow retained the latter two features in the

hope of minimising the effects of hemifield of distractor presentation on the profile. The
use of an exogenous cue in subsequent experiments also made it unnecessary to track

eye movements.

2.5 Discussion of Chapter 2

The findings ofthis chapterVXSSRUWHG 0 «fiadnhgl (2005)Vth® @rofil&/ of
perceptual resources was found to describe a Mexiaapattern in Experimengsand

3. This is compatible with previous findings obtained with the audfp paradigm
supporting a Mexicahat rather than a gradient profile of perceptual resources (Bahcall
& Kowler, 1999 Caputo & Guerra, 199&ave & Zimmerman, 1997TCutzu & Tsotos,
2003 Hodgson et al., 1999; Hopt al. 2006 Kristjansson & Nakayama, 200Rlounts,
200(o; Muller et al., 200% Pan & Eriksen, 1993Schwartz, et al. 20Q5Slotnick,
Hopfinger, Klein, & Sutter, 2002 In the present experimentietMexicanhat finding

was obtained when using a relatively low number of triglsen usingdifferent target
locatiors, when using a target location that was both endogenously and exogenously
defined andwhen sampling both within and across visual hemifieldss suggests

that, to observe a Mexicdmat profilewith the flanker paradm, it is not necessary to
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follow Mdller et al. (2005) and use a high number of trials analleaysusethe same
target location and/oronly sample within the right hemifield and/or usen

endogenously defined target location.

The results of Experimertt also showed thathe Mexicanrhat profile of perceptual
resources could be revealedly when a sufficiently large range of separations was
sampled. When the range of separation sampling was too limited, and separations only
as large as 5.6 deg were indd (in Experiment 1), we failed to reveal a Mexitet

pattern This may explain why previous flankertgdies that sampled only a limited
range of separation@.g., Eriksen & St. James, 1986; Pan & Eriksen, 1993; these
studies only sampled up to 1.5 Jlegvealed a gradient rather than a Mexibah

profile.

The findings obtaiad with anotherfactor, namely, hemifield of distractor presentation,
may also explain why previous studies revealed a gradient rather than a Mdxtan
profile. Indeed it was und thatin Experiment 2, the profile of perceptual resources
presented as being more focused in the left hemifield (with a bottom occurring around
2.9 deg) than in the right hemifield (with a bottom occurring around 5.6 Asga
result, when the Mexan hats measured in the two hemifields were averaged, the
resulting function resembled a gradient function (Segire6). This averaging process
might explain why soméanker studies that did not control for the effect of hemifield

of distractor presentian revealed a gradient pattern (Eriksen & St. James, 1986;

McCarley & Mounts, 2008; Yantis & Johnston, 1990).
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The fact that, in Experiment 2, the profile of perceptual resources presented as being
differently focused in the left and right hemifields nfagve been due ta rightward

shift of perceptual resources due to decreased alertness (Manly, Dobler, Dodds, &
George, 200p This shift may have occurred in Expaant 2 and not in Experiment 3,
because, in Experiment 2, the location of the target was always the same and
endogenously defined whereas, in Experiment 3, it varied from trial to trial and was

exogenously defined.

The last important finding of the pregeexperiments is that, while the hemifield of
distractor presentation changed the extent of focus of the profile of perceptual
resources, the location of the target did not have andifect (see Experiments 2 and

3). This null finding argues against ¢h possibility that the Mexicahat findings
obtained in Experiments 2 and 3 (and also in Mdiller et al., 2005) resulted from
irregularities in the visual field (see Introduction of this chapt&he results of

Experiment 7 (see Chapter 3) further reinferd@s conclusion.

2.6 Conclusions

The results of the experimends$ this chaptecan be summarized as follows. Muller et

DO fV ILQGLQJ WKDW WKH S Uddsd¢iibesal MBXicadhat) FH S W
patternwas replicated.In order to be in gosition to reveal such profile, we had to

sample sufficiently far from the attended location ,amden we used a target location

that was endogenously defined, we hadcontrol for the hemifield of distractor
presentation. Moreovethe results suggestdidat it is better to use a limited rather than

an excessive number @ifals per condition in order to avoid decreasing the power of

the distractors to generate interference. Finally, using exogenous cueing did not prevent
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us from showing a Mexicahat pofile. We tok these elements into account in

designng the experiments report@dthefollowing chapters (i.e., Chapters 3add 5.

In the presentexperiments we deliberately focused only on previous work using
combinedresponseelated interferenceto index the profile of perceptual resources.
However, this profile has often been revealed using otherasdiod Chapter 3 tested
whether these other indices measure the saeparation functionas combined

responseaelated interferencevith a view to @cidingon the best index (or indices
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CHAPTER 3 xINDEXING PERCEPTUAL

RESOURCES

3.1 Introduction: Three types of measures

In Chapter 2combinedresponseaelated interferenceas a function of separation was
PHDVXUHG XVLQJ (ULNV K@M ¥ H@Dap NI9T2, YOT8Y Ahd (ds
employed to index the profile of perceptual resources (Eriksen & St. James, 1986;
McCarley & Mounts, 2008; Mduller et al., 2005; Murphy & Eriksen, 1987; Pan &
Eriksen, 1993; Yantis & Johnston, 1990). It was found thatptioéle of perceptual
resources described a Mexieaat pattern: perceptual resources first decreased and then
increased, before tailing off, with increasing separation from the attended location. This

finding replicated that of Mdiller et al. (2005).

Combined responseelated interferences not the only type of measure that has been
used to indexhe profile ofperceptual resources. In this chapter, we test three other
types of measures that have been used for this purpasgly, (1) incompatible
distractor responseelated interference(isolated by comparing neutrdistractor
performance with incompatibléistractor performance in the flanker task; see Chapter
1) as a function of separation, @liencerelated interferencdisolated by comparing
no-distractor performance with neutdilstractor performance in the flanker task; see
Chapter 1) as a function of separation, andp@formance at responding to a probe

(isolated in the cue/probe task; see Chapter 1) as a function of separation. There are
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reasons to believe that these other types of measuresnotagdex the profile of
perceptual resources and, therefore, shaoldeveal the same Mexicdmat profile of
perceptual resources #satobtained withcombined responseelated interferenceWe
describe these reasons belbefore then addressing the possibility that the different

indices agree

3.1.1 Incompatible -distractor response -related interference

The measure obtained by comparing netdrsiractor performance with incompatible
distracto performance is thought to isolatecompatibledistractor responseelated
interference(see Chapter 1). A concern is that this measure may contain residual
saliencerelated interference as, in certain circumstances, incompatible (and
compatible) distraors can be predicted to be more salient than neutral distractors due
to differences in their tastelatedness (Bjérk & Murray, 1977).This index may
thereforenotreveal the samfnctionas that revealed usirgpmbined responselated
interference This is because, unlike resposrstated interference, salienoglated
interference mighhot measure the allocation of perceptual resources at the location of

the distractor.

3.1.2 Salience-related interference

Saliencerelated interferenceobtained by cmparing no-distractor performance with
neutraldistractor performancésee Chapter 1)pay index processes of divided, rather
than selective, attention. When distractors are salient they may cause all or part of the
perceptual resources present at thendtd location to be reallocated to the distractor

location. Saliencerelated interferencewould index this process rather than (or in

1 See Footnote 3 (@3
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addition to) the perceptual resources originally present at the distractor location. The
processes subservirggliencerelated interferencenay be sensitive to the separation
between the distractor and the target but in a different way from those subserving
responseelated interference (Mounts, 2000a, 2005; but see McCarley & Mounts,
2008): thus, theseparation functioextracted withsaliencerelated interferencevould

be different from the Mexicarhat profile extracted usingombined responselated
interference(see Experiment? and 3, Chapter 2; Muller et al., 2005). This view is
compatible with the findings of previowstudies that have measursdliencerelated
interferenceas a function of separation (McCarley & Mounts, 200®unts, 2000a,

2005 Mounts & Gavett, 204; Mounts & Tomaselli, 2005)nithese studiesalience

related interferencas a function of separation described a simple gradient pattern.

3.1.3 Performance at responding to a probe

Just as salient distractors may cause attention to divide in the flanker task, probes may
have the same effect in the cue/probe (aske Chapter 1)his is because, in this task,

the profile of perceptual resa#s is indexed usingvalid trials, namely,those trials in

which the probe (i.e., the stimulus that is central to the task) mlmtesccur at the
attended location. It is possible that, in those invalid trials, the probe competes for
perceptual resourcabat have been originally committed to the attended location, thus
causing perceptual resources to divide between the attended and the probe location
(Mdaller et al., 2005). This competition may rely on the salience of the probe. The
cue/probe paradigm waithen index the division of perceptual resources rather than
(or in addition to) the profile of perceptual resources around the cued location. If this
hypothesis is true, theeparation functioextracted with the cue/probe task should be

different from the Mexicanhat profile extracted usingombined responselated
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interferencein the flanker task (see Experimersand 3, Chapter 2; Mduller et al.,

2005).

In fact, to our knowledge, no cue/probe study has provided unequivocal evidence for a
Mexicanthatprofile. In other words, no cue/probe study has shown that performance at
responding to a probe first decreases and then increases, before tailing off, with
increasing separation from the attended location. Instead, numerous cue/probe studies
have shownhat performance at responding to a probe describedvantedgradient

profile that never decreased but only increased (before reaching a plateau or tailing off)
with increasing separation from the attended location (Bahcall & Kowler, 1999; Caputo
& Guerra, 1998 Cave & Zimmerman, 199Cutzu & Tsotsos, 2003; Downing, 1988;
Hodgson et al., 199%Hopf et al., 2006Kim & Cave, 1999; Kristjansson & Nakayama,
2002 Mounts 2000b. Others have shown that performance at responding to a probe
describeda gradient profile that onlydecreasedwith increasing separation from the
attended location (e.g., Dori & Henik, 200Bowning, 1988; Handy et al., 1996;
Henderson, 1991; Henderson & Macquistan,1993; Shulman et al., 1985; Tsal, 1983;
Williams, 1988). It is possible that these inconsistent findings reflect the fact that, in
different cue/probe studies, the probe was more s &fficient at dividing attention

(thus generating different functions of separation), for instance because it was more or
less salient (Mounts, 2000a) or because the cue indicated the correct probe location with

more or less validity (Eriksen & Yeh, 1985

3.1.4 The possibility that the different indices agree
On the other hand, it is possible thatcompatibledistractor responseelated

interferencesaliencerelated interferencandperformance at responding to a prode
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after all index the profile of perceptual resourdes. Mexicarthat profile of perceptual
resources has not been obtained with these indices in previous studies, this may be due
to the fact that, in these studiesjyrso factors have caused changes in the focus of
perceptual resources, causing the bottom of the Mexican hat to occur so close to, or so
far from, the attended location as to make it impossible (or very difficult) to index all
the parts of the Mexicahat pofile of perceptual resources (i.e., the initial decreasing
arm, the subsequent increasing arm and the final decreasingegnChapter)2 As

argued inChapter 2 factors that could have affectdie extent of focus of perceptual
resources in previoussties are, for instance, perceptual load, the availability (and

deployment) of cognitive resources, dralt anxiety (see Chapters 1, 4 and 5).

In sum, one should be able to measure a complete Mehataprofile when using
incompatibledistractor resporerelated interferencesaliencerelated interferencer
performance at responding to a prolas long as the profile is neither too focused nor
too defocused (e.g., when perceptual load is neither too high nor too lowunttien

of separatiorextraced with these three measures would thesitpdar to the Mexican

hat profile extracted withcombined responselated interference(see Chapte?;
Miuller et al., 2005). This wasxaminedn the present experiments (see Experiménts

5 and6). In addition Experiment fested whether the functions of separation obtained
in Experiments 1 ta6 could not be explained by a confounding factogmely,

irregularities in the visual field.
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3.2 EXPERIMENT 4 Comparison of different indices in the flanker

task

In Experiment 4 the participants performed a flanker task similar to the one used in
Experiment 3except thatD QHXWUDO GLVWUDFWRU WKH OHWWF
compatible and incompatible distractoirs. Experiment 4 distractor interferenceould

thus bemeasured in three way$l) using combinedresponseelated interference
(obtained by comparing compatibdéstractor with  incompatiblelistractor
performance); (2) usingpcompatibledistractorresponseelated interferencéobtained

by compaing neutraldistractor with incompatiblelistractor performance); and (3)

using saliencerelated interference(obtained by comparing ndistractor with neutral
distractor performance)t was tested whether the shapes of the profiles indexed using

the thre types of measures agreed and whether the bottoms of the three profiles

occurred at similar separations.

Another difference between Experiments 3 and 4 wagthaeholders and filler letters
covered the whole screen rather than only an imaginary ciftls difference was
introducedto testan alternative account fahe Mexican hatpattern obtained in
Experiments 2 and.3his account invokes the fact thiie separation condition that
produced the least distractor interference was the only one ohwahfiller letter was
presented on the shortest straitihe path between the target and distractor. If tics
explained the Mexicahat pattern then, when the screen wsa covered with
placeholders and filler letters, distractor interference as@idm of separation should

no longerdescribe a Mexican hat.
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Figure 13
Experiment 4 Method. A schematic representation of an experimental trial. In each

WULDO D WDUJHW OHWWHU p(T RU p) PortiRESS(SbUtH G L Q
or West) indicated by a 100%alid exogenousue. A distractor occurred in 90% of the

trials at one of four possible targedistractor separations (1.8, 5.1, 7.7 and 9.0 deg,
corresponding respectively to the first, third, fifth and s#@vegslaceholder removed

from the target placeholder in a clockwise directiaround an imaginary circle of
placeholders The distractor could be compatible with the identity of the target (e.g.,

H(T LI WKH WDUJHW ZDV p(f LQFWRSDWDHOHWZLAVE W
WDUJHW ZDV p(f RU QHXWUDO L H u;f 3DUWLFLSD
witha2$)& ZKLOH LJQRULQJ GLVWUDFWRU p(f p)T RU
figure illustrates a Northp ( farget with acompatible p ( flistractor occurring at a

separation of 9.0 deg.
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3.2.1 Method

3.2.1.1Design
The design was a repeatagtasures one in which targiistractor separation was
manipulated (at controlled stimulus eccentricity) ahd responseompatibilty of

distractors (compatible, incompatible or neutral) was also manipulated.

3.2.1.2 Participants

14 patrticipants from Goldsmiths College (5 females; 2Hafided; mean age 22.3 yr;

age range 18 to 39 ;ysee Appendid) with reported normal or correct¢o-normal

vision took part in the experiment in exchange for course credits. They were all naive as

to the aim of the study.

3.2.1.3 Stimuli and procedure

Participants were instructed to make a -&Wernative forceathoice (2AFC)
identification of aWDUJHW OHWWHU p(f RU p)T E\ SUHVVLQJ
NH\ERDUG XVLQJ WZR ILQJHUV RI WKHLU GRPLQDQW K
DQG WKH p 1 NH\ WR DQVZHU p)Y DV TXLENO\ EXW DV
distractorOHWWHU DQG ILOOHU OHWWHUYV 7KH GLVWUDFW|
WKH ILOOHU OHWWHUY ZHUH DOZD\V WKH OHWWHU p2
filler letters) were all of the same dark blue (CIE 8.15, y= 0.08 and L= 0.44 cd/m;

the same dark blue as in Experiments 13joand subtended 0.9 bylldeg (as

compared to 0.70 by 0.80 deg in Experinsehto3).
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A cross (subtending 0.50 deg square; the fixation cross) and 186 outline circles (of
radius 0.85 deg; the stinus-letter placeholders) were present on the screen throughout
the experiment (se€igure 13). They were dark grey (CIE x0.29, y=0.32 and

L =4.67 cd/f; rather than dark blue in Experimenl to3) against a light grey
background (CIE x 0.28, y=0.30 and L=13.70 cd/m; the background was lighter

than in Experimerst 1 to3, where its luminance was of 3.71 cd/m?). The fixation cross
indicated where participants had to remain fixated. Among the 186 placeholders, 16
placeholders were arranged aroamimaginary circleof radius 4.60 deg and defined

the possible locations of the target and distractor letters. Around the imaginary circle,
each placeholder circle was separated from its neighbour by 1.80 deg (centre to centre)

so that adjacent circles veealmost touching.

On each trial, a dot cue (of radius 0.08 deg and the same dark blue as the stimulus
letters) was presented 1.40 deg central ottdre RI HLWKHU WKH pl1RUWKY
RU p:HVWY SODFHKROGHU RQ W ltterlakvBy3 lagpbBetked iRdidé F O H
the placeholder that was cued (only 4 target locations, rather thaiXpariment 3

were used to limit the number of conditions) and 184 filler letters and one distractor
letter, or 185 filler letters and no distractortéet appeared inside the remaining
placeholders. When a distractor letter was presented, it always appeared on the
imaginary circle, inside a placeholder separated from the target placeholder (centre to
centre) by 1.8, 5.1, 7.7 or 9.0 deg (the four tadigtractor separations) in a clockwise
direction. These separations corresponded to presenting distractor letters in the
placeholders that were respectively one, three, five and seven placeholders removed
(around the circle of placeholders) from the tangkeiceholder (see Figure3)l The

distractor was response QFRPSDWLEOH ZLWK WKH WDUJHW VR W
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WKH WDUJHW ZDV u)Y RQ -Gdpatiblé Bith the taget ZsD that) HV S
LW ZDV )Y LI WKH WD U trills\and D Wasure§poms@®utral (iRwas the

OHWWHU p;1f RQ DQRWKHU RI WULDOV ,Q WKH UHF
SUHVHQWHG DQG RQO\ WKH WDUJHW DSSHDUHG DPR¢

constituted the ndistractor basline condition.

Each trial started with a screen containing the fixation cross and 186 empty
placeholders (for 800 ms). This was followed by the presentation of the cue for 40 ms.
After the offset of the cue and a delay of 50 ms, the stimulus letteespmesented in

their respective placeholders for 120 ms (instead of 100 fagperiment 3. A wrong
keypress for target identification was signalled by a soft beep. The next trial began 200

ms after a participant had responded or after 1200 ms hadcelapse

Experiment 4asted around 1 hour. ¢onsisted of 1456 trials, preceded by 60 practice
trials. Every 73 trials (about every 2 minutes) there were short (partidgraninated)

breaks. The different conditions were presented intermixed and in razetborder.

3.2.14 Fixation control

Like in Experiment 3 SDUWLFLSDQWVY JD]JH ZDV QRW PRQLWR
only 210 ms separated the onset of the cue from the offset of the target and it is
generally accepted that the planning and executbneye movements requires
approximately 250 ms (Darrien, Herd, Starling, Rosenberg & Morrison, ;2001

Henderson, Pollatsek & Rayner, 1987
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33.2.2 Results

We analyzed both the speed and accuracy of fechette targett GHQWLILFDWLRQ
)Y UHVSRQVHVY 5HVSRQVH ODWHQFLHV 57V ZHUH H
and only when they were longer than 200 ms and fell within three standard deviations

of the overall mean for the participant, which represented an average of 91.8% of the

latencies overall.

For each participant, mean RTs (and error percentages) werelatalcuor
incompatibledistractor, compatibldistractor and neutralistractor (distractepresent)

trials at the four target locations (North, East, South and West) and at the fowr target
distractor separations (1.8, 5.1, 7.7 and 9.0 deg; see Figurdoreover, for each
participant, nedistractor (i.e. fillerlettersonly) RTs (and errors) were randomly
separated into four bins for each of the four target locations, and mean RTs (and error
percentages) were calculated for each bin. The four bins veere as baselines to

match the four targedistractor separations.

Four analyses were performed on mean RTs (and error percentages). Each of the first
three analyses compar@@rformanceobtained with one type of distractor with that
obtained with anothetype (which equated to subtractipgrformanceobtained with

one type of distractor from that obtained with another type) as a function of separation
(and target location). Specifically, the first analysis companedmpatibledistractor

with compatibledistractor performance as a function of separation (and target location);
the second analysis compareshcompatibledistractor with neutratdistractor
performance as a function of separation (and target location); and the third analysis

comparedheutraldistractor withno-distractor performance as a function of separation
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(and target location). Each of these three comparisons equated to isolating one type of
distractor interference, respectivelycombined responseelated interference
incompatibledistracta responseelatedinterference andsaliencerelatedinterference
(seeChapter 1:General Introduction), and to testing whether the interference isolated
was significantacrossseparations (and target locatiorsid whether this interference

was signifi@antly modulatedwith targetdistractor separation (and with target location).
Where interference was modulated with separation, polynomial trends were applied to

determine the shape of the interference function of separation.

The fourth analysis compardtie shapes of the interference functions of separation
obtained in the first three analyses. Where there was a significant difference between
these shapes (i.e., where there was an interaction betwespétod interference and

the effect ofseparation), it was investigated whether this difference was explained
because one function was maspatially focusedthan the othersor, alternatively,
whether the functions were equally focused but one functiorsteapethan the othexr

(i.e., one type of interfence was larger than the other types at some separations but not

others).
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Figure 14
Experiment 4 Latencies and errorsThe figure shows: (1) distractgaresent mean

latencies (in ms) and error percentages (in %) as a functibriargetdistractor
separation (in deg) and targelistractor compatibility (compatible, incompatible or
neutral) +seesolid lines and (2) nedistractor mean latencies (ims) and error
percentages (in % + see dashedines Error bars depict +/ 0.5 SBM. (x) =
FRPSDWLEOH GLVWUDFWRU vV ) = he&ptraRdAsBFariw L (EQ¥H) GLVYV
= attended location.
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3.2.21 Comparison of incompatible - with compatible -distractor RTs as a

function of separation and target location

Reaction times

This andysis comparedincompatibledistractor andcompatibledistractor RTs as a
function of separation and target location using a repeagasures ANOVA. It tested

for the effects of three factorsamely,Compatibility (I. vs. C.), Separation (between
targetand distractor; 1.8, 5.1, 7.7 or 9.0 deg of separation) and Target Location (North,
East, South or West) on targdentification RTs. In this analysis, we were particularly
interested to see whether (1) the main effect of Compatibility (I. vs. C.) wabcagt,

which would indicate that distractors generated significambinedresponseelated
interferencegland therefore that distractor locations were allocated significant perceptual
resources; se&hapter 1:General Introduction), and whether (2) tieraction
between the effects of Compatibility (I. vs. C.) and Separation was significant, which
would indicate thatombinedresponseaelated interferencevaried with separation. If

the interaction between the effects of Compatibility (I. vs. C.) amhftion was found

to be significant (in other words, if the interference function of separation was found
not to be fla}, the shape of the interference function of separation would be examined
using polynomial trends, thus indexing the spatial profilperceptual resources (see

Chapter 2).

Effects of Compatibility (I. vs. C.) and Separation
The repeatedneasures ANOVA showed thtite main effects of both Compatibility (I.
2 _

vs. C.)and Separation wersignificant ¢(espectivelyF(1,13) = 5.06p=0.042 , =

0.280 and F(3,39) = 9.62,p< 0.001, p2= 0.425, and the interaction between
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Compatibility (I.vs.C.) and Separation was marginally significaR(3(39) = 2.54,
p=0.070, pZ: 0.164). These findings showed there was significeminbined
resporserelated interferenceand that this interference varied with separation.
Polynomial trends for the interaction showed thambined responseelated
interferenceas a function of separation was explained by a cubic tfefidl3) = 6.49,
p=0.024, p2 = 0.333; the linear and quadratic trends padlues > 0.100), consistent

with a Mexicanhatprofile (see Figurd.4) and not with a gradiemtrofile.

Effect of Target Location

The main effect of Target Location was significaR{3,39) = 7.47,p < 0.001, p2:
0.365). Bonferronicorrected pairwise comparisons showed that participants were
significantly slower (at the 0.05 level) to respond to North targets than to East, South
and West targets. On the other hand, Target Location did not interact with
Compaibility (I. vs. C.) or Separationr¢spectively,F(3,39) = 1.56p = 0.215, p2:

0.107 andF(9,117) = 0.90,p= 0.525, p2: 0.065) and the thremay interaction
between Target Location, Compatibility (I. vs. C.) and Separation was not significant
either (F(9,117) = 0.33,p= 0.962, p2: 0.025), showing that combinedresponse
relatedinterferenceas a function of separatiatescribed aimilar Mexicanhat pattern

ateach target location.

Errors

This analysis comparethcompatibledistractor andcompatibe-distractor errors as a
function of separation and target location using a repeatasures ANOVA. It tested
for the effects of three factonsamely,Compatibility (I. vs. C.), Separation and Target

Location on targetdentification errors.
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Effects ofCompatibility (I. vs. C.) and Separation

The repeatedneasures ANOVA showed that: (1) the effect of CompatibilitygIC.)
was marginally significantR(1,13) = 3.86p =0.071, p2 = 0.229), showing that there
was somecombined responselated interferencein errors; and (2) the effect of
Separation was significanE(3,39) = 5.70p = 0.002, p2 = 0.305), showing that errors
(pooled across compatibleand incompatiblalistracts conditions) varied with
separation; but (3) the interaction between Compatibility(IC.) and Separation was
not significant F(3,39) = 0,78,p=0.514, p2 = 0.056), showing thatombined

responseaelated interferencén errors did not significantlyary with separation.

Effect of Target Location

The main effect of Target Location was significaR(3,39) = 10.57p < 0.001, p2 =
0.448). Bonferronicorrected pairwise comparisons showed that participants made
significantly more errorsp(< 0.050) torespond to North than South or West targets. On
the other hand, Target Location did not interact with either Compatibility (I. vs. C.) or
Separation (Target Location x Compatibilify(3,39) = 0.07,p= 0.976, p2: 0.005;
Target Location x SeparatioR(9,117) = 1.78p = 0.079, p2 = 0.121; Target Location

x Compatibility x Separatior=(9,117) = 1.84p = 0.068, pz =0.124).

3.2.2.2 Comparison of incompatible - with neutral -distractor RTs as a function

of separation and target location
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Reaction time s

This analysis compareisicompatibledistractor andheutratdistractor RTs as a function
of separation using a repeateasures ANOVA. This analysis tested for the effects of
three factorspnamely,Compatibility (Incompatible vs. Neutral distractor, owé. N.),
Separation, and Target Location on tafigeintification RTs. In this analysis, we were
interested irrelated questions to thoge the first analysis. Namely, we wanted to see
whether (1) the effect of Compatibility (I. vs. N.) was significavitjch would indicate
that distractors generated significanhcompatibledistractor responseelated
interference(see Chapter 1:General Introduction), and whether (2) the interaction
between the effects of Compatibility (I. vs. N.) and Separation vggufisant, which
would indicate thaincompatibledistractor responserelated interferencevaried with
separation. If the latter was found to be the case, the shape of the interference function
of separation would be examined using polynomial trends texirttle profile of

perceptual resources.

Effects of Compatibility (I. vs. N.) and Separation

The repeatedneasures ANOVA showed thidite main effects aboth Compatibility (.

vs. N.) and Separation were significant (respectivéljt,,13) = 47.71p < 0.001, p2 =

0.786 andF(3,39) = 6.30,p= 0.001, pz = 0.326), and the interaction between

Compatibility (I.vs.N.) and Separation was also significaR{3,39) = 3.27p =0.031,
p2: 0.201). These findings showed there was signifiaanbmpatibledistractor

responsaelated interferenceand that this interference varied with separation.

Polynomial trends for the interaction showed thmatompatibledistractor response

related interferenceas a function of separation was explained by a quadratic trend

(F(1,13 = 14.24,p=0.002, pZ: 0.523; the linear and cubic trends hadalues >
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0.100). This finding was once again consistent with a Mexnzdrprofile and not with

a gradient profile.

Effect of Target Location

The main effect of Target Location was significaR{3,39) = 9.66 p < 0.001, p2:
0.426). Bonferronicorrected pairwise comparisons showed that participants were
significantly slower (at the 0.05 level) to respond to North targets than to East, South
and West targetsOn the other hand, Target Location did not interadgth
Compatibility (I. vs. N.) or Separation (respectivei(3,39) = 1.39,p= 0.261, p2:

0.096 andF(9,117) = 0.66,p= 0.742, p2: 0.048) and the thremay interaction
between Target Location, Compatibility (I. vs. C.) and Separation was noticaghif
either £(9,117) = 0.92p = 0.507, p2 = 0.066), showing thaincompatibledistractor
responseaelatedinterferenceas a function of separation described a similar Mexican

hat pattern at each target location.

Errors

This analysis compareihcompatble-distractor andneutraldistractor errors as a
function of separation and target location using a repeatasures ANOVA. It tested
for the effects of three factorsamely,Compatibility (I. vs. N.), Separation and Target

Location on targeidentificaion errors.

Effects of Compatibility (I. vs. N.) and Separation
The repeatetheasures ANOVA showed that: (1) the effect of CompatibilityIN.)

was significant (1,13) = 9.05,p=0.010, p2: 0.410), showing that there was
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significantincompatibledistractor responseelated interferencen errors; but (2) the
effect of Separation was not significarf(3,39) = 1.82,p= 0.160, pZ: 0.123),
showing that errors (pooled across compatibled incompatiblalistractor conditions)
did not vary with separation; and (3) the interaction between Compatibilirg. (\l.)

and Separation was not significaf(3,39) = 2.12p=0.113, p2= 0.140), showing
thatincompatibledistractor responseelated interferencen errors did not significantly

vary with separation.

Effect of Target Location

The main effect of Target Location was significaR(3,39) = 10.37p < 0.001, p2 =
0.444). Bonferronicorrected pairwise comparisons showed that particspanade
significantly more errorsp(< 0.050) to respond to North than South or West targets. On
the other hand, Target Location did not interact with either Compatibility (I. vs. N.) or
Separation (Target Location x Compatibilify(3,39) = 0.95p = 0.427 p2: 0.068;
Target Location x SeparatiorF(4.2,55.3) = 2.38p= 0.059, p2: 0.155; Target

Location x Compatibility x SeparatioR{5.5,71.9) = 1.74p = 0.130, p2 =0.118).

3.2.2.3 Comparison of neutral - with no-distractor RTs as a function of

separation and target location

Reaction times
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This analysis compareadheutraldistractor andno-distractor RTs as a function of
separation and target location using a repeatedsures ANOVA. This analysis tested

for the effects of three factorsamely,Presence of Neutral Distractor, Separation , and
Target Location on targadentification RTs. In this analysis, we were interested in
related questions to thoge the first two analyses. Namely, we wanted to see whether
(1) the effect of Presence of Neutflstractor was significant, which would indicate

that distractors generated significaseliencerelated interference (see Chapter 1:
General Introduction), and whether (2) the interaction between the effects of Presence
of Neutral Distractor, and Sepamt was significant, which would indicate that
saliencerelated interferencevaried with separation. If the latter was found to be the
case, the shape of the interference function of separation would be examined using

polynomial trends to index the profité perceptual resources.

Effects of Presence of Neutral Distractor, and Separation

The repeatedneasures ANOVA showed that: (1) the effect of Presence of Neutral
Distractor was not significanf(1,13) = 0.58p = 0.461, pz = 0.042); (2) the effect of
Separation was not significanF(3,39) = 0.71,p= 0.555, pZ: 0.05); and (3) the
interaction between Presence of Neutral Distractor, and Separation was not significant
(F(3,39) = 0.73p=0.541, p2: 0.053) either. In other words, there was no evidence
that neutral distractors generataliencerelatedinterference northatsaliencerelated

interferencecould be used to measure the profile of perceptual resources.

Effect of Target Location
The main effect of Target Location was significaR{3,39) =7.31,p= 0.001, p2:

0.360). Bonferronicorrected pairwise comparisons showed that participants were
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significantly slower (at the 0.05 level) to respond to North targets than to East, South
and West targets. On the other hand, Target Location did not interact withderegen
Neutral Distractor, or Separation (Target Location x Presence of Neutral Distractor:
F(3,39) = 0.04,p= 0.988, p2: 0.003; Target Location x Presence of Neutral
Distractor: F(9,117) = 0.73,p= 0.679, p2: 0.053; Target Location x Presence of

Neutal Distractor x Separatio(9,117) = 0.31p = 0.972, pz =0.023).

Errors

This analysis comparedeutraldistractor andno-distractor errors as a function of
separation and target location using a repeatedsures ANOVA. It tested for the
effects ofthree factorsnamely,Presence of Neutral Distractor, Separation and Target

Location on targetdentification errors.

Effects of Presence of Neutral Distractor and Separation

The results of the repeateteasures ANOVA showed that: (1) the effect of Bnes of
Neutral Distractor was not significarfe((L,13) = 0.05p = 0.824, p2 = 0.004); (2) the

effect of Separation was not significaR{(§,39) = 0.48p = 0.699, p2 = 0.036); and (3)

the interaction between Presence of Neutral Distractor and Separation was not
significant either £(3,39) = 0.02p = 0.995, pz = 0.002). In ¢her words, there was no

evidence for the presencesaliencerelated interferencen errors.

Effect of Target Location
The main effect of Target Location was significaR{3,39) = 3.08,p = 0.038, p2:
0.192). Bonferronicorrected pairwise comparisorshowed that participants made

significantly more errorsp(< 0.050) to respond to North than West targets. On the
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other hand, Target Location did not interact with Presence of Neutral Dist@ctor
Separation (Target Location x Presence of Neutral Distre€(3,39) = 0.20p = 0.894,
- = 0.015; Target Location x Separatidf(9,117) = 1.28p= 0.256, ,”= 0.090;
Target Location x Presence of Neutral Distractoeparationf(9,117) = 1.23p=

0.283, ,°=0.087).

3.2.2.4Comparison of the interference functions of separation

Reaction times

Thefinal analysis tested further timterferencedata measured in the previous analyses.
As there was no significant interference and no modulation of interference by
separation in théastanalysis, the data from this analysis were notuitet!; only the

data from the firstwo analyses were tested. Moreover, as there was no significant
effect of Target Location on distractor interference, the effect of this factor was not
tested. We were interested to see whether (1) one type of intedewasdarger across
separations than the other, and whether (2) the functions of sepana&asured with

the two types of interference described the same shape.

In order to perform this comparison, the interference functions from thetviost
analysesvere extracted by subtractinige relevandistractor RTs froneach otherat
each separatiomombinedesponseaelatedinterferenceas a function of separation was
obtained by subtracting compatildestractor from incompatibldistractor RTs at each
sepaation, andincompatibledistractor responseaelated interferenceas a function of
separation was obtained by subtracting neuistractor from incompatibidistractor

RTs at each separation. The two functions wen@paredusing a repeatetheasures
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ANOVA which tested for the effects of two factomamely, Type of Interference (i.e.,

combinedr incompatibledistractorresponseelatedinterferencg and Separation.

The results of the ANOVA showed that the effect of Type of Interference was
significant (F(1,13) = 8.37,p=0.013, p2: 0.392). Thus,incompatibledistractor
responseaelated interferencevas larger across separations tltambined response
related interferenceThe effect of Separation was also significd3(39) = 3.90p =

0.016, p2 =0.231) but the interaction between Type of Interference and Separation was
not significant F(3,39) = 0.96,p=0.422, ,*= 0.069). The absence of significant
interaction means that the functions of separation measured imgthmpatible
distractor respormerelated interferenceand combined responselated interference
described similar patterns and the bottoms of these functions occurred at similar

separations.

Errors
As none of the types of interference in errors significantly varied with separdten, t

fourth analysis was not performed on errors.

3.2.3 Discussion

In Experiment 4 SDUWLFLSDQWYVY ZHUH WHVWHG RQ DQ DGDS
(Eriksen & Hoffman, 19721973, in order to measure at four different separations

from the attended location: (1) the combined respoelsted interference of
compatible and incompatible distractors, (2) the respogiaeed interference of

incompatible distractors, and (3) the salienglated interference of neutral distractors.
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The first important findingrom this experiment was thabmbinedandincompatible

distractor responseaelated interferencevere significant aml they first decreased but

then increased with increasing separation, describing a MeReigpattern (see Figure

14). Experiment 4AWKHUHIRUH FRQILUPHG 0 OOHU HW DO TV U
Experiment2 and 3 that the profile of perceptual @srces is shaped like a Mexican

hat. It also disconfirmed the propositi@utlined in the Introduction tthis experiment

that the Mexicarhat pattern observed in previous experiments could be explained by
the fact that the separation condition that preduthe least distractor interference was

the only one in which a filler letter was presented on the shortest stilamglgath

between the target and distractor.

Another important finding oExperiment 4vas that neutral distractors did not generate
significant saliencerelated interferenceand it was therefore not possible to test
whether this type of interference can be used to index the profile of perceptual resources
in the same way as resposrséated interference. The absence saliencerelated
interferencefrom neutral distractors was probably the result of a reduction in the
stimulusdriven salience of these distractors due to the filler letters that surrounded and

masked them.

Compatible distractors, unlike neutral distractongyuld appear tohave generated
substantialsaliencerelated interferencgthey increased RTs overall; see Figu#

which was probably the result of the presence of addititasMdriven salience for
compatible distractors compared to neludliatractors (as in Experiemt 1, see Chapter
2). Given that compatible distractors generated substantial salielated interference,

there is no reason why incompatible distractors should not also have done so. This
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being the case, the comparison between incompatisteactorand neutrabistractor
performance(referred to above)xshould nothave provided thepure measure of
responseelated interferenceften assumedYet, the same function of separation was
obtained with this measure (that arguably combined saliexiated ad response
related interference) as wittombined responselated interferencgwhich isolates
pure responseelated interference). This finding suggests that (1) sahlexlaéed
interference, just like responselated interference, indexes the allocatof perceptual
resources and (2hcompatibledistractor responseelated interferenc&an be used to
index perceptual resourcesd., Kramer et al., 1994Lavie, 1995; Lavie & de Fockert,

2003.

In conclusion, the findings dExperiment 4confirmed that the profile of perceptual
resources can be indexed using eitb@mbinedor incompatibledistractor response
related interferene and that this profile is shaped like a Mexican hat (Mdller et al.,
2005). On the other hand, the findingsEofperiment 4did not providedirect evidence
that the profile of perceptual resources can be indexed usatigncerelated
interferencefrom nedral distractors. It is likely that neutral distractors were not
sufficiently salient inExperiment 4Experiment Svas an attempt to measisalience
related interferencewith neutral distractors by increasirggimulusdriven distractor
salience. This waslone by using similar displays to those Erperiment 4 except

omitting placeholders and filler letters.

3.3 EXPERIMENT 5 Comparison of different indices in the flanker

task with increased salience of distractors
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As well as omitting placeholders anitler letters, Experiment 5used only two target
locations (North and Southd limit the number of trialeand one additional separation

to increase the density séparatiorsampling.

In Experiment 5 like in Experiment 4 distractor interference was asured in three
ways: (1) usingcombined responseaelated interference(obtained by comparing
compatibledistractor  with  incompatibléistractor  performance); (2) using
incompatibledistractor responseelated interferenc€obtained by comparing neutral
distractor with incompatibtdistractor performance); and (3) usisgliencerelated

interferenceobtained by comparing rdistractor with neutradlistractor performance).

3.3.1 Method

3.3.1.1Design
The design was a repeatagtasures one in which targtistractor separation was
manipulated (at controlled stimulus eccentricity) ahd responseompatibility of

distractors (compatible, incompatible or neutral) was also manipulated.

3.3.1.2 Participants

15 participants from Goldsmiths College (11 femaletefthanded; mean age 22.5 yr;

age range 19 to 30;ysee Appendix6) with reported normal or correctéd-normal

vision took part in the experiment in exchange for course credits. They were all naive as

to the aim of the study.

3.3.1.3Stimuli and pr ocedure
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The same stimuli and procedure were used &xperiment 4 except for the following

three differences: (1) placeholders and filler letters were no longer present (the removal
of filler letters and placeholders meant that a target and a distraete the only
stimuli presented in each display, except for the presence of the fixation cross), (2) the
target only ever occurred at the North and South locations, and (3) one more target
distractor separation was tested, yielding five tadygractorseparations (i.e., 1.8, 3.5,

5.1, 7.7 and 9.0 deg).

Experiment 5lasted around 45 minutes. dbnsisted of 1024 trials, preceded by 60
practice trials. Every 65 trials (about every 2 minutes) there were short (participant
terminated) breaks. Trials frothe different conditions were presented intermixed and

in randomized order.

3.3.2 Results

We analyzed both the speed and accuracy of fechette targett GHQWLILFDWLRQ
H)T UHVSRQVHYY). Makertigslwiexduadamined only for accurateoeses,

and only when they were longer than 200 ms and fell within three standard deviations
of the overall mean for the participant, which represented an average of 93.2% of the

latencies overall.

For each participant, mean RTs (and error percentagese walculated for
incompatibledistractor, compatibldistractor and neutralistractor (distractepresent)
trials at the four target locations (North, South, East and West) and at the five target
distractor separations (1.8, 3.5, 5.1, 7.7 and 9.0 @egFgurel5). Moreover, for each

participant, nedistractor (i.e. fillerlettersonly) RTs (and errors) were randomly
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separated into five bins at each of the four target locations, and mean RTs (and error
percentages) were calculated for each bin. The Wwere used as baselines to match the
five targetdistractor separations. The same four analyses were performed as in

Experiment 4

Figure 15
Experiment 5 Latencies and errorsThe figure shows: (1) distractgaresent mean

latencies (in ms) and error percentages (in %) as a function of taligéatactor
separation (in deg) and targelistractor compatibility (compatible, incompatible or
neutral) +seesolid lines and (2) nedistractor mean latencies (ims) and error
percentage (in % =+ see dashedines Error bars depict + 0.5 SEM. () =
FRPSDWLEOH GLVWUDFWRU v ") = heptraRdisBairL(EQW) GLVYV

= attended location.
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3.3.21 Comparison of incompatible - with compatible -distractor RTs as a

function of separation and target location

Reaction Times

This analysis comparethcompatibledistractor andcompatibledistractor RTs as a
function of separation and target location using a repeagasures ANOVA. It tested
for the effects of three factorsamel/, Compatibility (I. vs. C.), Separation and Target

Location on targetdentification RTs.

Effects of Compatibility (I. vs. C.) and Separation
The main effects of both Compatibility (I. vs. C.) and Separation were significant
(respectively,F(1,14) = 1518, p= 0.002, p2: 0.520 and~(4,56) = 8.89p< 0.001,

p2: 0.388) and the interaction between Compatibility (I. vs. C.) and Separation was
significant £(4,56) = 2.61p =0.045, p2 = 0.157). These findings show that there was
significant combinedresponserelated interferenceand that this interference varied
with separation. Polynomial trends for the interaction showedctirabinedresponse
related interferenceas a function of separation was explained by a quartic trend
(F(1,14) = 4.50,p=0.052, p2: 0.243; the linear, quadratic and cubic trends jpad
values > 0.100), consistent with Mexicanhat profile (as quartic trends, just like
guadratic and cubic trends, reveal the presence of an increasing arm in the function of

separation).

Effect of rget Location
The main effect of Target Location was not signific&f(tL(14) = 3.91p = 0.068, p2 =

0.218). Neither were any interactions involving this factor (Target Location X

122



Compatibility: F(1,14) = 0.44p = 0.520, pZ: 0.030; Target Location $eparation:
F(4,56) = 1.10p = 0.368, pz = 0.073; Target Location x Compatibility x Separation:

F(4,56) = 1.99p = 0.109, ,* = 0.124).

Errors

This analysis comparethcompatibledistractor andcompatibledistractor errors as a
function of separationral target location using a repeategéasures ANOVA. It tested
for the effects of three factorsamely,Compatibility (I. vs. C.), Separation and Target

Location on targetdentification errors.

Effects of Compatibility (I. vs. C.) and Separation
The efect of Compatibility (I. vs. C.) was not significari({,14) = 0.76,0 = 0.398,

p2: 0.052) but the effect of Separation and the interaction between Compatibility (1.
vs. C.) and Separation were significant (respectivie(2.3,32.1) = 3.79p = 0.028,

.- = 0.213 andF(4,56) = 2.95,p=0.028, ,>= 0.174). The significance of the
interaction suggests that there was sarambined responselated interferencen
errors and that this interference varied with separation. Polynomial trends for the
interaction showed thatombined responselated interferenceas a function of
separatiorwas explained by a combination of quadratic and cubic trends (respectively
F(1,14) = 6.48p=0.023, ,°= 0.316 and~(1,14) = 5.96p=0.028, ,>= 0.299; the

linear and quartic trends hadsalues > 0.100), consistent with a Mexidaat profile.

Effect of Target Location
The main effect of Target Location was not signific&f(L(14) = 2.91p=0.11Q p2 =

0.172). Neither was any interaction involving this factor (Target Location x
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Compatibility: F(1,14) = 0.78,p= 0.391, pZ: 0.053; Target Location x Separation:
F(4,56) = 0.70p = 0.595, pz = 0.048; Target Location x Compatibility x Separation:

F(4,56) = 0.10p = 0.983, ,” = 0.007).

3.3.2.2 Comparison of incompatible - with neutral -distractor RTs as a function

of separation and target location

Reaction times

This analysis compareishcompatibledistractor anaheutratdistractor RTs as a functio
of separation and target location using a repeatedsures ANOVAIt tested for the
effects of three factorspamely, Compatibility (I. vs. N.), Separation and Target

Location on targetdentification RTs.

Effects of Compatibility (1. vs. N.) and Seation
The main effects of both Compatibility (I. vs. N.) and Separation were significant
(respectively,F(1,14) = 63.06p <0.001, p2: 0.818 and~(4,56) = 9.20,p < 0.001,

o> = 0.396) and the interaction between Compatibility (I. vs. N.) and Separation was
also significant £(4,56) = 2.51p = 0.052, ,>= 0.152). These findings show that there
was significantincompatibledistracor responseelated interference and that this
interference varied with separation. Polynomial trends for the interaction showed that
incompatibledistractor responseaelated interferenceas a function of separation was
explained by a quartic trend~({@,14 = 7.59, p=0.015, pZ: 0.352; the linear,

quadratic and cubic trends hadgalues > 0.100), consistent wdhMexicanhat profile

Effect of Target Location
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The main effect of Target Location was not signific&f{tL(14) = 0.83p = 0.380, p2 =
0.056). Neither wasany nteraction involving this factor (Target Location x
Compatibility: F(1,14) = 3.01,p= 0.101, pZ: 0.185; Target Location x Separation:
F(4,56) = 0.25p = 0.909, pz = 0.017; Target Location x Compatibility x Separation:

F(4,56) = 1.92p=0.121, ,* = 0.120).

Errors

This analysis comparedihcompatibledistractor andneutraldistractor errors as a
function of separation and target location using a repeatasures ANOVA. It tested
for the effects of three factonmsamely,Compatibility (I. vs. N.), Sepation and Target

Location on targetdentification errors.

Effects of Compatibility (I. vs. N.) and Separation

The main effects of both Compatibility (I. vs. N.) and Separation were significant
(F(1,14) = 10.13p=0.007, ,>= 0.420 and~(4,56) = 5.46p= 0.001, ,>= 0.280),

and the interaction between Compatibility (I. vs. N.) and Separation was marginally
significant ¢(4,56) = 2.07 p=0.096, p2: 0.129). These findings suggest that there
was incompatibledistractor responseelated interferencein errors, and that this
interference varied with separation. Polynomial trends for the interaction showed that
incompatibledistractor responseelated interferenceas a function of separation was
explained by a marginallyignificant cubic trend K(1,14) = 3.75,p=0.073, p2=

0.180; the linear, quadratic and quartic trends pnadlues > 0.100), consistent with a

Mexicarthat profile.

Effect of Target Location
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The main effect of Target Location was not significatl(14) = 0.142p = 0.712,
p2: 0.010). Neither was aninteraction involving this factor (Target Location x
Compatibility: F(1,14) = 1.31p= 0.271, pZ: 0.086; Target Location x Separation:
F(4,56) = 0.96p = 0.436, pz = 0.064; Target Location x Compatibility x Separation:

F(4,56) = 0.20p = 0.935, ,* = 0.014).

3.3.2.3 Comparison of neutral - with no-distractor RTs as a function of

separation and target location

Reaction times

This analysis compareaheutratdistractor andno-distractor RTs as a function of
separation and target location using a remkateasures ANOVAIt tested for the
effects of three factorsilamely,Presence of Neutral Distractor, Separation and Target

Location on targetdentification RTs.

Effects of Presence of Neutral Distractors and Separation

The main effects of both Presencé Neutral Distractor, and Separation were
significant (respectivelyl(1,14) = 18.06p =0.001, pZ: 0.563 and~(4,56) = 5.75,
p=0.001, ,>=0.291) and the interaction between Presence of Neutral Distractor, and
Separation was also significafi(4,56) = 3.35,p =0.016, p2 = 0.193). These findings
show that, inExperiment 5 neutral distractors generated significaatiencerelated
interferenceand that this interference varied with separation. Polynomial trends for the
interaction showed thataliencerelated interferenceas a function of separation was
explained by a quadratic tren({,14) = 16.76p = 0.001, p2 = 0.545; the linear, cubic

and quartic trends hgmvalues > 0.100), consistent wéhMexicanhat profile

126



Effect of Target Locatin

The main effect of Target Location was not significar{tL(14) = 0.36p = 0.558, p2 =
0.025). Neither was any interaction involving this factor (Target Location x
Compatibility: F(1,14) = 0.06,p = 0.806, p2: 0.004; Target Location x Separation:
F(4,56) = 1.17,p= 0.335, p2 = 0.077; Target Location x Compatibility x Separation:

F(4,56) = 1.36p = 0.260, ;2= 0.088).

Errors

This analysis comparedeutraldistractor andno-distractor errors as a function of
separation and target location usingepeateemeasures ANOVA. It tested for the
effects of three factorslamely,Presence of Neutral Distractor, Separation and Target

Location on targetdentification errors.

Effects of Presence of Neutral Distractor and Separation

The results of the repestmeasures ANOVA showed that, while the effect of
Separation was significanE(4,56) = 3.23p = 0.019, pz = 0.187), neither the effect of
Presence of Neutral Distractor, nor the interaction between Presence of Neutral
Distractor, and Separation was significant (respectivgly,14) = 1.58p = 0.230, p2 =

0.101 andF(4,56) = 0.34,p=0.852, p2= 0.024) In other words, there was no
evidence for the presence séliencerelated interferenceand thatsaliencerelated

interferencevaried with separation.

Effect of Target Location
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The main effect of Target Location was not signific&f{t.(14) = 0.04p = 0.854, p2 =
0.004). Neither was any interaction involving this factor (Target Location x Presence of
Neutral Distractor: F(1,14) = 0.24,p= 0.635, ,°= 0.017; Target Location x
Separation:F(4,56) = 0.41,p= 0.801, pzz 0.028; Target Location x Presence of

Neutral Distractor x SeparatioR(4,56) = 0.38p = 0.820, pz =0.027).

3.3.2.4Comparison of the interference functions of separation

Reaction times

Thefinal analysis used a repeateteasures ANOVA to compare the interference as a
function of separatin obtained in thgreviousanalyses. We were interested to see
whether (1) the amplitude of the three types of interference across separations was the
same or different and whether (e functions of separation measured with the three
types of interferace described the same shapes and were similarly foclibed.
repeateemeasures ANOVA tested for the effects of two factaramely, Type of
Interference (i.e.,combined responseelated interference incompatibledistractor

responseaelatedinterferenceor saliencerelatedinterferencg and Separation.

The repatedmeasures ANOVA showed that, whitbe effect of Separation was
significant (4,56) = 3.90,p= 0.016, pZ: 0.231), neither the effect of Type of
Interference nor the interaction between Tygfelnterference and Separation was
significant (respectivelyf(1.2,16.7) = 2.79p = 0.109, pZ: 0.166 and~(4.3,60.6) =
1.45,p=0.225, pZ: 0.094). In other words, the amplitude across separations of the

three types of interference was at similarels and the functions of separation of the

128



three types of interference described similar pattemts a bottom occurring at similar

separations.

Errors

Like in the RT data (see above), a final analysis was used to compare the interference as
a functionof separation obtained in the previous analyses. Only the data from the first
two analyses were included in this analysis as there was no significant effect in the last
analysis. None of the main effects or interactions reached significance in the final
analysis (allp values > 0.100). In other words, the two types of interference were not
significantly different and the functions of separation described similar patterns, with

bottoms occurring at similar separations.

3.3.3 Discussion
First, the findingsof Experiment Sreplicated those dExperiment 4showing that both
combinedresponseelated interferenceand incompatibledistractor responseelated

interferenceas a function of separation descdl@esimilar Mexicarhat pattern.

Another finding of Experiment 5was that neutral distractors can genersadience
related interferencewhen they are sufficiently salienimportantly, neutraldistractor
saliencerelatedinterferenceas a function of separation was found to describe a similar
Mexicarthat patern to those described lzpmbinedresponseelatedinterferenceand
incompatibledistractor responseaelated interference In fact, the bottom of all three
functions of separation occurred around the same separation. This finding is not
consistent withtlte suggestion thataliencerelatedinterferencegenerate a fundion of

separation that idifferentfrom the function generated by respomekated interference
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(see Introduction of thighapter) Instead, this findingshowed thatsaliencerelated
interferenceandresponseaelated interferenceould be usednterchangeablyo index

the profile of perceptual resource8y implication, combining both types of
interference into one measure (i.e., by usmgpmpatibledistractor total interference

namely, ly comparing nedistractor performance with incompatifdéstractor
performance), one obtains a more sensitive index of perceptual resources and, therefore,

a more powerful tool for studying selective attention.

It is noteworthy that, in this experimettig difference between the effect of compatible
and neutral distractors appeared to be reduced compared to thHatperiment 4
(compare Figured44 and 15). This suggests thdaaskdriven effects on salience were
smaller in this experiment than in Expermel, arguably becausstimulusdriven
effects on salience were overall higher. By implication, the comparison of Reutral
distractor performance with incompatifdéstractor performance provided a purer
measure of responselated interference iBxperimen 5 than inExperiment 4 Even if

the latter comparison still contained some residwadiencerelated interferencdrom
incompatible distractors, this would not be a problem given $lasiencerelated

interferencealso indexes the profile of perceptuasources.

In sum, Experiment 5showed thatsaliencerelated interference just like response
related interferencecan be used to index the profile of perceptual resources, provided
the distractors are salient enoudbiven that salienceelated and respnserelated
interference produced similar results in the flanker paradagmd giventhat the
cue/probe paradigm arguably relies on the salience of the pitdi;omes more likely

thatthe cue/probe paradigm can reveal the same function of separatios ffenker
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paradigm (i.e.probedetection performancas afunction of separatiomay describe
the sameMexicanthatprofile asin the flanker task This was examineth Experiment

6 using a new paradigm that is a composite of the cue/probe and tker ftemadigms

3.4 EXPERIMENT 6 Qualitative c omparison of flanker and

cue/probe t asks

In this experiment, the participants performedturn, (1) an adaptation ahe flanker

task (Eriksen & Hoffman, 1972, 1973) and (2) an adaptatioth@icue/probetask
(Posner, 1980)pn exactly the same stimulEach participant performed flanker and
cue/probe taskm separatexperimental sessions anddaunterbalanced ordefarget

and distractor letts were alwayspresent butrelevantonly to the flanker task In
addition, he background of the distractor locatifor of the target location when no
distractor was presénivasbrightenedin half the trials; his brightening created a bright
disk that was irrelevant to the flanker task but that functioned adetieetion probe in

the cue/probe taskGiven that the probe location always occurred at the distractor
location (on distractepresent trials)manipulating cugrobe separatiorquated to

manipulatingtargetdistractor separation

Experiment 6was runprior to Experimentst and 5 but is reportedafter themin this
chapterin order toappeal tothe findings of Experimentd and 5in interpretingthe
datg. As a result, some elementd its designare more similar tothose of
Experiment3, namely, both placeholders and filler letters were again present ramd
neutral distractor was used; was thereforenot possible to isolatsaliencerelated

interferenceusing neutral distractoris the flanker taskin the flanker taskgdistractor
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interferencecould e measureanly in two ways, by comparing incompatibdestractor
performance with compatibldistractor performancgas in Experiments 1 to @nd by
comparing incompatibldistractor performance with raistractor performancdéas
suggested in the disaisen of Experiment 5 to be the most sensitive measure of the
profile of perceptual resourceshe first comparison isolatedombined response
related interferenceand the second onmcompatibledistractor total interference
namely, the total of saliencerelated and responselated interferencel he shapes of
the two functions of separation extracted in the flanker task weralitatively
compared to bedetection performance as a function of separation extracted in the

cue/probe task

3.4.1 Method

3.4.1.1Design

Flanker task

The responseompatibility of the distractor (compatible or incompatible), the target

distractor separation and the location of the target were manipulated at fixed stimulus

eccentricity in a repeatendieasures design.

Cue/probe task
The cueprobe separation and the location of the cue were manipulated at fixed stimulus

eccentricity in a repeatenieasures design.
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3.4.1.2 Participants

16 participants from Goldsmiths College (12 females; tHaftded; mean age 20 yr;

age rangel8 to 26 yr see Appendix7) with reported normal or correctéd-normal

vision took part in the experiment in exchange for course credits. All of them were first
year undergraduates and received course credits for their participation. They were all

naiveas to the aim of the study.

3.4.1.3 Stimuli and procedure
In the flanker task, participants were instructed to ignore the distractor, filler letters and
probe, and to make a twadternative forceathoice (2AFC) identification of the target

(Y YVEMFUHVVLQJ RQH RI WZR NH\V RQ DQ (QJOLVK
M) DV TXLFENO\ EXW DV DFFXUDWHO\ DV TBeRIstters EOH
were of the same size and colour as in Experimérdad 5. In the cue/probe task,
participans were instructed to ignore the stimulus letters and to makeABC2
GHWHFWLRQ MJSUHVHQWY YV uDEVHQWY FRuh BNdglish SURE
NH\ERDUG p/Y IRU pSUHVHQWY RU p 1 IRU uDEVHQWY

feedlack was given for incorrect answers.

A cross (the fixation cross) and 16 placeholders were present on the screen throughout
the experiment (sdéigurel6). They were grey (the same dark grey aBxperiment 4

against a light grey background (the sanghtl grey as inExperiment 4. The 16
placeholders were arranged around an imaginary circle of radius 4.6 deg and
FLUFXPVFULEHG WKH ORFDWLRQV RI WKH VWLPXOXV
H:T DQG p29 DQG XVHG DV W RttbisHadd oBthe/probel(tha\bRght D Q G

disk). Each placeholder was separated from its neighbour by 1.8 deg (centre to centre).
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Figure 16
Experiment 6 Method. A schematic representation of an experimental trial. In each

tiaO D WDUJHW OHWWHU p(f RU u)T RFFXUUHG LQ WK
or West) indicated by a 100%alid exogenous cué distractor occurred in 80% of the
trials at one of four possible targedistractor separations (1.8, 5.1, 7.7 and @€g,
corresponding respectively to the first, third, fifth and seventh placeholder removed
from the target placeholder in a clockwise direction). The distractor could be
FRPSDWLEOH ZLWK WKH LGHQWLW\ RI WKH WpatibldHW H
ZLWK WKH LGHQWLW\ RI WKH W D U JAprdbe Ha brighpdi§k)L | W K
occurred in 50% of the trialswhen it occurred, it did sat the distractor location
(when a distractor was present) or at the target location (when noadist was
present).In the flankertask session, PUWLFLSDQWYV VLIJQDOOHG WDUJ
witha2$)& ZKLOH LJQRULQJ SUREH GLVWUDFWRU u(f F
M 2 9 \h the cue/probeask session, participantsgnalled thepresence of the probe
HMSUHVHQWY RU pAFE)MVAHI@ Wrpring tavget, distractor and filler letters.
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The sessions were performed in a counterbalanced ofdee. figure illustrates a
plorth ftarget (1 (fwith a probe and an incompatible disttac ) $ccurring at a
separation of 5.1 deg.

On each trial, the cue was presented 1.4 deg central oéfitiee of thep LRUWKY p(DV
HERXWKYTY RU p:HVWY SODFHKROGHUY 7KH OHWWHU WK
defined as théarget p(RU )9 ILOOHU OHWWHUV UDQGRPO\
RU p27 DQG RQH GLVWUDFWRU p(f RU p)T RU ILO
inside the remaining placeholders. In half the trials, the background of the placeholder
containingthe distractor- when a distractor was presentr the background of the
placeholder containing the targetvhen no distractor was presenivas brighter than

the remaining background (CIE=0.28, y=0.31 and L= 16.70 cd/m). This created a

bright dsk that was defined as the prolsed Figurel6).

The distractor was responaseRPSDWLEOH ZLWK WKH WDUJHW VR \
ZDV u)T RQ R W UL D O-Wcdrrpatiblyy witDthe targel G& Qav, Hor
H[DPSOH LW ZDNDWE@HW ZDKH u)Y RQ DQRWKHU RI
occurred at the distractor location, it did so equally often with compatible and with
incompatible distractors). In the remaining 20% of trials, no distractor was presented
and the target appeared argsen 15 filler letters. These trials constituted the no
distractor baseline condition in the flanker task. When a distractor was present, it
always appeared inside a placeholder separated from the (cued) target placeholder
(centre to centre) by 1.8, 5.1,77or 9.0 deg (the four levels of targdéistractor
separation) in a clockwise direction. These separations corresponded to presenting the
distractor in the placeholders that were respectively one, three, five and seven

placeholders removed (around the lerof placeholders) from the cued target
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placeholder (se€&igure 16). The probe occurred in 50% of trials, either in the target
placeholder (when the distractor was absent) or in the distractor placeholder (when the
distractor was present). There were éfiere five levels of cuprobe separation (0.0,

1.8,5.1, 7.7 or 9.0 deg).

Each trial started with a screen containing the fixation cross and 16 empty placeholders
(for 800 ms). This was followed by the presentation of the cue for 40 ms. After the

offset of the cue and a delay of 50 ms, the stimulus letters and the probe (when it
occurred) were presented in their respective placeholders for 120 ms. The next trial

began 200 ms after a participant had responded or after 1200 ms had elapsed.

Experiment @asted about.b hrandconsisted of 1120 trials, preceded by 60 practice
trials, for each task. Every 80 trials (about every 2 minutes), there were participant
terminated breaks. The experimental conditions within each task (combinations of
distractor comatibility, targetdistractor/cugrobe separation, location of the
target/cue and presence of probe) were presented in a randomised order.

3.4.2 Results

We analged both the speed and accuracy of forcledice targettGHQWLILFDWLRQ
)Y DQE&GHIMHEFWLRQ PSUHVHQWY YV MDEVHQWY UH\
only for accurate responses, and only when they were longer than 200 ms and fell
within three standard deviations of the overall mean for the participant, which

represented an averagk90.2% of the latencies overall.

3.4.2.1 Flanker task
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For each participant, mean RTs (and error percentages) were calculated for
incompatibledistractor and compatibl@istractor (distractepresent) trials at each of

the four levels of target locat pP1IRUWKY p(DVWY HpERXWKY DQG |
four levels of targetistractor separation (1.8, 5.1, 7.7 and 9.0 deg), and at each of the
WZR OHYHOV RI SUHVHQFH RI SUREHY7 fprRIHaidHFgWE R U
18 for errors). Moeover, for each participant, stbstractor (i.e. fillerlettersonly) RTs

(and errors) were randomly separated into four bins at each of the four levels of target
location and at each of the two levels of presence of probe, and mean RTs (and error
percentges) were calculated for each bin. The bins were used as baselines to match the
four levels of targetlistractor separation in each condition of target location and

presence of probe.
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Figure 17
Experiment 6xLatencies inthe flanker task. The figure shows: (1) distracfmesent

mean latencies (in ms) as a function of targistractor separation (in deg), target
distractor compatibility (compatible or incompatibleacapresence of probe (present

or absent) seesolid lines and (2) nedistractor mean latencies (in mas a function

of presence of probe (present or absesgtee dashetines Error bars depict +/ 0.5

SEM. (x FRPSDWLEOH GLVWUDIE WdRattor; YFOA) I=CafidRde& D W L E

location.

Two analyses on mean RTs (and error percentages)peefemed The first analysis
comparedncompatibledistractor withcompatibledistractor performance as a function
of separatiorandpresence of probe (aradsotarget location) This comparisomllowed

us to isolate combined responseaelated interference and to testwhether this
interferencewas modulatedby targetdistractor separatioand/or presence of probe.
The second analysis comparnedompatibledistractor with no-distractor performance
as a finction of separation andresence of probe (analso target location).This
comparison allowed us to isolatecompatibledistractor total interferencand to test
whether this interference wasodulatedby targetdistractor separation and/or presence

of probe.
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Figure 18
Experiment 6 +Errors in the flanker task. The figure shows: (1) distracfmesent

error percentages (in %) as a function of targéstractor separation (in deg), tget
distractor compatibility (compatible or incompatible), and presence of probe (present

or absent) +seesolid lines and (2) nedistractor error percentages (in %as a

function of presence of probe (present or absersige dashetines Error bars dejfct

+/- 0.5 SEM. ( FRPSDWLEOH GLVWUDFWRU Vv LQFRPS

attended location.

3.4.2.1.1 Comparison of incompatible -distractor with compatible -distractor

RTs as a function of separation, presence of probe and target location

Reaction Times
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This aralysis comparedncompatibledistractor andcompatibledistractor RTs as a
function of separation, target location and presence of probe using a repea®des
ANOVA. It tested for the effects of four factorsamely, Compatibility (I. vs. C.),

Separabn, Target Location and Presence of Probe on tadlgatification RTSs.

Effects of Compatibility (I. vs. C.) and Separation

The results of the repeateseasures ANOVA showed thatvhile the effect of
Separation was significanE(3,45) = 27.37,p< 0.00] p2: 0.646), the effect of
Compatibility (I. vs. C.)and the interaction between Compatibility (I. vs. C.) and
Separation were not significafrespectivelyF(1,15) = 0.17p = 0.684, p2 =0.011 and
F(3,45) = 0,541,p=0.656, pzz 0.035). These fuings showed thathere was no
significantcombinedresponseaelatedinterferenceoveralland thattombinedesponse

relatedinterferencedid not vary with separation.

Effect of Target Location

The main effect of Target Location was significaR(3,45)= 20.18,p < 0.001, p2 =
0.574). Bonferronicorrected pairwise comparisons showed that participants were
significantly faster (at the 0.05 level) to respond to East and West targets than to North
and South targets. Target location did not interact with Compatibility (ICysor
Separation (Target Location x Compatibiliff3,45) = 0.985p = 0.409, p2 = 0.062;
Target Location x SeparatioR(9,135) = 1.39p = 0.199, pz = 0.085; Target Location

x Compatibility x Separatior=(9,135) = 0.52p = 0.858, pz =0.033).

Effect of Presence of Probe

140



The main effect of Presence of Probe was not signifidafit,15) = 1.79p = 0.201,

pz = 0.106), showing that the probe did not affect RVerall. On the other hand, the
interaction between Presence of Probe and Separationigmétcant (F(3,45) = 3.39,
p= 0.026, pZ: 0.184). This was because the probe increased RTs (pooled across
compatible and incompatible conditions) more at sifsaltl arguably atarge), than at
intermediate, separations (degure19). In other words,hte RT function of separation

wassteepelin probepresent trials.

Presence of Probe did not interact with any other factor (Presence of Probe x
Compatibility: F(1,15) = 0.22,p= 0.643, p2: 0.015; Presence of Probe x Target
Location: F(3,45) = 0.24p = 0.865, pz = 0.016; Presence of Probe x Compatibility x
SeparationF(3,45) = 1.03p = 0.389, p2 = 0.064; Presence of Probe x Compatibility x
Target Location:F(3,45) = 0.959,p= 0.420, p2: 0.060; Presence of Probe x
Separation x Target Locatiof(9,135) = 0.575p = 0.816, pZ: 0.037; Presence of
Probe x Compatibility x Separation x Target Locatib(®,135) = 1.41p = 0.189, p2 =

0.086).
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Figure 19
Experiment 6 * Latencies inthe flanker task. The figure shows disttar-present

(pooled across compatible and incompatible conditionspn latencies (in mwas a

function of targedistractor separation (in deg) and presence of probe (present or
absent). Error bars depict +/0.5 SEM. SUREH DEVHQW emnt SUR
(FOA) = attended location.

Errors

This analysis comparethcompatibledistractor andcompatibledistractor errors as a
function of separation, target location and presence of probe using a repeatades
ANOVA. It tested for the effects of four ¢tors, namely, Compatibility (I. vs. C.),

Separation, Target Location and Presence of Probe on-idegéification errors.
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Effects of Compatibility (I. vs. C.) and Separation

The results of the first repeatetkasures ANOVA showed that: (1) the effedt
Compatibility (I. vs. C.) was significant~(1,15) = 15.24,p=0.001, p2= 0.504),
showing that there was significanbmbined responselated interferencen errors;

and (2) the effect of Separation was signific&{B(45) = 9.17p < 0.001, p2 =0.379),
showing that errors (pooled across compatibled incompatiblalistractor conditions)
varied with separation; but (3) the interaction between Compatibility (I. vs. C.) and
Separation was not significan(@,45) = 0,36,p=0.779, p2: 0.024), bowing that
combined responselated interferencelid not significantly vary with separation (see

Figurel8).

Effect of Target Location

The main effect of Target Location was significaR(3,45) = 11.37p < 0.001, p2 =
0.431). Bonferronicorrected pawise comparisons showed that participants made
significantly more errorsp(< 0.050) to respond to North than East, South or West
targets. Moreover, Target Location interacted with Compatibik(8,45) = 6.28p =

0.001, p2: 0.295). This interactiorwas explained by the fact that incompatible
distractors significantly increased errors (compared to compatible distractors) when the
target was at the North locatioR((,15) = 14.58p = 0.002, pz = 0.493) or at the East
location E(1,15) = 7.95,p= 0.013, p2: 0.346) but not when it was at the South
location E(1,15) = 3.76,p= 0.072, p2: 0.200) or at the West locatiok((,15) =

0.090,p=0.768, pz = 0.006; se&igure20).
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Figure 20
Experiment 6xErrors in the flanker task. The figure shows error percentages (in %)

for the compatible incompatible and nadistractor conditions as a function of target
location (North, East, South or West). (dark grey) = incompatible distractor; (medium

grey) = compatible distractor; ight grey) = no distractor.

Target location did not significantly interact with Separatib(((5,67.2) = 2.31p=
0.060, p2 = 0.134). Finally, the interaction between Target Location, Compatibility and

Separation was not significant eith€4,135) = 1.66p = 0.106, pz =0.099).
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Effect of Presence of Probe

The main effect of Presence of Probe was significa(tt,{5)= 8.53,p = 0.011, p2 =

0.363): the presence of the probe caused errors to increase overall. On the other hand,
Presence of Probe did not interact significantly with any other factor (Presence of Probe
x Compatibility:F(1,15) = 1.53p = 0.235, pz = 0.M03; Presence of Probe x Separation:
F(3,45) = 0.34p = 0.798, pz = 0.022; Presence of Probe x Target Locatk(3,45) =
0.32,p=0.813, p2 = 0.021; Presence of Probe x Compatibility x Separai(®,45) =
1.07,p= 0.372, pzz 0.066; Presence of Rye x Compatibility x Target Location:
F(3,45) = 0.193,p= 0.901, pzz 0.013; Presence of Probe x Separation x Target
Location:F(9,135) = 0.875p = 0.549, p2 = 0.055; Presence of Probe x Compatibility x

Separation x Target LocatioR(9,135) = 0.894p = 0.533, p2 = 0.056).

3.4.2.1.2 Comparison of incompatible -distractor with no -distractor RTs as a

function of separation, presence of probe and target location

Reaction times

This analysis comparedcompatibledistractor ancho-distractor RTs as a fation of
separation, target location and presence of probe using a repesasdres ANOVA. It
tested for the effects of four factors, namdRresence of Incompatible Distractor,

Separation, Target Location and Presence of Probe on-idegéfication RT's.

Effects of Presence of Incompatible Distractor, and Separation
The results of the repgedmeasures ANOVA showed that both the main effects of
Presence of Incompatible Distractor and Separation were significant (respectively,

F(1,15) = 9.49p=0.08, 2= 0.388 and~(3,45) = 8.19p < 0.001, ,2= 0.353) and
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the interaction between Presence of Incompatible Distractor, and Separation was also
significant E(3,45) = 11.45p<0.001, pz = 0.433). These findings showed that there
was significanincompatibledistractor total interferencéi.e., total of responseelated

and saliencerelated interference) and this interferencevaried with separation.
Polynomial trends for the interaction showed thatompatibledistractor total
interferenceas a funabn of separation was best explained by a combination of linear,
quadratic and cubic trends (respectivélfl,15) = 9.03p = 0.009, pz = 0.376;F(1,15)

= 17.22,p=0.001, ,°= 0.535; and~(1,15) = 8.14p=0.012, ,* = 0.352), consistent

with a Mexicarthat profile.

Effect of Target Location

The main effect of Target Location was significaR(3,45) = 18.44p < 0.001, p2 =

0.551). Bonferronicorrected pairwise comparisons showed that participants were
significantly faster (at the 0.05 level) to respond to East and West targets than to North
and South targets. Target location did not interact with Presence of Incompatible
Distracbr, or Separation (Target Location x Presence of Incompatible Distractor:
F(3,45) = 1.07p= 0.372, p2 = 0.067; Target Location x Separatidf(9,135) = 1.22,

p= 0.290, p2: 0.075; Target Location x Presence of Incompatible Distractor x

SeparationF(9,135) = 0.55p = 0.834, pz =0.036).

Effect of Presence of Probe

The main effect of Presence ofoBe was significantH(1,15) = 1.79p = 0.201, p2 =
0.106): thepresence of @robe increased RT®verall. On the other hand, Presence of
Probe did not interact with any other factor (Presence of Probe x Presence of

Incompatible DistractorF(1,15) = 0.4, p= 0.534, p2: 0.026; Presence of Probe x

146



Separation:F(3,45) = 0.36,p= 0.782, p2: 0.023; Presence of Probe x Target
Location: F(3,45) = 0.50,p= 0.687, p2: 0.032; Presence of Probe x Presence of
Incompatible Distractor x Separatiof(3,45) =0.29,p = 0.831, ,° = 0.019; Presence
of Probe x Presence of Incompatible Distractor x Target Locafi(}h45) = 0.41p =
0.744, p2 = 0.027; Presence of Probe x Separation x Target Loc&t(Orit35) = 1.29,

p= 0.247, ,>= 0.079; Presence of ProbePresence of Incompatible Distractor x

Separation x Target LocatioR(9,135) = 1.13p = 0.345, pz =0.070).

Errors

This analysis comparadcompatibledistractor andho-distractor errors as a function of
separation, target location and presence of pusb®) a repeatetheasures ANOVA. It
tested for the effects of four factomsamely, Presence of Incompatible Distractor,

Separation, Target Location and Presence of Probe on-tdegéification errors.

Effects of Presence of Incompatible DistractorcaSeparation

The results of the repeateteasures ANOVA showed that: (1) the effect of Presence of
Incompatible Distractor was marginally significaft(1,15) = 3.44,p =0.083, p2:
0.187), showing thatincompatibledistractor total interferencewas marginally
significant in errors; and (2) the effect of Separation was marginally signifie¢3)46)

= 2.63,p= 0.061, pZ: 0.149), showing that errors (pooled across incomgatésid
no-distractor conditions) marginally varied with separation; but (3) the interaction
between Presence of Incompatible Distractor, and Separation was not significant

(F(3,45) = 1.42,p=0.249, pZ: 0.087), showing thaincompatibledistractor total

interferencedid not significantly vary with separation (Séigurel18).

147



Effect of Target Location
The main effect of Target Location was significaR(3,45) = 18.52p < 0.001, p2 =

0.552). Bonferronicorrected pairwise comparisons showed that ppatds made
significantly more errorsp(< 0.050) to respond to North than East, South or West
targets. On the other hand, Target Location interacted with neither Presence of
Incompatible Distractor nor with Separation (respectivéli,45) = 1.04p = 0385,

o2 = 0.065 and~(9,135) = 1.63p= 0.112, ,* = 0.098), and the thragay interaction
between Target Location, Presence of Incompatible Distractor and Separation was not

significant either F(9,135) = 0.87p = 0.554, p2 = 0.055).

Effect of Presencef &robe

The main effect of Presence of Probe was significa(tt,{5) = 6.04p = 0.027, p2 =
0.287): the presence of the probe caused errors to increase overall. On the other hand,
Presence of Probe did not interact significantly with any other factes€éRce of Probe

x Presence of Incompatible Distracté(1,15) = 1.06p = 0.320, p2 = 0.066; Presence

of Probe x Separatiorz(3,45) = 0.64,p = 0.596, p2: 0.041; Presence of Probe x
Target Locationf(3,45) = 0.21p = 0.892, p2 = 0.014; Presence &frobe x Presence

of Incompatible Distractor x Separatiof(3,45) = 0.11,p= 0.953, p2 = 0.007,
Presence of Probe x Presence of Incompatible Distractor x Target Lod¢gBo4b) =
0.183, p= 0.907, p2: 0.012; Presence of Probe x Separation x Targeation:
F(9,135) = 0.874p = 0.550, pz = 0.055; Presence of Probe x Presence of Incompatible

Distractor x Separation x Target Locati®i{9,135) = 1.23p = 0.281, p2 =0.076).
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3.4.2.2Cue/probe task

For each participant, mean prelieHWHFWHNG QWY YV uDEVHQWT
percentages) were calculated for prqoesent trials at each of the four levels of Cued
/IRFDWLRQ MIRUWKY pn(DVWYT pu6RXWKYT DQG p:HVWYI
probe Separation (0.0, 1.8, 5.1, 7.7 or %@;dseeFigure 21'%). Moreover, RTs (and
error percentages) were calculated for prabsent trials at each of the four levels of
Cued Location. It was found that the probe was falsely reported in only 5.4% of probe
absent trials (to the same extent forfallr cued locationspamely,between 5.1 and
5.8%). Additionally, the probe was missed in 7.4% of prplesent trials, showing a
small bias towards responding that the probe was al$2h} € 3.08,p = 0.006, d =

0.51). Two analyses were performedpobepresentRTs (and errors).

The first analysis compared RTs (and errors) for probe detection when the probe
occurred at the cued location (separation 0.0 deg) with RTs (and errors) for probe
detection when the probe occurred at an uncued locatioarédiems 1.8 to 9.0 deg
pooled together) by means oftdest. This analysis tested whether performance at
detecting the probe was better when the probe oetat the cued location than at
other (uncued) locations. If this was found to be the case,utdwshow that the cue

was effective at focusing perceptual resouaresindthe cued location.

The second analysis tested for the effect offmade separation and cued location on

probedetection performance, when the probe occurred ainaoedlocation, using a

12 hote that, on Figures 21, 22 and 23, performance attifeg the probe is plotted by
reversing RTs and errors This mode of presentation of the data allows a direct

comparison between the results of the cue/probe and flanker tasks.
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repeateemeasures ANOVA. This analysalowed usto test whetheprobedetection
performancevas modulated by the separation between probe and cued lotiatios
was found to be the case, polynomial tremase applied to determine the skepf the

function of separation.

Figure 21
Experiment 6xPerformance on latencies and errorsthe cue/probe task. The figure

shows probaletectionperformanceon latencies (i.e., latencies presented on a reagkrs
axis, in ms) andon error percentagegi.e., error percentages presented on a reversed
axis, in%) as a function of cuprobe separation (in deg). Error bars depict-#.5
SEM. (FOA) =attended locatiofi.e., cued location).
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3.4.2.2.1 Comparison of probe-detection performance at cued and uncued

locations

Reaction times

Consistent with numerous previous studies (e.g., Posné&Q; 9enderson, 1991;
Henderson & Macquistan, 1993), th¢est analysis showed that pretetection RTs
were faster when thprobe occurred at the cued location than at the uncued locations
(pooled across cuerobe separation$(15) = 2.97,p = 0.010, &= 0.21): the cue was

effective at attracting perceptual resources to the cued location.

Errors (misses)

The first analysissowed that misses for probe detection were not different when the
probe occurred at the cued location compared to when it occurred at uncued locations
(pooled across all cyarobe separation$(15) = 0.542p = 0.596, d= 0.077): there was

no evidence inhte error data that the cue attracted perceptual resources to the cued

location.

3.4.2.2.2 Effect of Cueprobe Separation and Cued Location on probe-detection

performance when the probe occurred at uncued locations

Reaction times

The second analysis shed/that the main effect of Separation was significk(®,45)
=4.73,p=0. p2 = 0.240): probaletection performance varied with the separation
betweerprobe anctuel location Polynomial trends for the effect of Separation showed

that probedetection performance as a function of separation was best explained by a
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cubic trem (F(1,15) = 11.76,p o = 0.439; thep values for linear and
quadratic trends were above 0.100): performance at detecting the probe first decreased
and then increasedbefore tailing off with increasing separation, consistent wéh

Mexicarrhatprofile for the profile of perceptual resources (Muller et al., 2005).
Probedetection performance was not significantly affected by Cued Locdi(@u4E)
= 0.51,p p2: 0.033) and the interaction between Separation and Cued

Location was notignificant either F(4.1,61.3) = 1.9% o2 =0.117).

Errors (misses)

The second analysis showed that the main effect of Separation was not significant
(F(3,45) = 1.06p pzz 0.066): probaletection misses overall did not vary
with the separation between probe and cued location. The main effect of Cued Location

was not significant eitheF(3,45) = 2.01p pz =0.118).

On the other hand, the interaction between Separation and Cued Location was
significant ¢(4.0,60.0) = 37, p p2: 0.201). In order to investigate the
origins of this interaction, the effect of Separation on pudtection performance was
tested at each level of Cued Location. It was found that ptetextion performance
significantly varied withseparation for the North cued locatidf(%,45) = 4.44p =
p2: 0.229). Polynomial trends for the effect of Separation showed that the

function of separation was best explained by a linear trie(id15) = 13.05p = 0.003,

p2= 0.465; thep values for the quadratic and cubic trends were higher than 0.100).
Probedetection performance also significantly varied with separation for the East cued

location E(3,45) = 3.94p p2: 0.208). Polynomial trends for the effect of
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Separation showeithat the function of separation was best explained by a combination
of quadratic and cubic trends (respective(iL,15) = 8.28p pzz 0.356 and
F(1,15) = 3.32p pz = 0.181,; thep value for the linear trend was > 0.100). On

the otherhand, probealetection performance did not significantly vary with separation

for the South cued locatiofr(1.63,24.4) = 3.35 pz = 0.182) or for the West
cued locationR(3,45) = 0.413p o> = 0.027; se€igure22).
Figure 22

Experiment 6tPerformance on errors in theue/probe task. The figure shows probe
detectionperformance orerror percentagesi.g., error percentages presented on a
reversed axisin %) as a function of cuprobe separation (in dg and cued location
(North, East, South or West). Error bars depict €.5 SEM. (FOA) = attended
location (i.e., cued location).
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3.4.3 Discussion

In Experiment 6 participants were tested on two different tasi@nely,the flanker
task (Eriksen & Hoffhan, 1973 andthe cue/probe task (Posner, 1980), in order to
index, at four different separations from the attended locat{@),incompatible
distractor total interference(in the flankertask), (3 combined responseelated
interference(in the flanker task and @) probedetection performancgn the cue/probe

task).

First, we discuss the findings for the flanker taskwas foundthat incompatible
distractor total interferencavas sgnificant and that it was modulated by separation,
describing a Mexicahat pattern similar to those observed BErperiments 2to 5.
Unlike in Experiment to 5, however,combinedresponseelatedinterferencevasnot
significant (in RTs; it was significat in errors but did not significantly vary with
separation and coulithereforenot be used to index the profile of perceptual resources
in error9. Thefact thatincompatibledistractor total interferencevas significant when
combined responselated inerferencevas notsuggests that, ithe RTs of Experiment

6, the effect of incompatible distractors was mostxerted througlsaliencerelated

interference

It is unclear whyncompatibledistractors did not produgesponseelatedinterference
in Experment 6 (unlike in Experiments2 to 5). This mayhave been linked to the
presence o probe at the distractor location half the trials Indeed, the absence of

responseelatedinterferencewas especiallyapparentwvhen aprobewas presentat the
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distrador location(seeFigure 17). It is possible that the presence of a probe at the
distractor locationredu@d its capacity to exert responselated interference by
masking its identityThe latter possibilityis consistent with thebservatiorthat in no-
distractor trialswhen the probe occurred at the target locapanticipans appeared to

beslowerattarget identificatior(seeFigure17).

One implication of the above findings that using combined responselated
interference as indexed bycompaing compatibledistractor performancewith
incompatibledistractor performancee(g., Anderson & Kramer, 1993Debener,
Ullsperger, Siegel, Fiehler, von Cramon, & Engle, 2005; Forster & Lavie, ;2007
Hommel, 2003lani, Ricci, Gherri, Rubichi, 20Q06ramer & Jacobson, 1991aBerge
et al.,, 1991, Lavie et al., 200Maruff, Danckert, Camplin, & Currie, 1998 atchock
& Mordkoff, 2007 Mattler, 2006 McCarley & Mounts, 2008Miiller et al., 2005;
Murphy & Eriksen, 1987Paquet, 2001Pan & Eriksen, 1993is not always the most
sensitive way to probé¢he profile of perceptual resource8y using incompatible
distractor total interferenceas indexed by comparing 4uistractor performance with
incompatibledistractor performancethe sensitivity of the task is increasdd. the
following experiments where an incompatible distractor was used therefore
continued the practice of extractingcompatibledistractor total inerferencein

addition tothe other measures of distractor interference.

We now move to discussing tiedings obtained with the cue/probe task. Firstly, it
was found thaperformanceat detecting the probe was better at the cued location than
at any uncued location (see Figuil), suggestinghat the cue successfully attracted

perceptual resources to the cued location despite being completely irrelevant to the task
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(Henderson & Macquistan, 1993; Luck & Thomas, 1)98®condly,tiwas found that,
when the probe occurred at an uncued locatwabedetection performancgaried
with cueprobe separatiomescribinga Mexicanhat pattern similar to the one obtained
in the flanker taskcompare Figured7 and 2} probedetection performance firs

decreased but then increased, before tailingaoffi increasing separation.

The consistency between the shapes of the functions of separation measured in the
flanker and the cue/probe tasHsspelledthe doubts as to whether the cue/probe
paradigm actually measures the same processes as the flanker pafdudsgfinding

opens up the possibility to use a variant of the cue/probe task to show that what is
measured in both the flanker and cuel® paradigms is an attentional phenomenon,
namely, the profile of perceptual resourcBsis can be done by repeating the cue/probe
task of Experiment 6 in the absence of a cupetformance as a function of separation
really reflects the profile of peeptual resources then, when the cue is absent, the

separation functioshouldbecome flatThis possibility was tested in Experiment 7.

3.5 EXPERIMENT 7 The attentional nature of the separation

function

In this experiment, the participants had to deteprobe that occurred in half the trials
at any one of 12 possible locatioftise same positions as kxperiment §. The display
was exactly the same as the one usdexiperiment §seeFigure16), except that there
wasno cue In other wordstargetand distractor letters were presemExperiment 7
albeit irrelevant to the task. The probe ocedrat the distractor location(&0% of the

trials) or, when no distractor was present, itweed at the target locationnf(@0% of
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the trials). The sepation between the target (irrelevant in this task) and the probe was
systematically manipulated (it varied from 0.0 to 9.0 degg Mmhanipulation of target
probe separation in this experiment wegiivalentto the manipulation of cuprobe
separation inExperiment 6 (since, in Experiment 6 targetprobe and cugrobe

separations werequivalent seeExperiment §.

3.5.1 Method

3.5.1.1 Design
Targetprobe separation and target location were manipulated at fixed stimulus

eccentricity in a repeatedeasurs design.

3.5.1.2 Participants

16 participants from Goldsmiths Collegel (females;2 left-handed; mean age 21 yr;
age range 18 to72yr; see Appendix8) with reported normal or correctéd-normal
vision took part in the experiment in exchange for ceeredits All of them were first

year undergraduates. They were all naive as to the aim of the study.

3.5.1.3 Stimuli and procedure
The stimuli and procedure were exactly the same as in the cue/probe Exglenment

6 except that there was no cue.

3.5.2 Results
We analyzed both th&atenciesand errors (i.e., misses and false alarro$)probe

GHWHFWLRQ MSUHVHQW It Wag fould EnatHtiazVigrihbe WhesVid$elQ V H V
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reported in only 3.5% of probabsent trials. Additionally, the probe wasssed in

7.4% of probepresent trials, showing a bias towards responding that the probe was
absent {(15) = 5.20p < 0.001, d = 0.74)Latencies were examined only for accurate
responses, and only when they were longer than 200 ms and fell withirstiuneard
deviations of the overall mean for the participant, which represented an average of

93.5% of the latencies overall.

For each participant, mean prethetection RTs (anthisse$ were calculated for probe

present trials at each of the four levels DUJHW /RFDWLRQ L H HM1IRUYV
DQG p:HVWY FRUUHVSRQGLQJ WR W EipeliRettp andHat HOV F
each of the five levels of Targptobe Separation (i.e., 0.0, 1.8, 5.1, 7.7 or 9.0 deg,
corresponding to the five lexebf Cueprobe Separation iExperiment6; seeFigure

23). Moreover, RTs (anthlse alarmgswere calculated for probabsent trials at each of

the four levels of Target Locatiofhree analyses were performed mrmobepresent

RTs (andmisses.

The first analysis compared RTs (andisse$ for probe detection when the probe
occurred at the target location (separation 0.Q degesponding to the cued location in
Experiment § with RTs (andmisse$ for probe detection when the probe occurred at a
location oher than the target location (i.e., separations 1.8 to 9.0 deg pooled tpgether
corresponding tahe uncued locations iExperiment § by means of &test. Ifit was

found that in the absenceof a cue,performanceat detecting the probe was similar
whenthe probe occurred at the target location to when it occurred at other locations

this would show that the effect of the cue on overall performan&speriment 6has
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really due toperceptual resourcdseingfocused around theuedlocation rather than

only due toirregularities inthe visual field

The second analysis tested for the effect of tgpgabe separation on performance at
detecting the probe, when the probe occurred at a location other than the target location,
using a repeatetheasures ANOX. This analysis extracted profetection
performance as a function of targebbe separation (and target locatioif).the
function of separation wdsundto be flat in theabsencef a cue, this would show that

the function of separation observed Erperiment 6really expressedhe profile of

perceptual resourceather tharonly irregularities inthe visual field.

The third analysis compared prebetection performance as a function of taigete
separation measured in this experiment with pmdgtection performance as a function

of cueprobe separation measureddrperiment 61f an interaction was found between

the factors Experiment and Separation, this would show that the effects observed in

Experiment Bvere not only due taregularities inthe visual field

3.5.2.1 Comparison of probe-detection performance at target and non -target

locations

Reaction times

This analysis showed that there was no significant difference betweengetdtion
RTs for a probe occurring #be target locatio and for a probe occurring at another

(nontarget) location (pooled across separations 1.8 to 9.0tdé&g;= 0.17,p = 0.870,
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d = 0.005). his finding shows that the difference between performance at the cued
location and performance at uncued locationg&xperiment 6was really due to the
presence of the cuen the absence of a cue, perceptual resoaeasot focused on the

target location (seEigure23).

Figure 23
Experimeng 6 and 7 £Performance on latencies amdrors in the cue/probe taskhe

figure showsprobedetectionperformance on latencies (i.e., latencies presented on a
reversed axisin ms) andon error percentagesi.e., error percentages presented on a
reversed axisin%) as a function of targgprobe separation (in ded and experiment
(Experiment 6or 7). Error bars depit +/- 6(0 v Experiment 6 (”) =
Experiment 7(TL) = Target Location.
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Errors

The analysis showed that there was no significant difference betweendetelséon
errors for a probe occurring at the target location and for a probe not occurtivg a
target location (pooled across separations 1.8 to 9.0tdéx); = 0.76,p = 0.459, d=

0.095).

3.5.2.2 Effect of Target-probe Separation and Target Location on probe -

detection performance

Reaction times

The analysis showed that the main effecGeparation was not significarf(3,45) =
0.832,p pZ: 0.053): probaletection performance didot vary with the

separation between target and probe.

Probedetection performance wassonot affected by Target Locatiok(3,45) = 2,11,

p p2 = 0.124) and the interaction between Sapan and Target Location was
not significant F(9,135) = 0.99p p2 = 0.062), showing that proksetection
performance as a function of targwbbe separation was flat irrespective of the target

location.

Errors

The analysis showed that neitliee main effect of Separation, nor the main effect of
Target Location, nor the interaction between Separation and Target Location were
significant (respectivelyf(3,45) = 0.23p o2 = 0.015;F(3,45) = 0.84p =

o2 = 0.053; and(9,135)= 0.73,p o2 = 0.047).

161



3.5.2.3 Comparison_of probe -detection performance as a function of

separation measured in Experiments 6 and 7

Reaction times

This analysis showed that the main effect of Experiment (i.e., Presence of Cue) was not
significant (F(1,30) = 1.10,p pzz 0.035), in other words, RTs were not
overall significantly different whether a cue was present or absent. On the other hand,
there was a significant interaction between the factors Separation and Experiment
(F(3,90) = 3.00,p pZ: 0.101),confirming that, while probedetection as a
function of separationlescribeda Mexicanhat pattern irExperiment 6 it was flat in
Experiment 7(seeFigure 23). Finally, the interaction between Target Location and
Experimant was not significantH(3,90) =0.67, p = 057 pZ: 0022, and ror was

the threeway interaction between Target Location, Separation and Experiment

(F(9,270 =0.63 p=077 ,*=0.020.

Errors
The analysis showed that neither the main effeégferiment (i.e., Presence of Cue)
on errors, nor the interaction between Separation and Experiment, were significant
(respectively,F(1,30) = 0.519p p2= 0.017 and~(3,90) = 0.16)p = 0.922,

p2= 0.005). The interaction between Target Lawatiand Experiment was not
significant either (3,90) = 0.48p p2 = 0.016) and nor was the threay
interaction between Target Location, Separation and Experif@@hR(186.5) = 1.76

o2 = 0.055).
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3.5.3 Discussion
In the absencef@ cuein the cue/probe task, proloetection performance as a function
of separation walat. The Mexicarhatfunctions measureth Experiment 8vere truly

attentional, namelythe expression of the profile of perceptual resources.

3.6 Discussion of Chapter 3

The experiment®f this chaptetested three indices that have been used to index the
profile of perceptual resourcesamely, (1) incompatibledistractor responseelated
interference(in the flanker task), (23aliencerelatedinterference(in the flanker task),

and (3)probedetection performancgén the cue/probe task). It was examingtether

the functions of separation obtained with these three indices agreetthevitmction of
separation obtained with another commen$ged indexnamely,combinedresponse
related interference(see Chapter 2). This was found to be the case; the functions of
separation obtained witall four indices followed a similaMexicarthat pattern (see
Experimentst, 5 and6). Importantly, it was confirmed in this chigp that he Mexican
hatfunctionsobtained in Experiments 1 to 6 (Chapters 2 and&ethe expression of

the attentional distributio(Experiment 7.

The main implications ofhe findings of the experiments presented in this chater

that (1), whenusing the flanker taskincompatibledistractor responseelated
interferenceand saliencerelated interference as well ascombinedresponseelated
interference can be used to measure the profile of perceptual resources, and that (2),

when using the cueSUREH WDVN D pF-RaP &0 bBeNmegsubed, [ withCaQ
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initial decreasing arm folloed by anincreasing armand this profile agrees with the

one obtained with the flanker taskhese findings are discussed below.

3.6.1 Results of the flanker task

The presenéxperimentsonfirmed that théMexicanhatprofile of perceptual resources

can be measured usirgpth saliencerelated interferenceor incompatibledistractor
responseaelated interferencgwhich can contain residuahliencerelated interferace

see Introduction of this chapter)f previous studies measuringaliencerelated
interferenceor incompatibledistractor responseelated interferenceas a function of
separatiorhavenot shown such a Mexicanat patternit is likely to be becauséése
studies sampled only part of the profile of perceptual resources (because the latter was

too defocused; see Introduction of this chapter and Chapter 2).

Becausesaliencerelatedandresponseelatedinterferencendex the same Mexicamat
profile (see Figurelb), it follows that these two types of interferencan be used
interchangeably to measure the profile of perceptual resourceEXpeament 5. An
implication of this finding is thatstudies that measure the profile of perceptual
resources bylooking only at responseelated interference arguably use a bdunt
measure. Indeed, iExperiment 6 the profile of perceptual resourcesuld not be
measuredusing responseelated interferencE In this experiment, the distractors
generatedmainly saliencerelated interferenceThus, by combining both types of
interference into one measure (i.e., by usmgpmpatibledistractor total interference

namely, by comparing nalistractor performance with incompatildéstractor

13 While there was evidence for respometated interference in errors, thétéa did not
significantly vary with separation and, therefore, it could not be used to measure the

profile of perceptual resources
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performance), one obtains a rasensitive index of perceptual resources and, therefore,

a more powerful tool for studying selective attention.

3.6.2 Results of the cue/probe task

In the Introductionof this chapterwe proposed that the reason why some cue/probe
studies have revealenverted gradientsvhen others have revealed simgladientsis

due to the fact that different studies have sampled different parts of the Mbgican
profile: thesestudiesmay havemissedeither the first decreasing arm or thesequent
increasing an of the Mexicarhat profile due to methodological limitatior®ne such
limitation is that, in some studies, the bottom of the Mexltainmay haveoccurred so
close to, or so far from, the attended location that it wats possibleto sample,
respectivey, the first decreasing arm, or teebsequenincreasing arm, of the Mexican

hat.

This idea could account for several findings in the literature: in Mounts (2000b), the
bottom of the Mexican hat occurred at around 1.0 deg, in Hopf et al. (2006), atl arou
1.5 deg, in Cutzu and Tsotsos (2003) and in Bahcall and Kowler (1999), at around 2.0
deg. A first decreasing arm would have been difficult (or impossible) to observe in
these studies (indeed, in our experiments we could not have sampled closer than 1.5
deg). Several factors could have caused the bottom of the Mexican hat to occur so close
to the attended location in these studies (compared to our experiments where it occurred
at around 5.1 deg). For instance, it is possible that load and individualeddés

focused perceptual resources (see Chapters 4 and 5).
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Another limitation that could explain why previous studies hangsedeither the first
decreasing arm or the subsequent increasing arm of the Méwatagrrofile is that
previous studiesnay have used a methodology that was not sensitive enough (see
Chapter 2). The most obvious lack of sensitivity comes from insuffidensity or
range of separatiosampling.For instancesomestudies thahaverevealed inverted
gradient patterns have sampledly beyond 3.0 deg of separation (Hodgson et al.,
1999; Kristjansson & Nakayama, 2002). If the bottom of the Mexicahddccurred
closer than, or at, 3.0 deg in these studies, they would have missedttbdediesasing

arm of the Mexicarnat. Moreoer, several studies that revealed gradient patterns have
sampled only three separations (Henderson, 1991; Henderson & Macquistan, 1993;
Shulman et al., 1985; Williams, 1988). In these studies, the increasing arm of the
Mexican hat could easily have beersg@d altogether due to the insufficient density of

separation sampling

In sum, ahighly focused profile and/or a lack of sensitivity may have caused previous
cue/probestudies to reveatithergradientor invertedgradient functions of separation.

In the presenexperimentwe have shown a complete Mexidaat pattern, with a first
decreasing arm andsaibsequent increasiragm. In addition, he function of separation

was very similar to the one observed in the flanker task. This finding argues dgainst t
suggestion by Miuller et al. (2005) that the cue/probe task is not adequate to index the
profile of perceptual resourc€because it would divide attentioand suggests that

both cue/probe and flanker paradigms index the same mechanisms.
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3.7 Conclusions

The presenexperimentsconfirmed thatin the flanker task, both salienrcelated and
responseelated interference can be used to index a Mexieaprofile of perceptual
resources. What is morgyst like the flanker task, the cue/probe task carubed to
indexthis profile.Neverthelessnithe coming experiments, we employ only the flanker
task because it is arguably more sensitive than the cue/probe task since it can index the
profile of perceptual resources usirgpth saliencerelated and resmnserelated
interference of distractorsdoreover, the flanker task is arguably more immune to the
criticism that it examines divided attentidéven though our data did not support this
criticism, the latter may become more valid as more spatial seperaie sampleand

the validity of the cue decreasg@s the following experiments we sample fivestead

of four, separations

In the next chapterve use a flanker task similar to the one described in this chapter and
probe attentionusing both saéincerelated and responselated interferenceNe test
whether perceptual load and the availabibfycognitive resources affect the focus of
perceptual resources, which could explain why previous flanker and cue/probe studies

have revealed gradient anvertedgradient rather than Mexicdrat profiles.
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CHAPTER 4 +PERCEPTUAL AND COGNITIVE

LOAD

4.1 Introduction : Effects of load on the focus of perceptual

resources

In Chapter 3we confirmed the results from Chapter 2 and from the literature (Miller et
al., 2005)that the profile of perceptual resourcekescribes a Mexicahat patternin the
present chapter, we butlpon this finding, and upon the finding that the Mexibai
profile can be measured using both respoetsed and salieneelated inérference
(see Chapter 3), tapply ournew approacho investigaé whether perceptual and

cognitive load affect the focus of perceptual resources

When load has been exerted on perceptual processes (by increasing the difficulty of the
perceptual taskg decrease in distractor interference has l@ssumedo result from a
focusing of perceptual resour¢emmely,anincrease in the efficiency of the perceptual
level of selection(e.g., Forster & Lavie, 2007 LaBerge, Brown, Carter, Bash, &
Hartley, 1991 Lavie, 1995 Lavie et al., 2004; Lavie & Tsal, 199Mladden & Langley,

2003 Maylor & Lavie, 1998. On the other hand, en load has been exerted on
cognitivecontrol mechanisms (by increasing the difficulty of a cognitive task
performed in addition to a primary selection task), an increadsstiractor interference

has beerassumedo result from a decrease in the efficiencytloé cognitive blocking

of perceptually processed distractors, namely, ofpttetperceptual level of selection
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(e.g.,de Fockertet al, 2001, Lavie & de Fockert, 20052006 Lavie et al., 2004;
Maylor & Lavie, 1998, rather than from a defocusing of perceptual resouigel®w
we summarise the results of these perceptaurad cognitiveload studies and describe a

limitation that they all suffer from arttibwto tackk this limitation.

4.1.1 Perceptual and cognitive load: a common limitation of previous studies

Studies combining the flanker paradigm with perceptoad manipulations have
typically suggested that perceptual load determines the efficiency of perceptual
selection by changing the focus of percey resourcese(g., LaBerge et al., 1991;
Kahneman & Chajczyk, 1983 avie, 1995 200Q 2005 Lavie et al., 2004; Lavie &

Fox, 2000 Lavie & Tsal, 1994 MacDonald & Lavie, 2008 For example, LaBerge et

al. (1991 had their participants identify two target elements occurring at the same
location in rapid temporal succession. Theecondtarget was always flankety
peripheral distractors (at a constant tagjstractor separation). When tffiest target

was perceptually harder to process, the distractors flanking the second target produced
less interference. The authors suggested that when perceptual diffieeiased,
perceptual resources became more spatially focused on the attended location, thus

FDXVLQJ WKHP WR EH ZLWKGUDZQ IURP WKH SHULSKHL

While it is widely accepted that perceptual resources can be focused tby+-bpt
perceptual mechanisms, the possibility that they can be focugeg-dgwn ognitive-
control mechanisms has been ignored. Indeeddtmmn cognitivecontrol mechanisms
have been hypothesised only to affect guastceptual levels of selection (dedkert et
al., 2001 Lavie et al., 2004Lavie & de Fockedr 2005 2006 Macdonald & Lavie,

2008 Yi, Woodman, Widders, Marois, & Chun, 2004-or example, Lavie et al.
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(2004) had their participants perform a workimgmory task in addition to a target
identification one. Te extent to which a peripheral distractor affected performance (at
constant separation and perceptual load) was measured as a function of cognitive load.
It was shown that when the memory task was harder (i.e., cognitive load was higher),
distractors affeted performance more. The authors suggested that, under high cognitive
load, postperceptual levels of selection (e.g., the mechanisms rehearsing task priorities)

were not as efficient at excluding perceptually processed distractors.

Summarising the l@rature on the flanker paradigm, whenever perceptual load has been
increased, a decrease in distractor interference has been interpreted as reflecting a
spatial focusing of perceptual resources (e.g., LaBerge et al., 1991; Lavie, 1995). On the
other hand,whenever cognitive load has bedscreased, the identical decrease in
distractor interference has been interpreted as reflecting an increase in the efficiency of
postperceptual levels of selection with no effect on the focus of perceptual resources
(Lavie et al., 2004). While these interpretations are entirely reasonable, they are
undersupported by the data if a change in distractor interference can equally well
originate at perceptual or pgsérceptual levels of selection. For examplehangen
distractor interference accompanying manipulations of perceptual load could also have
been effected (at least in part) by changes in-pesteptual processing if perceptual
manipulations can affect pegerceptual levelsin addition, if cognitive effects can
penetrate to perceptual levels (as suggested by the work of Soto, Heinke, Humphreys, &
Blanco, 2003 a changein distractor interference accompanying manipulations of
cognitive load could have beesffected (at least in part) by changes in the focus of
perceptual resources (and consequéranges in perceptual processinghisT latter

possibilty is arguably the more likelyThe uncertainty emerges from the fact that two
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hypothesized processes (i.perceptual and peperceptual levels of selection) both
read out into one dependent variable (i.e., the amplitude of distractor interference at a

fixed separation).

4.1.2 Tackling the limitation of previous studies

The aim of theexperiments in thishapterwas to use a combination of two dependent
variables in order to be in a position to distinguish between perceptual and post
perceptual levels of attentional selection (using purely behavioural measures that
obviate the need to look inside the bjaiffhese experimentsapitalised on the
inherently spatial nature of the perceptual level of selection (i.e., ofothesing of
perceptual resourcesompared to the nespatial nature of the peperceptual level. It
extracted two dependent variablese apatial (the extent of focus of the distractor
interference functionsee Chapter )2and the other noespatial (the amplitude of
distractor interference across separations). The spatial dependent variable was obtained
by measuring where the bottom of tMexicanhat function of separation occurred,
thus indexingthe efficiency of the perceptual level of selection. The -syetial
dependent variableamely,the amplitudeof distractor interference across separations,
was used to index the efficiency oktpostperceptual level of selection. Note that the
amplitude of distractor interference across separations was informailyewhen
considered together with the extent of foadighe function of separation.n@nges in

the amplitude of distractor internce across separatiomgere proposed to index
variations in the efficiency of pogterceptual selection only when these changes were
notaccompanied by changes in the exterfiootisof the function of separationnahe

other hand, when thewere accom@mnied by changes in the extent fotus of the
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separation function, these same amplitude changes could have resulted from variations

in the efficiency of perceptual and/or pg&rceptual selection.

We testedthe effect of perceptual and cognitive load distractor interference as a
function of separatianNe were interested to seehether (i) increasing perceptual load
does indeed focushe distractorinterference function of separation (i.e., whether
increasing perceptual load focuses hexicarthat profile of perceptual resources) and
whether (ii) increasing cognitive load penetrates perceptual processing and defocuses
the distractorinterference function of separatioftather thanjust affecting post
perceptual processing by increasing the amplituddisiractor interferencavithout

affecting the extent of focus tfe function of separation)

Both the amplitude of distractor interference across separations and the extent of focus
can be extracted hysing the flanker paradigm with a manipulatiorseparation as was

done in Chapters 2 and @/hile most previous flanker studies that have used load to
examine selective attention (see above) have sampled only one separation or pooled
across separatiolfs oneflanker study has already manipulated sefiarabut only to
examine the effects of perceptual load (not cognitive load) and then without showing
that perceptual load focuses perceptual resources (Mduller, Mollenhauer, Résler &

Kleinschmidt, 2005. The authors argued that increasing perceptual load caused

14 On the other hand, this lack of separation sampling is not characteristic of studies that
have tested the effect of loaah the extent of focus of perceptuakourcesising the
cue/probeparadigm (Posner, 1980). Indeed, the findings of some of theseestudi
(Downing, 1988; Handy, Kingston, & Mangun, 1996; Williams, 1988) are consistent
with a focusing effect of perceptuabdd andour study is in part an attempt to

generalise these findings to the flanker paradigm.
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participants to draw upoadditional perceptual resources rather tHacusingextant
RQHV IHYHUWKHOHVYV LW LV SRVVLEOH WKDW O0-C

insufficiently strong to cause variations in the spatial focus of perceptual resources.

,Q FRQWUDVW W RO0B)-stu@yHridnipiNetirg @er§aéptual load and separation,
there have been no studies that have manipulated cognitive load and separation and
examined the focus of perceptual resources. Yet, some data suggest that cognitive load
may affect not only pogtercepual levels of selection but also the spatial focus of
perceptual resources (i.e., the perceptual level of selection). Indeed, Scerif, Worden,
Davidson, Seiger and Casg006) showed that increasing the expectation of
distraction caused early perceptual components in the ERPs to distractors to decrease.
These findings imply that cognitiveontrol mechaisms may make perceptual

resources more tightly focused.

Experiments 8 to 11 tested the effects of perceptual and cognitive loadhen
perceptual and/or pogerceptual levels of selective attention by combining load

manipulationswith a flanker taslsuch as thaised in Chapter3.

4.2 EXPERIMENT 8 Perceptual load and working -memory span

This experiment tested whether an increase in perceptual load only affects the
amplitude of distractor interference across separations (as suggested by the fanding
Muller et al., 2005) or causes a spatial focusing of the interference function of
separation (as indexed by a shifting of the bottom of the Mestiaafunction towards

the attended locatiQnEach participant was tested under highd lowperceptuaload
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conditions using digh-salienceparadigm similar to that used Experiment 5(see

Chapter 3).

Perceptuaload manipulations have typically consisted in varying the visual noise
around a target letter by adding peripheral noise stimuli (e.g.eL&9D5; Lavie et al.,

2004). This manipulation cannot be used when talpttactor separation is varied,

since a distractor at small separations will be masked more by the noise stimuli than a
distractor at large separations. For this reason, the matigguof perceptual load in
Experiment 8rather consisted in renderinige target more or less difficult tmentify
perceptually Following Handy and Mangun (2000 WKH OHWWHUV u$Y D
morphed to prduce ambiguousarget OHWWHUYV ZKLFK GAHNH HLQV KPHRU
UHVHPEOLQJ QBYHRULQ@+PRUH . Uht\pHrfchantsrad o+ggnal
ZKHWKHU WKH PRUSKHG OHWWHU tA B AFRRCritically, RLOD U
the lowperceptualORDG FRQGLWLRQ WKLV GLVFULPLQDNVHIR Q
OHWWHU FORVHO\ UH\AHMNEHIHGHMWSW HDWQ € O/RK/HH @+ UHV HPE
of Figure 24) whereas, in the higherceptualoaG FRQGLWLRQ LW 2DV GLI

OLNHY-DQSSHf+OHWWHUV ZHUH PXFK KDU Gliglwe®™R FDWHJ
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Figure 24
Experiment 8 Method A representation of the four possible target letters. The left

coonSUHVHQWYV WKH QLARH $ RMDWLHOMVUB QG WKH ULIJKW F
OLNHY WDUJHWV 7KH WRS URZ S UpdredptQavad derididorw D U J H

and the bottom row those used in the hpginceptualload condition.

It should benoted that, when the target is ambiguous, a resp@bseant (i.e.,
incompatibleor compatiblg distractor can produce interference goingwo opposite
directions Namely, the distractor can generate its traditionesponseelated
interference (i.e.,competition for incompatible distractors and facilitation for
compatible distractors) but also an effect going in the opposite direction (known as the
HQHIJDWLYH IODQNHU HIIHFWHpr ibsRaiog,Hlue to theOnégative
IODQNHU HIIHFW DQ LQFRPSDWIL\WOW HI 4G B8 Q VWDULI¥BW\VR_B
target £by providing a contrast with the targetwhile due to responssompetition it

can impair target identification. In order to avoid performance refleetiogmbination
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of effects going in opposite directiongsponseelevant (i.e., both compatible and
incompatible) distractors were not usedBrperiment 8 Instead,neutral distractors
(that cannot generateesponseelated interferenceand can generate onlgalience
related interferencé were used, as it was shownkxperiment 5see Chapter 3) that

these distractors can index the profile of perceptual resources.

Experiment 8aso tested whether workiagemory span (i.e., the availability of
cognitive resources; Engle et al., 198Agle, 2002Kane & Engle, 2002Lépine et al.,

2005 affects the spatial focus of perceptual resources (as sugggsteel indings of

Scerif et al., 2006see Introductioof this chapter 3D U WL F L S DrgewidrylispaR UN L Q
was assessed in a separate session bdferen&ain experiment using the automated

operationspan (OSPAN) tasiJnsworth, Heitz, Schrock, & Engle, 2005)

SinceExperiment &ested the effect of individual differences on distractor interference
and used a distictor that could only generasaliencerelatedinterference and thus
created less distraction (segperiment 5 Chapter 3), a larger number of participants

was tested than in previous experiments.

4.2.1 Method

4.2.1.1Design

A mixed design was used imhich targetdistractor separation (at controlled stimulus

eccentricity) and perceptual load were manipulated within participants and working

PHPRU\ VSDQ ZDV pPDQLSXODWHGY DFURVYVY SDUWLFLS
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4.2.1.2 Participants

54 participants from Goldsmiths Colle¢€7 females; 6 lefhanded; mean age 22.8 yr;
age range 18 to 29;ysee Appendi®) with normal or correctetb-normal vision took
part in the experiment in exchange for course cretitsy were all naive as to the aims

of the study.

4.2.1.3 Stimuli and procedure for the target -identification task
The method was similar to that usedHRrperiment 5(see Chapter 3) except for the

differences detailed below (seeure?25).

Figure 25
Experiment 8 + Method A schematic represemtion of an experimental trialThe

presentation of an exogenous cue indicated the locésibwvays North, East, South or
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West) RI WKH WODWMNHW- RUSIHF ZLWK YDOLGLW\ 3DUW
target identity (with a 2AFC) while ignoring aQHXWUDO ;1 GLVWUDFYV
occurred in 2% of trial at one of five possible targdistractor separations (1.8, 3.5,

5.1, 7.7 or 9.0 deg) 7KH ILJXUH L OOOIMNHYDWDHWYVJI BWistipfpoc D WL

separation of 3.5 deg.

The target and dtractor letters subtended 0.80 by 0.80 deg. The target letter was an
DPELJXRXV OHWWHUOWKBDW ZEQWRUWKHVHSEOCQONHBYT
LQ PRUH UHVHPEOLQJ p+R4W CORWES NS HBQ)E BF+HUGHH W W
were made upf a horizontal line, and two oblique lines that slanted in toward each
other at the top of the letter. Perceptual load was manipulated by altering the separation
between the oblique lines at ttup of the letters (the separation at the bottom of letters
ZDV DOZD\V GBINHIKOHWWHU ZDMalPIRBYWHL § LWKGIDOR
perceptuaload condition (where the separation at the top of the letter was 0.16 deg)
than in the higiperceptuaload condition (where the separation at the top of ttierle
ZDV GHJ 6LPLODNAGY OHKWWHU UHVHPEOHG D UHL
perceptuaload condition (where the separation at the top of the letter was 0.72 deg)
than in the higfperceptuaload condition (where the separation at the top efléiter

was 0.48 deg).

When the distractor letter was present (in 72% of trials), it was always neutral (the letter
VR | , Q Rl wuLbov WKHUH ZDV QR GLVWUDFWRU D

latter constituted the ndistractor, baseline odlition.

Experiment 8lasted 45 minutes. konsisted of two separate load sessions (low and
high perceptual load) performed by participants in counterbalanced order. Each load

session comprised 448 trials (in 7 blocks), preceded by 60 practice trials.
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4.2.14 Stimuli and procedure for the working -memory task

The mousalriven automated version of the operatggan (OSPAN) task was used to
DVVHVV SDUWL Frheprior gpant(faf R EuN delcliption and analysis of the
task, see Unsworth et al., 2008 was performed during lab classes on a different day

from the targetdentification task.

In order to derive the operation span of participants, the latter performed a memory task
interleaved with a maths task. Each trial went as follows: first, a letter was presented
(for 800 ms) that had to be memorized. It was replaced by the presentation of a maths
problem that the participants had to solve within a limited time that was deéefrior

each participant on the basis of their performance in the practice session. After
participants had solved the maths problem, or after the limited time had elapsed, a new
letter appeared on the screen that was also to be memorized. After theapiesennt

three to seven letters and as many maths problems, participants were asked to recall all

the letters they had memorized in their order of presentation.

The participants memorized a total of 75 letters presented across 15 trials (three trials
eath of three, four, five-, six- and sevedetter trials) and therefore also solved 75
problems. After every trial, feedback was given for both the memory and the maths
task. Participants were asked to maintain an accuracy of at least 85% in the maths task
while doing as well as possible on the memory task. OSPAN scores were calculated as
follows: if a participant correctly recalled three letters on a tleter trial (correct

recall), four letters on a fodetter trial (correct recall) and three lettens a fiveletter

trial (incorrect recall), his or her OSPAN score after these three trials would be: 3 + 4 +
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0 = 7. The maximum possible OSPAN score after the full complement of 15 trials was

75 (if all letters on all trials were correctly recalled) aneltiinimum score was zero.

4.2.2 Results

In the workingmemory task, the average score was 33.5 and the median score 32.5.
The participants were median split into two groups of 27 participants each (with scores
UDQJLQJ IURP W Rworking@edVKUH\ JuOBR XS DQG IURP Wi

p K kwdkking PHPRU\Y JURXS

We analyzed both the speed and accuracy of fechette targetdentification (Alike

vs. Hlike) responses. Response latencies (RTs) were examined only for accurate
responses, and onlyhen they were longer than 200 ms and fell within three standard
deviations of the overall mean for the participant, which represented 89.1% of the

latencies overall.

For each participant, mean RTs (and error percentages) were calculated for neutral
distractor trials at the five targetistractor separations (1.8, 3.5, 5.1, 7.7 and 9.0 deq)
and in each condition of perceptual load (low and high; see Fifiyré¢vloreover, for

each participant, ndistractor RTs (and errors) were randomly separated intdoinge

in each condition of perceptual load, and mean RTs (and error percentages) were
calculated for each bin. The bins were used as baselines to match the five target

distractor separations in each condition of perceptual load.

Neutraldistractor perforrance was compared witho-distractor performance as a

function of (1) separation, (2) perceptual load and (3) workiegnory span using a
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mixed-design ANOVA on both the latency and error dat@his allowed us to isolate
saliencerelated interferencend b test whether the interferenfienction of separation

was affected by perceptual load and workmgmory span.

A difference in the shapes of the interference functions between the two perteqdual
conditions, or between the two workingemoryspan caditions, would emerge if (1)

the function in one condition was more focused than the function in the other condition
or (2) the function in one condition was steeper than the function in the other condition
while beingsimilarly focused These two possiliies can be discriminated by testing
whether the bottom of one function occurs closer to the attended location than the
bottom of the other function, indicating that one functiomae focusedhan the other

one, or whether the bottoms of the two fumies occur at similar separations from the
attended location, indicating that the functions sneilarly focusedut one function is
steeperthan the other one. These two possibilities can be tested using interpolation
analyses on the interference funogoof separation. These interpolations allow us to
derive the separation at which the bottom of each function occurs. It is then possible to

test whether these separations are different or not.

15 Note that, in this experiment and following ones, the effect of Target Location was

also tested but is not reported as Target Location did not interact wathfattors.
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Figure 26
Experiment 8+Latencies The figure shows: (Ineutraldistractor mean latencies (in

ms) as a function of targelistractor separation (in deg) and perceptual load (high or
low) tseeblacklines and (2) nedistractor mean latencies (in ms) as a function of
perceptual load (hig or low) tseegreylines Error bars depict +/ 0.5 SEM. (FOA) =
attended location.

4.2.2.1 Comparison of neutral - with no-distractor RTs as a function of

separation, perceptual load and working -memory span

Reaction times

This analysis tested for theffects of four factors,namely, Presence of Neutral
Distractor, Separation, Perceptual Load and Workiggnory Span on target

identification RTs using a mixedesign ANOVA. Where there was a significant
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interaction, additional analyseeamely, ANOVAs and interpolation analyses, were

performed to understand the origin of the interaction.

Effects of Presence of Neutral Distractor, and Separation

The main effects of both Presence of Neutral Distractor, and Separation were
significant (respectivelyF(1,52) =56.63,p <0.001, p2: 0.521 andF(3.4,177.6) =
3.16,p=0.021, pz = 0.057) and the interaction between Presence of Neutral Distractor,
and Separation was also significaR(4,208 = 3.94p = 0.004, p2: 0.170). In other
words, neutral distractors generated significaaliencerelated interferenceand the
latter varied with separation. Polynomial trends for the interaction showeshtleatce
related interferenceas a function of separation was explained by a combination of
quadratic and cubic trends (respectivéifil,52) = 4.26,p = 0.044, p2: 0.076 and
F(1,52) = 8.71,p=0.005, p2: 0.143; the linear and quartic trends hadalues >
0.100), consistent with a Mexicdrat profile (thus replicating the findings of

Experiment 5.

Effect of Workingmemory Span

The main effect of Workingnemory Span was not significanF(,52) = 0.16,p
=0.690, p2 = 0.003), suggesting that task performance was overall the same-iadow
in high-span participants. On the other hand, Workimgmory Span marginally

interacted with Presence of Neutral Dista (F(1,52) = 3.56p = 0.065, p2 = 0.064),
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suggesting that neutral distractors generated rsalfencerelatedinterferencepooled

across separations in lewhan highspan participants (see Figu@). *°

Working-memory Span did not interact significly with SeparationK(4,208) = 1.03,
p =0.394, ,°=0.019). Moreover, the thregay interaction between Workingemory
Span, Presence of Neutral Distractor, and Separation was not signifi¢4/208) =
0.662,p =0.619, pz = 0.013), showing that wking-memory span did not affect the
extent of focusf saliencerelatedinterferenceas a function of separation: the bottom

of the function occurred at the same separation in &®wn highspan participants.

16 Additional analyss also showed that there was an invederelation between
workingmemory span and the amplitude of salierelated interference across
separations (r =0.27,p = 0.052).
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Figure 27
Experinent 8 tLatencies Saliencerelatedinterference of neutral distractors, derived

by subtracting nalistractor latencies from neutralistractor latenciesas a function of
targetdistractor separation (in deg), perceptual load (high or lowhd working
memory span (high or low). ” ORZ Z#embkyGpan; () = high working

memory span; (FOA) = attended location.

Effect of Perceptual load

The main effect of Perceptual Load was significant (participants were overall slower by
95 ms in the higiperceptal-load condition;F(1,52) = 167.84p < p2 = 0.763),
showing that the perceptulmlad manipulation successfully affected the difficulty of
target identification (see Figu&6). The twoway interaction between Perceptual Load
and Separation was sal significant £(4,208) = 2.70,p= p2 = 0.149).
Moreover, the thregvay interaction between Perceptual Load, Presence of Neutral
Distractor, and Separation was significaR{4,208) = 2.66p = pZ: 0.149),
showing thatsaliencerelated nterferenceas a function of separation was different in

low- and highperceptuaload conditions (see further analyses below).

No other interactions were significant. First, Perceptual Load did not interact
significantly with Presence of Neutral Disttac (F(1,52) = 0.06,p= pZ:
0.001). This showed thaaliencerelated interferencepooled across separations was
similar in both load conditions. Second, none of the interactions involving Perceptual
Load and Workingnemory Span were significant (gdlvalues > 0.100). fiis shows

that the effects of Perceptual Load were not affected by the wemkémgory span of

the participants.
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Given that the interaction between Perceptual Load, Presence of Neutral Distractor, and
Separation was significant, the effects of Presendéeatral Distractor, and Separation

were investigated separately for each condition of Perceptual Load.

In both perceptuabad conditions, the interaction between Presence of Neutral
Distractor, and Separation was significant (respectively, for low agti load:
F(4,212)=3.89,p = »2=0.068 and~(3.4,178.3)= 3.00,p = o2 = 0.054).
Polynomial trends for the interactions showed thas#iencerelatedinterferenceas a
function of separation was explained by a quadratic trend in thidokod condition
(F(1,53) = 12.82p=0.001, ,°= 0.195; the linear, cubic and quartic trends pad
values > 0.100) and by a cubic trend in the Hagd condition E(1,53) = 6.27,
p=0.015, p2 = 0.106; the linear, quadratic and quartic trendsghealues > 0.100). In

the lowload condition, saliencerelated interferenceas a function of separation
described a similar Mexicamat shape to the function measuredBrperiment 5
(compare Figure45 and26). In the highperceptuaload condition, on the ber hand,
while saliencerelatedinterference as a function of separation also described a
Mexicarthat pattern, it appeared to bere focusedwith a bottom occurring closer to
the attended location (see Figur2§). This finding was tested usinigterpoktion
analysessWKDW LVRODWHG WKH ORFDWLRQ RI WKH ERWW

function in each perceptubdad condition.

Comparison of the locations of the bottoms of the functions of separation
A cubic model was used for these interpolattmalysegsee Results dExperiment 2
Chapter 2, for details on the methodology used). For each perckatdalondition and

IRU HDFK SDUWLFLSDQW WKH VHSDUDWLRQ DW ZKLF
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interference function occurred (i.e., themqgavhere the function stopped decreasing and
started increasing) was estimated by calculating the derivative of the fitted function.
The local minima so derived were compared across the two perckyztdatonditions

for all participants. The groumean le@al minimum occurred at 5.43 deg (SEM = 0.26)

in the lowperceptuaload condition and 4.56 deg (SEM = 0.29) in the ipghceptual

load condition. This difference was significat(b@) = 2.21p = 0.032, d = 0.441). In
other words, the bottom of the furan occurred closer to the attended location in the

high- than the lowperceptuaload condition.

Errors
This analysis tested for the effects of four factaramely, Presence of Neutral
Distractor, Separation, Perceptual Load and Workiegnory Span ontarget

identification errors using a mixedesign ANOVA.

The main effect of Perceptual Load was significant (participants made 8% more errors
in the highperceptuaload condition; F(1,52) = 181.56,p < p2 = 0.777),
confirming that the perceptuldad manipulation successfully affected the difficulty of
targetidentification. On the other hand, none of the other main effects or interactions

on errors was significant (gtlvalues > 0.100).

4.2.3 Discussion

First of all, the lowperceptuaload condition ofExperiment roduced a Mexicahat
interference function of separation similar to those observed in Experidém€(see

Chaptes 2 and 7TKXV QHXWUDO p;71 GLVWUWb EfWwdiweVh ZHUH

mapping the spatial profile of perceptual resources. Nevertheless, as neutral distractors
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can generate onlgaliencerelated interference they are less sensitive probes of the
profile of perceptual resources than incompatible distradiwhich can generateoth
saliencerelated and responseelated interference). For this reason, incompatible

distractors weragainused in the following experiment.

Experiment 8showed that an increase in perceptual load causes the spatial profile of
perceptual resources to focus (as indexed by the moving in of the bottom of the
Mexicarrhat function). This finding is consistent with several findings of cue/probe

studies (Downing, 1988andy et al., 1998Nilliams, 1988§.

Experiment &lso showed that although the efficiency of cogniteatrol mechanisms

DV LQGH[HG E\ SDUWekRdnSIDENEgle 26321992; Enle, 2002
Kane & Engle, 2002Lépine et al., 2005) affected the amplitudesafiercerelated
interferenceacross separations (i.e., the lower the memory span, the more distractors
generatedaliencerelatedinterference as in Lavie & de Fockert, 2005, 2006) it had no
effect on the spatial focus of perceptual resources (i.e., changesriory span did not
cause any shift in the bottom of the interference function of separation; seeZigure
This finding is consistent with the suggestion that cognitimetrol mechanisms are
involved in rejecting perceptualyrocessed distractors atpostperceptual level but
not involved in the control of the spatial focusing of perceptual resources (de Fockert et
al., 2001 Lavie et al., 2004Lavie & de Fockert, 20052006 MacDonald & Lavie,
2008 Yi et al., 2004. It is possible, however, that the null effect of workmgmory
span on the focus of perceptual resourceExperiment 8stemmed from a lack of
power of the cognitive manipulation. fiact, even participants with poor cognitive

control (i.e., low workingmemory span) may have had enough cognitive resources to
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focus perceptual resources Experiment 8 which arguably involved only a low
cognitive load.Experiment 9wvas designed to pubgnitive-control mechanisms under
more stress. This was achieved by adding a secondary memory task to the target
identification task (de Fockert et al., 20QAhvie et al., 2004t avie & de Fockert, 2005

2006 MacDonald & lavie, 2008).

4.3 EXPERIMENT 9 Cognitive load

Experiment Qused a method similar to that usedErperiment 5(see Chapter 3),
except that a secondary cognitiead task was intercalated between trials. In the
cognitiveload task, the participants had memorize either one (leaognitiveload
condition) or six (higkcognitiveload condition) digits before the beginning of each set
of twenty trials. In addition, only incompatible distractors were used in this experiment.
This is because, as incompatiblistractors generateth saliencerelatedandresponse
related interference, they are more sensitive probes of the profile of perceptual
resources than neutral distractors (see Fige The reason why we did not include
other types of distractors ihdt we wanted to limit the number of trials in this
experiment. Indeed, the effect of cognitive load wears off with practice (data from
several of oupilot experiments have shown this). Since only incompatible distractors
were used inExperiment 9 their effect was measured bgomparing no-distractor
performancewith incompatibledistractor performance. This index isolates tibial of
saliencerelated and responseelatedinterference and is referred to esompatible

distractor total interferencéseeExperiment 6 Chapter 3).
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4.3.1 Method

4.3.1.1Design
A repeateemeasures design was used in which tadigractor separation (at

controlled stimulus eccentricity) and cognitive load were manipulated.

4.3.1.2 Participants

31 participants from Goldsmhis College (22 females; 4 ldfanded; mean age 21 yr;
age range 18 to 27 ;ysee Appendix J0with normal or correctetb-normal vision took
part in the experiment in exchange for course credits of &y were all naive as to

the aims of the study.

4.3.1.3 Stimuli and procedure for the target -identification task

The method for the targedentification task was as iBxperiment 5see Chapter 3).

7KH WDUJHW DQG GLVWUDFWRU ZHUH DOZD\V WKH OHYV
(in 75% of the ials), was always respondeQFRPSDWLEOH H J LI WKH V
GLVWUDFWRU ZDV u)1v 2Q RI WULDOV QR GLVWL

appeared on its own. The latter constituted theistractor, baseline condition.

4.3.1.4 Stimuli and procedure for the cognitive task

A working-memorytask was interleaved between targintification trials in order to
manipulate cognitive load (see Figw8). Each block of 20 targadentification trials
was preceded by the presentation of siyitdi(displayed in a horizontal array at the
centre of the screen) for 2500 ms. Participants hathémorse either the lowest

number of the sequence (in the loagnitiveload condition) or the whole sequence of
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six numbers in the correct order (in thghrcognitiveload condition); after completing
the 20 targetdentification trials, they then had to type in the one or six digits they had
memorized (there was no time limit, but sequence knowledge was required in the high

cognitiveload condition). No fedback was given.

Figure 28
Experiment 9+ Method A schematic representation of one block of twenty target

identification trials. Each block of trials started with the presentation of six digits.
Participants had to memorisatieer the lowest digit (lovcognitiveload condition) or

the whole sequence of six digits (highgnitiveload condition). Then they performed
WZHQW\ WULDOV RI p(1 (et Metbdd dEKpérim&HPNAly | thRe WL R Q
were asked to type ithe digit(s) they haanemorsed before the next block of trials

started.

Experiment dasted aboub0 minuteslit consisted of two separate load sessions-(low

and highcognitiveload) performed by participants in counterbalanced order. Each load
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condition comprised 500 targédentification trials (in 25 blocks each of 20 trials),

preceded by 60 practice trials (in 3 blocks each of 20 trials).

4.3.2 Results

In each cognitivdoad condition, thevorking-memorytask involved 25 memorisations.
Correct memuosation was defined as the recall of the single digit that had to be
memorized, in the loveognitiveload condition, or as the recall in the correct order of

at least five out of the six digits that had to be memorized, in thecoighitiveload
condition. The workingmemory task was well performed by all participants (96%
accuracy in both cognitiviead conditions). Thus, on average, participants performed
24 out of the 25 memorisations correctly and no participant ever performed less than 20

memorisatios correctly.

We analyzed both the speed and accuracy of fechedte targetdentification
responses. Targélentification trials were only analysed when they occurred in a block

of trials that was followed by a correct memaagk memorisation. In aiion, and as

usual, response latencies (RTs) were examined only for accurate responses, and only
when they were longer than 200 ms and fell within three standard deviations of the

overall mean for the participant, which represented 87.6% of the lateneies|.

For each participant, mean RTs (and error percentages) were calculated for
incompatibledistractor trials at each of the five targis$tractor separations (1.8, 3.5,

5.1, 7.7 and 9.0 deg) and in each condition of cognitive load (low andd@gtFigure

29). Moreover, for each participant, {glistractor RTs (and errors) were randomly

separated into five bins in each condition of cognitive load, and mean RTs (and error
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percentages) were calculated for each bin. The bins were used as basefiaehttne

five targetdistractor separations in each condition of cognitive load.

Incompatibledistractor performance was compared withdistractor performance as a
function of (1) separation and (2) cognitiad using a repeatedeasures ANOVA on
both the latency and error datéhis allowed us to isolatmcompatibledistractor total
interference(i.e., the sum of incompatiblédistractor salienceelated and response
related interference) and to test whether the interference function of sepavason
affected by cognitive loadA difference in the shape of the interference function
between the two cognitiviead conditions would emerge if (1) the function in one load
condition wasmore focusedhan the function in the other load condition or (2 th
function in one load condition wateepeithan the function in the other load condition
while being similarly focused These two possibilities can be discriminated using
interpolation analyse®n the interference functions of separation (see Results of

Experiment §.

4.3.2.1 Comparison of incompatible - with no -distractor RTs as a function of

separation and cognitive load

Reaction times

This analysis tested for the effects of three factoasnely,Presence of Incompatible
Distractor, Separation and Qutve Load on targeidentification RTs using a
repeatedmeasures ANOVA. Where there was a significant interaction, additional
analysesnamely, ANOVAs andinterpolation analysesvere performed to understand

the origin of the interaction.
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Effects of Preence of Incompatible Distractor, and Separation

The main effects of both Presence of Incompatible Distractor, and Separation were
significant (respectivelyF(1,30) = 60.80,p <0.001, p2: 0.670 andF(2.4,70.4) =
19.06,p < 0.001, p2: 0.389) and the interaction between Presence of Incompatible
Distractor, and Separation was also significd&(2(5,71.9) = 18.81p <0.001, p2:
0.385). In other words, there was evidence for thegpias of significanincompatible
distractor total interferenceand this interference varied with separation. Polynomial
trends for the interaction showed thatompatibledistractor total interferenceas a
function of separation was explained by a corabon of linear and quadratic trends
(respectivelyF(1,30) = 22.41p < 0.001, p2: 0.429 and~(1,30) = 30.21p<0.001,

p2: 0.502; the cubic and quartic trends hadalues > 0.100), consistent withn

Mexicarthat profile
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Figure 29
Experiment 9tLatencies The figure shows: (1) incompatibtestracta mean latencies

(in ms) as a function of targelistractor separation (in deg) and cognitive load (high or
low) tsee blacKines and (2) nedistractor mean latencies (in ms) as a function of
cognitive load (high or low)}tsee greylines Error bars depit +/- 0.5 SEM. (FOA) =

attended location.

Effect of Cognitive load

First, the main effect of Cognitive Load was significant (participants were overall
slower by 25 ms in the higtognitiveload condition;F(1,30) = 7.31p = p2 =
0.196), showing that the cognithMead manipulation affectedperformance at
identifying the target (see FiguB®). Second, Cognitive Load did not interact
significantly with Presence of Incompatible Distracte(l(,30) = 0.05p = p2 =
0.002). This showed thanhcompatibledistractor total interferencepooled across
separations was similar in both cognitiead conditions. Third, whereas the tway
interaction between Cognitive Load and Separation was not signifieéh0(91.3)=
1.72, p= o> = 0.054), the thremvay interaction between Cognitive Load,
Presence of Incompatible Distractor, and Separation was signifieghi20) = 2.62,
p= o~ = 0.149). The significance of the latter interaction showed that

incompatibledistractor total interferenceas a function of separation was different in

low- and highcognitiveload conditions.

Given the significance of the threeay interaction,the effects of Presence of
Incompatible Distractor, and Separation were investigatedaepafor each condition
of Cognitive Load. In both load conditions, the interaction between Presence of
Incompatible Distractor, and Separation was significant (respectively, for low and high

load: F(4,120)= 13.42,p< o= 0.309 andF(4,120)= 11.99,p< o0 =
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0.286). Polynomial trends for the interactions showedititaimpatibledistractor total
interferenceas a function of separation was explained by a combination of linear and
quadratic trends irboth low- and highload conditions I(ow load for linear and
quadratic trends respectivelif(1,30) = 15.73p < 0.001, p2: 0.344 andrF(1,30) =
28.60,p < 0.001, pz = 0.488, the cubic and quatrtic trends Ipadalues > 0.100High

load, for linear and qudratic trends respectively=(1,30) = 11.43,p=0.002, pZ:

0.276 andF(1,30) = 21.52p<0.001, ,°= 0.418, the cubic and quartic trends had
values > 0.100). Thus, the significant interaction between Cognitive Load, Presence of
Incompatible Distradr, and Separation was not explained by qualitative differences in
the shapes of the functions of separation. Instead, it seemed that this interaction was
explained by a difference in the location of the bottom the two functions. Thus, in the
low-cognitiveload condition, the bottom of the interference function of separation
appeared to have occurred around the same separation as in Expedinteatsd 6
(compare Figure$4, 15, 17 and 2Pwhereas, in the higbognitiveload condition, the
bottom of the faction appeared to have occurred further away from the attended
location (see Figur@9). This hypothesis was tested usingerpolation analysethat
LVRODWHG WKH ORFDWLRQ RI WKH ERWWRP RI HDFK

cognitiveload candition.

Comparison of the locations of the bottoms of the functions of separation

Interpolation analyses were performed onittempatibledistractor total interference

as a function of separation in each cogniivad condition(see Results dExperinent

2, Chapter 2, for details on the methodology used). The local minima derived from the

interpolation analyses were compared across load conditions.
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The groupmean local minimum occurred at 5.56 deg (SEM = 0.23) in the low
cognitiveload condition andat 6.35 deg (SEM = 0.30) in the higbgnitiveload
condition. This difference was significani(§2) = 2.21p = 0.032, d = 0.441). In other
words, the bottom of the function occurred closer to the attended location in the low

than the higkcognitiveload condition.

Errors

This analysis tested for the effects of three factoasnely,Presence of Incompatible
Distractor, Separation and Cognitive Load on tardentification errors using a
repeateemeasures ANOVA. Where there was a significant intesactiadditional
analysesnamely,ANOVAs andinterpolation analysesvere performed to understand

the origin of the interaction.

Effects of Presence of Incompatible Distractor, and Separation

The main effect of Presence of Incompatible Distractor was fiigni (F(1,30) =
18.59,p < 0.001, p2 = 0.383): errors were higher (by 2.5%) in the incompatitblen in

the nadistractor condition, showing that there was signifidanbmpatibledistractor

total interferencen the error data. Moreover, both the maffect of Separation and the
interaction between Presence of Incompatible Distractor, and Separation were
significant (respectively;(4,120) = 6.01p < 0.001, pz =0.167 and~(3.1,93.1) = 6.73,

p <0.001, p2 = 0.183). The significance of the lattenteraction showed that
incompatibledistractor total interferencearied with separation. Polynomial trends for
the interaction showed thatcompatibledistractor total interferences a function of

separation was explained by a combination of linearcuadiratic trends (respectively
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F(1,30) = 7.61p=0.010, ,*= 0.202 and~(1,30) = 12.66p =0.001, ,°= 0.297; the

cubic and quartic trends hadralues > 0.100), consistent with a Mexidaat profile.

Effect of Cognitive load

The main effect of Cognitive Load was marginally significant (participants made 2%
more errors in the highognitiveload condition;F(1,30) = 3.99,p p2:
0.117), confirming that the cognitidead manipulation affectegerformanceat the

targetidentification task. On the other hand, Cognitive Load did not significantly

interact with any factor in the error data (jplNalues > 0.100).

4.3.3 Discussion

First, the lowcognitiveload condition of Experiment 9generated a Mexicamat
interference function of separation similar to those obtained in the comparable
conditions ofprevious experimentsnémely,in the conditions that were low in both

perceptual and cognitive load).

Second, the findings dExperiment 9suggest that increasing the load on cognitive
control mechanisms caused the profile of perceptual resources tallgmifocus(as
indexed by the shiftingut of the bottom of the Mexicahat function). While the
increase in cognitive load had an effect on the spatial profile of distractor interference, it
did not show the main effect on distractor interference egptesn Experiment8
(namely, it did not show an increase in #maplitudeof distractor interference across
separations with increasing cognitive load). Consequently, it did not support the
suggestion ofExperiment8 that the availability of cognitive reacces affects post

perceptual levels of selection; nevertheless, the defocusing of perceptual resources
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observed irExperiment9 under high cognitive load arguably entailed a redistribution,
where perceptual resources increased at certain separationscbedsgd at others,
possibly masking any overall increase in the amplitude of distractor interference across
separations. Nevertheless, distractors did appear to intenfaesn conditions of high

than low cognitive load atomespatial separations (ndig the separation 5.1 deg). The
latter observation is therefore consistent with previous suggestions that cognitive load
increases distractor interference (e.g., Lavie et al., 2004; Lavie & de Fockert, 2005,

2006).

In sum, the findings oExperiment 9suggest that increasing cognitive load defocuses
the profile of perceptual resources. However, the statistical significance of the
defocusing effect of load on the profile of perceptual resources (namely, the statistical
significance of the interaction betwn Cognitive Load, Presence of Incompatible
Distractor, and Separation) was not highly significgnt 0.039). This might have been

due to an effect oéxperimentalpractice (i.e., a decreasing influence of loadd/or
distractor interferenceith increaing practicesee Experiment)1This possibility was
LQYHVWLIJDWHG E\ UXQQLQJ IXUWKHU DQDO\VHV LQ
distinguish between participants who performed the-bagnitiveload condition first

or second). The effect of Orddrd not reach significance (i.e., alvalues involving

this factor exceeded 0.100). Nevertheless, when only the data obtained from the
condition performed first were included in the analysis, the effect of Cognitive Load
became strongerp(= 0.011; see igure 30). It is therefore possible that practice
weakened the cognitiiead manipulation. With this in mind, future experiments

manipulated cognitive load across participants.
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Figure 30
Experiment 9tLatencies The figure shws: (1) incompatiblalistractor mean latencies

(in ms) as a function of targelistractor separation (in deg), cognitive load (high or
low), and block of trials (first or secondisee blackines and (2) nedistractor mean
latencies (in ms) as a functimf cognitive load (high or low), and block of trials (first

or second)tsee greyines Error bars depict +/ 0.5 SEM. (FOA) = attended location.

Given the novelty of our finding that cognitive factors can affect the focus of perceptual
resources andhé importance of the theoretical implications that follow from it,
Experiment 10was an attempt to replicate it using a different cognibaesl
manipulation. A neutradlistractor condition was included Experiment 10n order to

be in a position to disgninate between effects of cognitive load on salierstated

and responseelated distractor interference.
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4.4 EXPERIMENT 10 Cognitive |oad (replication)

Experiment 10used a method similar to that usedBrperiment 9 except for the

following changs: (i) neutral as well as incompatible distractors were included; (ii) the
secondary cognitivad task that was intercalated between blocks of trials involved
performing easy or difficult mental calculations rather than memorizing one or six

digits; and(iii) cognitive load was manipulated in different groups of participants.

In this experiment, distractor interference was measured in three ways: (1) using
incompatibledistractor total interferencgobtained by comparing ndistractor with
incompatibledistractor performance); (2) usinghcompatibledistractor response
related interference(obtained by comparing neutrdistractor with incompatible
distractor performance); and (3) usirsgliencerelated interference (obtained by
comparing nedistractor wih neutraldistractor performance). The first measure was
used in an attempt to replicate the findingsEaperiment9. The last two measures
arguably allowed us to test whether the effect of cognitive load was apparent using both
responseaelated and saliencerelated interference given that the stimuli were
modelled on those iExperiment 5 stimulusdriven effects on salience were expected

to be high; by implication, comparing neutthstractor with incompatibleistractor

performance should largely iste responseelated interference.

4.4.1 Method

4.4.1.1Design
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A repeatedmeasures design was used in which distractor compatibility (incompatible
or neutral), targetlistractor separation (at controlled stimulus eccentricity) and

cognitive load were nrapulated.

4.4.1.2 Participants

40 patrticipants from Goldsmiths College (25 females; 3Haftded; mean age 25.6 yr;
age range 19 to 50;ysee Appendix Dlwith normal or correctetb-normal vision took
part in the experiment in exchange for £T0ey were all naive as to the aims of the

study.

4.4.1.3 Stimuli and procedure for the target -identification task

The method was as Bxperiment 5see Chapter 3). The target was always the letter

H(T RU p)T DQG WKH GLVWUDFW R distickoH weh YWwesaativ (1
80% of the trials), was equally often resperis@ FRPSDWLEOH H J LI WKFE
WKH GLVWUDFWRU ZDWXWUYDBUHUHY SRIKQVKDHWWHU u;1
distractor was presented and the target apgdeameits own. The latter constituted the
no-distractor baseline condition. Only four targkstractor separations were tested in

order to reduce the number of trials and the amount of practice participants acquired
with the load tasks. Unlike in Experintsri to 9, there was no auditory feedback when
targetidentification responses were incorrect as this would have interfered with the

cognitive task (see below).

4.4.1.4 Stimuli and procedure for the cognitive task
A calculation task was interleaved betweall targetidentification trials in order to

manipulate cognitive load (see Figu8®). Each block of 10 to 15 targatentification

202



trials was preceded by the presentation of a-dwd reference number (between 21

and 59) displayed at the centre ofetlscreen for 2000 ms. 1000 ms after the
disappearance of this reference number, the first trial of the didegetfication block
began. At the beginning of each trial, the computer emitted two or three beeps for 500
ms. These beeps signalled differeningjs in the two load conditions. In the lew
cognitiveload condition, the participants had mentally to amiek to the reference
number, irrespective of whether the computer had emitted two or three beeps, and to
keep the outcome in their mind. In the higbgnitiveload condition, the participants

had mentally to add two to the reference number if the computer had emitted two beeps,
or three if the computer had emitted three beeps, and they had to keep the outcome in
their mind. The participants only hadPms to perform the calculation. After this

time had elapsed, the next targdgntification trial in the block was presented. Just 400
ms after the participants had made their targentification response, they heard again
two or three beeps and hadaagto addone(in the lowcognitivecondition), ortwo or
threerespectively (in the higleognitiveload condition), to the running total from the
previous trial. After repeating this procedure for between 10 and 15 trials, participants
were asked to typm the final total they had arrived at (there was no time limit and no

feedback was given).
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Figure 31
Experiment 10+ Method A schematic representation of one block of ten to fifteen

trials. Each block of trials started witlthe presentation of a twaigit reference
number. At the beginning eachtrial, the computer emitted two or three beeps. In the
low-cognitiveload condition, the participants had mentally to add one to the reference
number, irrespective of whether thentputer had emitted two or three beeps, and to
keep the outcome in their mind. In the haggnitiveload condition, the participants

had mentally to add two to the reference number if the computer had emitted two beeps,
or three if the computer had emitéhree beeps, and to keep the outcome in their mind.
7KH\ WKHQ SHUIRUPHG DQ p(T )T WDUJHW LGHQWLILF
response to the target, the computer again emitted two or three beeps and they had to
add one (low cognitive load)r two or three (high cognitive load) to thenning total

from the previous trial. After ten to fifteen trials of calculation and target identification,
the participants were asked to type in the fitedhl they hadarrived atand the next

block of trids started.
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Experiment 10asted 40 minutes. ktonsisted of two load conditions (lewand high
cognitiveload) performed by separate groups of participants. Each load condition
comprised 480 targetlentification trials (in 50 blocks each of 10 to 1%is), preceded

by 60 practice trials (in 1 block of 20 trials where the participants performed just the
targetidentification task and 3 blocks of 10 to 15 trials where they performed both the

targetidentification and theognitivetask).

4.4.2 Results

The cognitiveload task involved 39 blocks of easy calculations {tmgnitiveload
condition) for one group of participants and 39 blocks of difficult calculations {high
cognitiveload condition) for the other group of participants. The calculations welie w
performed by all participants. In average, the participants responded wiHirR+gf
the correct answer in the legognitiveload condition and within +/3.0 of the correct

answer in the higlzognitiveload condition.

We analyzed both the speedhda accuracy of forcedhoice targetdentification
responses. Response latencies (RTs) were examined only for accurate responses, and
only when they were longer than 200 ms and fell within three standard deviations of the

overall mean for the participanthich represented 91.4% of the latencies overall.

For each participant, mean RTs (and error percentages) were calculated for
incompatible and neutradistractor trials at the four targdistractor separations (1.8,
5.1, 7.7 and 9.0 deg; s&&gure 32). Moreover, for each participant, ftistractor RTs

(and errors) were each randomly separated into four bins and mean RTs (and error
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percentages) were calculated for each bin. The bins were used as baselines to match the

four targetdistractor separations.

Three analyses were performed on mean RTs (and error percentages). Each of them
comparedperformanceobtained with one type of distractor with that obtained with
another type of distractor, or with no distractor, as a function of separation and
cognitive load. Specifically, the first analysis comparegompatibledistractor with
no-distractor performance as a function of separation and cognitive load; the second
analysis comparedncompatibledistractor with neutratdistractor performance as a
function d separation and cognitive load; and the third analysis compaeattat
distractor withno-distractor performance as a function of separation and cognitive load.
These three comparisons allowed us to isolate, respectimelympatibledistractor

total interference incompatibledistractor responseelated interferenceandsalience
related interferenceand to test whether each type of interference as a function of
separation was modulated by cognitive load. A difference in the shape of the
interferencedinction between the two cognitikead conditions would emerge if (1) the
function in one load condition wasore focusedhan the function in the other load
condition or (2) the function in one load condition ve&seperthan the function in the
other loa condition while beingsimilarly focused These two possibilities can be
discriminated using interpolation analyses on the interference functions of separation

(see Results dixperiment 2 Chapter 2).
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Figure 32
Experiment 10tLatencies The figure shows: (1distractorpresentmean latencies (in

ms) as a function of targelistractor separation (in deg)targetdistractor
compatibility (incompatible or neutral) ancognitive load (high or low)tseeblack
and darkgrey lines and (2) nedistractor mean latencies (in ms) as a function of
cognitive load (high or lowxseelight-greylines Error bars depict + 0.5 SEM( V) =

incompatible distractor; () = neutral distractor;(FOA) = attended location.
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4.4.2.1 Comparison of incompatible - with no -distractor RTs as a function of

separation and cognitive load

Reaction times

This analysis tested for the effects of three factoasnely,Presence of Incompatible
Distractor, Separation and Cognitive Load on tardentificationRTs using a mixed
design ANOVA. Where there was a significant interaction, additional anahsesly,
ANOVAs andinterpolation analysesvere performed to understand the origin of the

interaction.

Effects of Presence of Incompatible Distractor, and &agion

The main effects of both Presence of Incompatible Distractor, and Separation were
significant (respectively(1,38) = 65.72p < 0.001, p2 = 0.634 and~(3,114) = 11.14,
p<0.001, p2 = 0.227) and the interaction between Presence of IncompBigilactor,

and Separation was also significaR{3,114) = 12.04p < 0.001, p2 = 0.241). In other
words, there was evidence for significamtompatibledistractortotal interferenceand

the latter varied with separation. Polynomial trends for the dotem showed that
incompatibledistractor total interferenceas a function of separation was explained by

a combination of linear and quadratic trenB§1(38) = 12.34p = 0.001, p2 = 0.245

and F(1,38) = 19.19p < 0.001, pZ: 0.336; the cubic trend Haa p value > 0.100),

consistent witta Mexicanhat profile

Effect of Cognitive Load

The main effect of Cognitive Load was not significatl(38) = 1.18p = p2 =
0.030): overall, the cognitiviebad manipulation did not affegerformanceat taget

identification. Similarly, Cognitive Load was not found to interact with Presence of
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Incompatible Distractor H(1,38) = 0.06,p= p2: 0.002), suggesting that
incompatibledistractor total interferenc@ooled across separations was similapoith
load conditions. On the other hand, while the-may interaction between Cognitive
Load and Separation was not significaR(3;114) = 2.01p= pZ: 0.227), the
threeway interaction between Cognitive Load, Presence of Incompatible Disiracto
and Separation was significanE(g,114) = 3.13,p= o> = 0.101). The
significance of this threway interaction suggests that, like iBxperiment 9

incompatibledistractor total interferences a function of separation was different in

conditions of low and high cognitive load.

Given the significance of the threey interaction,the effects of Presence of
Incompatible Distractor, and Separation were investigated separately for each condition
of Cognitive Load. In the lovload condition, theinteraction between Presence of
Incompatible Distractor, and Separation was signific&8,67)= 16.20,p <0.001,

o> = 0.460). Polynomial trends for the interaction showed itiaimpatibledistractor
total interferenceas a function of separation was explained by a combination of linear,
quadratic and cubic trends (respectivei(1,19) = 10.83,p=0.004, pZ: 0.363;
F(1,19) = 37.89p < o> = 0.666; andF(1,19) = 4.59p = o2 = 0.195),
once again consistent with Mexicanhat profile On the other hand, in the hidtad
condition, while the effect of Presence of Incompatible Distractorgdndy significant
(F(1,19)= 99.51, p< .- = 0.840), the interaction between Presence of
Incompatible Distractor, and Separation waas significant £(3,57)= 1.47,p=0.233,

o2 = 0.072).This suggests that, whilecompatibledistractor total interferencewas
large, the function of separation was almitet in the highload condition (see Figure

32). This finding is arguably consistent withdafocusingof the profile of perceptual
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resources, suggesting that the bottom of the interferencednrat separation occurred
further out in the highthan in the lowcognitiveload condition (see Figurg&?). This

hypothesis was tested using polynonridérpolation analyses.

Comparison of the locations of the bottoms of the functions of separation

Interpolation analyses were performedincompatibledistractor total interferencas

a function of separation in each cognitiead condition (see Results Bkperiment 2
Chapter 2, for details on the methodology used). The local minima derived from the

interpolation analyses were compared across load conditions.

The groupmean local minimum of the total interference as a function of separation
occurred at 5.70 deg (SEM = 0.32) in the {oagnitiveload condition and at 6.67 deg
(SEM = 0.38) in the higitognitiveload condition. This difference was significant
(t(38) = 2.04,p = 0.048, d = 0.642). In other wordscompatibledistractor total
interferenceproduced evidence that the bottom of the profile of perceptual resources
occurred closer to the attded location in the lowthan in the higkcognitiveload

condition.

Errors
This analysis tested for the effects of three factoasnely,Presence of Incompatible
Distractor, Separation and Cognitive Load on tardentification errors using a mixed

desgn ANOVA.
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Effects of Presence of Incompatible Distractor, and Separation

The main effect of Presence of Incompatible Distractor was signifi¢git38) =
13.74,p=0.001, pz = 0.266): errors were higher (by 3.3%) in the incompatitblen in

the nadistractor condition, showing that there was significanbmpatibledistractor

total interferencen the error data. Moreover, both the main effect of Separation and the
interaction between Presence of Incompatible Distractor, and Separation were
significant (respectivelyf(3,114) = 3.89p = 0.011, p2 = 0.093 and~(3,114) = 4.13,

p =0.008, pz = 0.098). The significance of the latter interaction showed that
incompatibledistractor total interference@aried with separation. Polynomial trends for

the interaction showed thaicompatibledistractor tdal interferenceas a function of
separation was explained by a combination of linear and quadratic trends (respectively,
F(1,38) = 4.71p=0.036, ,°= 0.148 and~(1,38) = 4.70p=0.037, ,2= 0.110; the

cubic trend had pvalue > 0.100), consistenith a Mexicanhat profile.

Effect of Cognitive Load

The main effect of Cognitive Load was marginally significant (participants made 5.1%
more errors in the higbognitiveload condition;F(1,38) = 2.88,p p2 =

0.081): the cognitivdoad manipO DWLRQ PDUJLQDOO\ DIIHFWHG SD

at identifying the target on errors. On the other hand, none of the interactions involving

Cognitive Load was significant (ghlvalues > 0.100).
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4.4.2.2 Comparison of incompatible - with neutral -distractor RTs as a function

of separation and cognitive load

Reaction times

This analysis tested for the effects of three factoasnely, Compatibility (I. vs. N.),
Separation and Cognitive Load on targkintification RTs using a mixedesign

ANOVA.

Effects of Compatibility (I. vs. N.) and Separation
The main effects of both Compatibility (I. vs. N.) and Separation were significant
(respectivelyF(1,38) = 53.66p < 0.001, pz = 0.585 and~(3,114) = 13.35p < 0.001,

p2: 0.260) and the interaction keten Compatibility (I. vs. N.) and Separation was
marginally significant £(3,114) = 2.51p=0.063, ,°= 0.062). In other words, there
was evidence for significamcompatibledistractor responseaelated interferenceand
the latter varied with separati. Polynomial trends for the interaction showed that
incompatibledistractor responseaelated interferenceas a function of separation was
explained by a combination of linear and quadratic tref@$,38) = 3.68p =0.063,

o2 = 0.088 and~(1,38) = 3.90p =0.056, ,*= 0.093; the cubic trend hadpavalue >

0.100), consistent wita Mexicanhat profile

Effect of Cognitive Load

The main effect of Cognitive Load was not significaf1(38) = 1.24p = o0 =
0.032). Similarly, Cognitive Load an@ompatibility (I. vs. N.) did not significantly
interact £(1,38) = 0.07,p= p2= 0.002), suggesting thaincompatible

distractor responseelated interferencepooled across separations was similar in both
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load conditions. On the other hand, vehihe interaction between Cognitive Load and
Separation was not significarf(3,114) = 1.30p = pz = 0.033), the threwvay
interaction between Cognitive Load, Compatibility (I. vs. N.) and Separation was
significant ¢(3,114) = 2.65p = p2 = 0.095). The significance of this thraay
interaction suggests thamcompatibledistractor responseaelated interferenceas a

function of separation was different in conditions of high and low cognitive load.

Given the significance of the threay interactionthe effects of Compatibility (I. vs.
N.) and Separation were investigated separately for each condition of Cognitive Load.
In the lowload condition, the interaction between Compatibility (I. vs. N.) and
Separation was significanE(3,57)= 5.67,p = pz = 0.230). Polynomial trends
for the interaction showed thecompatibledistractorresponseelatedinterferenceas
a function of separation was explained by a combination of linear, quadratic and cubic
trends (respectively®(1,19)= 5.00,p = o2 = 0.177;F(1,19) = 10.76p = 0.004,

o2 = 0.362; and~(1,19) = 5.14p = o> = 0.213), consistent with Mexicanhat
profile. On the other hand, in the hidlad condition, while the effect of Compatibility
(I. vs. N.) was hghly significant F(1,19)= 20.74, p< p2: 0.522), the
interaction between Compatibility (I. vs. N.) and Separation was significant
(F(3,57)=0.62,p= p2 = 0.032).This suggests that, consistent with the previous
analysis, while disactor interference was large, the function of separation was almost
flat in the highload condition (see Figu@?). This finding is arguably consistent with a
defocusingof the profile of perceptual resources, suggesting that the bottom of the
interfererte function of separation occurred further out in the -htgan in the low
cognitiveload condition (see Figui®2). This hypothesis was tested using polynomial

interpolation analyses.
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Comparison of the locations of the bottoms of the functions of sepamna

Interpolation analyses were performed mtompatibledistractor responseelated
interferenceas a function of separation in each cogniivad condition (see Results of
Experiment 2 Chapter 2, for details on the methodology used). The local minima

derived from the interpolation analyses were compared across load conditions.

The groupmean local minimum of incompatibledistractor responseelated
interferenceas a function of separation occurred at 5.56 deg (SEM = 0.23) in the low
cognitiveload ondition and 6.35 deg (SEM = 0.30) in the higignitiveload
condition. This difference was significart{38) = 2.07,p = 0.045, d = 0.649). Thus,
incompatibledistractor responseelated interference produced evidence that the
bottom of the profile of erceptual resources occurred closer to the attended location in

the low than the higkcognitiveload condition.

Errors
This analysis tested for the effects of three factoasnely, Compatibility (I. vs. N.),
Separation and Cognitive Load on targkdrtification errors using a mixedesign

ANOVA.

Effects of Compatibility (I. vs. N.) and Separation

The main effect of Compatibility (I. vs. N.) was significaR{X,38) = 14.60p < 0.001,
p2: 0.278): errors were higher (by 2.7%) in the incompatiblan in the neutral

distractor condition, showing that there was significantompatibledistractor

responsaelated interferencan the error data. Moreover, both the main effect of
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Separation and the interaction between Compatibility (I. vs. N.) and &iepawere
significant (respectivelyt(3,114) = 3.85p= 0.011, pz = 0.092 and~(3,114) = 5.36,
p=0.002, ,°= 0.124). The significance of the latter interaction showed that
incompatibledistractor responseelated interference varied with separation.
Polynomial trends for the interaction showed thmatompatibledistractor response
related interferenceas a function of separation was explained by a quadratic trend
(F(1,38) = 6.62,p=0.014, ,>= 0.148; the linear and cubic trends hadalues >

0.100), consistent with a Mexicdmat profile.

Effect of Cognitive dad
Once again, the main effect of Cognitive Load was marginally significant (as already
shown in Sectiod.4.2.1above;F(1,38) = 3.33p p2 = 0.081) but none of the

interactions involving Cognitive Load were significant @ilalues > 0.100).

4.4.2.3 Comparison of neutral - with no-distractor RTs as a function of

separation and cognitive load

Reaction times

This analysis tested for the effects of three factoemnely, Presence of Neutral
Distractor, Separation and Cognitive Load on tardettification RTs using a mixed

design ANOVA.

Effects of Presence of Neutral Distractor, and Separation
The main effects of both Presence of Neutral Distractor, and Separation were

significant (respectivelyt-(1,38) = 29.83p <0.001, p2 = 0.440 and~(3,114) = 4.63,
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p=0.004, ,”= 0.109) and the interaction between Presence of Neutral Distractor, and
Separation was also significarf(8,114) = 5.57,p=0.001, p2= 0.128). In other
words, neutral distractors generated significedtencerelated interferenceand the
latter varied with separation. Polynomial trends for the interaction showeshtieatce
related interferenceas a function of separation was explained by a combination of
linear and quadratic trends (respectivefy1,38) = 9.16,p = 0.004, pZ: 0.194 and
F(1,38) = 9.09p =0.005, ,* = 0.193; the cubic trend hachavalue > 0.100), consistent

with a Mexicanhat profile

Effect of Cognitive Load

Neither the main effect of Cognitive Load nor any of the interactions involving this
factor wee significant (all p values > 0.100). It appears thatliencerelated
interferencewas not sensitive enough to reveal the effect of Cognitive Load. No

additional analyses were performed on these data.

Errors

This analysis tested for the effects of thrfeetors, namely, Presence of Neutral
Distractor, Separation and Cognitive Load on tardentification errors using a mixed
design ANOVA. None of the main effects or interactions was significant in this analysis

(all pvalues > 0.100).

4.4.3 Discussion
The findings ofExperiment 1Gnce again did not show an effect of cognitive load on
the amplitude of distractor interference (bathliencerelated and responseelated

across separations (sbescussionof Experiment 9. On the other hand, the findingé
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Experiment 1Q@onfirmed that loading cognitiveontrol mechanisms causes the profile
of perceptual resources to spatialfocugas indexed by the shiftingut of the bottom
of the Mexicanrhat function).However, this effect could only be measured mhsing
incompatibledistractor total interferenceor incompatibledistractor responseelated
interferenceand not when usingeutraldistractor salienceelated interferenceWe
conclude thatsaliencerelated interferencewas insufficientlysensitiveto reveal the

effect of cognitive load ifExperiment 10

It was possible that the effect of cognitive load in Experim@ésid D was exerted

only indirectly. Cognitive load might have reduced the efficiency of the exogenous cue
that was used to orient pemtual resources to the target location with the result that
perceptual resources were oriented less well and, only because of this, were less
focused. While some findings from the literature are inconsistent with this view
(cognitive load has been foundtrto affect exogenous spatial orienting; Jonides, ;1981
Pashler, 1991 Santangelo, Finoia, &fone, Belardinelli, & Spence, 2008it was
desirable to test this psibility directly. In order to do so, we tested the effect of
cognitive load on the profile of perceptual resources usamdral target presentation,
thus obviating the need for any orienting of percdptesources. If cognitive load wa

still found to aefocus perceptual resources in this casepiild suggest that the effects
observed irExperiments 9 and 1®ere not only due to an effect on the orienting of

perceptual resources.

In Experiment 11the effect ofperceptual loadon the profile of percepal resources
was also testednce again This is because we wished to replicate the effect of

perceptual load observed Experiment 8using centratarget presentation, as most
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perceptuaload studies have used sudentral presentatione(g., Kahneman &
Chajczyk, 1983LaBerge et a).1991; Lavie, 1995Lavie et al., 2004; Lavie & Fox,

2000).

4.5 EXPERIMENT 11 Effects of perceptual and cognitive load with

central target presentation

Experimentll used a flanker paradigm with a perceptual load manipulation and with
the same cognitive load manipulation agkperiment 9 The man difference between
Experiment 1land previous experiments was that,Erperiment 11 the target was
presenteccentraly. As a result, the manipulation of targhstractor separation was
confounded with a manipulation of distractor eccentricity. Despite this confound with
eccentricity, the distractors were not scaled for cortical magnification to avoid the
possibility that an increase in interference with increasing separation was an artefact of
overscaling.If interference from peripheral anghscaleddistractors was shown to
increase with increasing separatig¢as predicted over certain separations by the

Mexicanthat piofile), this would have to be despitee effect of cortical magnification

On each trial oExperiment 11the participants had (1) to identify a central target letter,
while ignoring a distractor letter occurring at different eccentricities (i.e., nperfloe
flanker task), andhen (2) to either detect the presence of a gap in the tatgethe
low-perceptuaload condition xor discriminate the position of this gapin the high
perceptuaload condition (i.e., perform the percepti@dd task; se€igure 33). Across
blocks of trials, a cognitivad task was added to th&o perceptuatasks performed

on each trial (thus requiring participants to perform three tasks in all). In the cognitive
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load task, the participants had to memorize either omedtmnitiveload condition) or
six (high-cognitiveload condition) digits before the beginning of each set of twenty
trials. We employed the cognititead manipulation used iBxperiment s it was less
difficult than that used ifExperiment 10(participants made 5% less errors and were
faster by 120 ms in the higtognitiveload condition ofExperiment Scompared to the
same condition irExperiment 1P and we wanted to ensure that participants could

perform the triple task with a sufficient level of acacy.

The perceptualand cognitivdoad manipulations were performbdtweerparticipants.
Thus, we tested three combinations of perceptad cognitivedoad conditions, each
one in adifferent group of participantshe first group of participants germed a
condition of low perceptualload andlow cognitive load; the second group of
participants performe@ condition ofhigh perceptualload andlow cognitive load;
finally, the third group of participants performadcondition ofhigh perceptuaload

and high cognitiveload. Comparing the results of the first and second groups allowed
us to test for the effect of perceptil@dd on selective attentignwhereas comparing the
results of the second and third groups allowed us to test for the effee obghitive

load on selective attentionNote that thecognitiveload manipulation was grformed
underconditions of higtperceptual load because the profile of perceptual resources had

to bewell focusedor a defocusingeffect of cognitive loado be detctable

In Experiment 11like in Experiment 10distractor interference was measured in three
ways: (1) usingincompatibledistractor total interferencéobtained by comparing no
distractor with incompatibldistractor performance); (2) usimgcompatibbe-distractor

responseaelated interference (obtained by comparing neutrdistractor with
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incompatibledistractor performance); and (3) usirgpliencerelated interference

(obtained by comparing adistractor with neutratlistractor performance).

4.5.1 Method

4.5.1.1Design

A mixed design was used in which compatibility of the distractor (incompatible or
neutral) and targelistractor separation (where stimulus eccentricity wast
controlled) were manipulated within participants, and perceptual andtigegload

were manipulated to be high or low in different groups of participants.

4.5.1.2 Participants

106 participants (84 females; 10 Hatinded; mean age 20 yr; age range 16 to 38egr
Appendix 12, with reported normal or correct¢o-normal vison, participated in the
experimentin exchange for course credifBhey were all naive as to the aims of the

study.

4.5.1.3 Stimuli and procedure for the perceptual tasks

On each trial, participants performed two perceptual tasks. The primary task was to
LGHQWLI\ DV TXLFNO\ EXW DV DFFXUDWHO\ DV -SRVVL]I
alternative forcegathoice (2AFC). This primary task (i.e., the flanker task) was used to
measure the profile of perceptual resources. The secondamnydasksedo manipulate
perceptual load. Itequired participants either to detect the presence of a gap in the

target in the lowperceptuaload conditiontwitha2$)& PSUHVHQWYT RU uDI
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to discriminate the position of this gatin the highperceptuaload condition xwith a

2-$)& UKLJKY RU HORZT

7KH VWLPXOL RQ ZKLFK WKHVH SHUFHSWXDO WDVNYV Z
W)Y WDUJHW OHWWHU DQG DQ u(T )T RU u; 1 GLVWL
0.48 by 0.64 deg) was gsented at the centre of the screen. It had a small gap located
HLWKHU pKLJK fugpér ha@RtZ fertical axK (ke FiguR8). The distractor

letter Gubtendingl.60 by 1.90 deg) was presented along the horizontal midline of the
screen, ecpily often on the left or right of the target. It was removed from the target by

1.8, 3.6, 5.4, 7.2 or 9@eg (the five targedistractor separations). It was respoense
LQFRPSDWLEOH ZLWK WKH WDUJHW H J LW zOnw p)f L
WKH RWKHU RI wuLDOV LW ZDV WKH QHXWUDO OH'

distractor was presented.

Figure 33
Experiment 11+tMethod $ VFKHPDWLF UHSUHVHQWDWLRQ RI DQ

gap (left)and with a high gap (right).
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Each trial started with an empty screen for 700 ms, followed by the presentation of the
stimuli for 100ms. The participants had up to 1500 ms to respond to target identity and,
then, up to 10,000 ms to respond to gegsere (low perceptual load) @osition(high

perceptual load)Auditory feedback was given about incorrect responses for both tasks.

4.5.1.4 Stimuli and procedure for the cognitive task
Experiment 1lalso required participants to perform a tertisargrking-memorytask
used to manipulate cognitive load. This task was modelled omndhHéng-memorytask

used inExperiment 9

Before each block of twenty trials, a vertical array of six digits was presented to the
participants (for the cognitivimad task). Thg had to memorize either (1) the digit with

the lowest value within this array (Iewognitiveload condition) or (2) the six digits in
their order of presentation (higtognitiveload condition). After each block of twenty
trials, participants were askedl type in the digit(s) they had memorized (there was no
time limit, but sequence knowledge was required in the-bagmitiveload condition).

No feedback was given for the cognitilead task.

The experiment consisted of 480 trials, preceded by 80iqeairtals. The different
conditions of the targatlentification task were presented intermixed and in randomized
order. The different conditions of the perceptuahd cognitiveoad tasks were

performed by different groups of participants.
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4.5.2 Redaults

In each cognitivdoad condition, thevorking-memorytask involved 24 memorisations.
Correct memorisation was defined as the recall of the single digit that had to be
memorized, in the loveognitiveload condition, or as the recall in the correct orofe

at least five out of the six digits that had to be memorized, in thecoighitiveload
condition. None of the participants performed less than 16 memorisations correctly (out
of 24 memorisations). On average, the participants performed 22 menoossatit of

24 memorisations correctly in both cognitivad conditions.

Before analysing targetientification performance on the primary task, we analysed
results from the secondary perceptigad task to ascertain th#itwas adequately well
performed It was found that (1) in the gajetection task (lowperceptuaload), the gap

ZDV PLVVHG LQ-SUHRHQRMWB WULDOV DQG IDOVHOG\ UHSHTF
DEVHQWY WULDOV -diecn@nation tagk (Wdtpercepu&load condition,

pooled acros$sow and highcognitive ORD G WKH JDS ZDV LQFRUUHFW

LQ RQO\ -ROSMOWBDLDOV DQG DV pORAMWOLDOVRI pKL

We analyzed both the speed and accuracy of fecbette targetdentification
responseslargetidentification trials were analysed only when they occurred in a block

of trials that was followed by a correct memaagk recalland when the presence of

the gap was accurately reporfgow-perceptuaload condition)or when the location of

the aap was correctly discriminatgthigh-perceptuaload condition) In addition, and

as usual, response latencies (RTs) were examined only for accurate responses, and only
when they were longer than 200 ms and fell within three standard deviations of the

overall mean for the participant. This represented 83.2% of the latencies overall.
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For each participant, mean targeGHQWLILFDWLRQ (T RU uw)YT 57V
were calculated for incompatibland neutrablistractor trials at each of the fivarget
distractor separations (1.8, 3.6, 5.4, 7.2 and 9.0 deg; see $3guamd 3% Moreover,

for each participant, ndistractor RTs (and errors) were randomly separated into five
bins, and mean RTs (and error percentages) were calculated for eahebnins were

used as baselines to match the five tadygtractor separations.

Six analyses were performed on mean RTs (and error percentages). The first three
analyses tested for the effect pérceptualload by comparing the condition dow
perceptal load (and low cognitive load) to the conditionhagh perceptual load (and

low cognitive load). The following three analyses tested for the effemgfitiveload,

by comparing the condition dbw cognitive load (and high perceptual load)the

cordition of high cognitive load (and higherceptual load).

Specifically, he first analysis comparethcompatibledistractor with no-distractor
performancgthus isolatingncompatibledistractor total interferengeas a function of
separation and percepiuload; the second analysis compamecbmpatibledistractor

with neutratdistractor performancéhus isolatingincompatibledistractor response
related interferenceas a function of separation and perceptual load; the third analysis
comparedneutratdistractor with no-distractor performancéthus isolatingsalience
related interferenceas a function of separation and perceptual load; the fourth analysis
compared incompatibledistractor with no-distractor performance(thus isolating
incompatibledistrador total interference as a function of separation and cognitive

load; the fifth analysis comparethcompatibledistractor with neutratdistractor
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performancgthus isolatingncompatibledistractor responseelated interferenceas a
function of separatin and cognitive load; and, finally, the sixth analysis compared
neutrakdistractor with no-distractor performance(thus isolating saliencerelated

interferencé as a function of separation and cognitive load.

Each of tleseanaly®s allowed us to test wtteer thetype ofinterference isolatedas
significant across separationsand whether the shape of the interference function of
separation was modulated by perceptual or cognitive load. Where interference as a
function of separation was significantly modtdd by perceptlizor cognitive load,
interpolation analysewaere applied to determine the separation at which the bottom of
the function occurred in each perceptoatognitiveload condition. This allowed us to
determine if the functions of separationene similarly focused in the different

perceptual and cognitiiead conditions.
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Figure 34
Experiment 11tLatencies The figure shows: (1) distractgresent mean latencies (in

ms) as a function of targelistractor separatn (in deg), targetlistractor
compatibility (incompatible or neutral) and perceptual load (high or;lowte that
cognitive load wa low in both conditiorjstsee black and darfgreylines and (2) ne
distractor mean latencies (in ms) as a functiorpeteptualload (high or low) tsee
light-grey lines Error bars depict +/ 0.5 SEM. {) = incompatible distractor; () =
neutral distractor; (FOA) = attended location.
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4.5.2.1 Comparison of incompatible - with no -distractor RTs as a function of

separation and perceptual load

Reaction times

This analysis tested for the effects of three factoasnely,Presence of Incompatible
Distractor, Separation and Perceptual Load on tadgetification RTs using a mixed
design ANOVA. Where there was a signifitameraction, additional analysesamely,
ANOVAs andinterpolation analysesvere performed to understand the origin of the

interaction.

Effects of Presence of Incompatible Distractor, and Separation

The main effects of both Presence of Incompatiblagr&isor, and Separation were
significant (respectively-(1,70) = 28.43p < 0.001, p2 = 0.289 and~(4,280) = 15.06,
p<0.001, p2 = 0.177) and the interaction between Presence of Incompatible Distractor,
and Separation was also significaR{4,280) = 1..30,p < 0.001, p2 = 0.139). In other
words, there was significanbcompatibledistractor total interferenceand the latter
varied with separation. Polynomial trends for the interaction showedhtwnhpatible
distractor total interferencas a functia of separation was explained by a combination
of linear and quadratic trends (respectivié(l,70) = 30.87p < 0.001, p2 = 0.306 and
F(1,70) = 12.82p=0.001, ,°= 0.155; the cubic and quartic trends hmdalues >

0.100), consistent wita Mexicanhat profile

Effect of Perceptual Load
First, the main effect of Perceptual Load was significant (participants were slower of

around 40 ms in the higherceptuaload condition;F(1,70) = 4.53p= p2=
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0.061), showing that the percepil@hd MmanlLSXODWLRQ DIIHFWHG
performance at the targetentification task (see Figu#)). Second, Perceptual Load

did not interact significantly with Presence of Incompatible Distraé¢i(t,70) = 0.98,

p= p2: 0.014). This suggests thatcompatibledistractor total interference
pooled across separations was similar in both percelg@alconditions. Third, both

the tweway interaction between Perceptual Load and Separation and thewvtyee
interaction between Perceptual Load, Presencelncbmpatible Distractor, and
Separation were significant (respectivél{4,280) = 6.05p < p2 = 0.080, and
F(4,280) = 3.68p = pz = 0.085). The significance of tltareeway interaction
suggests thahcompatibledistractor total interferencas a function of separatiomas

different in conditions of high and low perceptuado

Given the significant of the thregvay interaction, the effects of Presence of
Incompatible Distractor, and Separation were investigated separately for each condition
of Perceptual Load. In both load conditions, the interaction between Presence of
Incompatible Distractor, and Separation was significant (respectively, for low and high
load: F(4,140)= 10.20,p < o> = 0.226 andrF(4,140)= 5.83,p< o0 =
0.143). Polynomial trends for the interactions showed that, in thepéseeptuaload
condition, incompatibledistractor total interferenceas a function of separation was
explained by a linearend ¢(1,35) = 33.69p < p2 = 0.490; the quadratic, cubic

and quartic trends hagmvalues > 0.100) whereas, in the higirceptuaload condition,

it was explained by a combination of quadratic and cubic trends (respedi(EB5) =
10.17,p= o2 = 0.225 andF(1,35) = 12.41p o2 = 0.262; the linear and
quartic trends hag values > 0.100). Thusncompatibledistractor total interference

described a gradient pattern in the dperceptuaload condition but it described a
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Mexican-hat pattern in the higherceptuaload condition. This change in the
qualitativeshape of the function may have been due to an inward shift of the bottom of
the Mexican hatvith increasing perceptual logdee Figure34). This possibility was

tested usg interpolation analyses

Comparison of the locations of the bottoms of the functions of separation

Interpolation analyses were performed onittempatibledistractor total interference

as a function of separation in each perceghed condition (se Results oExperiment

2, Chapter 2, for details on the methodology used). The local minima derived from the

interpolation analyses were compared across load conditions.

The groupmean local minimum ofincompatibledistractor total interferenceas a
function of separation occurred at 6.59 deg (SEM = 0.36) in thepkrneeptuaload
condition and at 5.01 deg (SEM = 0.28) in the higihceptuaload condition. This
difference was significant(70) = 3.49p = 0.001, d = 0.862). In other wordbere was
significant evidence that the bottom of the profile of perceptual resources occurred

closer to the attended location in the hitjfan the lowperceptuaload condition.

Errors

For all comparisons, none of the main effects or interactions in errors gvaficant

(all p values > 0.100).
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4.5.2.2 Comparison of incompatible - with neutral -distractor RTs as a function

of separation and perceptual load

Reaction times

This analysis tested for the effects of three factoasnely, Compatibility (I. vs. N.),
Separation and Perceptual Load on taidentification RTs using a mixedesign

ANOVA.

Effects of Compatibility (I. vs. N.) and Separation

The main effects of both Compatibility (I. vs. N.) and Separation were significant
(respectively,F(1,70)= 26.64, p< 0.001, pz = 0.276 andF(4,280)=12.90, MSE =
773.5,p<0.001, pz = 0.156) and the interaction between Compatibility (I. vs. N.) and
Separation was also significanE(4,280)=2.50, p=0.043, pZ: 0.034). In other
words, there was significaimicompatibledistractor responseaelated interferenceand

the latter varied with separation. Polynomial trends for the interaction showed that
incompatibledistractor responseaelated interferenceas a function of separation was
explained by a combination of linear andbic trends (respectivelly(1,70) = 5.08,
p=0.027, ,°= 0.068 andF(1,70) = 3.31,p=0.073, ,°= 0.050; the quadratic and

quartic trends hag values > 0.100), consistent wdhMexicarhat profile

Effect of Perceptual Load

First, once agair(see Sectiort.5.2.1above) the main effect of Perceptuhbad was
significant (1,70)=5.60,p= p2= 0.079. Second, Perceptual Load did not
interact significantly with Compatibility (I. vs. N.)F(1,70)=0.047,p = p2 =

0.001). This suggests thacompatibledistractor responseelatedinterferencepooled
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across separations was similar in both perceptaa conditions. Third, while the two
way interaction between Perceptual Load and Separation was not signi¢g280)
= 1.78,p= pZ: 0.025), the threwvay interaction betweeRerceptual Load,
Compatibility (I. vs. N.) and Separation was significaf(4(280) =3.69, p = 0.006,
pz = 0.050). The significance of the threay interaction suggests thacompatible
distractor responseelated interferenceas a function of separati was different in

conditions of high and low perceptual load.

Given thesignificance of the threway interaction, the effects of Compatibility (I. vs.

N.) and Separation were investigated separately for each condition of Perceptual Load.
In both loadconditions, the interaction between Compatibility (I. vs. N.) and Separation
was significant (respectively, for low and high lo&¢4,140) =3.02,p = o=
0.079 and F(4,140) =3.16, p= »-= 0.083). Polynomial trends for the
interactions showed that, in the lgverceptuaload conditionincompatibledistractor
responseelatedinterferenceas a function of separation was explaineditiyear trend
(F(1,35)=9.89,p= pZ: 0.220; the quadratic, cubic and quartic trends fhad
values > 0.100) whereas, in the higérceptuaload condition, it was explained by a
combination of quadratic and cubic trends (respectively,35)=5.75, p=0.022,

pz =0.141 and~(1,35)=7.65,p = p2 = 0.179; the linear and quartic trends had
p values > 0.100). Thusjncompatibledistractor responseelated interference
described a gradient pattern in the dperceptuaload condition butti described a
Mexicanthat pattern in the higherceptuaload condition. This change in the
qualitativeshape of the function may have been due to an inward shift of the bottom of

the Mexican hatwith increasing perceptual load his possibility was testedusing

interpolation analyses
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Comparison of the locations of the bottoms of the functions of separation
Interpolation analyses were performed onitf@mpatibledistractor responseelated
interferenceas a function of separation in each percepingd condition The local

minima derived from the interpolation analyses were compared across load conditions.

The groupmean local minimum of incompatibledistractor responseelated
interferenceas a function of separation occurred at 5.46 deg (SEM = im4Bg low
perceptuaload condition and at 4.43 deg (SEM = 0.28) in the {pgiteptuaload
condition. This difference was significari(40) = 2.04,p = 0.044, d = 0.515). In other
words, there was once agaisignificant evidence that the bottom of tpeofile of
perceptual resources occurred closer to the attended location in thehaigim the

low-perceptuaload condition.

Errors

For all comparisons, none of the main effects or interactions in errors was significant

(all p values > 0.100).

4.5.2.3 Comparison of neutral - with no-distractor RTs as a function of

separation and perceptual load

Reaction times

This analysis tested for the effects of three factoemnely, Presence of Neutral
Distractor, Separation and Perceptual Load on tadgeitification RTs using a mixed

design ANOVA.
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Effects of Presence of Neutral Distractor, and Separation

The main effects of Presence of Neutral Distractor was marginally signiflegin?0Q)
=3.70,p=0.059, p2 = 0.050), the effect of Separation was siigaifit F(4,280) = 3.33,
p=0.011, p2 = 0.045), and the interaction between Presence of Neutral Distractor, and
Separation was marginally significarf(4,280) = 2.30,p = 0.059, p2= 0.032). In
other words, neutral distractors generated marginally $ignif saliencerelated
interferenceand the lattemarginallyvaried with separation. Polynomial trends for the
interaction showed thataliencerelated interferenceas a function of separation was
best explained by a linear trere({,70) = 5.60p = 0.021, p2 = 0.074; all other trends

hadp values > 0.100), thus describing a gradient rather than a Melxatgrattern.

Effect of Perceptual load
The main effect of Perceptual Load was significanta{esadyshownin Sectior4.5.2.1
above F(1,70)=4.72,p = p2 = 0.063, butPerceptual Load did not interact with

anyotherfactor (allp values > 0.100).
Errors

For all comparisons, none of the main effects or interactions in errors was significant

(all p values > 0.100).
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Figure 35
Experiment 11tLatencies The figure shows: (1) distract@resent mean latencies (in

ms) as a function of targelistractor separation (in deg), targeistractor
compatibility (incompatible or neutral) and cognitive load (high or low; note that
perceptual loadwvas high in both conditions}tsee black and darfgrey lines; and (2)
no-distractor mean latencies (in ms) as a function of cognitive load (high or i>e$
light-grey lines. Error bars depict +/0.5 SEM. {) = incompatible distractor; () =

neutral distractor; (FOA) = attended location.
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4.5.2.4 Comparison of incompatible - with no -distractor RTs as a function of

separation and cognitive load

Reaction times

This analysis tested for the effects of thfaetors,namely,Presence of Incompatible
Distractor, Separation and Cognitive Load on tardentification RTs using a mixed

design ANOVA.

Effects of Presence of Incompatible Distractor, and Separation

The main effects of both Presence of IncompatDistractor, and Separation were
significant (respectivelyt-(1,68) = 16.95p <0.001, pz = 0.200 and~(4,272) = 7.01,
p<0.001, p2 = 0.093) and the interaction between Presence of Incompatible Distractor,
and Separation was also significahR{4,272) = 5.98p < 0.001, pz = 0.108). In other
words, there was significambcompatibledistractor total interferenceand the latter
varied with separation. Polynomial trends for the interaction showedhtwnhpatible
distractor total interferencas a function of separation was explained by a combination
of linear and quadratic trends (respesiy F(1,68) = 13.56p < 0.001, p2 = 0.166 and
F(1,68) = 9.12,0=0.004, ,°= 0.118; the cubic and quartic trends hadalues >

0.100), consistent wita Mexicanhat profile

Effect of Cognitive load

First, the main effect of Cognitive Load was significant (participants were slofver
around 80 ms in the higtpgnitiveload condition;F(1,68) = 10.04p = o=

0.129), showing that the cognit"® RDG PDQLSXODWLRQ DIIHFWHG SD

at the targetdentification task (see FiguBb). Second, Cognitive Load dicdbhinteract
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significantly with Presence of Incompatible Distracte(1(,68) = 0.90p = p2 =

0.013). This suggests thacompatibledistractor total interferencepooled across
separations was similar in both cognitiead conditions. Third, whilehe tweway
interaction between Cognitive Load and Separation did not reach signifi¢gd¢c2/Q)

= 164,p= pZ: 0.024), the threwvay interaction between Cognitive Load,
Presence of Incompatible Distractor, and Separation was signifiegh2{2) = 3.05,
p= pZ: 0.084). The significance of this thraay interaction suggests that
incompatibledistractor total interferences a function of separation was different in

conditions of high and low cognitive load.

Given the significance © the threeway interaction the effects of Presence of
Incompatible Distractor, and Separation were investigated separately for each condition
of Cognitive Load. In both load conditions, the interaction between Presence of
Incompatible Distractor, and Sa@tion was significant (respectively, for low and high
load: F(4,140)= 5.83,p< o> = 0.143 andF(4,132)= 3.72,p= o0 =
0.101). Polynomial trends for the interactions showed that, in thedgwitiveload
condition, incompatibledistractor total interferenceas a function of separation was
explained by a combinatoof quadratic and cubic trends (respectivetyi,35) =
10.17,p= o2 = 0.225 andF(1,35) = 12.41p o2 = 0.262; the linear and
quartic trends hag values > 0.100) whereas, in the higbgnitiveload condition, it

was explained by a lear trend £(1,33) = 10.70p = o> = 0.245; the quadratic,
cubic and quartic trends hagdvalues > 0.100). Thusncompatibledistractor total
interferencedescribed a Mexicahat pattern in the lowognitiveload condition but it

described a gradnt pattern in the highognitiveload condition. This change in the
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qualitative shape of the function may have been due to an outward shift of the bottom

of the Mexican hat (see Figus®). This was tested usingterpolation analyses

Comparison of théocations of the bottoms of the functions of separation
Interpolation analyses were performed onittempatibledistractor total interference
as a function of separation in each cogniiv@d condition. The local minima derived

from the interpolation aalyses were compared across load conditions.

The groupmean local minimum of the total interference as a function of separation
occurred at 5.01 deg (SEM = 0.28) in the {oagnitiveload condition and at 6.52 deg
(SEM = 0.36) in the higltognitiveload condition. This difference was significant
(t(68) = 3.33p = 0.001, d = 0.837). In other wordbhere wassignificant evidence that

the bottom of the profile of perceptual resources occurred closer to the attended location

in the low thanin the highcognitive-load condition.

Errors

For all comparisons, none of the main effects or interactions in errors was significant

(all p values > 0.100).
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4.5.2.5 Comparison of incompatible - with neutral -distractor RTs as a function

of separation and cognitive load

Reaction times

This analysis tested for the effects of three factoasnely, Compatibility (I. vs. N.),
Separation and Cognitive Load on targkintification RTs using a mixedesign

ANOVA.

Effects of Compatibility (I. vs. N.) and Separation
The main effects of both Compatibility (I. vs. N.) and Separation were significant
(respectivelyF(1,68) = 20.46p < 0.001, ,?= 0.231 and~(4,272) = 12.89p < 0.001,

o2 = 0.159) but the interaction between Compatibility (I. vs. N.) and Separation was
not significant £(4,272) = 1.33p=0.260, ,°= 0.019). In other wordsncompatible
distractor responseaelatedinterferencewas significant but, overalflid not vary with

separation

Effect of Cognitive load

First, themain effect of Cognitive Loawvas significant &s already shown in Section
4.5.2.4above;F(1,68) = 11.16p = pz = 0.14). Second, theteraction between
Cognitive Load and Compatibility (I. vs. N.) was not significaR{1(68) = 0.19,

p= p2= 0.003). This showed thahcompatibledistractor responseelated
interferencepooled across separations was similar in both cogriiaé conditions.
Third, while the twoway interaction between Cognitive Load and Separation was
significant £(4,272) = 2.74p = o2 = 0.086), the threavay interaction between

Cognitive Load, Compatibility and Separation was not signific&,272) = 0.97,
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p= p2 = 0.014). The absence of significancettué threeway interaction shows
that incompatibledistractor responseelated interferenceas a function of separation
was not significantly affected by cognitive load. No further analyses were thus

performed on these data.
Errors
For all comparisons, none of the main effects or interactions in errors was significant

(all p values> 0.100).

4.5.2.6 Comparison of neutral - with no-distractor RTs as a function of

separation and cognitive load

Reaction times

This analysis tested for the effects of three factoemely, Presence of Neutral
Distractor, Separation and Cognitive Loadtargetidentification RTs using a mixed

design ANOVA.

Effects of Presence of Neutral Distractor, and Separation

The main effects of both Presence of Neutral Distractor, and Separation were
significant (respectively(1,68) = 6.70p =0.012, pZ: 0.090and F(4,272) = 4.60,
p=0.001, ,>=0.063) and the interaction between Presence of Neutral Distractor, and
Separation was also significarf(4,272) = 3.04,p=0.018, p2= 0.043). In other
words, neutral distractors generated significealiencerelated interferenceand the

latter varied with separation. Polynomial trends for the interaction showeshtteatce

related interferenceas a function of separation was best explained by a linear trend
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(F(1,68) = 12.07p=0.001, ,°= 0.151; all other treds hadp values > 0.100), thus

describing a gradient rather than a Mexita pattern.

Effect of Cognitive load
The main effect oCognitive Loadwas significan{as already shown in Sectidrb.2.4
above;F(1,68) = 10.27p= p2 = 0.131)but Caynitive Loaddid not interact with

anyotherfactor (allp values > 0.100).

Errors
For all comparisons, none of the main effects or interactions in errors was significant

(all p values > 0.100).

4.5.3 Discussion

First, when perceptual load wédsgh and ognitive load waslow, we observed a
Mexicarthat profile of perceptual resources. This finding provides an important
generalisation of previous findings of Mexiehat profiles around peripheral targets
(Muller et al., 2005; Experiments 3 ®and 8 to 10); central target presentation is
arguably a more ecologically valid scenario since sustained covert attention to
peripheral locations with fixed eyes is an exception rather than the rule: in everyday

life, our eyes closely follow our attention.

Second, wen perceptual load wdew and cognitive load wakw, we observed a
gradient profile of perceptual resources. This finding suggests that, in the low
perceptuaload (and lowcognitiveload) condition, the profile of perceptual resources

wasdefocusedit was too spread for the increasing arm of the Mexlenfunction to
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be sampled, especialpgainstthe effect of cortical magnification. Differences in the
perceptual load employed in past studies may thus explain why stdieshave
reported gradiernprofiles and others Mexicamat onegsee Chapters 2 and. 3)hile it

is not feasible precisely to evaluate and compare perceptual loads across published
studies, reports of gradient profiles may have involved-pevceptuaload settings,

where the targetlways occurred at the expected location and/or the display was
uncrowded (e.g., Henderson & Macquistan, )9¥ually, reports of Mexicahat
profiles may have involved difficult perceptual tasks, where the target location was

unknown and/or the display was crowded (e.g., Cutzu & Tsotso0s).2003

Third, when perceptual load wagyh and cognitive load walsigh, we also observed a
gradient profile of perceptual resources. Once again, this finding suggests that, in the
high-cognitiveload (and higkperceptuaload) condition, the profile of perceptual
resources wadefocusedit was too spread for the increagiarm of the Mexicafat
function to be sampled. In other words, the findingErperiment 11 like those of
Experiments9 and 10 suggest that increasing cognitive load causes the profile of
perceptual resources to spatially defocus (as indexed byiftiegsbut of the bottom of

the Mexicanhat function). Note that this finding was significant only in the analyses of
incompatibledistractor totalinterference(i.e., the combination a$aliencerelatedand
responseelated interference). On the whole, @ppeared that the sensitivity of the
method was increased by using a combinatiosatiencerelatedandresponseelated

interference rather than either aldensistent with the findings of Chapter 3)

In conclusion, the results of Experime8tand 1L confirm that perceptuahechanisms

(e.g., perceptual loadiffect the spatial focusing of perceptual resources, and the results
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of Experiment®, 10and 11 confirm that cognitivecontrol mechanisms are involved in
the focusing of perceptual resources. aittognitive resources are availables may
be able to focus perceptual resources (to a certain extent at least) simply through

cognitive engagement with a task requiring spatial selection.

4.6 Discussion of Chapter 4

Thefour experiments presented img chaptemproduced the following main results:

(@) distractor interference as a function of separation was fdaandescribe a
Mexicarthat patternwith peripheral target presentation (Experimegit® and
10; see Figure6, 29, 30, and32) as well as withcentral target presentation
(Experiment 11see Figur&4 and 3},

(b)  the interference function of separation becamere spatially focused when
perceptual load increased (as indexed by the bottom of the interference function
of separation occurring at a alier separation; Experimen& and 1L; see
Figures26 and34);

(c) the interference function of separatibacame morepatially defocused when
cognitive load increased (as indexed by the bottom of the interference function
of separation occurring at a largeeparation; Experimen® 10 and 11; see
Figures29, 30, 32 and35).

(d) there was a decrease in thenplitude of saliencerelated interference(not
accompaniedy changes in the focus of the interference function of separation)

when workingmemory span icreasedExperiment 8see Figur7);
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Our results have the following four implications. First, the Mexibah profile of
perceptual resources can be generalized to a more ecologically valid situation where
perceptual resources are at fixation. Secandreasing perceptual load does focus
perceptual resources in space as shown with cue/probe studies (Downingd;1a983

et al., 1996 Williams, 198§ but never directly with flanker studies. Third, the spatial
focus of perceptual resources is also affected by cognitive load. This confirms the
involvement of cognitiveeontrol mechanisms in the spatial deployment of gexeal
resources (Scerif et al., 2006-ourth, some results &xperiment 8appear consistent

with the view that selective attention operates at tifferént levels €.g.,Lavie et al.,

2004). According to this view, selection operates by reducing distractor interference not
only at a perceptual level (by variations in the spatial focus of perceptual resources) but
also at a later, pogterceptual leve(by the cognitive control of the intrusion of
perceptuallyprocessed distractors; e.g., de Fockert et al., 20@ie, 2000, 2005;

Lavie & Fox, 2000 Lavie et al., 2004 MacDonald & Lavie, 2008 Maylor & Lavie,

1998; Paquet, 2001 Pashler, 1999Yi et al.,, 2004. Thesefour implicationsare

elaborated belo\the last threare summarized in Figu@s).
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Figure 36
A schematic representation of the daahtrol model of selective attention.

4.6.1 Mexican-hat profile with central target presentation

The first novel finding ofthe present experimentgas that the profile of perceptual
resources around a central target is shaped like a Mexican hat under certain conditions:
the interference from peripheral andscaledncompatible distractors was shown first

to decrease but then to increase with increasing separation (in the face of decreasing
cortical magnification) in the higpherceptuaload/low-cognitiveload condition of

Experiment 11(note that the distractors weretrsraled for cortical magnification to
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avoid the possibility that the increase in interference with increasing separation was an
artefact of overscaling). This finding constitutes an important generalisation of previous
reports of Mexicarhat profiles arond peripheral targets (e.g., Miller et al., 2005
Chapters 2 and)3Using central target presentation is arguably a more ecologically
valid scenario since sustained covert attention to peripheral locations with fixed eyes is

an exception rather than thde: in everyday life, our eyes closely follow our attention.

4.6.2 Effect of perceptual load on the focus of perceptual resources

Experimens 8 and 11confirmed using the flanker task that, under conditions of high
perceptual load, perceptual resourcesdme more spatially focused (see Figa@

and 34 Downing, 1988 Handy et al., 1996; Williams, 1988The focusing effect of
perceptual load has been demonstrated usingudgrobegparadigm (Dowing, 1988;
Handy et al., 1996; Williams, 1988) but onigferred by flanker studies using a
distractor at a single fixed separation from the attended location (Forster & Lavie,
2008; Lavie, 1995 200, 2005; Lavie & Fox, 2000 Lavie et al., 2004 LaBergeet al,

199)). In fact, in Experiments &nd 1, it wasconfirmedthat because the profile of
perceptual resources follows a Mexidaat pattern,drawing conclusions about the
focus of perceptual resources using data from a sgaglaration can be misleadi(sge
Chapter 1) Indeed, it was shown that the effect of perceptual load depends on the
separation sampled: while nearer separations showed a decrease in interference with
increasing perceptual load (consistent with previouslifigs), larger separations
showed anncreasein interference with increasing perceptual load (see Figz6esd

34). This finding is currently not predicted by the widely cited load model (e.g., Lavie,
1995), according to which increases in perceptoal lalways cause a decrease in

distractor interference. If separation is not considered in load studies, bedtvdgn

245



comparisons and generalisations may be compromised, since the effect of perceptual

loaddepend®n separation.

Equally, if load is notconsidered in studies of the profile of perceptual resources,
betweenrstudy comparisons and generalisations about the characteristics of this profile
are compromised. For instance, in our hands, the bottom of the Médwatdanction

falls at a separationo smaller than 3.5 deg, when, in other hands (e.g., Hopf et al.,
2000, it falls at a separation as small as 1.4 deg to the attended location. This
difference in the spatial extent of the focus between our study and the study of Hopf et
al. (2006)possiblyarose because the latter study uagohradigm different from ours

that may have entaileoigher perceptual load. Likewise, there are many studiésein
literature arguing for a gradient profile that used stimuli with arguably lower perceptual
load. With lower load, perceptual resources would be considerably less well focused
DQG LW ZRXOG RQO\ EH SRVVLEOH WR VDP®@él WKH
function of separatio(see Chapters 2 and. 3s a result, a Mexicahat function would
present as a gradient function. In fact,Bxperiment 11 the interference function of
separation obtained under low perceptual load described a simple gpadient. If we

had not shown that the same function described a Mexican hat when perceptual load
was high, we would have had to argue that the profile of perceptual resources describe
a gradient in this experiment. This adds load to dkieer factors thathave been
proposed (see Chapter 2) to explain why some studies have concluded that the profile
describes a gradient while others, like ours, have concluded that it describes a Mexican

hat.
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In summaryjn Experiments3 and 1L of this chapter, it was showthat perceptual load
focuses prceptual resources in space. Thighlights the necessity of sampling more
than one spatial separation since sampling from only a single separation can be
misleading as to the direction of the effect of load. Finakpeiments in this chapter

may help in resolving the longstanding debate about the shape of the spatial profile of
perceptual resources: we suggest that it is always shaped like a Meatcdmut that,

under som@erceptuaload conditions, it may be mistakéor a gradient.

4.6.3 Cognitive control of the focus of perceptual resources

It has been suggested that cognibomtrol mechanisms are not involved in controlling

the focus of perceptual resources (de Fockert et al., 2Dadie et al., 2004 Lavie,

2005 Lavie & de Fockert, 20052006; MacDonald & Lavie, 2008 Yi et al., 2004).

This suggestion has been supported by fMRI findings that cognitive load did not change
the BOLD signal in perceptual areas to visual scenes presented in the background of
attended stimul{Yi et al., 2004)and that there was no effect of cognitive load on the
phenomological awareness or detectability of a peripheral irrelevant stimulus
(MacDonald & Lavie,2008). The results dExperiment 8appear consistent with this
suggestion: while individual differences in workingemory span (i.e., in the efficiency

of cognitivecontrol mechanism€£ngle et al., 1992Engle, 2002Kane & Engle, 2002

Lépine et al., 2005) affected the amplitude of distractor interference across separations,
they had no effect on the spatial focus of perceptual resources (i.e., they did not induce

any shift in the bottom of thiaterference function of separation; see FiQRife

Nevertheless, none of these findings rule out the possibility that cognitive control is also

involved in focusing perceptual resources. In Yi et al. (2004), the probe measuring the
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effect of cognitiveload had no spatial resolution given that it was a background scene
sampling all separations. Therefore any defocusing due to increasing cognitive load
would not have been measurable. In MacDonald & Lavie (2008), a single fixed
separation was used to indthe allocation of perceptual resources. Thus any variation
in this focusing might have been missed due to insufficient separation sampling.
Finally, in Experiment 8reported here, the absence of an effect of worknegnory

span on the focus of perceptuasources may have resulted from a lack of power of the
manipulation of span. Thus, even participants with poor cognitive control (i.e., low
working-memory span) may not have had their cognitieatrol resources exhausted

by the arguably low cognitive & involved in performing the experiment (in
Experiment 8 all participants had to do was to keep in mind the target template and

task instructions).

Experiments9, 10and 1L sought to overcome the above limitations by exerting strong
demands on cognite/control with a difficult memory task (Experime®and11; as in
MacDonald & Lavie, 2008, and Yi et al., 2004), or a calculation tBgkbdriment 1},

and simultaneously measuring the spatial profile of perceptual resources. It showed
that, under condiins of high cognitive load, the bottom of the Mexidat
interference function of separation moved away from the attended location (see Figures
29, 30, 32 and 3p thus providing evidence that cognitigentrol mechanisms are after

all involved in the fausing of perceptual resources and lending support thrithegs

of Scerif et al. (20065ee Figure6).

This effect of cognitive load on the focus of perceptual resounessthe same

implication as the effect of perceptual load, namely, it may expldny some studies
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have generated gradient rather than Mexitanfindings (if cognitive load was higher
in these studies, perceptual resources would have been more defocused and these

studies would have revealed a gradient rather than a Mexican hat).

4.6.4 Visual selective attention operates at two different levels

Experiments8 to 11 have provided evidence that distractors can be excluded at a
perceptual level, by spatially focusing perceptual resources on the attended location. In
addition, the resulbf the workingmemoryspan manipulation iExperiment gi.e., an
increase in distractor interference across separation not accompanied by a change in
focus when memory span decreased) appears consistent with the existence of a second
postperceptual leMeof selection, which is negpatial in nature and blocks perceptually
processed distractors from further intrusion (when they have been poorly filtered at the
perceptual levelsee Figure6; de Fockert et al., 2001 avie et al., 2004; Lavie & Fox,

200Q Lavie, 2005; Maylor & Lavie, 1998aquet, 2001

Given that the pogterceptual level of selection is assumed to operate on the output of
the perceptual level of selection, it can be expectedtthdt exert a smaller impact on
performancewhen distractors have been more efficiently excluded at the perceptual
level. Indeed the results ofExperiment 8suggest that the increase in distractor
interference with decreasing workingemory span was smaller at the bottom of the
Mexicanthat where distractors had been excluded the most efficiently at a perceptual
level (see Figur@7; note that this interpretation must be taken with caution as there
was no significant interaction between the amplitude of distractor interference and
separation). Other studies have provided evidence in favour of this idea. For instance,

Lavie and Fox (2000) showed that the negative priming of distractor stimuli
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disappeared for distractors that did not cause interference (i.e., that had not been
perceptually processed). Oretlother hand, when distractors caused interference (i.e.,
when they had been perceptually processed), they produced negative priming, which
suggested an inhibition at a pgsrceptual level of perceptually processed distractors.

Similar results were reptad by Paquet (2001).

It is noteworthy that, overall, there was not much evidence in Experideiisand 11

that the manipulations of cognitive load impacted on-pesteptual levels of selection

(i.e., there was no general increase in distractorference across separations under
conditions of increased cognitive load). This may have been due to a change in the

focus of perceptual resources that made the amplitude effect more difficult to observe.

4.7 Conclusions

In summary, in this chapter, wethYH XVHG (ULNVHQTV IODQNHU S|
Hoffman, 1972, 1973to test the effect of perceptual and cognitive load on distractor
interference. Two dependent variables were usethelya the distractemterference

function of separation and the amplitude of distractor interference, in order to
discriminate between effects of load on, respectively, perceptual levels of attentional
selection (i.e., the focusing of perceptual resoQr@esl posperceptual levels of
attentional selection (i.e., the pgstrceptual blocking of processed distractors). The
following four important results were produced: (1) the spatial profile of perceptual
resources is shaped like a Mexican hat even weétitral target presentation (Muller et

al., 2005 Chapters 2 and)3(2) increasingperceptualload causes amcreasein the

spatial focus of perceptual resources; (3) increasggpitiveload causes decreasan

250



the spatial focus of perceptual resostcand (4) decreasing workkmgemory span
reduces posgperceptual selection. These findings are consistent with acdoabl
model of selective attention (see Figu8®. According to this model, the focus of
perceptual resources (the perceptual levesaléctive attention) and what we see is

modulated not only by perceptualt also by cognitiv&ontrol mechanisms.

In the following chapter, we test the effect of two other factors oexteat of focus of

perceptual resourcesiamely, individual differences in cognitive failurgor the

deploymenbf cognitive resourcegnd trait anxiety.
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CHAPTER 5- COGNITIVE FAILURE AND TRAIT

ANXIETY

5.1 Introduction : Effects of cognitive failure and trait anxiety on

the profile of perceptual resources

In Chapter4, we have shown that previous flanker studies that have tested the effects of
perceptual and cognitive loah selective attention did not manipulate taigjstractor
separation and, therefore, could not distinguish between effects originating atysdrcept
versus posperceptual levels of selection. Moreover, when ladfécted perceptual
levels of selection previous studies could not isolate the direction of dffect (i.e.,

whether it involveda focusing oadefocusing of perceptual resources).

Numerous studiesrothe effecs of individual differences on selective attention suffer
from the same limitatiannamely, they dichot manipulate separatioin this chapter,
we focugdon twokindsof individual differencesnamely,the deployment of cogrive
resources, ocognitive failure(Broadbent, Cooper, FitzGerald, & Parkes, 19&ad
trait anxiety (Spielberger, Gorsuch, Lushene, Vagg, & Jacob83)]1%hat have been
suggested to affect selective attentigve used a flanker task with a manipulation of
targetdistractor separation (see Chapters 2, 3 anda#y tesed whether cognitive
failure really affects pogperceptual levels of selectigias proposedby Forsterand
Lavie, 2007, but not directly shownpr, instead/alsoaffectsthe perceptual level of

selection (i.e.,the extent offocus of perceptual resourg¢esn addition, we tesed
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whether trait anxietyreally affects perceptual levels of selectiofas proposed for
instance, by WIltman, Smith andEgstrom 1971 but not directly shown)or,
insteadalso,the efficiency of posperceptual levels of selectiolf.anxietyreally does
affect the perceptual level of selection, we investigated the direction of this effect (i.e.,
whether it involveda focusing or defocusing of perceptual resources) as previous
studies have argued for botBelow, we review the literaturthat existon the effect of

cognitive failure anan the effect of trait anxietyn selective attention

5.1.1 Cognitive failure

Cognitive failure LQGH[HV L Q G Lr¥poteddyédyddyakddr@rindedness and
failures of attention (Forster & Lavie, 2007; Tipper & Baylis, 198 is measured

using a questinnaire developed by Broadbent et (40982 see Appendix 13 In this
qguestionnaire, individuals are asked to provide information about the frequency during
the last six month of 25 everyday errors (such as forgetting where one pu§ &ngs,

failing to see a roagign or dropping somethilgThe measure extracted from this
qguestionnaire has been found to be reliable over time, suggesting that it reflects a
personality traitrather than just a state (Broadbent et al., 1982; Smith, Chappelow, &

Belyavin, 1995.

In several studies the literature, participants with high cognitifeglure scores have
been found to be more impaired by the presence of peripheral distractors than
participants with low cognitivéailure scores (Forster & Lavie, 2007; Kramer et al.,
1994; Martin & Jones, 1983 ipper & Baylis, 198). This finding has been interpreted

as evidence that poeperceptual levels of selective attention are less efficient in
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participants with higlcognitive failure (Forster & Lavie, 2007As we haveadiscussed

in Chaptes 1 and4, however,this finding mayequally wellreflect a decrease in the
efficiency of perceptual levels of selective attention (i.e., defocused perceptual
resources]! If cognitive failure reflects a decrease in tHeploymentof cognitive

resources, both these interpretations could be true (see Chapter 4).

If the first possibility is trug(i.e., postperceptual levels of selective attention are less
efficient in participants wit high cognitive failurejhen,when distractor interference is
indexed as a function of separation (see Experiments 11l}othe amplitude of
distractor interference across separasimuld be higher in participants with high than
with low cognitive falure but the extent of focus of the interference functions should be
the same in both groups (see the effect of worknmggnory span irExperiment 8
Chapter 4). On the other hantlthe secondpossibility is trug(i.e., perceptual levels of
selective atntion are less efficient in participants with high cognitive failutbg
interference function of separation should be mawfcusedn participants with high

than with low cognitive failure.

In Experiment 12 we used the data collected Experiment8 to test tlese two

hypothesed® The cognitivefailure scoreof all the participants who participated

7 Note that tle finding of an increase in distcéor interferencecould also reflect a
focusing rather than adefocusing of perceptual resourcesege Figures 26 and 34,
Experiments 9 and 12, Chapter 4) but this possibility is not considered as there is
arguably no theoretical justificatiofor why paticipants with high cognitive failure
shoulddisplaymorefocusedoerceptual resources.

18 \We used thsedatabecause we tested a high number of participants in Experiment 8,

which allowed us to test for the effect of individual differences.
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Experiment 8 ZDV PHDVXUHG XVLQJ %URDGEHQWTfV &RJQI
(Broadbent et al., 19829nd distractor interference as a function of saji@n was
compared across groups of low and high cognitive failliree effect of Perceptual

Load (measured iBxperiment § wasalsoincluded in the analysis &xperiment 12as

Forster and Lavie (200 Havefound that cognitive failure affects distractoterference

onlyin conditiors of low perceptual load.

In Experiment 12it wastested whethgparticipants with high cognitive failure shed
(1) overall higher distractor interference than participants with low cognitive failure but
no change in thdocus of the function of separatior (20 a more defocused

interference function of separation

5.1.2 Trait anxiety

-XVW OLNH FRJQLWLYH IDLOXUH WUDLW DQ[LHW\ LV
level of trait anxiety predicts how likeli is for this individual to experience state
anxiety,namely,to experience stress or worry, in a stressful condition (Eysenck,;1992
Eysenck, Derakshan, Santos, & Calvo, 20@7s argued that the more an expeental

task is difficult (e.g., when perceptual load is high) and/or stressful, the more
individuals with high trait anxiety will experience state anxiety and differ in their
performance from individuals with low trait anxiety (Eysenck & Graydon, 1989

Markowitz, 1969 Murray & Janelle, 2003

Both the effects of trait and state anxiety on selective attention have been addressed in

the literature. We review below findingsst of studies measuring the effect of state
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anxiety and themf studies measuring the effeaf trait anxiety.The studies reviewed
all assumed an effect on the focus of perceptual resources (i.e., an effect at the
perceptual level of selection ratherathat a posperceptual level of selection) but

disagreed about the direction of this effect.

Several results published in the literatti@/e beerarguedto be compatible with the
ideathat state anxiety affects thecusof perceptual resources (BrausistBercovitz,

2003 Dusek, Kermis, & Mergler, 197®usek, Mergler, & Kermis, 197@Easterbrook,

1959 Janelle, Singer, & Williams, 199%hapiro & Johnson, 198Bhapiro & Lim,

1989 Solso, Johnson, & Schatz, 1968eltman, Smith & Egstrom, 197 Williams,
Tonymon, & Anderson, 199099]). However, there exists a controversy with regard

to thedirection of this effect. Namely, some authors have proposed that an increase in
state anxietyfocuses SHUFHSWXDO UHVRXUFHV FUeéslisVihQJ pW
improved performance on the task in hand (Easterbrook, 1959; Staal), 200dreas

other authors have proposed that state anxietycuseperceptual resources, creating
proad YLV L R Qfow&/ K® &urly detection of threatening stimuli (Eysenck, 1,992
Rachman, 1988)/Ve report below instances of the evidence that has been used to argue

for each view.

Several authors have shown that, in conditions of high state anxiety, iradsvate less
able to respond to stirfiwccurring removed from the attended locati@m the basis of
this finding, these authors have argued that state anxietxgsesperceptual resources
(Easterbrook, 1959; Janelle, Singer, & Williams, 1999; Williams, Tonymon, &
Anderson, 1990, 1991). Fonstance, in Weltman, Smith and Egstrom (1971), the

participants carried out a dual visual task that consisted in (1) a central acuity task and
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(2) a peripheral detection of a flashing light. State anxiety was created by having the
participants perform tki dual task in a copy of a pressure altitude chamber (i.e., a
simulation of a dangerous situation). Half the participants were lead to believe that they
were performing a 60ft dive (higginxiety condition; the increase in anxiety was
established through @uestionnaire and an increase in heart rate). The other half of the
participants thought that theyemainedat sea level (nodangerous lovanxiety
condition). It was found that the higitateanxiety group only detected half as many
peripheral flashing ghts as the lovanxiety group, leading the authors to suggest that
the participants in the higbtateanxiety group displayed a spatial focusing of

perceptual resources.

In contrast with these findingspme authors have shown that, under increased state

DQ[LHW\ SDUWLFLSDQWVY SHUIR ebv@d- fronDtthé U H V §

attended locatiormproves (Dusek et al., 1975976 Shapiro & Johnson, 198%olso,

Johnson, & Schatz, 19h&nd (2) the interference generated by distraatemsoved

from the attended locatidncreases (BraunsteiBercovitz, 2003. On the basis of these

findings, it has been argued that state anxsjocusesperceptual resourcesor

instance, thiziew was expressed ithe study of Shapiro and Lim (198% which two

groups of participants were tested undiferent stateanxiety conditions. State anxiety

was manipulated by having each group listen to a different piece of music during the

performance of a visual task: one piece of music wanded to inducedDd Q[LHW\ pun7K't

5LWH RI 6SULQJY |wWHidthé btheDwakn@erdednot to induce anxiety
H%DOODG IRU SLDQR DQG RUFKdf WagdJdetes o) Rudmr) D X U H

state anxiety waseportedby Albersnagelin 1988. The visual task consisted in

deciding whether a stimulus had appearedixation or in the periphery. @ some
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dualftrials, a stimulus occurred simultaneouslyfiaation and in the perigry. On

those trials, the participant had to decide which stimulus they hadfisgterit was

found that, @ dual trials, participants in the lestateanxiety condition responded
more often that they had seen the central stimfifst, whereas participants in the high
stateanxiety condition responded more often that they had seen the peripheral stimulus
first. Shapiro and Lim (1989) argued that perceptual resources weredefooeisedn

the highstateanxiety condition.

The dove findings were all obtained in studies that have manipukitgd anxiety.
Fewer studies have tested the effedrat anxiety on selective attentioNevertheless,

just like the studies of state anxietgtudiesof trait anxiety have madecontradi¢ory
conclusions Thus, Derryberry and Reed (199&nd Murray and Janell@03 have
argued thatin stressful conditions, perceal resources are mofecusedn individuals

with high trait anxiety whereas Markowitz (1968nd Eysenck and Graydon (1989
havearguedjust the opposite, namely that, in stressful conditions, perceptual resources

are moradefocusedn individuals with high trait anxiety.

Neverthelessall the conclusions about the effect of state and trait anxiety on the focus
of perceptual resources are undersupported by theaatheabovestudies tested the

effect of anxiety by sampling just one spatial separafiom the attended location

They assumed that an increase in performance at detecting a peripheral probe or in the
interference from a peripheral distractor meant that perceptual resources were more
defocused (and vice versa). Yet, as was shown in ExperirBetasll, this is not

always true: the focusing of perceptual resources may be accompanied by an increase in

distractor interference at some (large) separations. This is because focusing the
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Mexicanthat profile of perceptual resmes causeperceptual resources to decrease at

some separations bmicreaseat other ones (see Figurg8and34).

A furtherlimitation of previous studies is that they did not address the possibility that
anxiety might affect postperceptual levels of selectiomstead of(or in addition tQ
perceptual levels of selectioffhis is all the more remarkablgiven that, to our
knowledge, thees of anxiety all suggest that the effect of anxiety occurs at cognitive
levels, by increasing cognitive effort or decreasing the availability of cognitive
resources (seBiscussion of this chapterSimilarly, given that the effects of anxiety
have typcally been suggested to take place at a perceptual level (i.e., by focusing or
defocusing perceptual resources) is surprising that anxiety theoristsave not
suggestdthat anxietymay affectthe availability ofperceptuakesources, by increasing

or decreasing the size of the paafl perceptual resourceb other words, the anxiety
literature has historically not appliethe reasoning of load theory (e.g., Lavie et al.,
2004)that postperceptual effects are modulated by cognitive processes andtpaicep

effects by perceptual processes.

In the present experimenive measured the effect of trait anxitpn distractor
interference as a function of separationorder to be in a position to distingti
between effects of anxiety perceptual and pogterceptual levels of selecti@nd if

there are effects gerceptual leveldn order to be able to isolate the&ection of these
effects This was done ifExperiment 12a reanalysis ofExperiment &see Chapter 4)

Trait anxiety was measured usinglISBOEHUJHUfV 7UDLW $Q[LHW\ ,QVYlI

9 Trait rather than state anxiety wased for methodological reason,the measuresf

anxiety were collected on a different day from flaekerdata.
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al., 1983 seeAppendix14). We did not make anlgypothesis abouhe nature of the
effect of trait anxiety (see abova)e neverthelesgredicted that, if trait anxiety was
found to have an effectthis effect would be strongerin the highperceptuaload
condition of Experiment 8 simply becauséhis conditionshouldhavegeneratd more

stateanxietyasit was arguably more stressfiBmith & Jones, 1992).

5.2 EXPERIMENT 12 Cognitive failure and trait anxiety

5.2.1 Method

5.2.1.1Design
A mixed design was used in which targigtractor separation (at fixed stimulus
eccentricity) and perceptual load were manipulated within participants and trait anxiety

and cognitive failure wermeasured acrogmrticipants.

5.2.1.2 Participants

The data obtained iBxperiment 8from 54 participants from Goldsmiths College (47
females; 6 lefhanded; mean age 22.8 yr; age range 18 to 28egr Appendi®) with
normal or correctetb-normal vision vere used. The sges for trait anxiety and

cognitive failure of these participants were collected.
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5.2.1.3Procedure

5.2.1.3.1 Coqnitive Failure

&RIQLWLYH )DLOXUH ZDV PHDVXUHG XVLQJ %URDGEH
(Broadbent et al., 1982; sé@pendix13). This questionnaire required the participants
WR DQVZHU TXHVR/ ARIVDDFRVRVQQRWLFH VLDQSRVW\
you start doing something at home and then get distracted into doing something else
XQLQWHQWLRQDOO\ "é gquaVifled:J(LRV@y often; (2 Kdditd bften; (3)
occasionally; (4) very rarely; or (5) never. Each response was scored frommhéoet
rHVSRQVH pu 1 HMYHU\ RIWHQY UZDAS FD@VZHD \IV TV FIRTUHL @V Hit
DOZD\V VEFE&d ALGa edf, each participant was given a score from 0 to 100,
where 0 represented the lowest possible cognitive failure and 100 the highest possible.

The participants filledn the questionnairafter the completion dExperiment 8

5.2.1.3.2 Trait Anxiety

TraiWw DQ[LHW\ ZDV PHDVXUHG XVLQJ 6SLHOEHUJHUYfV 71
al., 1983; sedppendix14). This questionnaire required the participants to assess how
twenty statements aped to themin general For instance, they had to say whethnr t
VWDWHPHQW 3, IHHO QHU YRt themQ(®) alhtdst WievetV(@) DS S
sometimes; (3) often; or (4) almost always. Each response was scored from 1 to 4. A
scoring sheet was used to score each answer. Each participant was given a score from
20 to 80, where 20 represented the lowest possible trait anxiety and 80 the highest
possible. Most of the participants fillad the questionnaire during a questionnaire
session at the beginning of the university year. Those who had not yetiriltbe

guestonnaire at the time of the experiment dicagier completion oExperiment 8
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5.2.2 Results

)LUVW WKH SDUWLFLSDQWVY TXHVWLRQQDLUHV ZHUH
Inventory, the average score was 41.6 and the median score 39.5. Tdipgpdstwere

median split into two groups of 27 participants each (with scores ranging from 26 to 39
LQ WK-taitD®EZHW\] JURXS DQG |URRait- DWRLHW\J WKRIX K
%URDGEHQWTV &RJIJQLWLYH )DLOXUH waX H4¥Wdn® & DL UH
median score 46.5. The participants were median split intaltfferent groups of 27
SDUWLFLSDQWY HDFK ZLWK VFRU Hdgnitied DILQ@X UHRIPIJ U R

DQG IURP WR -cogitive/IKOHL @ KUHK] JURXS

ASstDWLVWLFDO DQDO\VLYV WKHQ F-Brestid BFsGans RIUbvE)L F L S |
with no-distractor RTs (and errors) as a function of tadjstractor separation (1.8, 3.5,

5.1, 7.7 or 9.0 deg), perceptual load (low or high), trait anxiety (low or lagH)
cognitive failure (low or high) using a mixatksign ANOVA.Because there was a
correlation between the scores of trait anxiety and cognitive failure (participants with
higher trait anxiety also tended to have higher cognitive failure0.290,p = 0.033;

see Figure87), there were more participants in the groups high both in trait anxiety and
cognitive failure (6 participants), or low both in trait anxiety and cognitive failuré (1
participants), than in the group high in trait anxiety and lowagndive failure (11
participants) or in the group low in trait anxiety and high in cognitive failure (11

participants).
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Figure 37
Scatter plot showing the relation between trait anxiety and cognitive failure scores.

As in Expeaiment § the statisticalanalysis tested for the significance of distractor
saliencerelated interference (isolated by comparing distractpresent with ne
distractor performance) and it extractealiencerelated interferenceas a function of
targetdistractor separation (see ResultsExperiment 8. Critically, the analysis tested
whether theextentof saliencerelatedinterference andsaliencerelatedinterferenceas

a function of separatignvere affected by trait anxiety and cognitive failure.
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5.2.2.1 Comparison of neutral -distractor with no -distractor RTs as a function

of separation, perceptual load, trait anxiety and cognitive failure

Reaction times

Effects of Presence of Neutral Distractor, Separation and Perceptual Load

The results of the med-design ANOVA repeated thefetts shown irExperiment 81t

was found that: (1)neutral distractors generated significargaliencerelated
interference(i.e., the main effect of Presence of Neutral Distractor was significant:
F(1,50)=53.90,p < 0.001 pZ: 0.519; (2) ths interferencevaried with separation
(i.e., the interaction between Presence of Neutral Distractor and Separation was
significant: F(4,200)=3.92,p = p2 = 0.073)describinga Mexicanhat pattern

(3) participants were slosv with high thanwith low perceptual loadi.e., the main
effect of Perceptual Load was significaf(1,50)=153.53,p < pZ: 0.754)

and (4) theinterference function of separation was different in the two load conditions
(the interactiorbetween Presence of Neutral Distract8eparatiorandPerceptual Load
was significantF(4,200)= 3.04,p = p2 = 0.057 as the bottom of the Mexican

hat occurred closer to the attended location with high than with low perceptual load.

Effecs of Trait Anxietyand Cognitive Failur&’
The novel finding of this experiment was one involving Trait Anxiety: the interaction
between Trait AnxietyPresence of Neutral Distractand Separation was significant

(F(4,200) = 2.48p =0.045, pz = 0.147), showing it saliencerelatedinterferenceas

20 |n this section, unlike in previous ones, significant results are presented first due to

the large number of maieffects and interactions to be reported.
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a function of separation watfferentin high- and lowtrait-anxiety participantgsee
Figure 38). Given the significance of this interaction, the effect of Separatith
Presence of Neutral Distractevas investigatedseparately for each level of Trait

Anxiety.

When Trait Anxiety was low, the interaction between Presendéeatral Distractor
and Separation was significarf(4,104)=2.65, p= p2: 0.193). Polynomial
trends forthe interaction showed thaaliencerelated interferenceas a function of
separation was best explained by a quadratic tré{t,26) = 8.34,p = 0.008, pZ:
0.243; thep values for all other trends were abd¥400). When Trait Anxiety was
high, the interaction between PresenceNetitral Distractor and Separation was also
significant €(4,104)=3.77, p= pZ: 0.127). Polynomial trends for the
interaction showed thagaliencerelated interferenceas afunction of separation was
best explained by a cubic trere(1{,26) = 9.22p = 0.005, pz = 0.262; thep values for
all other trends were abovelQ00). Therefore, in both lowand hightrait-anxiety
participants, the profile of perceptual resources waspad like a Mexican hat.
Nevertheless, it appeared that the profile was more focused in the high than in the low
trait-anxietycondition(see Figure38). This was tested using interpolation analyses

Resuls section ofExperiment 2for more details orthe methodology used for these

interpolations)
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Figure 38
Experiment 12tLatencies The figure shows: (1) neutrdistractor mean latencies (in

ms) as a function of targelistractor separation (in deg) and trait anxiety Wloor
high) xsee black lines; and (2) rdistractor mean latencies (in ms) as a function of
trait anxiety (low or high)tsee grey lines. Error bars depict-+#0.5 SEM. (FOA) =
attended location.

In each conditiorof Trait Anxiety, and for each participarthe separation at which the
HORFDO PLQLPXPY RU ERWWRP RI WKH LQWHUIHUHQFH
distractor interference stopped decreasing and started increasing) was estimated by
calculating the derivative of the cubic functiohhe local minima so derived were
compared across the two Trait Anxiety conditions. The graepn local minimum
occurred at 5.38 deg (SEM = 0.34) in lonait-anxiety participants and at 4.31 deg

(SEM = 0.36) in higkrait-anxiety participants. The differendeetween the two
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conditions was significant(62) = 2.17, p = 0.035, d = 0.594): the local minimum of
the interference function of separation was closer to the attended locgianticrpants
with high trait anxiety than irparticipants witHow trait arxiety (see Figur&8).?* This
finding sugges that the profile of perceptual resources becanoee focuseds trait

anxiety increased.

In sum, both perceptual load and trait anxiety were shown to focus the profile of
perceptual resources (see respectivebylts ofExperiment &nd the results above). In

this context, the question of whether the effects of perceptual load and trait anxiety on
the focus of perceptual resources are indepensdgairticularly relevant. Theepeated
measureANOVA showed thathe interaction betweeRresence of Neutral Distractor,
Separation, Perceptual Load afidhit Anxiety, was not significant<(4,200) = 1.68,
p=0.157, pZ: 0.032). This findig suggests that the effects of Perceptuad(see
Experiment § and Trait Axiety (see abovedn theinterference function of separation
were independeneven thoughhe dataappears to suggettatthe effect of tait anxiety

was apparenonly in the highperceptuaload conditionor, alternatively, that the effect

of perceptuaload was apparent only in the higfait-anxiety conditiorn(see Figure39).

1 The location of the bottom of the function was also found to be inversely correlated
ZLWK SDUW LankiStpLoones (G4 DTS\ = 0.045)
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Figure 39
Experiment 12+ Latencies The figure shows: (1) distractor interference (neutral

minus nedistractor RTs; in ms) as a function of targlgtractor separation (in deg),
trait anxiety (low or high) and perceptual load (low or high). Error bars depietOt
SEM. (FOA) = attended location.

None of the other effects involving Trait Anxiety and no effect involving Cognitive

Failure were signi€ant, as detailed below.

First, neither the main effect of Trait Anxiety nor that of Cognitive Failure were
significant (respectively=(1,50) = 2.54,p=0.117, pZ: 0.048and F(1,50) = 0.14,
p =0.906, p2 = 0.000); absolute RTs were similf@r high and low Trait Anxiety and

for high and low Cognitive Failure.
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Second, neither Trait Anxiety nor Cognitive Failure interacted significantly with
Perceptual Load (spectivelyF(1,50) = 0.10,p=0.757, pzz 0.002 andF(1,50) =
0.01,p =0.936, pz = 0.000), showing that Trait Anxiety and Cognitive Failure did not
change the effect of Perceptual Load on overall performance. Thenhyei@teraction
between Trait Anbety, Cognitive Failure and Perceptual Load was not significant either

(F(1,50) = 0.67p=0.416, ,*=0.013).

Third, neither Trait Anxiety nor Cognitive Failure interacted significantly \witesence

of Neutral Distracto(respectivelyF(1,50) = 0.06p = 0.802, pz = 0.001 and~(1,50) =
1.26,p =0.267, pz = 0.025), showing that neither Trait Anxiety nor Cognitive Failure
affectedsaliencerelated interferencecross separationd other words, neither Trait
Anxiety nor Cognitive Failure had an eftean postperceptual levels of selection in
this experimentThe threeway interaction between Trait Anxiety, Cognitive Failure
andPresence of Neutral Distracteas not significant eitheF(1,50) = 0.91p = 0.346,

o> =0.018).

Fourth, the interactiobetween Cognitive Failure, Presence of Neutral Distractor and
Separation was not significarf(@,200) = 0.16p = 0.956, pz = 0.003), showing that
distractor interference as a function of separation was not affected by Cognitive Failure
(see FiguretQ). The interaction between Trait Anxiety, Cognitive Failure, Presence of
Neutral Distractor and Separation was not significant eiff@,200) = 0.58p = 0.679,

o> =0.011).
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Figure 40
Experiment 12tLatencies The figure showq1) neutratdistractor mean latencies (in

ms) as a function of targelistractor separation (in deg) and cognitive failure (low or
high) +see blacKines and (2) nedistractor mean latencies (in ms) as a function of
cognitive failure (low or high}see greylines Error bars depict +/ 0.5 SEM. (FOA) =

attended location.

Fifth, neitherthe interaction between Trait Anxiety and Separation that between
Cognitive Failure and Separatiowas significant fespectively F(4,200) = 3.43,
p=0.064, ,>= 0.043 and~(4,200) = 0.16p =0.960, ,°= 0.003), showing thaRTs
(pooled across distractpresent and ndistractor conditions) as dunction of
separation wre not significantly affected byTrait anxiety orCognitive Failure. The
threeway intgaction between Trait Anxiety, Cognitive Failure and Separation was not

significant either(4,200) = 0.51p =0.730, p2 = 0.010).
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Sixth, the interactions between Trait Anxietiyyesence of Neutral Distract@nd
Perceptual Load, between Cognitive Eegl, Presence of Neutral Distract@nd
Perceptual Load, and between Trait Anxiety, Cognitive FailBresence of Neutral

0.88,

Distractor and Perceptual Load were not significant (respectivie(iL,50)
p=0.353, ,”= 0.017;F(1,50) = 0.33,0=0.566, ,°= 0.007; andF(1,50) = 0.02,
p=0.881, ,°= 0.002). This shows that Trait Anxiety and Cognitive Failure did not

affectthe effect of Perceptual Load omeralldistractor interference.

Seventh the interactions between Trait Anxiety, Perceptual d.@amd Separation,
between Cognitive Failure, Perceptual Load and Separation, and between Trait Anxiety,
Cognitive Failure, Perceptual Load and Separation, were not significant (respectively,
F(4,200) = 0.45p=0.769, ,°= 0.009;F(4,200) = 0.25p=0.909, ,°= 0.005; and
F(4,200) = 0.76p = 0.555, pz = 0.005). This shows that Trait Anxiety and Cognitive
Failure did not change the effect of Perceptual Load on the RT function of separation

(obtained by pooling distract@resent and ndistractor RTs aeach separation).

Finally, the interaction between Cognitive Failuferesence of Neutral Distractor
Separation and Perceptual Load was not signifida(#,200) = 0.66p =0.617, p2:
0.013). This suggests that Cognitive Failure did not changeaiiesihg effect of
perceptual load. The fiveray interaction between Trait Anxiety, Cognitive Failure,
Presence of Neutral DistracioBeparation and Perceptual Load was not significant

either F(4,200) = 0.80p =0.525, ,* = 0.016).
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Errors

The results of the repeatetheasures ANOVA repeated the effects shown in
Experiment 8 It was found that: (1) participants made more errors in the high
perceptuaload conditionthe main effect of Perceptual Load was signific&(t;,50) =
180.54 p<0.001, p2: 0.783; but (2) there was naignificant saliencerelated
interferenceon errors(the main effect of Presence of Neutral Distractor was not
significant: F(1,50) =0.28 p =0.602 p2 = 0.005); and (3) there was nevidence that
saliencerelated interferencevaried with separation ierrors the interaction between
Presence of Neutral Distractor and Separation was not signifieéh200Q = 0.30

p=0876 ,°=0.006).

The novel finding of this experimentas one involving Trait Anxietynamely, the
main effect of Trait Anxiety was significant=(1,50) = 5.56,p =0.022, p2 = 0.100),
showing that errors (obtained by pooling distragiarsent and ndistractor errors)
were higher in high than lowtrait-anxiety participants. Moreover, the interaction
between Trait Anxiety and Perceptual Load was marginally signifidafit, $0) = 3.23,
p=0.078, p2: 0.061), compatible with the facthat the above effectnay have

originated more fronthe highperceptuaload condition (see Figurkl).

No other effects we significantfor Trait Anxiety and Cognitive Failur@ll other main

effects and interactions hadralues > 100).
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Figure 41
Experiment 12+Errors. The figure shows: (1) neutrdistractor mean errors (in %) as

a functionof targetdistractor separation (in deg), trait anxiety (low or high) and
perceptual load (low or high}see blackines and (2) nedistractor mean errors (in
%) as a function of trait anxiety (low or high) and perceptual load (low or hitgge
greylines Error bars depict +/ 0.5 SEM. (FOA) = attended location.

5.3 Discussion of Chapter 5

The findings of the presemxperimentcan be summarized as follows: (i) cognitive
failure had no effeabn the amplitude of distractor interferenceoarthe ex¢ént of focus
of theinterference function of separatiafi) high-trait-anxiety participants made more

errors than lowrait-anxiety participantsand this appeared to be true the high
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perceptuaload condition but not in the lowerceptuaload conditon; (iii) the
distractorinterference function of separatigim RTs)was more focused in participants

with high trait anxiety than ithosewith low trait anxiety.

5.3.1 Cognitive Failure

The results of the preseakperimentdid not replicate previousndings showing that
participants with high cognitive failure are more sensitive to distractor interference than
participants with low cognitive failure (Forster & Lavie, 2007; Kramer et al., 1994;
Martin & Jones, 1983Tipper & Baylis, 1987, neither in the lownor in the high
perceptuaload condition. Note that o@xperimenis not the only one thdtasfailed to
correlate cognitivdailure scores with objective measures of performance attiattal

tasks (see Smith et al.,, 1999-or instanceKane, Hasher, Stoltzfus, Zacks dan
Connelly (1994 found nosignificant correlation between scores of cognitive failure
and distractor interferencAdditionally, Martin (1983 found no significant @rrelation

between scores of cognitive failure and performance at the Stroop task.

In this experiment, thenull effect of cognitive failuresuggest that there was no
difference between lowand highcognitivefailure participants eithein the efficiency

of the perceptual level of selective attention (i.e., theidow of perceptual resources)
or in the efficiencyof the postperceptual level of selective attention (i.e., the cognitive
blocking of perceptually processed distractoislternatively, however, it is possible
that the null effect of cognitive failure was caused by confouni@icigrs as discussed

below
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First, our population may have beémsedtowards high cognitivéailure scores
causing a ceiling effecindeed, in Kramer et al. (1994he meanscore for cognitive
failure was 37.5their median scorés unknown) whereas it was 47.9 in tleigperiment
(higher by ten points). Moreover, in Forster and Lavie (2007)ntbdianscore for
cognitive failure was 41.0tH{eir mean scores unknown) whereas it was 46.5 in this
experiment(higher by 5.5 points)Neverthelesspote thatin Tipper and Baylig1987)
the median score (47.5) was similar to the one in éxigeriment(46.5) yet they
managed to show an effect of cognitive failure ostrector interference. To test this
first hypothesis, we performddrtheranalyses only on the third tfe participants with
the lowest scores and the thirdtbé participants with the highest scores. These-post
hoc analyses stifiailed to showan effect of cognitive failuresitheron the amplitude of
distractor interference or on the extent of focus of therference function of

separation

A second hypothesis is thah our experiment perceptual loadvas overall too high,

even in the conditionhat we referred to as loperceptuaload, thus preventingany

effect of cognitive failurédrom showng itself (as suggested by the findings of Forster &
Lavie, 2007). Yetjt is unlikely thatload was highem this experiment than iRorster

and Lavie (B07) Indeed, in the lowperceptuaload condition of this experiment,
errors werelow (about 5%) and RTs were in the same range (around 500 ms) as those
from the lowperceptuaload conditionin Forster and Lavie (2007As a resultjt is
unlikely that his hypothesis can explaite null effect of cognitive failure ithe low

perceptuaload condition othis experiment.
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Finally, a third hypothesis is that our method wassufticiently sensitive Indeed,we
measured the effect of cognitive failunsing saliencerelated interferencegindexed
with neutral distractors)On the other handkorster and Lavie (2007) and Kramer et al.
(1994) measurk the effect of cognitive failureising responseelated interference
(indexed using compatible and incompatildistractors)We found, in Experiment 10
(Chapter 4)thatsaliencerelated interference islasssensitive index o€hanges in the
focus of distractor interference as a function of separati@m responseelated
interference(indeed, the effect of cgnitive load wasnot significant when using
saliencerelated interferencebut it was significant when using respomstated
interferencg As a resultjt is possible thatin this experiment, wéiave missedan

effect of cognitive failuren the focus operceptual resources

5.3.2 Trait Anxiety

The presentexperimentprovided no evidence for an effect of trait anxiety on the
amplitude of distractor interferencerass separations (i.e., it proeil no evidence for

an effect of trait anxiety on popereptual levels of selection). On the other hand, it
showedthat the distractorinterference function of separation was more focused in
participants withhigh trait anxiety thanin those withlow trait anxiety This finding is
consistent with the suggesti that anxiety causes perceptual resourcesfotus
(Derryberry & Reed, 1998; Easterbrook, 1954; Janelle, Singer, & Williams, 1999;
Murray & Janelle, 2003Smith & Jones, 1992Staal, 2004; Williams, Tonymon, &
Anderson, 1990, 1991; Weltman, Smith, & Egstrd@71)but not with the suggestion
thatit causes perceptual resourteslefocugBraunsteinBercovitz, 2003; Dusek et al.,
1975, 1976; Eysenck & Graydon, 1989; Markowitz, 1969; Shapiro & Johnson, 1987,

Shapiro & Lim, 1989; Solso, Johnson, & Schatz, )968
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There are two noexclusive wayof accouning for the focusing effect of trait anxiety
on the profile of perceptual resources: (1) kighit-anxiety individuals may have a
smaller pool of perceptual resources at their disposaur knowledgethis possibility

has not been considet in the literaturéf or (2) they may spend more cognitive

resources (i.e., more cognitive effort) fmcusng their perceptual resources.

According to the first hypothesis (i.a@hat high-trait-anxiety individuals has overall
fewer perceptual resources their disposal)high-trait-anxiety individualswould be
more sensitive to bottomp effects of perceptual difficulty: lower increases in
perceptual load woulde necessary téocus their perceptual resourcedhis ideais
compatible with the observation that tfeezusingeffect of perceptual loafon RTS)
seemed to be effectivenly in the hightrait-anxiety condition (see Figurg9). > The
suggestion thabigh-trait-anxiety individualsaremore sensitive to perceatudifficulty

is alsosupported by the finding that, in thexperiment high-trait-anxiety participants
made overall more errors than ldamit-anxiety participantsand this appeared to be

true especiallyn the highperceptuaload conditiorf*

22 Note that fewer perceptual resources could either beethdt or the cause of trait

anxiety.
2 This interpretation of the data must be taken with caution since thewfour
interaction betweerPresence of Neutral Distractdeparation, Perceptual Load and

Trait Anxiety in RTswasnot significant = 0.157;see Resudtsection).

%4 There was a marginally significant interaction between Trait Anxiety and Perceptual
Loadin errors(p = 0.078).
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According to the second hypothesis (which is not exclusive of the first one}raigh
anxiety individuals would spenthore cognitive efforbn focusng their perceptual
resourceg(Sarter, Gehring, & Kozak, 20D6This hypothesis isconsistentwith the
suggestion that higtrait-anxiety individuals are prone to spend more effort on the task
in hand to avoid failure (Staal, 2004). Thesuld explain why hightrait-anxiety
participants appeared to haf@used their perceptual resources more tloantrait-
anxiety participants mainly in the higlerceptuaload conditionnamely,when the risk

of failure was high(see Figure39). Any such increase in focus was not however
accompanied by an improvement in overall performance, making the presethtdsypo
compatible withthe pr8cessingefficiency theoryfdescribed by Eysenck and Calvo
(1992. According to this theory, phtrait-anxiety participants are lesaFRJQLWLY H(
efficient fthan lowtrait-anxiety participants in that they spend more cognitive resources
to achieve a similar level of performancdRU R 1 pH I H EoWawXreittahkhety 9

participants.

The data otained in the present experimeddes not allow us to decide between the
first and the second hypothesis. In fact, the two hypotheses are not exclusive. For
instance, it is possible that participants witlgh trait anxiety have overall fewer
perceptual reources at their disposal, causing them to make more errors and, as a
result,causinganincreasel Q S D U Wfedr bfSdile/andfi their cognitive effort to

perform the task in hand.

Note thatthe findings of this experimentdo not supporan hypahesisfound in the

literaturethat hightrait-anxiety participants have access to fewer cognitive resources

278



than low-trait-anxiety participant®ecause worrynonopolise some of th& available
cognitive resourceferakshan & Eysenck, 1998ysenck & Calvo, 1992Eysenck et

al., 2007; Eysenck, Payne, & Derakshan, 20B&hnson& Gronlund, 2009 Lavric,
Rippon, & Gray, 200Bthus causing a defocusing of perceptual resouNegertheless,
neither do our findingslisconfirm this hypothesis. Indeed, it is possible that, because
our experiment did not put the participants in a high statanafety (and therefore
cognitive resourceswere not significantlynonopolisedby worry), high-trait-anxiety

participants hagdufficientcognitive resources to focus perceptual resources.

It would be interesting to test whether, when the leveitatie ariety increases, high
trait-anxiety individuals are still not impaired compared to-toait-anxiety individuals.

If it was found thatunderconditions ofhigh state anxietyindividuals with high trait
anxiety were moréefocusedhan individuals with lav trait anxiety, this would suggest
that the effect otrait anxiety on the extent of focus of perceptual resources goes in
opposite directions depending on the levettate anxietytrait-anxious people may be
morefocused in conditions of lowtate aniety, butlessfocused in conditions of high
state anxiety Such finding would parallel the finding that the effect of anxiety on
overall performance is 4dhaped: moderate increases state anxiety improve
performance whereas strong increasestateanxety worsenperformance (Smith &
Jones, 1992)n itself, this viewcouldaccount for contrary conclusions in the literature
on the effect of anxietyNote that this scenario of a-&haped function of the effect of
state anxiety is compatible with the cdgre-effort account for the greater focus
high-trait-anxious participants (see Hypothesis 2 above). If on the other hand,

increasing state anxiety did not cause a defocusing effect ontrhighnxious
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participants, this would be compatible with thergeptuakesources account for the

greater focusn highttrait-anxious participants (see Hypothesis 1 above).

5.4 Conclusions

In sum, cognitive failure was not shown to affect either gheceptual or the post
perceptual level of selective attentidfrait anxiety wasalso not found to affect the
postperceptublevel of selective attentiordn the other handt, was found taaffect the
perceptual level of selective attention, fogusng perceptual resourceppssibly more

in conditions of high percepaiiload. This may be due to the fact that higit-anxiety
individuals have overall fewer perceptual resources at their disposal. Alternatively, or
additionally, it may be due to the fact that, in difficult conditions, Hrgit-anxiety

individuals sped more cognitiveefforton the task in hand in order to avoid failure.

It is noteworthy that, in Experiment 12, the bottom of the Mexican hat for thetraidgh
anxious individuals occurred closer to the attended location thanyirof the other
experinents of this thesjexcept in the higiperceptuaload conditions, indeed around

a similar separation to the one in Mller et al. (2008 assume that perceptual load
cannot account for the difference in focus between Experiment 1 (see Chapter 2) and
Miller et al. (2005) given that we modelled our methodology on theirs. However,
individual differences like those reported here, if they varied between our sample and

that of Muller et al. (2005), could account for this discrepancy.

In conclusion, this chaer confirmed that, by usinghe methodology introduced in

Chapter 4 one can distinguish between perceptual and pga&rceptual accounts of

280



syndromes wherpreviouslythis was not possibl&@ his methodology could be used in
several other instances wherdamt findings in the literaturabout deficits in selective
attentioncould be explained either gerceptual or pogterceptuabeficits This point

is addressed further in the General Discussion (Chapter 6).
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CHAPTER 6 +GENERAL DISCUSSION

This Generda Discussion comprises two main sections. In the first section, we
summarize the findings of the present thesis. In the second section, we address some

implications of these findings for future research.

6.1 Summary of findings

We summarize below the maiimdings of this thesis and their idigations. These

findings concern(1) the indices that can be used to measure the profile of perceptual
resources (see Sectiosl.l below), (2) the pattern described by the profile of
perceptual resources (see Seatttl.2 below), and (3) the factors that affect the
relative focus of the profile of perceptual resources (see Séctidhbelow). We finish

E\ GHVFULELGRQYWHR®G PRRGHOY WKDW FDQ DFFRPPRGD

(see Sectio®.1.4 below)

6.1.1 Indexing the profile of perceptual resources

In this section, we summarize our results regarding the indices that have been
classically used to measure the profile of perceptual resources. These indices are
extracted in two tasksjamely,the flarker task and the cue/probe tagkd can be

derived from bothieaction times and errors.

6.1.1.1 Indexing the profile of perceptual resources using reaction times and

errors
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In this thesis, the profile of perceptual resources was indexed husimngeacton times
and errors and is noteworthythat, inmostexperimentgi.e., Experiments 1, 2, 3, 4, 5,
7, 9 and 1Q) these two indices agrée Only in three experiments, nameln
Experiments 6, 8 and 1did the two indicesiot agreeand his wasbecauselistractor
interference as measured in errors dat vary with separation ag did in reaction
times. Our findingsare consistent with theuggesbn that reaction times and errors
index similar processes but that errors are a less sensitive measigeshape of the
profile of perceptual resourcethey do not provide support fothe suggestion that

reaction times and errors index different processes (Santee & Egeth, 1982)

6.1.1.2 The flanker task

In all the experiments of this thesis (except in cpadition of Experiment 6and in
Experiment 7 see Sectio®.1.2 below), the spatial profile of perceptual resources was
PDSSHG XVLQJ (ULNVHQTYVY IODQNHU WDVN) WWWLNVH!
systematially manipulating the separation between a distractor and the attended
(target) location, and recording the variations in distractor interference as a function of
separation. This method has been employed in numerous studies from the literature (see
Eriksen & St. James, 1986; McCarley & Mounts, 2008; Mounts, 2000a, 2005; Mounts

& Gavett, 2004; Mduller et al., 2005; Murphy & Eriksen, 1987; Pan & Eriksen, 1993;
Yantis & Johnston, 1990jhat have usedhree types of measures of distractor
interferencenamely, (1) combinedresponseelated interference(Mller et al., 2005;
McCarley & Mounts, 2008; Murphy & Eriksen, 1987; Pan & Eriksen, 19Qhtis &
Johnston, 1990 (2) incompatibledistractor responseelated interference(Eriksen &

St. James, 1986and (3)saliencerelated interference(McCarley & Mounts, 2008;

Mounts, 2000a, 2005; Mounts & Gavett, 2004). The first of these measarnakined
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responseaelated interference is obtained by comparing compatibledistractor
performance with incompatibledistracor performance; the second of them
incompatibledistractor responseelated interference is obtained by comparing
neutratdistractor performanceith incompatibledistractor performance; anthe third
of them saliencerelated interference is obtained by comparing no-distractor

performancevith neutratdistractor performance (see Chapters 1, 2 and 3).

These three types of measures were compared in Chapter 3 and it was found that the
functions of separation obtained with all of them described a sipalthern and were
similarly focused in comparable conditions. This finding suggestsall three types of
measureof distractor interference can be use to index the profile of perceptual
resources. It was also found that measuring the profile of perteptarces using

only one measure was less sensitive than when usiogmbinationof measures.
Indeed, inExperiment 11(see Chapter 4), the effect of cognitive load on the focus of
the profile of perceptual resources did not reach significance whey aisipsalience

related interferenceor only incompatibledistractor responseelated interference but

it did reach significance when using the combination of the two measures (i.e., by using
incompatibledistractor total interference namely, by comparirg no-distractor
performancewith incompatibledistractor performance). Using more than one measure
of distractor interference therefore makes the flanker task a more sensitive index of the
profile of perceptual resources and, therefore, a more powerfufaothe study of

selective attention.

6.1.1.3 The cue/probe task
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perceptual resource$he cue/probe tsk (Posner, 1980) has alfequentlybeenused

for this purmse by systematically manipulating the separation between a probe that
must be responded tod., that must be detected or identified) and adcloeation (the

attended location)Performanceat responding to the prolzes a function otueprobe
separation is taken to reflect the profile of perceptual resourceg.(Bahcall &

Kowler, 1999; Caputo & Guerra, 1998ave & Zimmerman, 1997Cutzu & Tsotsos,

2003; Dori & Henik, 2006 Downing, 1988; Handy et al., 1996tenderson, 1991;
Henderson & Macquistan, 1993; Hodgson et al., 1999; Hopf et al.; Rod6& Cave,

1999; Kristjansson & Nakayama, 2Q0RIounts 2000b;Shulman et al., 1985; Tsal,

1983; Williams, 1988).

Performance at responding to the probe a function of separation obtained using the
cue/probe task wagualitatively compared to distractor interference as a function of
separation measured withet dfferent types of interferencen the flanker task (see
point 6.1.1.1 above). With all the different measures, the functions of separation
described a similar pattern and were similarly focused (see Chapter 3). This finding
confirmed that the cue/probe kaand the flanker task can be ussgliallyto measure

the profile of perceptual resources.

6.1.2 The shape of the profile of perceptual resources

Contrasting findings about thgatterndescribed by the profile of perceptual resources
have been reported ithe literature. Most flanker studies and numerous cue/probe

studies have reported findings consistent wathprofile of perceptual resources
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describing agradient pattern, whereperceptual resources simply decrease with
increasing separatior.Q.,Dori & Henik, 2006; Downing, 1988; Eriksen & St. James,
1986; Handy et al., 1996; Henderson, 1991; Henderson & Macquistan, 1993; McCarley
& Mounts, 2008; Murphy & Eriksen, 1987; Pan & Eriksen, 1993; Shulman et al., 1985;
Tsal, 1983; Yantis & Johnston, 1990; Wiims, 1988) Other cue/probe studigisut no
flanker study,have reported findings consistent with a profile of perceptual resources
describing aninvertedgradient pattern, where perceptual resources simply increase
(before reaching a plateau) with inasing separation (Bahcall & Kowler, 1999; Caputo

& Guerra, 1998 Cave & Zimmerman, 199TCuzu & Tsotsos, 2003; Downing, 1988
Hodgson et al., 1999; Hopf et al., 20@8m & Cave, 1999; Kristjansson & Nakayama,
2002 Mounts 2000b)Finally, a recent flanker studyasreported findings consistent
with a profile of perceptual resources descripim Mexicarhat pattern, where
perceptual resources first decrease but timenease before then tailing off with

increasing separatioMfiller et al, 2005.

In most of the experiments this thesis, we report findings consistent whle latter
Mexicanrthat pattern rather than with gradienor invertedgradient patternsThis
Mexicanthat findingwas obtained with both central and peripheral presentation of the
target anctould not be xplained by irregularities in the visual fieldgeExperimens 3
and7). Only in Experimentl, and in the lowperceptuaload and higkcognitiveload
conditions ofExperiment 11did the function of separation describe a gradient pattern.
We proposethat sucha gradient pattern was obtained becaosaindersampling in
Experimentl (we did not sample far enough from the attended location) and because

the profile of perceptual resources was defocused in th@éseeptuaload and in the
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high-cognitiveload conditions ofExperiment 11thus preventing us from indexing the

increasing arm of the Mexicamat function.

We reasorthat the profile of perceptual resources is always shaped like a Méatan

but that, under some circumstances, it may be mistbédtea gradientor an inverted
gradient These circumstances occwhen the profile of perceptual resources is so
strongly focused or so strongly defocused that it becomes difficult (or impossible) to
sample the initial decreasing arm or the subsequerdgasirg arm of the Mexicamat

function (see Experiment 11 in Chapter 4). Perceptual load, cognitive load and trait
anxiety are factors that are proposed to cause perceptual resources to be more or less
focused. The effect of these factors across stuchas therefore contribute tdhe

varying types of profiles obtained in different studies (see Section 6.1.3 below).

In addition, a Mexicaihat profile may be mistaken for a gradient or an inverted
gradientwhen the method used to index the profile of pexc@presources is not
sensitive enoughThis occursvhenan insufficientrange of separations is samplsde
Experimentl in Chapter 2 when the probe measuring perceptual resources is not
powerful enough(see Experiment 1 in Chaptey, r when the henfield of stimulus
presentation is not taken into acco(sgeExperiment An Chapter 2)In the latter case,

if the profile of perceptual resourcesesents abeing differently focused in the two
hemifields, averaginthe profilesfrom the two hemifieldsnay result in a gradient. This
is precisely what occurreth Experiment 2 (see Chapter 2), where the prafile
perceptual resourcesas more focused ithe left than in the right hemifieldThis
difference in focus may have resulted from receptive fie@dsg larger irthe right than

in the left hemispher@acobs & Kosslyn, 199&Kosslyn, Chabris, Mrsolek, Koenig,
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1992. Alternatively, it may haveresulted froma spatial biastowards the right
hemifield due to decreased alertn@danly, Dobler, Dodds& George, 200%or due to

the direction ofreading(McConkie & Rayner, 1976; Rayner, 1998) Experiments 3

to 11, the focus of the profile of perceptual resosisEemed not to be affected thyg
hemifield factor. The fact that the effect of hemifield could fail to manifest itself
(especially in Experiment 11 using central presentation where the effect of hemifield
was certainly not confounded with that of tarfpetation) seems incompatible with the
receptive field hypothesis (a receptifield effect should occur consistently across

experiments).

Why does the profile of perceptual resources describe a MeReigpattern?

There is no consensus with regaodthe underlying mechanisms accountable for the
Mexicanthat shape ofthe profile of perceptual resources. Nevertheless, \tiews
recurrentlyappearn the literatureThe first of themis that the ignored area (i.e., the
bottom of the Mexican hat) reflects @] RQH RI LQKLELWLRQY WKDW VX
location (Caputo & Guerra, 1998; Cave & Zimmerman, 1997; Cutzu & Tsotos, 2003;
Hodgson et al., 199%Hopf et al., 2006; Kim & Cave, 199€ristjiansson & Nakayama,

2002; Krose & Julesz, 198%1ounts, 2000; Mdller et al., 2005; Pan & Eriksen,1993;
Schwartz et al., 2005; Slotnick, Schwarzbach, & Yantis, pODBis view emphasizes

the idea that attentional selection consistsextludingirrelevant informationthat

occurs outside the attended location.

Thesecondview thatis sometime$ound in the literaturés that the ignored area around

the attended location (i.e., the bottom of the Mexican hat) is indirectly caused by the
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borrowing of resourceBom aroundthe attended location and the reallocation of these
resoucesto the attended location (Bahcall & Kowler, 1999; Mounts, 20000ller et

al., 2005). This view emphasizes the idea that attentional selection consists in
enhancing perceptual processing at the attended location by allocating more resources
to this bcation Carrasco et al., 20Q0®estilli & Carrasco, 2005Talgar et al., 2001
Henderson & Macquistan, 1993; Lavie, 199Bpte that thisview also implies an
exclusion oftheinformationin the immediate surroundings thfe attended location (as

emphasized in the firsiew; see above

While the first of these twoviews is at the centre of two influentiahodels (one
computationaland one neurophysiologicalthat have been put forward to account for
the Mexicanhat profile of perceptual resourcethe second view is less often
mentioned inte literature but is consistent with a new neurophysiological model of the

Mexicanthat profile of perceptual resourcetieEemodels are discusséalow.

&XW]X DQG 7V RWhpRatidnakelective tuningnodelhas been widely cited

in order to aceunt forfindings of aMexicanhat profile of perceptual resourc&his

model is inspired from the architecture of the visual cortexproposes thathe
perceptual processing wisualinformationinvolves tiree main stagegirst, the visual
information from different stimuli propagates in parallel fromput to outputlayers in

the visual cortex (via feedforward connectionSecond,the visual stimulus that
receivedthe largestresponsen the outputlayer (e.g., the stimulus that occurred at the
attended locationandbr that matché WKH WDUJHW WHPSODWHYV DO\
stimulus, generates top-down signal This signal propagates backwards towards the

input layerandinhibits theconnectionsvhich do not codefor the winner stimulusThis
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producesaninhibition zone around the/innerstimuluslocation namely, the bottom of
the Mexican hatin a third stage the visual informationfrom the winner stimulusre-
propagagés from input to output layers but this time not accompaniedby the

informaion from surroundingstimuli; the latterareinhibited

Another model is widely referred to when trying to account for Mexftanfindings.
This model suggest that attention causeseuronal receptive field® shrink onto the
attended locatioand thisgenerates dexicanhat profile of perceptual resourcés.g.,
Compte & Wang, 2006;Moran & Desimone, 1985Pinsk & Kastner, 2004
Womelsdorf, AntorErxleben, & Treue,2008. This idea originated infindings of
studies that have used singlell recordings in monkeys such as the study of Lueh. et
(1997. In the later study, two stimuli were presented simultaneously tostrae
receptive field ofa monkeys V4 neurorbut only one of them appeared at the attended
location. The response of the neutorthese two stimuli was measured. It was shown
that the response wasased in favour of the stimulus occurriaghe attended location.
The other stimulus, which occurred in tbemereceptive field bubutsidethe attended
location, was not responded to, as if it had not occurred atThit finding is
compatible withthe idea that the receptive field shrankoothe attended locations,
away from the other locations covered by the fiflltlis process mighgeneratean
ignored area around the attended location, namely, the ignorecdateztom,of the

Mexican hat.

None of the above two models make the prediction that the perceptual proe¢sbing
attended locatioms enhanced. As a result, they are arguably not compatible with the

view that the Mexicaiat profile of perceptual resourcdsscaused by the borrowiraf
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resourcedrom aroundthe attended location and the reallocation of these resotarces
the attended location (Bahcall & Kowler, 1999; Mounts, 200Quller et al., 2005)On

the other hand, there is a new neurophysiological modelighatmpatible wih this
view. The modelin questionsuggests that the Mexican hat is the result not only of a
shrinkage ofreceptive fielddut also of ashift of receptive fields towards the attended
location (Connor, Preddie, Gallan, & Essen, 1997; Womelsdorf, 200dmelsdorf,
Anton-Erxleben, Pieper, & Treue, 2008Vomelsdorf et al., 2008)This shift of
receptive fieldsvould cause both an increase in the amount of receptive fields coding
for the attended location and deficit of receptive fields in areas surrounding the

attended locatiofWomelsdorf et al., 2008).

In any caseit is important to note thatny attempt to explain the Mexicéat profile of
perceptual resources (derivedwith behavioural measures) using neuropbigsjical
findings must be made with caution. While these attempts are useful becauseekey

to establish coherent schemas between neurophysiological and psychophysical findings,
to our knowledge, ndlirect link has yet been established between neuroplogscal
findings, on the one hand, and psychophysical findings of a Mekiaapattern of

perceptual resources, on the other hand.

6.1.3 Effects of different factors on the focus of perceptual resources

In order to explain why many flanker studies auime cue/probe studies that have
measured the profile of perceptual resources have revembatient rather than
Mexicanthat functions of separations (e.g., Eriksen & St. James, 1986; Handy et al.,

1996; Henderson, 1991; Henderson & Macquistan, 1993; Ne& Mounts, 2008;
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Murphy & Eriksen, 1987; Pan & Eriksen, 1993; Yantis & Johnston, 1990), and why
many cue/probe studies have revealed amrgrtedgradientrather than full Mexican

hat functions of separatiore.g., Bahcall & Kowler, 1999; Caputo & Gua, 1998
Cave & Zimmerman, 1997Cutzu & Tsotsos, 2003; Handy et al., 1996; Henderson,
1991; Henderson & Macquistan, 1993; Hodgson et al., 1999; Hopf et al., RO
Cave, 1999; Kristjansson & Nakayama, 200&unts 2000 we suggest that these
studies havemissedpart of the Mexicashat function.Namely, these studies have
missed either thanitial decreasing arm of the Mexican hat and have therefore reported
invertedgradient patterns, or they have missed thésequent increasiraym of the

Mexicanhat and have therefore reportgadientpatterns.

One possible reason why these studiesld have missed part of the Mexicaat
function may be that the function wi focusedr too defocusetb be fully sampled.

In this thesis, we found that thrésctors(i.e., perceptual logdivailability of cognitive
resourcesand trait anxietyindeed cause a focusing or a defocusing of the profile of
perceptual resources and may therefore explain why some staliesevealed a
gradient rather than a Mexicdrat patternin the pastWe summarize these findings

below.

6.1.3.1 Perceptual load

Increasing perceptual load (i.e., increasing the difficulty of a perceptual task) has been
shown to focus perceptual resources (Downin@8Lasing the cue/probe task.aRker
studies, on the other hand, haalver directly shown the effect of perceptual load on the
profile of perceptual resources. Experimeind 11(see Chapter 4pstedwhether the

findings obtained with the cue/probe task can be replicated withahkefl task. This
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was found to be the case: the Mexitwt profile of perceptual resources became more

focused under high perceptual load.

One consequence of this finding that perceptudbad studies need to examine effects

of load atdifferent separaions from across the profile gferceptual resourceideed,

in both Experiments 8 and 14ee Chapter 4), an increase in perceptual load caused no
main effect across separation; the effect of load reversed between near and far
separations (see Figure8 and34). This finding isnot predicted by theurrent viewof

the effect of perceptuddad (e.g.LaBerge et al., 1991; Kahneman & Chajczyk, 1,983
Lavie, 1999, according to which increases in perceptual load always cause a decrease
in distractor interference. If separation is not considered in load studies, batwdgn
comparisons and generalisations may be compromised, since the effect of perceptual

loaddependson separation.

6.1.3.2 Availability of cognitive resources

It has been suggested that cognitive mechanisms are involved in rejecting perceptually
processed distractors at a ppstceptual level but not involved in the control of the
spatial focusig of perceptual resources (de Fockert et al., 2QGie et al., 2004

Lavie & de Fockert, 2005 2006; MacDonald & Lavie, 2008 Yi et al.,, 2004.
Accordingto this hypothesis, decreasing the availability of cognitive resosttaslid

not affect the extent of focus of perceptual resources. This was tested in Expe8ment
to 11 (see Chapter 4)n Experiment 8while a decrease in workirgnemory sparfin

the availability of cognitive resources; Engle et al., 18#®le, 2002 Kane & Engle,

2002; Leéepine et al., 2005affected the amplitude of distractor interference across

separation, it dichot affect the focus of perceyml resourcesThis null effect was
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consistent with the hypothesis that cognioantrol mechanisms are not involved in
the focusing of perceptual resourcdieverthelesst might havestemmed from a lack

of power of the cognitive manipulation. Conseaflye Experiments9 to 11 were
designed to put cognitiveontrol mechanisms under more stre®y increasing
cognitive load This was achieved by adding a seconamaeymnory task (in Experiments

9 and 1) or calculation task (ifexperiment 1) to the selectve-attentiontask This
cognitiveload manipulatiorcaused the profile of perceptual resourcedefmcus thus
providing evidence that cognitiv@ntrol mechanisms are after all involved in the
focusing of perceptual resourceBhis finding isconsistentwith suggestions in the
literature thatthe focusing of perceptual resources on a given spatial location is
internally controlled (Sheperd & Miuller, 1989) and modulated by cognitive strategies
(see the zooAens model; Eriksen & Yeh, 198Murphy & Eriksen 1987) The effect

of cognitive load on the focus of perceptual resouobtained in Experiments 8 to 11)

suggests that cognitive load may affetiat we seésee Section 6.2.3 below).

6.1.3.3 Trait anxiety

Trait anxiety is a lasting personality traB.Q LQGLYLGXDOYfVY OHYHO RI W
how likely it is for this individual to experience state anxiety in a stressful condition
(Eysenck, 1992; Eysenck et,a007). Trait anxiety has been suggested to change the
extent of focus of perceptuaésources €.g., Derryberry & Reed, 1998; Calvo &
Eysenck, 1996Eysenck & Calvo, 1992; Eysenck & Graydon, 1989; Markowitz, 1969;
Murray & Janelle, 2003). Hower, there exists a controversy with regard to the
directionof this effect. Somauthors haveuggestdthat increased trait anxietgcuses

perceptual resources (Derryberry & Reed, 1998; Mu&ayanelle, 2003) whereas
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others havesuggestdthat itdefoaisesperceptual resources (Markowitz, 1969; Eysenck

& Graydon, 1989).

The results oExperiment 13see Chapter 5) were consistent with the first hypothesis,
namely, the profile of perceptual resources was more focused in participants with high
trait anxety than in participants with low trait anxiety (see FigB8: There are two
nonexclusive ways of accounting for this finding: (1) highit-anxiety individuals

may have a smaller pool of perceptual resources at their disposal or (2) they may spend
more cognitive resources (i.e., more cognitive effort) on focusing their perceptual

resources and performing the task.

6.1.4 The dual-control model of selective attention

The effects of perceptual load, cognitive load and worknagnory span on the profile

of perceptual resources (see above), as measuredsatigmgerelatedand/orresponse
relatedinterference as a function of separation, are consistent with a&aliabl model

of selective attention (see Figut8). In line with current thinkingseletive attentionin

this modelis a twalevel process invoimg two independent mechanisnfSelective
attention to a target location first involvegarceptuallevel of selection that blocks
irrelevant stimuli from perceptual processing. This level of $elecis inherently
spatial in nature; it is thought to involve agb of perceptual resources thadn be
allocated to a target location and removed from neighbouring distractor locations (e.g.,
Boudreau, Williford, & Maunsell, 20Q6Eriksen & St James, 1986; LaBerge, 1983;

Yantis & Johnston, 1990). The second level of selection occurspastperceptual
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level. It allows distractor stimuli that have been perceptually processed (because they
have not been efficiently blocked at the perceptual level) to be blocked from the higher
levels of processing that support awareness and response seledicteFockertet

al.,, 2001;Lavie et al., 2004; Lavie & de Fockert, 20@®06 Pashler, 1999

The dualcontrol model of selective attention suggests thegetwo levels of selectie
attention are controlled by one or both of two types of mechanisms (see ERyure
First, and most significantly in this thesithe perceptual level of selective attention
(i.e., the focusing of perceptual resources) is controlleldolyperceptuamechanisms
(affected by perceptual load; see Experim@&dasd 1 in Chapter 4 and see Figu4@)
and cognitive mechanismsffected by cognitive load; see Experimeftgo 11in
Chapter 4 and see Figu#®). Secondthe postperceptual level of selectivatantion
(i.e., the posperceptual blocking of perceptuallyocessed stimuli) is controlled (at
least) by cognitive mechanismsegé Experiment 8 in Chapter 4 and see Fig@rehe
possibility that perceptual mechanisms can affect thegmseptual legl of selective

attention was not tested in the present thesis).

In conclusion the duaicontrol model of selective attention can be summarized as
follows. The perceptual processing @fdistractoris modulatedby a first perceptual
level of selection (€., the relative focus of perceptual resoujcéself regulated by
both perceptual ad cognitivecontrol mechanisméhe possibility thatheseperceptual

and cognitivecontrol mechanisms exert interacting effects is conceivable but was not
tested in ths thesissee Section 6.2.2 belowj.the distractor is not efficiently excluded

at this first perceptualevel of selectionjt will be perceptually processed andvea

potential for exerting both saliencelated and responselated interferenced second
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postperceptualevel of selection (i.e., the cognitive blocking of perceptually processed
distractors) can intervene to decrease the potential of interference of the distractor. This
postperceptual level of selection is regulated by (at least) twgfuontrol

mechanisms.

Figure 42
A schematic representation of the deahtrol model of selective attention.
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6.2 Future studies

The findings of this thesis will affect several areas of research in psychology. We

describebelowsome ofthe areas in question.

6.2.1 Impact of the findings of this thesis

The findings of this thesis amdirectly relevant toresearcherinterestedin selective
attention. Indeed, our findings make links between different models of selective
attention that have stayed remarkably isolated from each,atherely,studies on the
shape of the profile of perceptual resources (e.g., Cutzu & Tsotsos, 2003; Eriksen &
StJames, 198@&ienderson & Macquistan, 199B8jounts, 2000b; Miiller et al2005;
Yantis & Johnston, 1990)studies on the zooiens model (e.g., Benso et al., 1998
Turatto et al., 2000; Chen, 2003astiello & Umilta, 1990Henderson, 1991aBerge,
1983), and studies on the effects of perceptual and cognitive load (e.g., Lavie, 1995;
Lavie et al., 2004; MacDonald & Lavie, 2008). The research presented in this thesis
shouldbe relevanto researchrsinterested in any of thesepics (e.g., see Secti@R.2
below). It is also relevant toesearchers interestedfimdamental processes of selective
attention andvisual perceptiond.g.,see Sectior.2.3 below), or in the differencesn
selective attentioand perceptionthat have been observedtweencertain populations

but are still not fully understood (e.glifferences in attention observed between control
populationsand populationsvith anxiety, schizophrenia, or of cultures atllean the

Western culture such as the Himba; see Seétida below).
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6.2.2 Do the effects of perceptual and cognitive load interact ?

The current view on the effect of perceptual lmedthe perceptual level of selection
(i.e., on the spatial focusig of perceptual resources)tlsat this effect iscompletely
automatic (Lavie, 2000, 2005; Lavie et al., 2004; MacDonald & Lavie, 2008) with

resources being focused independently of anydtmun regulation.

Yet, Experiment®, 10 and 11 questioned thiziew: they showed that the focusing of
perceptual resources is modulated by cognitimetrol mechanisms (as indexed by the
effect of cognitive load; see the top panel of Figd®®. This finding opens the
possibilitythat perceptual and cognithe®ntrolmechanisms exert interacting effects on

the focusing of perceptual resourc8gecifically, cognitive control may modulate the
responsivity of the spatial focus of perceptual resources to manipulations of perceptual
load. The effect of perceptual load waulthereforenot be completely automatic;

insteadjt would begatedby cognitivecontrol mechanisms.

On the other handt is perfectly conceivable that the effects of perceptual load and of
cognitive controlon the focus of perceptual resour@@s comgetely independent of
each other so that the extent to which they focus perceptual resourcesssimpigtes

If this was true, it would suggest thidfilere exists a cognitive mechanishat focuses
perceptual resourcedmpletelyindependently of the pengial mechanissirevealed

by the effect of perceptual loa@ihe function of sucltognitive mechanism may be to

allow one to exclude irrelevant distractensen when perceptual loadl@sv.
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The possibility that perceptual and cognits@ntrol mechanismsteract is currently
being investigated in the lab. This will lead to a better understanding of theahisd|

modelof selective attention.

6.2.3 Does the extent of focus of perceptual resources affect what we see?

The effect of cognitive load on thiecus of perceptual resources suggests that cognitive

load may affect what we se€&or instance, it has been proposed that defocusing
perceptual resources causes a dilution of resources, causing a decrease in perceptual
sensitivity(e.g.,Benso et al., 198, Castiello & Umilta, 1990Mdller, Bartelt, Donner,
Villringer, & Brandt, 2003 Turatto, Benso, Facoetti, Galfano, Masceti & Umilta,
2000. Moreover, i has been proposed that when perceptual resources are spatially
focused, individuated objects are likely to be perceived, whereas whernr¢hgyread,

the global properties of the scene will be more readily §8bong & Treisman, 2003;
Treisman, 2006)Finally, in conditions of spread perceptual resources, objects are less
OLNHO\ WR EH LQGLYLGXDWHG D QGOXNRRI DAR IYM\X H WH

their neighbours (Treisman & Schmidt, 1982

What our finding suggests is that variations in cognitive load miyeince the extent

to which local or global levels of stimulus structure are phenomenologically
apprehended.We are currentlyinvestigaing whether increasing cognitive load
increases illusory effects in illusions like the Mullgrer that we have evideaaepend

on global processing but decreases illusory effects in illusions like the Horizontal

vertical that we have evidence depend on local processing (Linnell, Fonteneau, Wakui,
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& Davidoff, submitted. We are also investigatingvhether cognitive load affects

attentional resolution using a paradigm adapted from Yeshurun and Carrasgo (1998

6.2.4 The focus of perceptual resources in different populations

The paradigm introduced in this thesende used to understand better the nature of
differences inselectiveattention existing betven specific populations and theestern
studentpopulationexamined in this thesigee Chapter 5Yhis is because the paradigm

in question discriminats between differences originating at perceptual levels of
selection (in the focus of perceptual resources) and appostptual levels of selection

(in theblocking of perceptually processed distracjoidoreover, if a difference occurs

at the perceptual level, gélparadigmin questionisolates the direction of this difference
(i.e., whether it consists in #ocusing ora defocusing of perceptual resources). We
discuss below why it would be interesting to applthis paradigm tounderstand
attentional differences that have been suggested to exist between westernars and

remotepopulation namely, the Himba population.

The Himba are a semmiomadic population of amal herders estimated from 20,000 to
50,000 (Namibian Government statistics, 2004) whose territory is spread over some
25,000 square miles in northern Namibia and southern Angola in a region described as
the last wilderness in southern Africa. The Himlesvér been assesséde Fockert
Davidoff, Fagot, Parron, & Goldstein, 200dh a sizgudgement task where size of a
central shape is distorted by a surround of larger or smaller shapes (Ebbinghaus
illusion). They did see the illusion but less than other groups (e.g., autistic children)

who have been previously recorded as being different to the norm, suggesting that they
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experience a strong local bias. The Himba are clearly remarkable in the extentrto whic
they can isolate local parts of figures and therefore be exact in their size judgements.
Their local bias was noted in earlier research where they were very attentive to small
differences in shape when asked to group geomeduices (Davidoff, Fontenea &

Fagot, 2008

It is possible that the local bias observed in the Himba results from an overall more
focusedprofile of perceptual resourcel.this is the case in the Himba, it could arise
from a number offactors (1) the Himba having redued perceptual resourcesee
Chapter 5) (2) theHimbahavingincreased cognitive resourcésee Chapter 4)3) the
Himba deployng theircognitive resourcebetter @ possibility if thg are more single
minded and spend fewer cognitive resources in gémeental business/muitasking
Linnell, Davidoff & Caparosin prep); (4) the Himba havinga greater tendency to
prepare action plans, even implicifiecent work has shawthat preparation for action
focuses perceptual resources on parts of objetierrdhan wholeobjects Linnell,

Humphreys, Mclintyre, Laitinen & Wing, 20p5°

6.3 Conclusions

The experiments presented in this thesis addressed several questions thadremain
unresolved in the literature to date. These questions almet (1) the shape of the

profile of perceptual resourcesound the attended location, (2) thdicesthat are best

% These four possibilities will be tested on the Himba population in Namibia by the
author, under the supervision &f Davidoff and K. Linnell, in the course of an ESRC
funded project starting in September 2009, using a methodology in part developed from

the experiments presented in this thesis.
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