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FernandoValle-Inclán,Carmende Labra,andMilagros Redondo
University of La Coruña

Re arride describes dic general metbods and sorne of the resutts obrained lix dic
Psychophysiology Laboratory of the tJniversliy of La Coruña. The paper covers our
research on the Simon effect and accessory effect, although it is nor a review of dic
literature. Ihe research strategy we followed is huiit around the ose of laterajized motor
potentials recorded from scalp. These measures allow observing the way responses are
selecred anó w}len they are selecred. providing an invaluable Loo~ to study response
interference and ro split reaction time jato two halves. The research on the Simon effect
conclodes [barinterference during response selection is critical in the Simon effect bur it
~sdubious xvhether Ibis process should be considered al automatie anó stimulus-drive,t
as is wideiy accepted. Ihe experiments with rhe accessory effect indicate Ihar facilitation
is produced before response selection is oven which ends a long controversy about dic
locos of dic accessory effect.
Kc’ytcords: Sinmon cJCcr, accessory effect, ERJ~ LRP

El artículo describe el método y algunos de los resultados obtenidos en el laboratorio de
Psicotisiologia de ¡a Universidad de La Coruña. El trabajo abarca nuestra investigación
sobre el efecto Simon y sobre el efecto accesorio, aunque no es una revisión del corpus
teórico. La estrategia de investigación seguida en estos experimentos se basa en la
utilización de potenciales motores lateralizados que se registran sobre cuero cabelludo.
Estas medidas permiten observar cómo y cuándo se seleccionan las respuestas,
proporcionando una valiosísima herramienta para estudiar la interferencia de respuesta
y para partir el tiempo de reacción en dos mitades. Nuestra investigación sobre el efecto
Simon concluye que la interferencia durante la selección de respuesta es crucial en el
efecto Simon, pero no está tan claro si este proceso debe considerarse automático y
guiado por el estimulo, como defienden la mayoría de las teorías actuales. Los
experimentos con el efecto accesorio indican que la facilitación se produce antes de que
termine la selección de respuesta, lo que acaba con una larga controversia acerca del
locus del electo accesorio.
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In this article, we discuss[he aims, methods,andresults
of the PsychophysiologyLaboratoryat theUniversity of
La Coruña.The common threadof our work hasbeento
study <he way in which rhe processingof relevaní
information is afiectedby irrelevaní information. We have
investigatedtasks in which aconflict betweenrelevantand
irrelevant information is produced,arid others‘o which no

such confiel occurs. 71w classic exampleof conflicí
phenomenais the Stroop EflecÉ (Stroop, 1935), but Itere

areothers, suchas the noisecompatibility effect (Eriksen
& Eriksen, ¡974) andthe Simon effect (Simon & Rudelí,
1967>. This JatIerplienomenonhasbeen<he focus of our
work. For eachof the threeeffects ¡nentionedaboye,¡he
typical oLiteomeis fasterreaction time (Rl), and higher
percentageof correct answerswhen the relevantand
irrelcvant information signaisthe sameresponse,asopposed
tu different responses.

Iheseconfiiet phenomenatend to be explainedusinga
¡heoreticalmodel developedby Kornblum. l-lasbroucq,and
Osman(1990)¡bat, in essence,statesoneprocessingroute
guided by (he experimental instructions and another
automMicroute acúvatedby t1w iweievantinforniation. flese

pathsconvergein theprocessof selectingresponses,in such
a way that interferenceis producedwhen two different
responsesareactivated,and facilitatiun when unly une is

activated.Our investigationwasinitially centeredun testing
predictiunsfrom ibis model with measuresderived frum
electrucncephalogram(EEC) recordings.The generalmethod

is summarizedin Section 1. Ihe resulís confumedthat the
Simon effeet is pruducedby interferenceduring response
selection (tbat Gratiun, Coles, and Donchin also
deniunstratedin 1992 fur the noisecumpatibility effect).
However,we havenut beenalije tu verilix’ ¡bat¡he irrelevant
infurmatiun automa¡icallyactivatesa response.The data
suggests,instead, that ¡he influence of ¡he irrelevaní
infurmatiun dependson top-duwnprocesses.Ihesestudies
may be fonod in Sectiun 2.

Wc havealso examined¡herole of irrelevant infurmatiun
when it is not associatedwith a response(unlike in the three

examplescited aboye).Here, we fucusedon the accessory
effec¡,which, basicallycunsistsoían RT <bat is fasterwhen
the imperativestimuli (generally visual) areaccompanied

by other stimuli (accessorystimuli, generally auditory), than
when ¡bey arepresentedalune(seedic review by Nickerson,

1973). Oní results showed¡bateffect wasproducedbefure
responseselection ended,and not further along in ¡he
prucessingsequence,as Sanders(1980) maintained(see

Sectiun3).

1. MeasurementsDerived frum EEGs: ERPs

The electrumagnetiefields producedby postsynaptíc
activity of synchrunuuslyactivatedneuronsorganizedin an
“openIjeid” (le., alignedalonga symme¡ryaxis) generatean
electromagnetieficíd that canberecordedat scalpaselectrical
ac¡ivi¡y (EEC)or as magnetiefields (magnetuencephalogram,

MEO). Ihe brain’s response¡u stimulation involves neural
activity relatedlo [he analysisof the stimulus(“signal”) and
¡batof [he uther neuronswhoseactivi¡y is nu¡ time-lucked¡u
<he stimulatiun (“noise”). Ihe magnitudeof nuiseis several
times Jargerthan ¡bat of <he signal,anddios, ihe tirst prubiem
is separatingsignal from nuise.re mustcummunprucedure
is based00 the fact ¡bat noiseis a randumvariable whereas
tbe signal is assumedtu beconstan¡.If ¡bose¡wo assumptions
huid, a coheren¡averaging(time puin¡ by time point) will
abulish ¡he noise(randumvalueswill iend towardthe mean)
and ¡be signal will be visible. Recordingfrum an array of
electrudes,andinterpolatingvalues, yields a distributionof
eleetricalpotential uver ¡he scalpat eachtime point. This

eleetricaldistributionis producedby neuralprocessingrelated
tu ¡he even¡ uf interest (event-reia¡edpotential, ERP).
Obviously,unecould alsoattain ERPtime-locked¡o response
(e.g., Hackley& Valle-Inclán, 1998).

The basicprublemwith the EEC andderivedmeasures
is tha¡, generally speaking,it is not possibletu locate¡he
neurunsrespunsiblefor <he distribution of potentialobserved.
The numberof spatialeonfigurationsthai could accuuntfur

a particulardistilbutiun is endless,sumethingthai is referred
tu as the “insulubility of [he inverseprublem.”’ It cuuld be

arguedthat localizatiun of ¡he ac[ive s[ruciures IS Rut one
of tbe challengesuf psycbolugicalinvestigationand¡bat
¡bereare many questiuns¡batcould be addressedwitbout
receursetu anaiomy.The piuneers¡udiesof Hillyard, I-link,
Schwent,and Pic[un (1973)cuncerningauditory attentiun
demunstra[ed<bat even wi[buut knuwing thc origin of
recordedputentials,we can know whenattendeds[imuli are
diffeí-entiatedfrom the una¡tended,andtbis infurmatiun, in
[orn, is pertinent¡o the early/lateselectiundebate.

Nunetbeless,if uneintends¡ogo beyund a functiunalmudel
(tha¡ is, a psychulugicalmudel), une cannu¡ dismiss ¡he
s[ructural informatiun. There are variuus ways tu assign
anatomicalinfurmatiun tu ¡heERPs,uneuf [he must popular
being theanalysisof dipoles in combination with magnetie
resunanceimaging (MRI). I-luwever, we bave[u sta¡e¡bat
[besearead buc methodsthat, a¡best, demunstrateonly that
tbeprupuseddipule structureis compatiblewitb ¡he distribudon
uf putential found. Nor can tbe cumbinatiun uf ERF and

The inverseproblem is insoluble even when ¡he rccordingsare of magnetieHelcIs (MEG, rnagnetoencephalography),¡ha¡ are not
distortedby ¡he skull or scalp. If certain restrictionsbasedun hypo¡hcses,suchas anatomicalinformation,are imposed,then unecould
arriveat a solLItiolí ¡o ¡he inverseproblem, lot ¡bis solotion, ¡huoglí feasible,will nol be uniqoe.
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Ibocliunalmagnetieresunance(FMRI) be consideredasolií¡iun.
lo general,it is ificxact [o searchfur cen[ers of activity wi[b

FMRI, and¡benplacedipoles o the cooespuodingcuordinates,
and¡bengeneralea distribtííiun uf puiential and compareit
with <he uneob¡ainedibroogb ERE rccordiog. Ii i s ¡nexaet,

despile tbe relation betweeobluod flow aodpostsynaptic
ac¡ivi¡y, becauseunecannutusualy ascertainwhe¡herthc
activity reflected o FMRI currespoodsto a clusedficid, o
wbicbcase,it wotíld not bereflectedin tbc EEC. huríbermure.

eveni 1 uneknnws tba¡ tbe ‘1 it tip’’ aiea io EMRI hasocuruos
organizedin an upenficíd, Ihe dufiereocejo temporalseale
be¡weenERE aodPMRI is su great(eveoin single-nialFMRI)
that, al must, a coincideocebe¡wecoan FMRI Ibctis anl an
equivalenídipole cotíld be t.akeoas suggestive.

Anuther solotion ¡o ¡be spa¡ial indc¡ermina¡iooof ERPs
is tu work wilh ¡bosewhuseneuralorigins arekoown,th-anks

tu invasive recurdingaod experimentatiunwitb animuís.
Tbesedays, ocural generatorsare known br potentials
pruducedalung ibe sensorypatbways,liebre ¡be activation
¡cachescurlex. Tbe u¡ility uf ¡besevery sbort laieocy
putentials in tbestudy uf ‘superior” funetions is certainly
very limiled. At cortical levels, we possessonly a reasonable
certainty regardingibe origios of motor pu¡en¡ials¡bat

aniecedemovemeníanduf early (< lOO ms) visoal, auditory,
audsomatusensurycorúcalputentials.Most uf our researcb
was dircc¡ly cuocerned witb mutor-reluted po¡eniials

preceding¡be execulionof simpleresponses(socbas pressiog
a key). l¡ is generally agreedtba¡ tbesescalp-recorded
putentials originate in tbe primary mo¡or curtex. Wc bave
also utilized eurly visual potenilals,whicb displayretinutupie
organizalion. Given ¡be urganizationof VI aronod (be
calcarinefissure,¡be polariiy uf ibe prirnary componcoisis
inversefur stimuli presentedjo ¡be opperhemificíd aod o
dic lower bemificíd (see Valle-Inclán. l-lackley, de Labra, &
Álvarez, 1999a, 1999b).

In ¡he fulluwing sectiunwe prescntthe metbodempluyed
fur ob¡aining poteniials related ¡o muvernení.

La/eralizedReadinessPeten/ial(LRP)

‘¡‘be LRP is an EEC-derivedmeasorcmen¡¡bat was

developedsimultaneouslyaudindependentlyatibe University
uf Gruniogen(de Jung, Wierda. Mulder, & Mulder. 1988;
5mW, Mulder, & Molder, 1987)and at ¡be Universiiy of

Illinois (Coles, 1989; Coles& Graitun, 1986). Tbe LRP is
rclatively easytu compoteand nuwadays,cbeaptu irnplement,
but [he informatiunulitained is iuvcrselyprupurdonatetu ¡be
proceduressimplicity, as x•vill he detailed beluw.

Merhodj6r cbtaining tite LRP. Sume bundred¡bsof
mjlljsecundsbeforea baodor finger movemeolis executed,

a negativepuiential developsover ibe motor cortex (al
posi¡iuns C3 and C4 of ¡be 10-20internaliunal systcm,ur
a¡ pusiiions 1 cm anterior).Tbis negaiiveancl symmetrical
potential is known as ibe “reudinesspotential.” l3efore

executiunof ¡be rnuvemen¡,(he readinesspuienijal becuines

more negativein [be contralateralheniispbereof the huod
¡batis tu executeihe response.By subtracting[he puten[ials
recordeduver leE and rigbt bemisphcres,thc lime poiní al

wbich ¡be readiocssputential begios tu lateralize will be
observed.lf ¡be RT br ¡cfi- and rigbt-baodrespuosesis
similar-, we can construcíao activation iodex fur ¡he currect
responseby subtr-acting[eft- andrigh¡-bandresponses.The
tesoIt of tbis tino ble solitructiun (bemispberes,respuose
buod) is knuwn ¿is ¡líe LRP (olbernamessucb as corrected
motorasyrnmctíy¿cíe long e¡ al., 1988, are no longerused).
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Figure /. LRI> calculation.

Thcre are severulnietbodsiu computeIbe LRP (see
Coles, 1989; Osmao.Basbore,Coles, Donchin, & Meber,
1992) bu¡pcrhapsdic easiest,in coínpotatiooalterms, is
¡bat of Osmanel al. (1992):

LRP (C3-C4)LCO (C3~C4)~jg~~

Tu furíber clariiy ¡be metbod, imagine <be simplest
experimentaliask: S¡imuli piesenkdcentrullytha¡ require¡cfi-
ur rigbt-handresponses.In ¡bis case,ihe ERE cao beubiajoed
tisio~ unly une EEC channel,a digital-tu-aoalugcunverter,
¿md a simple averagingprograni (seeFigure 1). Connec¡ing

electrodesplacedai ibe C3 aod C4 posilinosuf ¡be international
sysiení 10-20(u C3-C4 “bipolar derivation”) will yicld <be
dificrence be¡weenleE aod rigbt motorcortices(tbe first
subtractionis doneun-line). Witb tbis procedure,blinkiog
andvertical ocular movements(a cumtnonproblem¡u EEC
researcb)are nullihectbecause<be valuesare tbe sumefur
boib electrodes.Since¡be stimuli ¿ii-e pí-eseoledccnirally, <bern
are no burizonial ocularmuvemenís(al leasí,nnt relevanítu
¡he task aoci, tbercby,uffec(ing ¡he results) thai cocíld disinrí
¡he EEC reenr-cliog. EEC epucbswill tbeo be olitained and
averageduccnrdingtu ¡he responseband ancí <be stirnulus
type. frials wi¡b left-bancl rcacliunsxvill shuw a positive

deflectionwbereasa negativewavewill beubservedun lí-jaIs



UNATTENDED INFORMATION PROCESSING 79

wi¡b right-handreacíiuns.Finally, ERPs for Ieft- andrigbt-
Fund responseswill be subtrac¡ed.Mure cumplexdesigns
migbt alsorecíliire eye-niovementconectiunprograms(Grauon,
Coles, & Dunebin, 1983) or rejectionof tria¡s cuntaminated
with ocularactivity, or a largeranayof electrodes.

Fu,íctiona[ signí ¡cauceej ¡fíe LRP. Figure 2 displays a
minimajisí mudel of infoi-madun-prucessings¡agestur a choice-
RT task. ‘¡‘be figure includesdireeprocessingsbgesandtbe
two psychopbysiologicalmarkers(P300andLRP) (bat weí-e

tísed tu divide tbe interval betweenstiínulcíspresentationand
responseexecution.P300 latencybad beenconsideredfor
rnany yearsan adeqtía¡eindicatorof (be endof tbe stiínulus

evaluatjonpbasc(cg., McCarthy & Donchin, 1981), despite
die fact thaI rnan~’ siodies indicatedthat factors implicateddi
responseseleetiunaffectedthe latencyuf P300(cg., Valle-
Inclán, 199Gb). Verleger (1997) reviewedthe literature un
P300Iutency andconcludedthat it is incoíTecttu cunsider
1>300 Iatencyas u puremdcx of stimulusevaluatiuntime.

wi[huut baving lo assumea particular information-prucessing

arquiteclureor <beway information is transmátedfrom une
stugetu [be nex¡. Tbese(wu issuesweigh beavilyun aguod
many of [be cunclusiunsíeacbedtising behaviuralmeasures.
Our work witb the accessoryeffect (seeSection 3) is an
exampleof Ibe wuy onecan utilize LRP ¡o divide Rl and

¡o determineIhe stageuf information processingat wbicb
be ubservedeffectsin behaviorareproduced.

On [heotber baud,tbe form uf the LRP enablesos tu
know wbich responseswere aclivated liebre response
execu(ion.Calculating the LRP uccordingtu tbe formula
offeredaboye,cuíTec¡responsesexbihit a posidveLRP und
incorrectresponsesa negativeLRP. In ¡bis case,if only une
responseis activated. die LRP wilJ be positive, whereasif
(wu responsesareactivatedandIte currec(une is executed
in tbe end(tbat is, if tbereis in<erfereneein (be response-
selectionstage),[he LRP wilI be biphasic: first a nega[ive

deflectiun, followecl by a positive deflection. Our studies
wi¡b ¡be Simon effect (seeSectiun2) illustrate bow LRP

can be used¡o determinewhicb responsesare selectecl.

Sumo tus
evaluation

-4 PSOO

Response
seleetion

m -<- LRP

Response
preparation

LRP 5

I LRP R
R

Figure 2. Minimalist mudel uf infoimation proeessingstagesfor
choice-RTtasks.

2. Ihe Simun Effect

o, Tbe Simun effect, fírs¡ describedby Simon and Rudelí
E (1967) and su designatedby Hedge and Marsh (1975).
e
o emergesin eboice-RTtasks in whicb s¡imuli haveatask-

relevan((cg., color) anda task-irrelevantdimension(spatial
o, lucation), and responsekeys are located in a manner

congruentwidi ¡be irrelevantstimulosspatialdimension.For
example, ¡he s¡imuli ([wo color pa¡cbes)are randomly
presentedat tbe left andrigbt of the fixation point, and

sobjcctsanswerby pressingkeystha[ arealso positiunedat
left and rigbt. Under ¡besecondjtions, ¡he Rl is fasterdi
thosetrials in wbicb tbestimulusandresponseareipsila[eral
(compa[ible trials) [han in thosein wbich tbe s¡imulus and

l-lowever,tbe other psycbopbysiologicalindex included
in Figure 2, [be LRP, is a measurementwith clear func(ional
significanceand known neural urigins. Tbe LRP pruvides
a me[bud fur dividing ¡be RT in balf and testing tu see
wbetbertbe observedbehavioraleffec[s are pruducedbefure

ur af¡er responseselection;addiúunally,i[ affords information
aboutwbicb responseswere activated.lnitia[iun uf the LRP
indicates¡be moment wben une of ¡he handshas been
ebusentu respund,[ba( is, ¡be enduf ¡he responseselection
síage.Tberefore,tbe onse[ laency of (he stimulus-locked
LRE (LRP-S in Figure 2) indicatestbe time tbat elapses
from stirnulus presentatiun[o ¡be conclusiunof response
selec(ion.Meanwbile, if we calcolak tbe respunse-locked
LRP (LRP-R in Figure 2), its unse¡ latency indicates¡be
time tba elapsesfrom responseselectiun¡o its execotion.
In otberwords, tbe LRP onset allowg os tu balve tbe Rl

-4

Compatible

E
Incompatible

+

fr

Figure 3. Anatomicalhypothesis(o explainthe Simon effect.



80 VALLE-INCLÁN, DF LABRA. AND REDONDO

responseareconralateral(incumpadbletrials). The effect is
ve¡y cunsis¡en[, it can be foondin various sensoryniudalities,
and it doesno[ dissipa¡ewith prac(ice(see ¡be revisinnsof

Lo & Proc¡or, 1995; Simon, 1990).
Oneof ¡he expianatiunsfor tbe Simon effec¡ tba( firsí

comestu mmd is sbown in Figure 3. When tbe stimulos
loca(ion and the reqoiredresponseare ipsilateral, sámulus
¿md mu(urprocessingoccur in ¡he sarnebemispherc,wbereas
if stimulusandresponsearecontralateral,an in¡erbemispbeu-ic
transrnissionis required. Tbis explanationis falsefur many
reasons, bu¡ ¡he simplest and must cunvincing are tbe
following: (a) If dic handsarecrosseduver ¡be mid!ine in

sucb away thai ¡he right handpressesthe left key and vjce
versa, the Simon effect is main[ained (Simon, Hinricbs. &
Craf[, 1970); and (b) if ¡be íwo responsekeys are operuted
by ¡wo flngersuf die sameband.tbe Simon effectalso occurs.

In general,currentexplanationsfor tbe Simun effcct buId
the following: (a) Tbe twu a¡¡riliuies uf ¡he stimolus are
prucessedin parallel, (b) spa¡ial luculization processing
autumaticallyactiva[es (be spadallycompafilileresponse,and
(e) tbis automa¡icacóvationuf (he compatibleresponseis
transitory and declinesuver time (Honimel, 1993a, 1994;
Kornblom. e¡ al., 1990; Kurnlilum, Stevens,Requin, &
Whipple, 1999). In uur labera¡oíy,we haves[ñven (o determine
wberc¡he in¡erferenceof inelevan¡ informatiun is generated

andtu wbut extentbebavioralelfec¡scan be considered¡he
pruduetof an automatie,stirnulus-driveoproccss

The Locas of/he Sirnon Effectos Studied wllh LRP

Firsí, we aítempíedtu elucidateal wbicb processing
stage (see Figure 2) the Simun effect is pí-oduced.Ai ¡bat

time, this was tbe sulijec of Iively deba[e following <be

puliuicatiun by i-Iasbruucqand Guiard (1991) uf twu
experimenis¡batseemed¡u demonstrateinerfeuenceduring
stimulusevaloation.(Credit for the demunstraliunof the
ar(ifac< (bat prudocedtheseresul¡s bclongstu l-lummel.
1995.)

A funetiunuldescriptiunuf (be Simun effect coold begin
witb a model tbat is very similar tu tbat uf Figure 2. Tbe
model is quite generie,bol it 5 an approximation (bat has
proven tu be osefol for understandingand studying
information processingin cbuice-R’f usks. Adopting this
model asa basis,(bere aie ¡breepussible loci for interference

in lIje Simon effcel, and eacb of them correspunústu a
patternof resultsuf stjmulus-lockedLRP, as is represented
in Figure 4.

1< could be assumed¡bat the confl jet between<be two
dimensionsis causeddoring perceptiveprocessing(as
claimed liy HusliíoocqandGuiard, 1991)so ¡bat tbe system
takes longertu clussify a stjmulos in incompatiblethan in
compatibletrials. lf tbis were thecase,compatibletrials
would sliow earlierLRP onsetiban incompatibletrials,
witbuot ¡herelieing signs of incorrecí responseuctivatiun

(seeFigure 4, opperrow). lf, un Ibe otber hand.tbe Sjmon

effectoccurs doring (be responseselecíjon,¡he LRI’ sbould
s¡art at Ibe sanie mument for botb compatible and
incompatibletriuls, but, for tbe Iu¡ter, ¡bere wuold boye tu
be LRP sigusof incorrect responseaclivation (Figure 4,
centerrow). Las(ly, jf tbe Simon effec( is prodocedduring
responsepreparadonor execution,(he s¡jmolos-lockedLRP
sboold be (be samefor compatibleand incompatibletrials
(Figure4, íower row) ¿md 11w díikrenceswoold aviseiii ¡he
response-lockcdLRP (not repiesented).

LRP predictions
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¡oci in dic Simun effect.
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With [bese bypothesesin mmd, we conductedsevera!
experiments(Valle-Inclán, 1 996n, 199Gb) thai consistently

sbowedtbat LRP unsetoccurs at the sametime for botb
compatibleand incompatible ¡rials and ¡bat, for [be latter,
¡he incorrectresponseis also activated.Figure 5 sbuws[he
resulísof one uf ¡beseexperiments(Valle-inclán, 1996u,

lBxperiment3). In ¡be upper lef¡ are¡be RT averagessbowing
fasterRT for compatibletrials. In ¡he lower left are the ERPs
recordedin Pz fur compatibleandincompatibletrials. Note

¡bat P300 is delayedbr incompatibletrials, as compared
tu compatibletrials. The LRP results areplotted un tbe rigbt
of Figure 5. LRPonsetsareverysimilar fur compatibleand
incompatible¡rials andtbat¡be incorrec¡responseis activated
(¡be negativeclip di ¡be grapb) in ¡be incompatibletrinís.
This patternuf results is very clear andcunsistent,soch¡bat
xve can confidently state ¡bat responseinterferencers a
eri[ieal factor in tbe productiunof the Simon effect.

Simun effeu, whicb l-ledgeandMarsh (1975) were ¡hefírs¡
tu describe.Tbeseau¡horsutilized culuredkeys audpresented
coloredpatebes.The task wastu press¡be key of ¡be same

color as [he stimulus (direct mappingcondition)or uf [be
oppusitecolor (alternatemappingcondition). In fuor different
experiments,the stimuli werepresen[edin a vertical or
horizontalmeridianandtbe responsesarrangedin a vertical
ur horizontal dimensiun.Tbe Simon effec[ shuwedop wben
stimuli and responsessbared¡he samespatial dimension
(vertical u>- horizontal), liot only under direct mapping

conditions.Surprisingly,¡be Simon effectwasinvertedunder
¡he aliernatemapping condition. Sincetbe wurk of Hedge
andMarsh, two uther waystu inver¡ tbe Simon effec¡ bayo

beenreported(1-lonimel, 1993b; Proctor& Lo, 1999).

LRP results LRP predictions

me Automatic Charaeterof tite SimoizFifecí

The ostia! hypotbesisarguedtu explain ¡he Simon effec¡
is tbat ¡be abruptstimulosunsetautomaticallyaclivates¡be

compatibleresponse(e.g., Craft & Simon, 1970; de Jung,
Liang, & Lauber. 1994; Kornblum et al., 1990). There are

various unes uf conflicting evidence concerning <bis
hypothesis. First of aH, as it was uriginally presented,the
bypudiesishas truolile explaining¡be appearanceof Simon
effects wben [arget andnuiseare simultaneouslypresented

(e.g.,Valle-lnclán,1996a. Experimení2). Since, in [bese
experiments(see also Crice, Canbam,& BulTougbs, 1984),
¡hestimub uecLlpy liotb sides,it is ulivious ¡bat ¡beappearanee
of [he stimuluseannotbe responsililefor tbe Simon effeet.
Recently, Sbiu andKornblum (1999)hayo prupused¡bat the

autumatieactivationuf ¡he compatibleresponsecan ¡ake place
after iclentification of Ihe s<imulus, whicb could explain
occorrenceof the Simon effeet in visual-searchIasks.

Second.if ¡be merepresentationof the stimulus,or its
idenúfication,ac(ivatesthe compatibleresponse,unecould
expec[ tbat, witb respect [o neutral trials (N). where no
lateralizedpresentatiunexis¡s, compatible¡¡jals (C) will
exbibi[ facilitation (C < N), wbereasincompatibletrials (1)
will exbibit interference(N < 1). However, the cumparison
of compatible,neutral,andincompatible¡daIsyields different
resolts dependingun tbe experimentaldesign.For example,
Simon and SmaIl (1969) presented compatible and
incompatibletrials mixed in ¡be sameblock, and neutral
¡daIs in anu¡herblock. Their resultsdisplay a N < C < 1
pat[orn. Simun andCraft (1970)presented[be three [ypes
of ¡rials in the sanielilock andachieved[be aforementiunod
pattern, O < N < 1 (see also Hommel, 1993b; Umiltá,
Rubichí, & Niculetti, 1999). Simon andAcusta (1982)

sbuwed¡bat ¡he preseneeof facilitatiun dependsun ¡he
metbod of hlocl<ing used.

Tbird, ¡be noijun uf un automatie activatiun of ¡be
compatibleresponsecannotexplain [be inversiunof the
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Figure6. Predietions(rigbt column)andactualresults(left column)
of an LRP experimentdesignedtu test wbetberstimulus onset
aotomaticallyactivated<be compatibleresponse(Valle-Inclán &
Redondo.1998). Tbe upper row eontainsresultsand predictions
for immedinte-reac¡ion¡rials. Tbe lower row contains ¡bosefur
delayed-reactiontrials.

The evidencejusí sumniarizedis incungrueníwitb

explanatiunsfur ¡he Simun effect cunstructedaroundan
automatieactivation of ¡he compatible response.Valle-

Inclán and Redondo (1998) ¡estedtu see wheíher ¡be
presentatiunuf a s¡imulus actually activated¡becompatible
responseusing ¡be LRP. Red ur groencircíeswere randomly

presentedaboyeand below a central fixatiun point and
responsekcys were located “aboye’ and “lielow.” The
assignmen uf responsekeys tu culors was randnmly
changedun everytrial andpresentedtu Ibe subjectsbefore

(immedia¡e-reac[jontrials) ur after (delayed-reac¡iuntrials)
the presentatiunof die imperatives¡imulus (¡he colored

0 400 800 1200
Time (ms>
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cirele). In tbis xvay, tberewere fuor íypcsuf trials defined
by spatial compatibility aud by ¡he momení ¿a wbieb ¡he
responsekeys weredefined. T’be critical nunipulation is

in ¡be deluyed-reactiontrjals. ¡U une assumes tbat tbe
stimulus presentatiunuctivates¡be spatial y coinpatible
response,(be LRP shouldsbowsignsuf responseuctivatiun
iii tbe interval be¡ween tbe stimulos presentadonand tbe
definilion of tbc responsekeys. Re predictedputtern uf
resuusaccordingtu tbk bypotbesis is shown u Figure 6.
rigb¡ panel.Tbe resolts, i llustruied jo the left panelof Pigtoe

6, cunfirin (bat (be presentationuf a stini nl os dues nol
activatetbe spa(iall~ co¡npatilije response.

Recendy.Wc bave beguntu study tbe role uf expcctalions
in tbeSimun eflecí, measurinetbe infloence of sequential

dependencies.Tbe influenceof a ti-ial (N— 1) en [be folluwin~
une(N) is pervusivejn cboice-RTtasks,andrepetitiune!Íec¡s
(Ibe RF0 < R~1) and allernutioneffeets(.RT,~ > RT>1) buye
beendescribecí.Tbe repetitiun efíecí.sappearat rela¡ively
sbor¡ intervals betweentbe responseaud stimolus (RS!,
response—¡o—s¡imulos in¡erval) and are linked (o peiceptive
processing.Tbealternationcffec¡s,un ¡be contrary, appear

al long RSIs andarelinked tu responsefacturs.This pailero
vaneswhen s(imuli andresponsesarespaúallyincompatible,
andrepeti(iuneffects wi¡b RSI grealertban ¡000 nis can be

ubserved.
Valle-Inclán el al. (1998) studied tbe effects uf

compatibility between¡rial N- 1 aud(rial N in a Simon ¡ask.
On each¡rial, ¡bey presentedin tbe cenler of a sereena
Ietter (5 or T). Simultancuoswi¡h the appearancenf tbe
let(er, ¡bey presenteda noiseof 65 dB througbuneof ¡be

loodspeakerslucatedaboyeor beluw tbe monhurIbe noise
wasno( informative, and its lucalizatiun, op or down, xvas
randum.Responsestu Ihe letter were given pressing“upper’

or “luwer” keys.
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Tbe RT analysesinelodedonly ¡bose seqoeneeswi¡b
corred tespunsesin the ¡wu consecutivotrials. Tbo trials
‘vero classifiedaccurdingtu compatíbulity lietweent.be trials

N and N- 1. yielding fuor Iypes uf sequences:compatible-
compatible(CC), compatible—incompaúble(CI), incompatible—
compatibledc), and i ncompu¡ilile—incumpa¡ilib (II). Figure
7 displays tbe mean Ris ¡br eacb of ¡be loor seqoenees.‘¡be

Simun efiecí (compatible< incumnpa(jble)is presentunly if
tbe precedingtrial \vas compatible,ancí an inversiun of (be
Siman efíecí(cumpa(iNc = incompatible)is prodocedu Ibe

preeeding ¡rial Was inenmpatible. ‘¡bis inversionuf (he Si non
effect coníradietstbe suppositiun of an automalieadjvatiun
of tbe compatibleresponse;ingead, it soggeststbat s(rategic

lactors are crucial i n (be prodocti oíl of tbe eifecí - More
speeifieally,it sugges¡s¡he existericeuf a íepeti¡iuw effect
of spatiaíst¡rnu!us-responsecumpat¡bility (8RC).

Tu es¡ tbis 5RC-repctitiooeffect, ~yereempluyed(be
prueedureof un expeuimení tbat attainedSimuní cflects a
uliuo¡ 50 nís (Valle-Inclán, I996a, Experiníení3). Sixícen

stt¡dents participated volun tanly. Tlíe stimuí i were arrows
pointi ng op ur down, presentedrandonílyaboyeor below

¡hepoiní. of fixation, br a periodof 50 n1.. Responsesxvere
madeby pr-essingtbe keys of a compoterkeyboardtbut was
placedperpendicular¡o ¡he sereen.‘¡be “upper” key was

(be nomber 5 and tbe “lower” key, numben6, both uf (be
nuníericalkeyboard.‘[he keys werepressedwitb ílíe indez
fingers of eachbaud,and[be assigumeíxtof key (u haud
~vascuonterbalancedamung(be sobjccts.Tbe sobjccts’task
cunsístedof pressingtbe ~‘opper”key if ¡be a¡now pointed

op and ¡he ‘lower’~ key if Ibe urruw pointeddown.
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The tnials wereclassjtiedacco;dingtu (be cumpa¡ibility

between¡be preceding(rial and Ihe current (rial, just us in
tbe experimentof Valle-Incláne[ al. (1998). Tbecompatible
trials badfasterVEs (487 msec)tban the incompatibletnials

(549 nisee), F(l. 15) = 109.92, p < .0001, aud a lower
percenageof en-un(1.17% and 5.17%, respectively),F(l,
15) 17.95, p < .0001- Ibe results of ¡be analysis uf

seqoentialcompatibi1 ity are sbuwn in Figure 8. Tbe ef<
panel includesthe meanRís fon eucbof (be fuor sequences

of compatibility (CC, Cl, IC, II), andtbe nigh( panelcontajus
tbe averugesuf penceiMageof error fon eacbof thc cunditions

(tu olitain tbis measure,only seqoencesin wbicb ¡be first
riul bud lieen answeredconectly wereincluded).A strong

SRC-repetitioneffect (CC < 1C and11 < CI) was observed
in RT aud pencentageuf error, altbough tbe Simon effect

dicí not becomeinvertedufter incompatibletrjals, as in Valle-
Inclán eL al. (1998). Figure 8 sbuws thaI (be grea(est

contribution tu ¡be Simon effeet was prodoced by (be
difíerence betweenCC (459 nisee)aud Cl (555 msec)
altbuugb ¡bere was also a contributiun in the difference
betweenIC (501 msec) and II (532 msec). Interactiun

betweencompatibili(y jn ¡be prceeding¡rial and in ¡be
corren( t~al was very strong,F(l, 15) = 113.1,;> < .0001,
jost as ¡be main compa¡ibility effect fon ¡be current tnial,

F(1, 15) 117.51,;><.0001.
Iheseresults suggest¡bat sobjectsexpec¡nepetitiun of

S-R cumpatibility @rials CC and1~. lf, insteadof repe[itiun,
alternatiun is pnesen(ed(Cl un IC), ¡he Rís are longeraud
precisiundiminisbes.Tbe rosol(salso indicatethat ¡be SRC-
repetilion eflect is greatenwben ¡rial N- 1 is compatible
(diffenencelie¡weenCC and Cl. 96 msec) ¡ban when it is

incutnpatible(difference betweenII audIC, 31 msec).Tbe
causesfon (bis asymmetryare no¡ known, but we beljeve
thut it muy be acunsequenceuf ovenes(ima¡ionof ¡be number
of cumpa(ible(rials. In ¡orn, ¡bis uveres(imationcuníd be
causedby daily expenience,wberespa(ial compa(ibility is
[be nunín (Valle-Inclán, l-iackley, & de Labia, 2000).

3. Ihe Locos uf ¡be AccessuryEffect

Ihe uccessoryeffec[ is unu(beruf ¡be ¡asks in wbich

inrelevan( infurmatiun alfec¡s ¡be prucessingof relevaní
infurmatiun, bu(, in [bis case,¡here is no conflic¡ be¡ween
(wu responses.In a cbuice-RT¡ask wi¡b visual ¡argets,if
un irrelevantnuise ((bat culis fur no response,givesno
infunmadon abou¡ wbich is ¡be correc¡ response,and
provokesno blinking reflcx) is presentedun sumetnials,
RT is sbortorfur <bosetrials witb noise (accessurys[imulus)
¡banfor ¡bosewi¡huu[ (seoNikerson’s classicrevision, 1973).

Explanaúonsfor tbis effect huye beenoffered for oach
of tbe (bree s¡agosof infurmatiun processinguf Figure 2.
It has boen sogges(ed¡ha (be accessoryeffec¡ reflects
intersensoryfucilitation (Stein,London, Wilkinson, & Price,
1996), an meneasein ¡be speedwi(b wbich tbe responseis

selected(Fosnel; 1978), and an increasein ¡be speodwi¡h
whicb ¡be responsejs preparedandexecuted(Sanders,1980).

In view of (beseconflicting explanatiuns,i( is difficult tu
see bow bebavioraldataalunecuuld localizo¡be proeessing
s¡age.However, useof ¡be LRP makesi perfectly possible
(u divide (be Rl in two and note whetben¡be accessory
effect is pruducedin unehalf un tbe utber.

Hackley aud Valle-Inclán (1998, 1999) applied tbis
reasoningandfuund ¡battbe fucilitatiun is producedbefone
responsesolectjon ends;<bat is, ¡be entino bebavioraleffcct

is íoflected in ¡he stimolos-lockedLRP. aud tbereare no
tíacesof facilitadon in ¡be response-lockedLRP. Ono can
cuncítíde(bat (be uecessuryeffect occurseitherduning ¡be
peiceptiveprucessingor during tesponseselection.Ihe next
step is tu demonsflatein whicb une of ¡he ¡wo ¡be bobavioral
effect uriginutes.Ibis is no easytask. The fundamon(al
prolilem lies u ¡be cunfusion of visual andaudi¡ony ERPs
un ¡riuls witb un aecessunystimolos.Soparuting¡he ¡wu

contribotionsrequiressumesuphisticationin ¡be experimental
desjgnand iii [be tíea¡men¡of data, liu¡ (bis dues not appear
tu be impussible ¡o acbievo.

Anotber interestingonteomofnom tbe work of Hackley
andValle-Inclán (1999) is (be utilizutiun uf blinking latency.
It is knuwn tbat sulijects ¡end¡u buink un finishing a (rial
(Stem,Walratb, & Colds(ein, ¡984), aud(bis bulds fon ¡rials
[bat requiroaresponse(“go tnials’) andfur ¡huso(bat do nu¡

require aresponse(“no-go(ríaIs”). Ibis moansthaI, oven in
<be¡riuls fon wbicb (be st’bjec¡ does not huye tu pressa key,
[be recuídinguf buinks allows unetu know when¡besubject
bas finjsbcd processing¡he s(imulusaud basdecidednot tu
respond(seoFi”ure 3 uf Hackley& Valle-Inclán, 1999). We
wuold Iike ¡u cali a¡ten¡iun<u ¡his finding, wbicb provides

fur measuring‘Rl’ in ¡rials whero there is no responso.

4. Cuncluding Remarks

Ibe nesearcbsumnianizedin ¡bis papenprovidesan
exampleof [he way di wbich physioiogical measurescan
be used [o tes( informa¡ion-processingmudels uf buman
brajn functioning. We hayo focusedun uno physiulogical
measuro, ¡he LRP, thaI yiolds an index of differen(ial
activa(ion betweenlef[ andrigb¡ motor cortex. Unlike utber

ERPs,¡be neural gonoratorsuf (he LRP arenelativoly well
known. andis funetionalsignificance 5 clear,or, at leas¡,
is understundmure cloariy <ban anyulbenERP

Using [be LRP, wo showed¡bat: (a)Tbe Simun effect
is due, a¡ least in purt, tu responseinteiferenceproducedliy
activationof tbe compatiblerospunseun incompatibletriuls
(Valle-Inclán, 1996a, 199Gb); (b) ¡he ac(ivatiun uf ¡he
compatibleresponsesbould not be consideredan au[omatic,
stimolus-dnivonprocess(Valle-inclán & Redondo,1998);
and(e) ¡he observedbebavioralfacili(ation in (be aecessory
effec¡ is prodocod liefore ¡be responseselectiun encis
(1-Iaekley& Valle-Inclán. 1998, 1999).
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