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Short Abstract
We arguethat traditional approacheso humaninformation processingtend to deal with
perceptionandaction planningin isolationand, therefore fail to give an adequateaccountof
theperception-actiomterface Thetheorywe proposansteacassumeshatperceptuakcontents
andactiongoalsarecognitivelyrepresentetty compositecodesof their distal featuresthatis,
perceivedandto-be-produce@ventsarecodedwithin acommonrepresentationahedium.Our
mainassumptionsrewell supportedby available evidencefrom a wide variety of empirical

domainsandarelikely to stimulatenew questionsandlinesof research.

Long Abstract

Traditionalapproache® humaninformationprocessindendto dealwith perceptionandaction
planningin isolation, so that an adequateaccountof the perception-actioninterface is still
missing.Ontheperceptuakide, the dominantcognitive view largely underestimategndthus
fails to accountor, theimpactof action-relatedorocessesn both the processingf perceptual
informationandon perceptualearning.Ontheactionside, mostapproacheavailableconceive
of actionplanningasa merecontinuationof stimulusprocessing,thusfailing to accountfor the
goal-directednessf eventhe simplestreactionin an experimentaltask. We proposea new
frameworkfor amoreadequate¢heoreticatreatmenof perceptiorandactionplanning,a theory
postulatingthatperceptuakorntentsandaction plansare codedin a commonrepresentational
mediumby featurecodeswith distalreferenceAccordingly,perceivedeventgperceptionsand
to-be-produceavents(actions)areequally representedby integratedtask-tunednetworks of
featurecodes--cognitivestructuresve call eventcodes.We give an overviewof evidencefrom
a wide variety of empirical domains, such as spatial stimulus-responsecompatibility,
sensorimotosynchronizationpr ideomotoraction, showing that our main assumptins are

well supportedy thedata.(190vords)

Keywords. action planning,perception,perception-actionnterface,eventcoding, common

coding,featureintegrationpinding
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1. INTRODUCTION AND OVERVIEW

We proposea newtheoreticaframeworkfor the cognitve underpinningof perception
and action planning, the Theory of Event Coding (TEC). Basically the theory holds that
cognitive representationsf events(i.e., of anyto-be-perceivedr to-be-generatethcident in
the distal environment)subservenot only representationafunctions (e.g., for perception,
imagery, memory, reasoning, etc.) but action-relatedfunctions as well (e.g., for action
planningand initiation). Accordingto TEC, the core structureof the functional architecture
supportingperceptiorandactionplanningis formedby a commonrepresentationalomainfor

perceiveceventgperceptionandintendedor to-be-generatedventqaction).

In anutshell,we believethatit makessenseto assumehatthe stimulusrepresentations
underlyingperc@tion andthe actionrepresentationanderlyingaction planningare codedand
storednot separatelyput togetherin a commonrepresentationamedium. This implies that
stimulusandresponseodesarenot entitiesof a completelydifferent kind, but only refer to,
and thus represent different eventsin a particular task and context. Thus, it would be
misleadingto speakof stimuluscodesandresponseor action codesunlessonewishesto refer
to therolesplayedby a codeor the eventit represent¢seesection 3.2.4). Irrespectiveof this
role, though, cognitive codesarealwayseventcodes--codesf perceivedor (to-be-)produced

events.

ThoughTECis meantto providea new frameworkfor perceptionandaction planning,
its scopds limited in thefollowing senseAs regardsperceptionits focusis on Olate€ognitive
productsof perceptuabrocessinghatstandfor, or representcertainfeaturesof actualevents
in the environmentTEC doesnot considerthe complex machineryof the Oearly®ensory
processeshatleadto them. Conversely, as regardsaction, the focus is on Oearly€bgnitive
antecedent®f action that standfor, or represent,certain featuresof eventsthat are to be
generatedn theenvironmen{(= actions).TEC doesnot considerthe complexmachineryof the
"late" motor processeghat subservetheir realization (i.e., the control and coordination of
movements)Thus, TECis meantto providea frameworkfor undestandinglinkagesbetween
(late) perceptionand (early)action,or action planning. Therefore we do not claim that TEC

coversall kinds of interactiondbetweenperceptiorandactionexhaustivelyThesameappliesto
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the represerationalist approach inherent in TEC. Though we do believe that the
represerdionaliststancahatwe adoptformsanappropriatemetatheoreticaframeworkfor our
theory, we do not want to imply, or suggest,that it is necessaryor appopriate for

understandingtherkinds of interactiondetweerperceptiorandaction.

As we will point out below, TEC differs from other, in part related approachego
perceptiorandactionplanning.In contrasto the classicalinformation processing/iew it does
not see perceptionand action planning as different, functionally separablestagesbut as
intimately related,sometimesevenindistinguishableprocessegproducinga wide variety of
interactionsThis perspectivelT EC shareswith the ecologicalapproachfrom which it differs,
however, by its emphasison representationaissuesNwhich are anathemato ecological
approacheby definition. Finally, TEC doesnot dealwith the questionof how consciousness
and externally-guidedpointing and grasping movementsare related, a topic gaining its
attraction from demonstrationghat both can be dissociatedunder specific conditions (for
reviews, see Milner & Goodale, 1995; Rossetti& Revonsuo, 2000). Although these
demonstrationareinterestingand challengingwe do not seehow they could providea basis

for thegeneratheoryof intentionalactionwe aimat.

Ourargumenfor TECwill take threemajorsteps.In thefirst stepwe reviewclassical
approachew perceptionandaction planning,with specialemphasin their mutuallinkages.
As regardsperceptionthis reviewwill show thatcognitive approacheso perceptionthatare
basedn linear stageheoryandits derivativesdo not give an adequateccountof theinterface
betweerperceptiorandactionplanning.Unlike approachem the domainof spatialorientation
theyneitherhaveaway to accommodaté¢heinteractionbetweerpercepton andaction planning
in asatisfactoryway nor to accountfor theimpactof action-relatecknowledgeon perception.
As regardsactionandaction control, our reviewwill alsoshow that classicalapproachesre
insufficient on both theoreticaland empirical grounds.They neither provide an adequaterole
for action goals nor can they accountfor evidencewitnessingthe operationof similarity
betweerperceptionandaction planning.Basedon thesetwo reviewswe will concludethata
new frameworkis neededfor taking care of the cognitive underpinningsof the mutual

interactionbetweerperceptiorandactionplanning.
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Our review of shortcomingof classicaltheorieswill help us to put constrainton a
newframeworkclaimingto accountfor thesdassuesn a more adequatevay. As aresult, TEC
is presentedn the secondstep. This theory proposesas its core contentionthat codesof
perceiveceventsandplannedactionssharea commorrepresentationalomain,to theeffect that
perceptuakodesandaction codesmay prime eachotheron the basisof their overlapin this
domain.Thestructuralview underlyingthis notionregardsventcodesasassembliesf feature

codes basedntemporaryintegrationin agiventaskcontext.

As we will show, TEC s not entirely new. It rathertakesup elementsfrom old and
forgottentheoriesand (re)combinesthemin a novel way. This is particularly true of the
ideomotor principle (cf. Greenwald,1970) and of motor theoriesof cognition that were so
broadlydiscussed centuryag (cf. Scheerer1984) and thenfell into oblivion becausehe
theoreticalzeitgeistof the new centurywas input-centeredhroughoutand did not much care
aboutactionperse.Precursorersionsof TEC andtreatment®f someaspectf its functional
logic have beenpublishedbefore(cf. Aschersleber& Prinz, 1995, 1997; Hommel, 1997,
1998aMYsseler,1995, 1999; Prinz, 1984, 1987, 1990, 1997a,1997b;Prinz, Aschersleben,
Hommel,& Vogt, 1995).1ts presentversionhasemergedrom our collaborationon a number
of experimentaprojectsandour effortsto understandhe majortheoreticalimplicationsof their

results.

In thethird step,we will thenapplythe frameworkof TEC to a numberof pertinent
experimentaparadigmsAs TEC is more a loose frameworkof theoreticalprinciples,rather
thana strict, formal theory, thereis no obviousway to testits validity directly, thatis, by
deriving predictionsfrom it and then confronting those predictionswith data. Instead, an
additionalstepof translationwill oftenberequiredhatboilstheprinciplesof the generaltheory
down to task-specificmodels. As a consequencéhe generaltheory can only be indirectly
tested:it standsthetestto the extentthat task-specificmodels,which embodyits functional
logic, proveto bevalid. Unlike specific models,which canbe testedfor empirical validity the
generaltheorybehindthemcanonly be evaluatedin termsof the scopeand the variety, of
successfulmodelsderivedfrom it, thatis, in termsof its heuristicand explanatorypower.

Thus, TEC is thoughtto servea similar function as the linear-stageapproach’ la Donders
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(1868/1969pmndSternberg1969), which alsodoesnot aim at explainingparticulareffectsor
phenomenajyutrathemprovidesageneraframeworkanda theoreticallanguagefor developing

moredetailedandtestablenodelsandtheories.

Most of the studiesto which we will refer in the empirical sectionwere originally
inspiredby TEC. At first glance,they seemto addressa variety of disparatetastks like, for
instance sensorimotosynchronizationgpatial S-R compatibility, identification and detection
in backwardmasking, dual-taskperformance jdeomotor action, action perception,action
imitation, etc. However,at a second,moretheoreticallyinspired glance,they all addressthe
sameproblem:mutualinteractiondbetweernrepresentationsf perceivedand producedevents--
andthestructureof thefunctionalarchitecturehattakescareof generatingfransforming,and

storingtheseevents.

We will concludeby pointing out someepistemologicaimplications of our approach
concerningthe role of the interaction between perception and action planning for the

constructiorof reality.

2. PERCEPTION AND ACTION PLANNING
2.1 Views on Perception
In this secton we considerelationshipsbetweemnperceptionandaction planningfrom
the viewpointof perceptionandperceptuatheory. Perceptuaviews, thoughrecognizingthat
perceptionandaction planningmay be highly interactivein many natural situations,tend to
view perceptualprocessedn separationthatis, moreor lessindependenfrom processe®f
action planningandaction control. This is not only true for the study of (presumably)arly
processes(like, e.g., figure-ground segregation, texture segmenton, or structural
organization;cf. Beck, 1982; Hochberg,1978; Metzger,1975; Palmer,1982; Pomerantz&
Kubovy, 1981;Restle,1982), but also for the study of (presumably)ater processesn the
chain of stimulus-inducedoperationsthat are responsiblefor identifying the stimulus or
selectingappropriateresponsesin the following sectionswe shall first examinehow the
linkage betweemerceptionandactionis studiedand conceptualizedvithin the framework of
information-processingpproacheso percetion (cf. Haber, 1969; Massaro,1990; Posner,

1978;Sanders1980). Thesebasicallyclaim aninformation streamfrom perceptionto action
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with little contactbetweenthe two domains.We then survey views that stressthe selective
aspectof information processing:In orderto perform goal-directedactions, this perceptual
selectionof certainaspectof environmentalinformation is required,while otheraspectsare
ignored or rejected.In that view, selection mechanismstake their way from action to

perception.Finally, we considerperceptualmechanismsas part of a functional architecture
whoseoutcomels adaptedaction.In thisview, perceptuamechanismarestudiedwith respect
to their contributionsto peopleOsr other animalsCorientationin spaceand time. In this

framework, perceptionand action thus havealwaysbeenstudiedin commonand in close

correspondence.

2.1.1 Information-Processing Views: From Perception to Action

In his well-knownpaper'On thespeedf mentalprocesses,hich appearedn 1868,
the Dutch physiologist Frans Cornelis Donders establisheda nowadayswidely accepted
methodological strategy for decomposingthe stream of processing between stimulus
presentatiorandresponseaenerationnto a numberof stages.This methodthat, according to
Dondersallowsto computethetime componentsequiredby the"organof perception"andthe
"organof the will* (for identifying the stimulusand selectingthe responserespectively)is
todayconsidereadneof theearlyimportantstepstowardsa naturalscienceapproacto mental
phenomena--majorbreakthrougln theearlyhistoryof psychology.Donders@aperregained
importancea hundredyeardlater whenthe scientific communityrediscoveredts interestin the
structureof thecognitive opegationsmediatingbetweerstimulusandresponsean interestthat
originatedin the 1950sand 1960sand continuesuntil today. Sincethen, researchn this field
has seenan enormousgrowth of knowledge about the factors that determine stimulus
processin@ndresponsgenerationandwe havegaineda muchbroademunderstandingf the

natureof thestagesnvolved.

Linear Stage Models Usually, stage-theoreticalviews encompassall cognitive

processeghat are settled along the information streamtraveling between receptorsand
effectors, that is, from early perceptual processingof stimuli to the final execution of
responses.Applying linear-stagelogic allows to establisha sequenceof hypothetical

processingstagesand to assesstheir functional properties it does so on the basis of
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experimentsthat study how task performancein speededinformation transmissiontasks
depend®n manipulationgeferringto featuresf thestimuli and/ordemand®f thetaskat hand

(Massaro,1990;Sanders1980;Sternberg,1969).

However, though a large number of cognitive psychologists subscribe to the
information-processingpproachpnly few of themhavetakeninterestin thetotal information
streambetweenstimuli and responsesOn the contrary, subdisciplineslike percefion,
memory,problemsolving, motorbehavior,andothershavepreservedheir relative autonomy.
As far as perceptionis concerned,this autonomyemergesfrom the understandinghat
perceptuaprocessinganbestudiedwithouttakinglater operationsnto account.For instance,
it is generallybelieved(andit actually follows from the logic inherentin the approach}hat
stimulus-relatedprocessingcan be studied completely independentfrom response-related
processingThereasoris thatthe information streamin perceptionis commonlyconsideredo
bedata-drivenin thesenseof anuni-directionalflow of informationfrom peripheralto central

stages.

PerceptionMemory,andAction. Theinteractionbetweennformationderivedfrom the

stimulusand information storedin memoryis a topic of centralimportancein information-
processingmodels. In fact, it is this feature that qualifies them as cognitive models of
perceptionSuchinteractionis inherentin the notion of stimulusidentification. It is usualy
believedthatthestimulusgetsidentified by way of matchinga stimulusrepresentatiomgainsia
setof memoryrepresentationClassicalstudieshave addressedhe mechanismaunderlying
this interaction,raisingissueslike parallel vs. serial, analytc vs. holistic, or exhaustivevs.
self-terminatingorganizationof matchesin a numberof tasks (Egeth, 1966; Hick, 1952;
Neisser,1963; Nickerson, 1972; Posner& Mitchell, 1967; Sternberg,1967). Interestingly,
thesestudiedocuson processegatherthanon contentandstructure.Theytry to elucidatethe
natureof the operationsunderlyingthe interactionbetweenstimulusand memoryinformation,
buttheyaremuchlessexplicit on the contentof the memoryrepresentationswvolvedandthe

structuralrelationsbetweerthem.

Suchneglectof structureandcontentappliesevenmorewhenit comesto the memory

requirementf the response-relatedperationsubsequento stimulusidentification. Though
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the classicalmodelsdo not explicitly specify how respmsesare codedand stored, they do
presume,at leastby implication, that responsecodesresideentirely separateéfrom stimulus
codes--stimuluscodes standing for environmentalevents and responsecodes for body
movementskor instancejn achoice-reactin time experimentywhereparticipantspressone of
two keys (say, left vs. right-hand)in responseo the color of a stimuluslight (say, red vs.
green),stimuluscodesstandfor colors and responsecodesfor movementsAccordingly, a
tasklike this canonly be solvedby meansof a devicethattranslatesas it were, colorsinto
movements.The translationmetaphor,which is widely usedto characterizethe nature of
responseselection(e.g., Massaro,1990; Sanders,1980; Welford, 1968), thus stressesthe

incommensurabilitypetweerstimulusandresponse.

MoreElaborateFlow-Charts In the1960sand 1970sthelinear stagemodelwas taken

literally. Stagesverearrangedn arow, anda given stagewould not beginto work beforethe
precedingstagehad doneits job (Donders, 1868/1969; Sanders,1980; Sternberg1969;
Theios,1975).For example Sanderg1983) proposeda linear stagemodelwith four stages:
stimuluspreprocessinggeatureextractionyesponsehoice,and motor adjustmentObviously,
the first two stagesare concernedwith perception,and the last two with response-related

processing.

Later on, with growing neuropsychologicaind neurophysiologicakvidence further
stagesandbranchesvereaddedandtheassumptiomf the strict linearity of the stagesequence
waslooseneadr givenup, particularlyin the domainof perceptuaktages.Stagesvereseento
overlapin time, and parallel processingwas also consideredat leastin certain partsof the
information stream. For instance,in vision researcha distinction betweentwo separate
pathways, or information streams, has been proposed based on a number of
neuropsychologicahnd neurophysiologicafindings, and, as a consequencehe notion of a
linear changeof processingtageshaseventuallybeenreplaedby the notion of parallel and
distributedprocessingDesimone& Ungerleider,1989; Milner & Goodale,1995): After an
initial commoni'low-level" featureanalysigan thestriatecortex(V1) two separaté'higher-level"
analysesreperformedn parallelin the parietalandtemporallobes. The ventral pathway(the

"what"-pathwayin the temporal lobe) is seenas crucial for cognitive performancelike
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identifying objectginferotemporatortexvia V4), whereaghe dorsalpathway(the "how"- or
"where"-pathwayn theparietallobe)is seemascrucialfor orientationperformancdike locating
objects(mediotemporatortex). Milner and Goodale(1995) associatedhis pathwaywith the
visual guidanceof actions (but see, e.g., Merigan & Maunsell, 1993; and Rosseit &

Revonsuo2000, for considerablecriticism). Takentogether this resultsin an elaboratechart
with two parallel streamsf sequentiaktagegshatservedifferent perceptuafunctionsandcan

beassignedo differentanatomicaktructuresn thebrain

Thestandargictureof perceptuainformationprocessinghathasemergedver the last
decadesanbesummarizedsfollows: Whenastimulusis presenteda numberof paralleland
serial operationsis triggered. Some "early" operationsare exclusively driven by input
information derived from the stimulus, while the "later" ones are controlled by input
information from both stimulus and memory information. The end product of perceptual
processing--theercept--eventuallyemergesirom combining the distributed outputs of the
variousoperationsnvolved. In any case,thereis no actionin perception:Perceptioncomes
first, andonly thencomesaction(if it comesatall), andthereis no directway they could speak

to eachother.

2.1.2 Selection Views: From Action to Perception

It was certainly not by accidentthat, with the adventof the information-processing
approachwork on attentionhad a fresh start (for historical reviews, seeVan der Heijden,
1992, and Neumann, 1996). Attentional mechanismsaccount for the various limitations
observedn humanperformanceThus, theyareassumedo enhanceor to inhibit the activity in
thevariousstreamsandat variousstagesan theflow of information. The detailsof attentional

theoriesareassumedo dependn the detailsof thesupposedognitivearchitecture.

Capacity Limitations Correspondingly,early theories of attentional mechanisms

completelyadoptedhelinear stageview of information flow. They madean effort to cover
variousprocessindimitations,ashadbecomeapparenin dual-taskexperimentsFor instance,
in the dichotic listening paradigm(Cherry, 1953) listenerswho are askedto reproducetwo

dichotically presenteanessagesanusuallyreportonly one of them. Thefilter theoryoffered
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by Broadbat (1958, 1971) to capture these and further findings relied on two major
assumptiongzirst, thatthereis abasiccapacitylimitation which is dueto limitation in therate
of informationtransmissioratthe perceptuastage,resultingin a centralbottleneckin the flow
of information,and, second thataccesgo the bottleneckis mediatedby a filter-like selection

mechanisnhatrejectscertainstimulusfeaturegrom furtherprocessing.

Lateron, with moreprogressn experimentaresearclon selectiveattentiontasks, this
view became progressively extended: Single-channelconceptions were contrasted with
multiple-channekonceptionge.g.,Pashler,1989; Welford, 1980), early-selectiorwith late-
selectioormechanismg¢Broadbent1958; Deutsch& Deutsch 1963), capacity-demandingvith
capacity-freeprocessegShiffrin & Schneider,1977), and specific with unspecific capacity
limitations (Kahneman,1973; Navon & Gopher,1979). Up to the early 1980s, one main
doctrineremainecamazinglyconstanthoweverthatcapacitylimitations arean inherentfeature
of theprocessingystemandthatselectionmechanismarerequiredo handletheselimitations.
Capacity limitation was the central concept, and selection was consideredits functional
consequencerl his doctrine hadimportantimplicationsfor the study andthe conceptualization
of attentionalmechanismgNeumann,1987, 1996). However, over the last decadesthis
doctrine was challengedby two alternativesat least: the selection-for-actionview and the

premotoview of attention.

TheSelection-For-ActioView. Accordingto this view, selectioncameto the fore and
lost its role of beingjust a (secondaryxonsequencef (primary) capacity limitations. One
reasonis thatempirical researchinterestshave shifted from dual-taskparadigmsto studies
emphasizingelectionlike in visual search(e.g., Treisman& Gelade,1980)or spatialcueing
(e.g.,Posner,1980). In the wake of this shift the functional relationshipbetweencapacity
limitations and selection has becomereversedand eventually replacedby an action-based
approachSelectiorwasno longerseeno follow from system-inherentapacitylimitations, but
to causesuchlimitationsinstead--ando do so for the sakeof goal-directedaction (cf. Allport,

1987;Neumann,1987,1990;VanderHeijden,1992).

Thebasicprinciple behindthis view is thatany integratedactionrequiresthe selection

of certainaspect®f environmentainformation(thatareaction-relevantiand, at the sametime,
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ignore, or reject,otheraspectgthat are action-irrelevant).In this sense studieson attention
taketheirway from action planningto perception:Action planningrequiresselectionthat, in
turn, modulatesperception.The requirementsof action control force the systemto limit its
processingand, thus, makeit virtually indistinguishabldrom an intrinsically capacity-limited

system.

The selection-for-actiorview speaksto the issue of what gets selectedand which
criteriaareinvolved. It is explicit on whatinformation is pickedup andselectedput it hasnot
muchto say aboutthe representationastructuresunderlying the mediation betweenaction
planning and perceptionand maintaining action-dependenselection criteria. Whatever the
natureof thesemediatingstrucuresmay be, they mustallow for fastand efficient interaction

betweerstimulus-relate@ndaction-relategrocessing.

ThePremotoView of Attention This view alsosuggestghatselectiondoesnot result

from nor requiresanattentionalcontrol systemseparatdrom action-perceptiorcycles.Rather,
selectiveattentionderivesfrom anexogenou®r endogenouactivationof spatialcortical maps,
in which spatialinformationis transformednto movementsAs a consequencef activation
thereis an increaseof motor readinessand a facilitation of stimulusprocessingat locations
towardwhichthemotorprogramis directed(Rizzolatti & Craighero,1998;Rizzolatti, Riggio,
& Sheliga,1994).TheOpremotogdnnotatiorof the theoryresultsfrom the assumptiorthatit
needonly thepreparatiorof themotorprogram(theprocesswve call "action planning™)but not
necessarilyits execution.This allows to integrateobservation®f covertattentionalorienting
withouttheovertactioncomponentfor example whendtentionis shiftedto a stimulusin the

peripheryduringeyefixation.

Originally, the premotorview of attentionwas only appliedto thosecortical mapsthat
codespacefor oculomotorbehavior(Rizzolatti, Riggio, Dascola,& Umilt", 1987). Similar
ideasof a closelink betweenoculomotor behaviorand covert attention shifts have been
discussedobefore, for example,in assumingthat attention shifts precedeeachgoal-directed
saccadeandits programming(Klein, 1980;Posner& Cohen,1980;Posner& Cohen,1984;
Rayner,1984).Nowadaysthepremotoiview is extendedo anymapthatcodesspace thatis,

to mapsthat control movementsof the head, of the arm, or otherbody parts (Rizzolatti &
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Craighero,1998;Rizzolatti et al., 1994). Neverthelessthe view addessesxclusivelyandis
restrictedto phenomenaf spatialattentionlt doesnot speako how the requirementf action
planninginteractwith the processingf otherstimulusdimensionsthan spaceand it has not
muchto say aboutthe representationastructuresunderlying the mediation betweenaction

planningandperception.

2.1.3 Adaption Views: Perception and Action

Anotherinterestingperspectiveon therelationshipbetweerperceptiorandaction canbe
found in the vast literature on spatial and tenporal orientation and adaption (cf., e.g.,
Andersen,1988; Colby, 1998;Howard, 1982; Howard & Templeton,1966; Paillard, 1991,
Redding& Wallace,1997). This perspectiverefersto the notion that perceptionand action
controlmakeuseof sharedreferenceframeswith respecto spaceandtime. In particular,it
positssharedramesfor environmentabbjectsand eventsandfor the actorObody and his or
hermovementsThesereferenceframesserveto specifythe spatialandtemporalrelationships
betweerenvronmentaleventsandbodily actionsand, thus, to coordinateonewith respecto
theother. Thoughthisassumptiomppears$o bea prerequisitdor the successfufunctioning of
sensorimotosystemst is not often explicitly statedn the literature--pelnapsbecausét is too
evident (see, however, Brewer, 1993; Grossberg& Kuperstein, 1989; Howard, 1982;
Redding& Wallace,1997).1f no suchsharedreferenceframeexisted,onecould not explain
how animalscanreachfor a targetat a perceivedocationor catcha flying ball at thetime and

placeof expectectollision (Lee,1976).

Theprinciple of sharedeferencdrameshastwo faces:unity anddiversity. The notion
of a fundamentalunity betweerperceptuakpaceand action spaceis derivedfrom functioral
considerationsAnimals are spatially extendedsystemsthat move aroundin their physical
environmentAn efficientway to successfullynteractwith the environments to furnish them
with a representationasystemthat allows to representhe Where ard the When of both
environmentakventsandbody-relatedevents(actions)in a sharedspatio-temporateference
frame. Such a sharedrepresentations reliable in the sensethat it allows to coordinate
representedactionsand representecevents(e.g., intended actionswith perceivedevents).

Moreover, in order to be valid, this representationabystem needsto contain veridical
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informationin the sensethatit recovershe spatialandtemporalpatternof happeningsn the

distalenvironmen{cf. Brewer,1993; Prinz, 1992).

Recentliterature,however,emphasizesliversity over unity at both the functional and
thestructurallevel (Jeannerod] 983;Paillard,1991;Redding& Wallace,1997).For instance,
in thefunctionalanalysisof visually guidedmovementsone hasto distinguish,on the sensory
side, betweera numberof independenspatialmaps,or referenceframes(e.g., eye-, head-,
trunk-relatedandtransformationsnediatingbetweerthem. Thesameappliesto the motor side
wheremovementsanbe specifial in anumberof referencdrames,too (e.g.,joint-, effector-,
trunk-related ones). Electrophysiologicalrecordingshave also stresseddiversity from a
structuralpointof view, suggestingnultiple representationsef spatialinformationin a number
of mas at different cortical sites (e.g., Andersen,1988; Colby, 1998; Ohlsson& Gettner,
1995).Someof theserepresentationsanbe specifiedwith respecto the body partsto which
theyareanchoredlike eye, hand, arm) or with respectto the action pattens to which they
contribute (like grasping,reaching).Someotherscaneven be specified in terms of body-

independengllocentriccoordinategsuchasobject-relativemovementirections).

Given such modularity of spatial information processingin both functional and
structuralterms, it is not too surprisingthat performancedissociationscan be observedn a
numberof experimentaltasks (e.g., Aschersleber& MYsseler,1999; Bridgeman,Kirch, &
Sperling,1981;Fehrer& Raab,1962), particularlywith respectto the distinction betweerthe
dorsaland the ventral streamof processing(cf. Desimone& Ungerleider,1989; Milner &
Goodale,1995). We must not forget, however, that theserare examplesof diversity and
dissociatiorareexceptiongrom the normalcase of unity andassociatiorand, thus, integrated
action(Milner & Goodale, 1995, ch. 7; Rossetti& Revonsuo0,2000).Unlesswe understand
how thebrainsolvestheproblemof thebindingof distributedrepresentationactivities (across
mapsandacrosaunits within maps)we haveno way of understandingpow unity anddiversity

canbecombinedandhow oneemerge$rom theother(Singer,1994;Treisman,1996).

Yet, despitethe intricacies of the functional architectureand the complexity of the
transformationatomputationsnvolved, therecanbe no doubtthatthe systemeventuallyuses

correspondindramesof referencefor perceptionand action planning. This functional unity
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works not only from perceptionto action--asevidentfrom the high degreeof precisim with
whichanimalsfix thespatialandtemporaldetailsof theiractionson thebasisof the information
providedby theirperceptuabystems--bufrom actionto perceptionaswell. As animalsmove,
perceptualinformation cannotbe interpretedin an unanbiguous way without referenceto
action-relatednformation.This, in turn, requiresthatthesetwo piecesof informationinteract
with eachotherwithin the samereferencesystem.Such crosstalk canoccurat two levels,

compensatioandadaptation.

Thenotionof compensatiomefersto thefactthatin orderto interpretany changen the
spatialdistributionof signalsattheirreceptorsurfacesanimalsmusthavea way to compensate
for their own body movementsin otherwords: the systemhasto take the animalO$ody
movementsnto accountbeforeit can usethe sensorysignalto recoverthe structureof the
environmentallayout (cf., e.g., Bridgeman,1983; Epstein, 1973; Matin, 1982; Shebilske,
1977). For instance,accordingto the classicalreafferene model, this is performedby a
subtractiveoperationby which perception(the retinal location signal) gets canceledfor the
effectsof action (saccadiceye movements)Clearly, a subtractivemodellike this implies at
leastcommensuratéor evenidenticd) representationsn the perceptionand action side (von

Holst & Mittelstaedt,1950;MacKay & Mittelstaedt,1974).

Thenotionof adaptatiorrefersto theflexibility of sensorimotoicouplingsandto the
factthatperceptiorcan, within certainlimits, be educatedy action planning.For instancejn
studiesof distortedvision (Kohler, 1964; Redding& Wallace, 1997, Stratton,1897; Welch,
1978)it hasbeenshownthatsucheducatiorcanwork eitherway: Perceptionmay teachaction
andaction mayteachpercetion at the sametime, againsuggestingcommensurater identical
representationsn both sides(see also Koenderink, 1990; Van der Heijden, MYsseler,&

Bridgeman 1999aWolff, 1987,1999).

In sum,we concludethatthe notion of commensurater evenidentical representations
andsharedeferencdramesfor perceptionandactionis widespreadn the literatureon spatial
orientationlt appearso be a naturalnotionthatrequiresno explicit defense andthis remains
to bethecasesvenin thelight of whatis known aboutmultiple representationsf spacen the

brain.
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2.1.4 Challenges for a Cognitive Theory of Perception

Although the functional autonomyof perceptualprocesseds implicitly or explicitly
presupposedh mosttheoreticalapproacheso pereption, it hasbeenquestionedrom time to
time. In fact, a numberof studieshavedemonstratedhatthereis moreinteractionbetween

perceptiorandactionplanningthanthestandardrameworkwould allow.

2.1.4.1 A Role for Action in Perceptual Processing

In theliteraturedifferent accountanbe found that seemto indicate someimpact of
action-relatedprocesse®n perception Already in the late 19th century Lotze introduceda
prominentmotor theory of perceptionwith the Otheorypf local signsQLotze, 1852; for an
historicaloverviewseeScheerer1984).1t basicallyclaimedthatspaceperceptionarisesfrom a
combinationof two sourcesof information.He assumedfirstly, a qualitative map of visual
sensatiorand,secondly a quantitativemapof metric necessaryo fovealizean object. Whatis
perceivedwas assumedo result from the qualitative visual sensationOenriched®y the
quantitativemapof oculomotorbehavior(or viceversafor modernversionsof this idea, seeK
oenderink,1990; Vander Heijdenet al., 1999a;Wolff, 1999). Thesenotionsare used,for
example to accountfor phenomenaof visual localization (e.g., MYsseler,Van der Heijden,
Mahmud,Deubel,& Ertsey,1999;Vander Heijden, Van der Geest,De Leeuw, Krikke, &
MYsseler199909.

While in the early motor theoriesmotor processedulfill a representationafunction
(i.e., theyprovidethe systemwith a given metric -- an assumptiordifficult to maintain,cf.
Scheerer1984), modernviews assignto theman adaptive function. What is perceivedis
influencedby previousmotoradjustmentsnd, at the sametime, it is a preconditionfor future
adjustmentgseealsobelow and, for an overview, Welch, 1986). However,nearlyall motor
theoriegdealexclusivelywith phenomenaf spacepeiception.Themostprominentexceptionis
themotortheoryof speeclperception(e.g.,Liberman,1982).Wewill deliberatelyexcludethis
examplepartlybecauséhelanguagelomainexceed®our scopehere, partly becausempirical
supportseemsveakerthantheelegantheoreticalprinciple suggestgcf. Jusczyk,1986;Levelt,

1989,ch.11).
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Anotherfield where interactionsbetweenperceptionand action can be studiedis the
perceptionof humanaction (Cutting & Proffitt, 1981;Freyd, 1987; Johansson1950, 1973;
for anoverviewseeStrSnge& Hommel,1996). Much of the evidencefrom this work canbe
summarizedy concludingthatthe way peopleperceiveotherpeopleOactionsappeargo rely
on specific representationabktructuresthat contain information that goes far beyond the
information providedby the actual stimulus. For instance when peopleare confrontedwith
tracef handwrittenetters,drawings,or body movementghey are often capableof inferring
thekinematicsor eventhe dynamicsof the movemets by which thesetraceswere generated
(Babcock & Freyd, 1988; Freyd, 1987; Kandel, Orliaguet, & Bo, 1995; Runeson &
Frykholm, 1981). These studies suggestthat the visual perceptionof actionsand their
consequencemay draw on action-relatedrepresemitional structuressubservingboth the

generatiorandperceptiorof actionpatterns.

Relatedevidencecomesfrom studiesshowing that semanticjudgmentsaboutactions
arefacilitatedif precededy performinghandgestureshatmatchthe to-be-performeddion in
certainrespectqKlatzky, Pellegrino,McCloskey, & Doherty, 1989). A further exampleis
providedby studieson apparentbiological motion (Heptulla-ChatterjeeFreyd, & Shiffrar,
1996; Shiffrar & Freyd, 1990). Thesestudiesdemonstratethat when gpparentmotion is
inducedby a stimuluspatternin which the humanbody forms a constituentpartthe resulting
motion doesnot alwaysfollow the principle of the shortesipath(asit would usuallydo with
physicalobjects).Instead asif to avoid anatomially impossiblemovementsthe motion takes

longerpathsanddetours.

No lessdramaticis the implicit impact of action on perceptionin a seriesof elegant
studiesby Viviani andhis colleaguesAs had beenshown in earlier studies,the velocity of
drawingmovementsiependson the radiusof the trajectoryOsurvature(Viviani & Terzuolo,
1982). Interestingly,the samelawful relationshipsalso seemto be effective in perception
(Viviani & Stucchi, 1989, 1992; Viviani, Baud-Bovy, & Redolfi, 1997). For instance, the
velocity of a moving dot seemsto be uniform if (and only if) it actually follows the law
governingmovementproduction(similar effectscan also be found with linear motion; see,

e.g.,Mashhour,1964;Rachlin,1966; Runeson,1974). This suggestshatproduction-related
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knowledgeis implicitly involvedin perceptualprocessing--dieastasfar as the perceptionof

actionsandactioneffectsis concerned.

Very recently,supportfor sharedmechanismgor actionperceptionandaction control
hasalsobeenprovidedby neurophysiologicastudies(for an overview, seeDecety& Grezes,
1999).ForinstanceRizzolattiandhis group describé'mirror neurons"in the premotorcortex
of the monkey. Theseneuronsareactive both when the monkeyperformsa given action or
whenit observes similar actionperformedby the experimenterwhich typically mustinvolve
aninteractionbetweertheagentandanobject(Gallese Fadiga,Fogassi& Rizzolatti,1996; Di
Pellegrino,Fadiga,FogassiGallese,& Rizzolatti, 1992). Similar findings were obtainedin
PET-studieswith human participants when execution, observation,and imagination of
graspingmovementsvere comparedRizzolati, Fadiga, Gallese,& Fogassi,1996; Grafton,
Arbib, Fadiga,& Rizzolatti, 1996), suggestinga sharedrepresentationabasisfor perception
and action planning. The sameconclusionis suggestediy a study in which transcranial
magnetic stimulation was applied during action executionand action observation(Fadiga,

FogassiPavesi& Rizzolatti,1995).

2.1.4.2 A Role for Action in Perceptual Learning

For obviousreasonghe study of perceptualearninghas seenmore discussionabout
interactionbetweeractionandperceptionLearningis usuallybelievedto resultfrom actions
andtheir outcomesand thereforethe study of perceptuallearning requiresto examinelong-
termconsequenced actionon perceptuabrocessingfor overviewsseeGibson,1969;Hall,
1991).While the majorpartof theliteraturecoversissuesof spatialorientation,somepartis
alsodevotedo the emergencandimprovementof perceptualdiscriminationin the domainof

patternspbjects,andevents However thereappearso bemoretheorythansolid evidence.

Oneof theclassicakheoreticapositionshasbecomeknown asthe differentiationtheory
of perceptuallearning (Gibson, 1969; Gibson & Gibson, 1955). According to this theory
perceptualearningis theartof pickingup, or extractingthoseinvariantsof stimulationthatare
suitedto directly specifycertainbody movementsor actions.Fromits beginningthis theoretical

programwas anticognitivist(or, historically speaking,anti-Helmholtzian)oecauset relieson



Theory of Event Coding 21

the extraction of action-relevantinformation (presumablycontainedin the distribution of
stimulusenergy ratherthan computationaloperationsgeneratinginternal codesand action
programs.Thetheoryhadinitially beendevelopedo accountfor the psychophysic®f spatial
orientation(Gibson,1950)andwaslaterbroadenedtb accountfor the ecologyof percetionin
generalGibson,1979;cf. Turvey, 1977;Fowler& Turvey, 1982).Centralto the theoryis the
notionof affordancesvhich, roughlyspeaking,standfor specificcombinationsof objectsand
eventsas takenwith referenceto their functionsfor the animal--typically with referenceto

actionof certainkinds.

Unlike differentiation theory, which believes that actions act back on the early
perceptuaimechanism®f feature extraction,the theory of associativeenrichmentposits that
perceptualearningoccursat a much later stage.The basicassumptionis that when a given
stimulusis frequentlycoupledwith agivenresponseheinformationderivedfrom thatstimulus
will become associativelyenriched with response-producedues that then will help to
discriminate this stimulus from other ones coupled with other responses (acquired
distinctivenes®f cues;cf. Miller & Dollard, 1941;Postman,1955). Suchresponse-produced
cuescould come,for instance from immediateproprioceptivebyproductsof the respamse as

well asits moreremoteeffects.

The ecologicalapproachhas beenquite successfuto accommodatdor a numberof
findingsin perceptualearning and development(cf. Gibson,1969; Thelen& Smith, 1994,
ch.8/9)--moregerhapgshanthe enrichmentappioachwhich hasseenonly partial supportfrom
experimentaevidenceg(cf. Arnoult, 1957;Cantor,1965;Hall, 1991).Still, theissueappeargo
beunsettledOnereasomaybethatthedifferentiationtheoryis broaderandlessspecificthan
theenrichmentheoryandcanthereforeeasilyaccountfor a variety of facts(and, if necessary,
be adaptedo accommodat@ew findings). In factit is not easyto imagine how it could be
falsified at all. Moreover,thetruth might lie in a combinationof the two theores. Obviously,
insteadof excluding eachotheron any logical grounds,they sharethe commonbelief that
actionplaysanimportantrole in teachingperceptionin a specificway. So far, however,they

bothhavenotspelledoutthedetailsof thisteachingoroceduren a satisfactoryway.

2.2 Views on Action Planning
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In thepast,theorizingaboutaction hasbeenorganizedin two separatdines of thought

andbeenshapeddy two different conceptuaframeworks,namelythe sensorimotoriew and

the ideomotor view. Theoriesfrom the sensorimotorapproachtend to view actions as

responseto stimuli, thatis, asfollowing from externalcausesConverselytheoriesfrom the
ideomotorapproachendto view actionsasfollowing from internal causedike goalsor goal-
related cognitions.In this sectionwe arguethat a comprehensiveaccountof the cognitive

foundationsf actionrequirescombiningthetwo viewsin anewway.

2.2.1 Sensorimotor Views: From Stimuli to Responses

In the sensorimotorview of action, actionsare regardedas re-actions,that is, as
responsetriggeredby stimuli. Strict versionsof the approaclk(like classichehaviorism)claim
that such reductionto stimulus conditionsis a necessaryand at the sametime sufficient
condition for a full accountof action. More liberal versionsmay also considera role for

additionalfactorsthatcannobetracedbackto theactualstimulussituation.

Historically,thesensorimotoline of thoughthasbeenthe mainstreanin actiontheory
for decadesif notcentuies. Thisis trueof both physiologyand psychology.Oneof the early
influential sourcesto which its origin can be traced back is Descartes@nalysis of the
relationship between perception and action. According to Descartes,actions must be
understoodo betheresultof theperceptiorof eventgDescartesl664). This doctrinehaslaid
thegroundworkfor thenotionof thesensorimotoarc, which eversincehasdeeplyinfluenced
psychologicaltheorizingon action. This canbe shownin a numberof indepedent historical
andtheoreticalcontextdike, for example the foundationof reactiontime measuremenge.g.,
Donders, 1868/1969), the formation of the behaviorist program or, more recently, the
developmenof thelinear stagetheoryof humanperformancde.g.,Massaro,1990; Sanders,
1980, 1998; Theios, 1975). The fact that sensorimotoitheoriesof action haveso far been
clearly more successfuthanideomotortheoriesmay be rootedin the difference betweenthe
explanatorystrategiesof the two views and their methodologicalimplications. Unlike the
ideomotorview, which explainsactionsin terms of mental causes,the sensorimotorview

refersto physicalcausesAs aconsequencehesensorimotoframeworkoffers a tool for both
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thestudyandtheexplanaion of actionin physicakterms. This dualadvantagemay explain part

of its historicalsuccess.

Theoriesof actionaddresswo majorsystematicaproblems,learningand performance.
Learningtheoriesirom the sensorimotodomaintendto adopta structuré stance,explaining
how associationbetweerstimuli andresponsegor their internal representationsare created
andhow theirstrengthdepend®n factorslike contiguity,reinforcementand practice Further,
theyaddresghe issueof how theseassocitions interactin networksthatlink large setsof
responsedo large setsof stimuli. Conversely, theoriesof performancetend to adopt a
functional stance modelingthe chainof processingstagesand operationsoy which stimulus
informationis translatednto motor commandsto the effect thatresponsesreselectedon the

basisof theinformationavailable.

Theseheoriegeferto experimentatask contextswith well-definedsetsof stimuli and
responsegsuchasinstrumentalconditioning,paired-assocta learning,or disjunctivereaction
tasks).In thesaasksstimuli andresponsesareindividuatedon the basisof thetask, including
theinstructions.Taskandinstructionsspecify(i) which stimuli canoccur, (ii) which responses
canbe selectedand(iii) which rules governthe mappingof responsedo stimuli. The core
assumptiorsharedy all brandsof sensorimototheoriesof action may be calledthe stimulus
triggerhypothesislit holdsthat, at leastin suchwell-structuredtask contexts,the presetation
of the stimulusis both a necessaryand sufficient condition for triggering the appropriate
responseAccordingly,anyactionis are-action:it comesnto beingasa causakonsequencef

stimulation.

2.2.2 Ideomotor Views: From Goals to Movements

In contrasto sensorimotoviews of action,ideomotorviews stresstherole of internal
(volitional) causesof action and at the sametime disregardthe role of external (sensory)
causesCorrespondinglytheevidencadeomotortheoriesaregroundedn doesnotcomefrom
stimulus-controlledreaction tasks but ratherfrom more open situations where individuals
pursuecertaingoalsand,from time to time, performcertainactionsn anattemptto approactor

achievethem.In this view, actionsareconsidereareationsof the will--eventsthatcomeinto
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beingbecausgeoplepursuegoalsandentertainintentionsto realizethem.

Historically,ideomotorviewsto actionhaveenteredhescientific discussiormuchlater
thansensorimotowiews. This is obviouslydue to the factthatthey dealwith latent, internal
ratherthanmanifestexternalcause®f action.Moreover therole of thesecausesappearso be
different.Unlike astimulusthatmayberegardeds a direct causefor the responseso follow,
agoalappearsto bea causatieterminanthat, atfirst glance,seemgo work backwardin time.
Lotze (1852),MYnsterberg1888),andJameg1890)werethefirst to solvethe puzzle,at least
in principle.Theirsolutionwasbasedn adistinctionbetweerthe goal stateitself (as achieved
throughtheaction--andthus, following it in time) andits cognitive representatiorfas formed

beforetheaction--andthus, potentiallyinvolvedin its causation).

Thoughthis move solvedthe puzzle of backwardcausationit did not help muchin
bringinggoalsto theforefrontof actiontheoryandassigningto goals(or their representations)
the samestatusanddignity thateverybody(andeverytheoryfrom the sensorimotoidomain)
would find naturalto assignto stimuli (or thar representations)Again, what remainsis a
difference in methodologicalstatus: Stimuli are directly observableentities, and therefore
stimulusinformationis easyto recordand/ormanipulate Goal representationdjowever, are
unobservablentitiesthatcannotbe recordedand manipulatedhatway. If thereis no solution
to this problem,the study of the role of goalsmust, for principled reasonspe much more
delicatethanthestudyof therole of stimuli for action.As aconsequenci is not too surmprising
thatwe do not possess& comprehensiveonceptuaframeworkfor understandindhe role of

goalsin action.

Thisis not to saythatgoalshavebeencompletelyignoredin actionresearchFirst, in
the motor controlliterature,a substantiabody of knowledgehasbeenaccumulatedn target-
relatedperformancesuchas goal-directechand movements(cf. Jeannerod;1988, 1990) and
saccadieyemovementgcf. Carpenter1988;Kowler, 1990).Here, targetsmay be viewedas
goalsthatarespecifiedin termsof spatialandtemporalmotorcoordinatesYet, in mostof these
paradigmghe targets(or someaspectsthereof) can be perceivedin the sameway as the
triggering stimuli. Thereforethis literatureis only of limited use for ideomotor theoriesof

actionwhosemainpointis to clarify therole of internalgoals.
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Second,the study of goalselectionandgoalimplementatiorhaseverbeenone of the
key issuesin theoriesof motivationandvolition (e.g.,Ach, 1905; Bargh, 1996; Gollwitzer,
1996; Lewin, 1926; Mischel, 1996). Thesetheorieshave much to say aboutthe internal
dynamicsof processeshatprecedethe action.Yet, mostof themare virtually silent when it
comesto the details of the operationsby which goal representationgontribute to action

planningproper.

Third, moregeneraltheoriesare availableon the natureof the mechanismdor goal-
directed control of cognition and action. For instance,as far as cognition is concerned,
production-rule-basecbmputationamodeldike ACT-R (Anderson,1993) or EPIC (Meyer &
Kieras, 1997) provide a central role for goalsand goal representationn their architecture.
Converselyasfar asactionis concernedtherehasbeena long-standinglebateon therole of
goal representationgn learning and performage, thatis, on how peoplelearnto build up
representationsf future goalsfrom consequencesf previousactionsand how thesegoal
representationiter becomeinvolved in action control (e.g., Ach, 1905; Greenwald,1970;
Hull, 1952; Konorski, 1967; Miller, Galanter,& Pribram, 1960). Still, none of these
approachebasprovideda sufficiently detailedframeworkfor the mechanismsinderlyingthe
formationandoperationof goal representationg action control--sufficientin the sensethat

theycanbespelledoutin termsof theinvolvedcognitivestructureandmechanisms.

In summary |t seemghatgoalshavenotlostmuchof theelusivecharacteithey usedto
havein the times of Lotze, MYnsterbergand James--ateastas far as their role for action
controlis concernedldeomototheorief actionaremuchlessdevelopedandelaboratedhan

sensorimototheorieswith respecto bothperformancendlearning.

In the ideomotordomain, theoriesof learningtendto adopta structuralstance,too,
explaining the formation of linkagesbetweenbody movementsand their consequencedn
orderto lay the groundfor the explanationof voluntaryaction theselinkagesmust meettwo
requirementgcf. Prinz, 1997a).First, following James{1890) analysisof ideomota action,
theselinkagesneedto include both residentand remote effects. Residenteffectsrefer to the
mandatoryreafferentconsequencethat go alongwith performingcertain body movements.

Theperceptiorof resideneffectsis thereforebasedon body movementsfor example anarm
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movementrequiredto throw a ball. Remote effects refer to the various environmental
consequencehatmay follow from performingcertain movementsThe perceptionof these
effectsis basedon environmentalevents,like, for example,a ball bouncingagainsta wall.

Secondthoughthelearningrefersto linkagesbetweermovementsandtheir effects,the result
of this learningneedsto be organizedin a way thatallowsto usethe linkagesthe otherway

round,thatis, go from intendedeffectsto movementsuitedto realizethem?

Thisis whereperformanceheoryof voluntaryactioncomesinto play. If onetakesfor
grantedthat the links betweenmovementsand effects can be used either way, a simple
conceptuaframeworkfor thefunctionallogic of voluntaryaction offers itself. This framework
suggeststhat actions may be triggered and controlled by goal representations--thats,
representation®f eventsthe system"knows" (on the basis of previous learning) to be

producedy paticular movements.

The coreassumptiorsharedby variousbrandsof ideomotortheorymay be called the
"goal triggerhypothesis".It holdsthatgoal representationthatarefunctional anticipationsof
actioneffectsplayacrucialrolein actioncontrol(Greenwald 1970,1972;James,1890; Lotze,
1852;Prinz, 1987, in press).For instance,Lotze speaksof "Vorstellungendes Gewollten™
(image of the intendedevents;Lotze, 1852, p. 301) and Jamesof the "bare idea of a
movementOsensibleeffects" which senes the function of a "sufficient mental cue" to the
movementtself (James, 1890, p. 522). Given this crucial role for goal representationd is
naturalthat,accordingto ideomotortheory, the properway to individuateactionsis neitherin

termsof stimuli nor responsedutin termsof goalsandgoalrepresentatiorss.

2.2.3 Challenges for a Cognitive Theory of Action Planning

2.2.3.1 Combining the Two Views

Obviously, a full accountof the cognitive foundationsof action control requires
combiningthetwo lines of thought.Action dependsn both externalandinternal causesand

thisneeddo bereflectedin acombinedheoreticalframework.

(Most) ReactionsareVoluntary Actions, too. Consider,as an example,a disjunctive

reactiontaskwhere,on eacttrial, theparticipantselect®©neout of severaleactionsn response
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to thepresentatioof oneof severaktimuli. As wasindicatedabove performancen suchtasks
is usually analyzedas if responseselectionis more or lessfully determinedby the stinuli

presented.This, however, is obviously not the case:The presentationof the stimulus is
necessaryhut it is certainly not a sufficient conditionfor the responsdo occur. Nothing will

happenupon stimulus presentatioruntil the participanthas beeninstructedto respondin a
particularway andhe or sheis willing to do so. In otherwords, in orderfor a responseo
occur, two conditions must be fulfilled: There must be an appropriate stimulus and an
appropriaténtentionto respondo thatstimulusin a particularway (Hommel,2000a,2000b).
Thismaybe trivial to state--andeverybodyknows it--but theoriesin the sensorimotodomain
haveneverreally recognizedhisfact. It is notthestimulusthatpressegheresponseey in the
reactiontask.Wha is ratherrequiredas underlyingcausalktructureis a dispositionto pressa

particularkey underparticularstimulusconditions.

Voluntary Actions areReactionsfoo. Consider,on the other hand, voluntary actions

like openingadooror goingto themovies. For theseexamplestoo, it is trivial to statethatthe
actionis notonly dependenon internalcauseggoals)buton externalcausesaswell. Whatever
thegoalsin theseexamplesnaybe, theydo not by themselvespecifythe detail of the actions
suitedto realizethem.All of thesedetailsneedto be specifiedby takingthe actualpatternof a
numberof externalfactors(stimuli) into account.Motivational theoryhasto someextentgiven
recognitionto this fact--forinstancein the claim that, in orderto performvoluntary actions,
internal intentions needto interact with external opportunities--tothe effect that both are
requiredo realizetheaction(Lewin, 1926).Again, it is obviouslynotthe goalitself thatopens
thedoorbutratheradispositionto realizea certaingoal undercertaincircumstancesndto fix

thedetailsof theactionin responseo thedetailsof thecircumstances.

Meetingthe Challenge In summary,then, in orderto accountfor stimulus-triggered

responsegerformancewe needto developa novel conceptuaframeworkthattreatsreactions
as goal-directedactions. Actions and reactionsneedto be regardedas segmentsof body
movementghatareindividuatedon the basisof goals--forinstanceike in throwinga ball in

orderto hit atargetor in pressingakeyin orderto switchthelight on. In otherwords, actions

are, by definition, structureghatlink movementgo goals--andrice versa(Prinz, 1997b).Of
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course,it may not alwaysbe easyto conceptuallydistinguishmovementsand goals. The
distinctionis easyto applyto casesvherethe goal lies beyondthe movementandis clearly
distinct from it, like in the two examplesjust mentioned.lt is less obvioushow it can be
appliedto caseswherethe goal appeardo resice in the movementitself, like in pressinga
responsekey in alaboratorytask. Still, thereremainsa difference:thereis a movementfirst
(finger andkey going downward)anda goal stateresultingfrom that movementsecond(the

keybeingpressediown).

This view opensan interestingperspectivenot only on goalsthemselvesput also on
theinteractionbetweergoalsandstimuli asinternalversusexternalcause®f actions.With this
view, goalsandstimuli arecommensurategstheybothreferto environnental events--events
thatare going on and are being perceivedin the caseof stimuli and eventsthat are being
plannedand to be effectuatedin the caseof goals. As we will discussin the Section"The
Theoryof EventCoding," oneof thecentralassumptios of TECwill indeedreferto the notion
of acommorrepresentationalomainfor stimuli andgoals, or perceivedandintendedevents,

respectively.

2.2.3.2 Action Induction

Oneof the majorempirical challengeghata theoryof the cognitive foundationsof ac-
tion controlhasto meetcomesfrom action induction. By this termwe refer to a variety of
observationsuggestingnuchcloserfunctional links betweerperceptionand action planning
than the standardrameworksprovide--linksthat appearto be basedon inherent similarity

betweerperceptiorandaction planningratherthanon acquiredarbitraryconnetions.

Imitative Action. Thereis a largevariety of imitative actions,rangingfrom seenngly

simple imitations of elementaryorofacialgesturesn newbornsand infants (e.g., Meltzoff &
Moore,1977)to instance®f observationalearningof habits,attitudesor eventraitsin adults
(Bandura, 1977; Bandura& Walters, 1963). Correspondingly,a number of functional
distinctionshavebeenproposedin the literature (Scheerer 1984). Still, thereis one feature
commonto all varietiesof imitative action; namely that the imitatorOsaction resembleshe

modelOactionin oneor the otherrespect.In the contextof sociallearning this resemblance
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may refer to the actionOsvenual outcome(like wearingthe sameclotheslike the model),

whereasn thecontextof skill acquisitionit mayreferto thekinematicsof themovementpattern
itself. Theoriesof imitation havetreatedtheissueof resemblancén two differentways (Prinz,

1987).0Oneway is to consideiit aby-productmergingfrom the operationof mechanismshat
are basedon contiguity and reinforcementrather than similarity (e.g., Gewirtz & Stingle,

1968).Theotherway is to considesimilarity thefunctionalbasisof imitation--functionalin the
sensethatimitative action occursby virtue of similarity betweenperceptionand action (e.g.,
Meltzoff & Moore, 1977;Piaget,1946).In any casethe theoreticalchallengeinherentin the
ubiquitousoccurenceof imitative actionis still unresolvedHow is it possiblethatthe mere
perceptiorof certainactionan anothempersoncangive rise to similar actionsin the perceiver?

How cansimilarity beeffectivebetweerwhats/heperceivesandwhats/hepaforms?

SympatheticAction. Whena personwatchesa scenein which he or sheis deeply

involved, sympatheticactionsmay sometimede observedin this person--sympathetio the
sensethatthey areclearly relatedto the happeningn the sceneand appearto be inducedby
them.Sometimeghetermideomotoractionhasalsobeenusedto denotea particularclassof
inducedactions.Yet, as this term has also beenusedin a much broadersense(Carpenter,
1874;James,1890), we suggesthe term of sympatheticaction in orderto avoid confusion
(Prinz, 1987). Sympatheticactionis clearly different from imitative action. First, to quotea
distinctionfrom Katz (1960), sympatheticactiontendsto be synkinetic(animmediateon-line
accompanimendf perception)raher than echokinetic(a delayedoff-line follower). Second,
sympatheticmovementsoften occur without, sometimeseven againstthe spectator'swill.
Third, despitetheir involuntary characterthey appearto be strongly dependenton his/her
intentional involvementin the scenebeing watched,suggestinghe seemingparadoxof an
involuntary action that is still under intentional control. Until recently, the details of the
relationship between the happeningsin the scene and the sympathetic movements
accompanyinghemhavenot beensystematicallystudied(see,however,Knuf, Aschersleben,
& Prinz, 2000). Whateverthis relationshipmay be - sympatheticaction also suggestscloser

links betweerperceptionaction,and(tacit) intentionthantheclassicaframewoks assume.

Synchronoug\ction. Whenexposedo rhythmic soundsmanylistenersfind it easyto
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danceor carryout otherrhythmic movementsn accordancevith the soundpattern,andsome
will evenfind it hardto suppressuchsynkineticaccompanimenof the soundpatterntheyare
exposedo. As Fraisse(1980) haspointedout, the action-inducingpower of such auditory-
motorsynchronizationss particularlystrong, suggestinga specialandprivilegedlink between
perceptiorandaction.In movemensynchroniationtheaction-inducingpower of perceptionis
restricted to the temporal domain. The perceptual event itself does not specify which
movementgo performandwhich limbs to use.However,oncethesechoiceshavebeenmade
by thelistenerthetiming of the movementss capturedby the structureof the soundpattern--
providedthatit exhibits sufficient regularity to allow for anticipationof temporal structure.
Synchronized@ctionis relatedto both imitative and sympatheticaction. With imitative action it
sharesthe featurethat the actionOstructureis modeledafter the structureof the perceptual
event. With sympatheticaction it sharesthe featuresof synkinetic accompanimentand
spontaneousnvoluntary occurrence Again, the resemblancéetweenperc@tion and action

suggestshatoneinducegheotherby virtueof similarity.

CompatibleAction. Spatiallycompatibleactioncanbe consideredhe spatialcountepart

of synchronizedhction.Effectsof spatialcompatibility betweerstimuli and responsescan be
shownin simple experimentademonstrationsA simple exampleis providedby a choice re-
actiontaskwith two stimuli andtwo responsesvhereon eachtrial a stimuluslight is flashed,
to the left or to theright of a fixation mark and one of two responsekeys is operatedin
responsdo the stimulus, eitherthe left oneor theright one. A setuplike this allows for two
tasksdiffering in the assignmenbf responsego stimuli. Whenthe assignmenis spatially
compatible, stimuli andresponsesharea commonspatialfeature(both left or both right)--in
contrasto the incompatibleassignmentvherethey will alwaysexhibit two different spatial
featuregrightbleftor leftbright) As hasbeenshownin alargenumberof experimentaktudies,
response performance for compatible assignmentsis clearly superior to incompatible
assignment@n termsof responsetimesanderror rates;cf. Fitts & Seeger1953). Thoughit
may not be impossibleto accountfor the effectin termsof practiceandcontiguity, it is more
naturalto suggesthatresponsesanbe pre-specifiedy stimuli on the basisof sharedfeatures

(e.g., Greenwald,1970; Kornblum, Hasbroucq,& Osman,1990). This is not far from



Theory of Event Coding 31

concludingthatperceptionnducesactionby virtue of similarity--andfrom raisingthe question

of how suchinductionmayoccur.

2.3 Views on Perception and Action Planning

Obviously, then, in orderto achievea deeperunderstandingf the mechanismsof
perceptionand action planning, we needto come up with a more integrated approach,
recognizingtheintimate relationshipshetweenperception,cognition, and action planning. In
otherwords:Weneedo argueagainstvhatMacKay,Allport, Prinz,andScheere(1987) have
called the separate-and-unequabproachto percepion and action--a view that has been
challengedseveratimes (e.g.,Decety& Grezes,1999;Galleseetal., 1996; MacKay, 1987;
MacKay etal., 1987; Neisser,1985; Turvey, 1977; Viviani & Stucchi, 1992; von Hofsten,

1985)butstill dominateghetheoretichdiscussion.

Ontheonehand,theoriesof perceptionneedto meetthe challengefrom variousforms
of interactionbetweerperceptiorandaction planningin processingndlearning.On the other
hand,theoriesof actionplanningneedto meetthe challengeof providing roles for similarity
betweerperceptiorandactionplanningas well asthe operationof goalsin actioncontrol. We
believethatthetime has cometo meetthesechallengesRecentevidencefrom a numberof
fields hasprovidedsupportfor strang linkagesbetweenperceptionand action, for example,
brain imaging (Decety,in press;Jeannerod1997, 1999; Passingham,1993), single cell
recording(Di Pellegrino,Klatzky, & McCloskey,1992;Rizzolati et al., 1996; Perrettet al.,
1989), executivefunctions (Allport, Styles, & Hsieh, 1994; Monsell & Driver, in press),
voluntaryaction (Bargh& Barndollar,1996; Gollwitzer, 1996;Hershberger,1989), imitation
(Meltzoff, 1995;Meltzoff & Prinz,in pressNadel& Butterworth,1999;Prinz, in press),and
conditioning(Rescorla, 1991). Beforewe unfold our own ideason thesematters(Section3)

we will briefly sketchtwo majorviewson relatedissues.

In away, interactionsbetweerperceptionandactionareat the heartof the ecological
approachto percepion and action, as advancedby Gibson (1977, 1979; cf. Michaels &
Carello, 1981; Reed, 1982, 1996). According to this gpproach, a particular role in the

mediationbetweemerceptionandactionis playedby the notion of affordances Affordances






