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Psycholinguistics is a discipline in which the insights of linguistics and psycholagbrought
to bear on the study of the cognitive aspects of language understandipgpduction.One of the
earliest psychological accounts of language was Wubt'Sprache(1900), which is essentially
a psychologicainterpretationof the linguistic work of the Junggrammatike(see HISTORICAL
LINGUISTICS, p.194). However, the strongly empiricist and anti-mentalistattitude to science
which dominated both linguistics and psychology during the firstdidie twentiethcentury(see
BEHAVIOURIST LINGUISTICS) inhibited theorizing about mental processesinvolved in
linguistic behaviour,andit was not until the late 1950sand early 1960sthat the work of Noam
Chomsky (see RATIONALIST LINGUISTICS and TRANSFORMATIONAL-GENERATIVE
GRAMMAR) provided a climate of thought in which the discipline could flourish.

The mainimpetusfor psycholinguisticresearchin the 1960swas the wish to explore the
psychological reality of grammarsproducedby linguists,thatis, to try to show thatthesein
some way mirrored what went am speakersand hearersminds. The two mostfamouscontro-
versieswithin this framework were producedby the derivational theory of complexity
(DTC), accordingto which a sentenceavould be more difficult to processhe further removedits
surfacestructurewas from its deepstructure,and the theory of the autonomy of syntactic
processing, accordingto which the syntacticanalysisof sentencegonstitutesan independent
stagein their perception.Thereis now generalagreementhat DTC is false (Garnham,1985,
pp.71-74) and the grammarswhich producedit have, in any case, been superseded(see
TRANSFORMATIONAL-GENERATIVE GRAMMAR).

Therehasalsobeena generalshift within psycholinguisticsduring the 1970sand 1980s
away from models which take grammar as their stapigt towardsmore psychologicallybased
models. The questionof whether syntactic processingis carried out independentlyof, or is
interrelatedwith, other processesas not beendecisively answeredlt is an aspectof a more
generaldisagreementiboutwhetherlanguageis processedn a seriesof autonomousstagesby
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autonomous components unaffected by each other, or whether there is interaction betwesh level:
processing. The latter view became the more popular during the 1980s.

According to Clark & Clark (1977), psycholinguisticsincludes the study of children's
acquisition of language. Many linguists would agree that both first andlatiggragdearningand
also linguistic disabilities are the province of psycholinguistics(though see Garnham,1985,
Preface,accordingto whom they are specialistareas,rather than central topics for psycho-
linguistics). In this volumelanguageacquisitionand linguistic disabilitiesare treatedin entriesof
their own (see LANGUAGE ACQUISITION, APHASIA, and LANGUAGE PATHOLOGAN\D
NEUROLINGUISTICS). Artificial inteligence may also be regarded as an area of
psycholinguistics,but this, again, has its own entry in this volume (see ARTIFICIAL
INTELLIGENCE). The psycholinguistic research that viadl reviewedherefalls within the study
of language from the perspective of cognitive psychology.

THE COGNITIVE APPROACH

Three main questions lie at the heart of psycholinguistic research within the cognitive tradition:

(i) What mental representationsre retrieved and createdin the course of language
processingand what is their structure?This is the point of closestcontact betweencognitive
psychology and linguistics. However, since as mentioned above, early refsdadto verify the
psychological reality of transformationgtammar ratherlittle researcthasdirectly addressedhis
qguestion.

(i) What are the processes, or algorithmswiych one representatioms transformednto
another. Progress on this question has been largely confined to lower lgwalsaxfsingsuchas
word recognition and word production, and has been dominated by interactive activation
(McClelland & Rumelhart, 1981) and Connectionist models (McClelland & Rumelhart, 1986).

(i) Whatis the overall processingarchitecture?According to the modularity hypothesis
(Fodor, 1983; Forster,1979) different aspectof languageprocessingsuchasword recognition
and syntax, are encapsulated in distinct modules. "First pass" processing of tipedopetsn a
serial, bottom-up, fashion; each module takes as input the output of the precedingmodule.
Modules do not have access to information outside of their domain of opefatignthe syntactic
processingmodule has no accessto semanticinformation). In contrast, accordingto the
interactionist positiorfMcClelland, 1987), whilst theremight be distinct representationadlomains
(e.g. of phonological and orthographic word forms, synéaranticstheseall interactwith each
other during processing. Processing occurs in ‘cascaoiéithat higherlevels of processingcan
influence lower levels, even before processing at the lower levels is complete.
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Where possible, these aspectsof the cognitive researchagendawill be individually
addressedh eachof the coreareasof psycholinguisticresearclcoveredhere: visual and spoken
word recognition,readingand phonology, accessingneaning,syntacticprocessingandgeneral
comprehension processes. Finally, research on language production is discussed.

VISUAL AND SPOKEN WORD RECOGNITION

'‘Word recognitionrefersto a processof perceptuakategorisatiorwherebyinput is matchedto a
known word form in memory.Different representationgre assumedo be contactedby written
and spokeninput (referredto as written and spokeninput "logogens"by Morton, 1979). Once
such a representation has been contacted, thesrbe usedto accessnore informationaboutthe
word, namely its pronunciationor spelling, or its semanticand syntactic properties. Before
consideringtheseaspectof whatis sometimegeferredto as 'lexical access' researchon word
recognition as such will be discussed.

Processing

A basicprinciple underlyingmodelsof word recognitionsinceMorton's logogenmodel of word
recognition (Morton, 1969), is that an input pattern simultaneouslyactivates multiple lexical
representations according to their degree of match witimghe (althoughserial searchmodelsdo
not make this assumption,Becker, 1979; Forster, 1976). McClelland & Rumelhart (1981)
proposeda model of word recognitionwhich adoptedthis ideaand made additional assumptions
abouthow simultaneouslhactive representationsompeteandinteract. Their model was an early
example of the class of 'Interactive Activation' models whiairecometo be highly influential in
many areasof psycholinguistics,and which could be regardedas the forerunnersof neural
network, or connectionist, models.

McClelland & Rumelhart's(1981) model assumedhree levels of representationvisual
features, letters, and words (these representational assumptions are nosicicgsials the nature
of the way they interact in processing which is crut@alpresentpurposes)Activation of units at
eachlevel is determinedby the degreeof activationthey receivefrom the bottom up (i.e. their
degree of match to the units active at the preceding level, and ultimately the input) and atke from
top down (since units pass activation dawrunits at the precedinglevel that are compatiblewith
them). Crucially, processingat any one level doesnot haveto be completebefore higher level
representationsan becomeactive. Combinedwith the assumptionof top down activation, the
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result is what is often referred to 'aascadeprocessing Anotherimportantaspectof thesekinds
of modelsis that processingwithin levels is ‘competitive’ because units at the samelevel
representmutually exclusive hypotheses.McClelland & Rumelhart formalised this model
mathematically, and were able to successfully simaatafrom experimentn humans,suchas
the 'word superiority'effect on letter perception(letters are easierto perceivein words thanin
consonant strings). More recentlghnson& Pugh(1994)testedone counter-intuitiveprediction
of Interactive Activation models: the more similar a word istteerwords, the harderit will beto
recognisegthe lessvisually distinctivea word is, the greaterthe competitionbetweenword-level
hypotheses). Johnson & Pugh (198dhfirmedthis prediction,andinterpretedthe resultswithin
a more detailed modeif visual word recognitionthan McClelland & Rumelhart's but one which
followed broadly similar principles. Howeveshetherorthographicsimilarity to otherwords has
inhibitory or facilitatory effectsmay dependupontaskdemandgBalota,S.T., & Spieler,1999,
pp. 24-28).

Modelswhich assumeactivationof multiple hypothesefiavedominatedwork on spoken
word recognition.The TRACE model(McClelland& Elman,1986) postulatedeature,phoneme,
and word level units which interact in a simifashionto the feature,letter, andword unitsin the
(McClelland & Rumelhart, 1981) model of visual word recognitioncontrast,Marslen-Wilson's
cohortmodel (Marslen-Wilson,1987; Marslen-Wilson,1989) stresseghe activation of multiple
word-level hypothesesbut doesnot postulatean intermediatephonemelayer of representation,
andrulesout a top-downflow of activationfrom lexical to sub-lexicalrepresentationsDespite
these differences, one important implicatafnboth of thesemodelsis that a spokenword canbe
recognisedht the point at which the acousticinformation uniquely specifiesa single word in the
listener's lexicon, which will often be prito the actualacousticoffset of the word (seeMarslen-
Wilson, 1989,for areviewof supportingevidence andBard, Shillcock, & Altmann, 1988, for
evidencethat becauseof problemsof segmentatiorthis is not always the casein continuous
speech). Both models also stress the importance of lexical constraints for dealingriatitity in
the acousticsignal. In Tracethis is becausef top-downactivationfrom lexical to phonemeand
ultimately feature, units. There is considerableevidence for lexical effects upon phoneme
perception(Ganong,1980; Marslen-Wilson& Welsh, 1978; Samuel,1997) although whether
such effects imply top-down activation is disputed (Norris, 1993; Pitt & McQueen, 1998).

Architecture

In the caseof visual and spokenword recognition,the debatebetweenmodularandinteractionist
positionshascentredon the questionof whethersemanticcontextinfluencesword recognition.
The interactionistposition predictsthat it should, becausesemanticcontextprovidesjust another
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sourceof top-down activation which then percolatesdown to lower levels. According to the
modular position it can not because semantic information can have no effeetoperationof the
word recognitionmodule.Thereis considerablesvidencefor semanticcontext effectson visual
word recognition tasks, but there has been much debate over wihetgesffectsare actually due
to facilitation of the word recognition processitself, as opposedto other processeswhich
contributeto task performancgNeely, 1991). Semanticcontext effectstend to be very weak or
entirely absent when tasks are used which nigl#ssumedo tap recognitionmostdirectly, e.g.
speededvord reading(Forster,1981; Hodgson,1991; Lupker, 1984) or fixation times (Balota,
Pollatsek,& Rayner,1985). However,larger contexteffects can be obtainedwhen the word is
mademore difficult to read(Williams, 1996), or at low levels of readingability (see Stanovich,
1990 for a review). The latter resultstend to support an interactive activation, or cascade,
approach, and are consistent with the view that meaning interigictthe recognitionprocesysee
Balota, Ferraro,& Connor, 1991, for a review). However, from the modularist perspective,
effects of 'semantic’ context can be attributed to direct associative/collocationatonnections
betweenlexical entries, and hence do not violate the assumptionthat semantic information
influences recognitiorin view of this, someresearcthasattemptedo distinguishtruly semantic
and associative/collocational contexffects,and found thatindeedassociativeeffectsare stronger
than semanticeffects (Lupker, 1984; Shelton & Martin, 1992; Thompson-Schill,Kurtz, &
Gabirieli, 1998; Williams, 1996). This suggeststhat there is some representationatlistinction
between collocational and semantic relationships. Semantic context effects have also been
demonstrated in spoken word recognition althoagtountsof this effect differ in the Cohortand
Trace models (see Marslen-Wilson, 1989, for a review).

Representation

There has been debate over whethedelsof spokenword recognitionrequirea distinct level of
phonemic representation (as in TRACE). Marslen-Wilson (Marslen-Wilson, ¥83jen-Wilson
& Warren,1994) arguesthat lexical representationare specifiedin termsof distinctive features
rather than phonemes. Following the theory of “radical underspecification” (SBEybestthat,
while the distinctive featurespresentin the signalare indeedrepresentegbre-lexically, the lexical
entries to which they are matched are abstract in the sense thspdody only non-defaultvalues
of non-redundantdistinctive features. This view permits a more parsimoniousaccount of
simplification phenomena, co-articulation, and assimilation than is possible in TRACE.
Other researchetsavearguedthatin orderto easethe problemof segmentingcontinuous
speechinto words the lexical accesgrocessmay utilise units of representatiorwhich are larger
thanthe phonemeMehler, Dommergues& Frauenfelder(1981) proposedthat Frenchlisteners
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segment the input into syllables prior to lexical access. However, @atl@olleagueshasargued
that English listenersutilise full quality strong syllables (see Cutler, 1989, for a review). If

segmentatiorstrategiesare language-specifithen it becomesnterestingto considerthe caseof

bilinguals, an issue explored in Cutler, Mehler, Norris, & Segui (1992).

With regardto morphology,thereis clearly a tensionbetweenlisting complexforms as
unique lexical entries (i.e. disregardingmorphology in the processof lexical access),and
decomposingvords into their constituentmorphemesprior to lexical access While the former
might seem necessary fopaquederivationsand compoundge.g. re-strain,butter-fly), the latter
might be an economicalmeansof dealing with inflections and transparentderivations and
compoundge.g. mis-judge,space-walk) Currentmodelsfavour a dynamicinteractionbetween
thesetwo kinds of representationyery much in the spirit of interactive activation models
(Caramazzal.audannag& Romani,1988; Taft, 1994). Working from the perspectiveof spoken
word recognition, Marslen-Wilson, Tyler, Waksler, & Older (1994) provide evidence that
morphologicalstructureis only lexically representedor transparenforms, accessbeing via a
shared stem morpheme (see also Marslen-Wilson, 1999, for a brief review).

READING AND PHONOLOGY

Oncea written or spokenform as beencategorizedas an instanceof a known word, further
information about that word can then fggrieved.In the caseof a written words therehasbeena
good deal of debate over the wawhich phonologyis derived,andthe role thatthis might play
in accessing meaning and general comprehension.

Representation

With regardto the issueof deriving phonology from orthography,there is good evidenceto
suggesthat a distinction can be drawn betweenknowledgeof the rulesrelating orthographyand
phonology(grapheme-phonemzonversionrules, Coltheart,Curtis, Atkins, & Haller, 1993)and
lexically represented pronunciation. Rules seem to be needed to account for the abilitytveéad
words whilst rote storageis necessarnyto read irregular words. Some people suffering from
acquired dyslexia (after brain damage) (see DYSLEXd#&)ableto readnovel words, but tendto
produceregular pronunciationsof irregular words. This so-called'surface dyslexic' syndrome
(Coltheart, Materson, Byng, Prior, & Riddoct983) canbe explainedin termsof damageto the
lexical system, and over-reliance amule system.In contrast, phonologicaldyslexics'(Funnell,
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1983) and 'deep dyslexics' (MarshallNewcombe,1980) makeerrorsreadingnovel words, but
canreadevenirregularwords correctly (deepdyslexicsalso make semanticerrors, e.g. reading
dinneras "food"). These patients appéahaveproblemswith the rule system(and an additional
problem accessing meaning in the case of deep dyslexics).

Architecture

Evenif onewereto draw a representationadlistinction betweenlexical and rule-basedroutesto

phonology;that is, betweenrote and rule, thereremainsthe issueof how distinct theseare in

processing terms. There is considerable evidence thanibrain-damagehdividuals, thesetwo

types of knowledge are in dynamic interaction. Glushko (1979) showed that pronouncing
nonsensewords is affected by whetherthere are competinglexical analogies(e.g. HEAF is

relatively difficult to readaloudbecausef conflicting analogieswith regularwords like leaf and
irregularwords like deaj). This demonstratean effect of lexically representegronunciationson

readingnonwords. Similar effects have been obtainedfor reading regular known words, for

examplebeardis relativelydifficult becauseof competitionfrom irregularanalogiessuchas heard
(Jared, 1997; Jared, McRae, & Seidenberg, 1990).

Processing

Coltheartet al. (1993) explainedthe interactionbetweenlexical and rule-basedsystemsn
word readingby using an interactive activation framework which preservegshe representational
distinction between these two types of knowledge. However, a more radical approaaimitate
lexical and rule knowledgewithin onerepresentationaystem,and to seerule knowledgeas an
emergentproperty of lexical knowledge. Novel words are then read through an essentially
analogicalprocess,as suggestedy Glushko (1979). This is one areawhere connectionist,or
neural network models, have been relatively successful(Plaut, McClelland, Seidenberg,&
Patterson1996; Seidenberg McClelland,1989). Theseare self-organisingsystemswhich are
'taught’ the pronunciationf a sampleof English words, varying in frequencyand regularity.
Their performanceon ‘reading' thesewords, and the pronunciationsthey producefor novel
words, is then comparedwith human data. They demonstratethat it is possiblefor rule-like
behaviourto emergefrom a systemwhich is only taughtrelationshipsbetweenindividual words
and pronunciations(see Chater & Christiansen,1999, for an introduction to connectionist
approachedo languageprocessing). Furthermore,it is claimed that when ‘damaged’,these
systems can simulate certain dyslexic syndromes (Plaut, 1997; P#utl&96). The assumption
that it is possibleto conflate lexical and rule knowledgehas, as one might expect, been hotly
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debated, especially with reference to past tense morph(degZhater& Christiansen1999, for
a connectionist perspective and Clahsen, 1999, for an opposing view).

Another strandof researchon phonologicalprocessingf written languagehas addressed
the role of phonologyin accessingneaning.On the one hand, it has beenarguedthat visually
presented words access meaning directly (Coltheart, 1978), whilst other resd@agharadethe
strong claim that visual words only access meaning via phonology (LukafBlaivey, 1994;Van
Orden & Goldinger, 1994; Van Orden, Johnston, & Halle, 1988). It must be stresst: thtitr
view relatesto the unconsciousand automaticuse of phonology, and not to the subjective
experienceof phonologyin silent reading.Jared& Seidenberg(1991) provide evidencefor a
middle positionin which high frequencywords are read directly, but phonologyplays a role in
reading low frequency words.

Whereas arguments for the involvement of phonology in accessing meaning are plausible
the caseof alphabetiowriting systems,one might expectthat in non-alphabetiavriting systems
therewould be a direct pathwaybetweenvisual form and meaning.However, Perfetti & Zhang
(1995) found evidence for rapid activation of phonology even from Chinese characters,thisd
basisarguedfor a universalphonologicalprinciple. On the otherhand,Zhou & Marslen-Wilson,
(1999) showedthat only when Chinesecharactersontainphoneticradicalsdoesmeaningaccess
appearto be phonologically mediated. For characterscontaining no such radicals, meaning
appearedo be activateddirectly from the visual form. Evidencefor similar effectsin Japanese
Kanji is provided by Wydell, Patterson, & Humphreys (1993).

With regard to phenomenally experienced phonology, there is general agrésatiis is
usedasthe meansof storingverbalmaterialin shortterm memory (Baddeley,1990). However,
whether this form of representation plays a role in language comprehensatclisar, sinceeven
patientswith severelyimpairedphonologicalshort term memory can show unimpairedlanguage
comprehensionGathercole& Baddeley(1993) suggestthat only when sentencesre long and
syntactically complex will phonological encoding contribute to the comprehension process.

ACCESSING MEANING

Regardless of the route by which lexical representations of meaning are accessesintiasthe
guestionof the form that thoserepresentationsake (a representationalsue), and how context
influences what aspects of word meaning are activated (an architectural issue).
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Architecture

Homonymshave provided a popular testing ground for evaluatingmodular versus interactive
processingarchitecturesEarly researctsuggestedhat whenan ambiguouswvord such as bug is
recognised, it immediately activates both oiitsaningsyegardles®f the context,butin undera
secondonly the contextuallyappropriatemeaningis still active (Swinney, 1979). Seidenberg,
Tanenhaus, Leiman, & Bienkowski (1982) showtieat this effectis particularly strongfor noun-
verb ambiguitiessuch as box, and that selectionof the appropriatemeaningoccurswithin 0.2
seconds of the word's offset. These findings have been interpreted as strong suppoddalar
view of languageprocessingFodor, 1983; Pinker, 1994). However, Tabossi,(1988) found that
the subordinatgi.e. lessfrequent)meaningof a homonymdoesnot becomeactive in a strongly
biasing irrelevant context, althoughit doesin a more weakly biasing context. Rayner& Pacht
(1994) found that a dominantmeaningbecomesactive evenin a very strongly biasingirrelevant
context.From his review of the conflicting resultsin this area, Simpson(1995) concludesthat
meaning access is affected by meaning dominance and the strength of contextlinlsigsnore
consistent with an interactive than a modular processing architecture (see McClelland, 1887, for
development of this point in relation to ambiguity research).

Representation

Early researcton the representatioof word meaningwas concernedvith prototype effects (see
Aitchison, 1987, for a review). It was discoveredthat peoplefind it quite natural to make
judgements about 'goodness' of category membership (for example they wilthatigeappleis
a 'better’ fruit than a fig). It was argued that concepts like fruit can not therefore be represanted &
strict definition, but must instead be representedas a prototype which capturesthe central
tendencyor family resemblancastructureof the category(Rosch,1975; Smith & Medin, 1981).
However, Armstrong,Gleitman,& Gleitman(1983) found that peopleare also able to produce
gradedcategorymembershigudgementdor conceptswhich are perfectly well-defined, such as
odd numberor female. On this basisit seemsmore plausibleto see prototype effects as a
consequence of the waty which semantianformationis accesse@ndusedin a judgementask,
rather than a direct reflection of underlying representationsArmstrong et al. (1983) drew a
distinction between an ‘identification function' amtonceptuakore’, wherethe former refersto
a heuristic procedure used to make categorisations, and the latredefinition of the concept
(seealsoJohnson-Laird,1987). Accordingto Lakoff (1987) prototypeeffectsreflect underlying
‘cognitive models' of a domain, and Barsalou (Barsalou, 1985; Barsalou,1987) arguesthat



Psycholinguistics 10

prototypicality judgements can be driven by 'ideals’ which can be constructed on an ad hoc basis
form context-specific categories (e.g. foods to eat on a diet).

Somework on meaningaccessduring sentenceprocessinghas attemptedto distinguish
different types of semantic informationtermsof time courseof activation.Propertiesof a word
have been distinguished in terms of dominance, or centrality (i.e. the ease withhelicometo
mind when people are asked to write down the features of a concept). It has bedhdteamndral
properties(e.g. ‘'music’ for piang are active regardlesof the context, whereasin an irrelevant
context peripheral properties (e.g. ‘heavypiano) fail to become active all (Greenspan1986)
or are rapidly suppressedWhitney, McKay, Kellas, & Emerson,1985). Where theseresults
differ from thoseobtainedwith homonymsis that the activation of central propertiesappearso
persist even in seemingly irrelevant contexts. Barsalou (1982) distinguishexkt-dependerand
context-independengroperties and found that the latter persistinto the final interpretationof the
sentence (e.g. theropertyof bank"Where moneyis kept" is as availableafter readingThe bank
was robbedby three banditsas after readingThe bank had beenbuilt threeyearsago). Williams
(1992) extended this line of investigation to polysemous adjectives, finding that '@speaitof
an adjective’'smeaning(e.g. firm asin 'solid' as opposedto 'strict’) remainactive evenin an
irrelevant context. Other work has drawn a distinction between functional and perespetkof
word meaning. Some studiesfound that perceptualpropertiesare accessedbefore functional
properties,whilst more recentwork has found that, at least for words referring to artifacts,
functional properties(e.qg. 'shoot’ for rifle) becomeactive before perceptualproperties(Moss &
Gaskell,1999). Moss & Gaskell(1999) alsoreview researchshowing that functional properties
are particularlyresistantto lossin brain-damagegatients,and suggestthat functional properties
are at the core of concepts for artifacts.

SYNTAX

Architecture

As in the casefor meaningaccessthe debateover the modularity of syntactic processinghas
focussed on the resolution afmbiguity - in this casesyntacticambiguity- andwhetherthe initial

syntactic analysis dad sentences affectedby semanticand discoursefactors.A modularposition
hasbeenadvocatedy Frazierand colleaguegseeFrazier,1987, for a review). On this view, a
syntacticprocessingmodule takesas input the words of a sentenceand on the basis of their
grammatical category, and only their grammatical category, constrsiciglephrasemarker( see
Forster, 1979, for an earlier expression of tiypothesis) Although thereis no commitmentto a
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specific parsingmechanism(seethe sectionon processedelow), it is assumedhat the parser
operates in a highly incremental fashion; that is cduystructingthe phrasemarkeron a word-by-
word basis. One consequenceof this assumption(which has amply been supported by

experimentakvidence seebelow) is thatthe processomill often find itself with a choiceas to

how to attactthe incomingword to the currentphrasemarker.For example after receiving"The

spy sawthe cop with the ..." the processomill know that the word the indicatesthat a noun
phrase should be opened. But where should thathehedo the phrasemarkerof the preceding
fragment?Shouldit be attachedo the verb phrase(saw) or to the objectnoun phrase(the cop?

Frazier(1987) proposedhat the processodealswith thesekinds of local syntacticambiguity by

applying structurally-definedoreferencesnamelythe principle of 'minimal attachment{(posit the
fewestnumberof nodes)and'late closure'(attachan incomingword into the structurecurrently
being built). Inthis example the principle of minimal attachmentlictatesthat the upcomingnoun
phrase should be attachedhe verb phrasesincethis involves postulatingfewer nodes.Rayner,
Carlson, & Frazier (1983) showedthat should this sentencecontinuewith the word revolver,

readingtimesin this regionareslowerthanif it continuedwith binoculars This, they argue, is

becauseaevolveris initially attachedto the verb phrase,then the thematicprocessorattemptsto

interpretedit as an instrumentof seeing,and on realisingthat this is implausible, requestsan
alternativeparsefrom the syntacticprocessorWhenthe processor'snitial parsingdecisionsare
erroneous irthis way, the readeris saidto havebeen'garden-pathedln fact, the Fraziermodel
has come to be referred to as the Garden-Path model.

The Garden-Path model has received support from a number of other expefBaeatse
the garden-patteffectsthat have beenexaminedare often extremelylocal, and passunnoticedby
the reader sensitivemethodologiesare necessaryn order to record momentaryslow-downsin
reading.Usually eye movementracking (seeRayner& Pollatsek,1989, for backgroundto this
technique)or self-pacedword-by-word reading have been employed. Ferreira & Henderson
(1990) comparedhesetwo techniquesand obtainedsimilar results, although Spivey-Knowlton,
Trueswell,& Tanenhaug1995) provide evidencethat undersingleword presentatiorconditions
the absenceof information from peripheralvision has consequencefor parsing. Examplesof
experiments which have supported the garden-path model are Mitchell (1983hoviiedthat the
parser'sinitial decisionsrespectate closureandignore subcategorisatiomformation, and Britt,
Perfetti, Garrod,& Rayner(1992)who showedthat the difficulty of reducedrelatives,which is
predicted by minimal attachment (€Tdne coffee spilled on the rug was difficiatconcea), is not
easedby what was consideredo be a supportivediscoursecontext (one which refers to both
coffee on a rug and scratches on a table). For other examples see Mitchell (1994).

The interactiveposition makesthe predictionthat thereshouldbe circumstancesn which
parsing decisions are affected by thematic, semantic, and even didaestwse Over recentyears
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evidencehasaccumulatedor this position. Taraban& McClelland (1988) replicatedthe reading
time differencesfor pairs like The spy saw the cop with the revolver/binocularspreviously
obtainedby (Rayneret al., 1983), but thenshowedthat the differencein readingtimes between
verb-phrase and noun-phrase attachments was reversed for pdifgligeuple admired theouse
with a friend/gardenwherethe non-mimimally attachedgardenled to fasterreadingtimes. They
suggest that parsing preferences are a pradugeneralexpectancie®asedon world knowledge.
Trueswell, Tanenhaus, &arnsey(1994)found evidencefor more specific preferencedasedon
how well a nounfulfils alternativethematicroles at the point of ambiguity. Altmann & Steedman
(1988) showed effects of discourse contaxthe prepositionalphraseattachmentsi-or example,
the phrasavith the new locks non-minimally attached ifthe burglar blew openthe safewith the
new lockbut it was found to be relatively easy to read in a context in which thera sedswith a
new lock and a safe with an old lock. They suggested that parsing decisions are influembat by
they called "The principle of referential support”, rather than the purely structural principles
proposedby the Garden-Pathmodel. In a similar vein, Spivey-Knowlton et al. (1995) found
evidenceof discoursecontext effects on processingreducedrelatives. However, Britt (1994)
found evidencethat there are circumstancesn which the effect of referential support for a
prepositionalphraseis overcomeby what is presumablya strongerpreferencederived from the
thematic structure of the verb (specifically in the case of verbplikehich obligatorily take three
arguments)For example the prepositionalphraseon the battlein He put the book on the battle
onto the chair is difficult to readevenin a referentiallysupportivecontextin which therearetwo
books, but this difficulty disappears if the velopped(for which alocative phraseis optional)is
usedinstead.Theseresultssuggesthat decisionsabouthow to attachincomingwords are based
on an interactionbetweendifferent types of constraint,and thereis no architecturalbarrier that
prevents different information sources interacting.

Processing

In the light of the mountingevidencefor an interactiveview of sentenceprocessingMacDonald,
Pearlmutter& Seidenberd1994)suggesthat syntacticdecisionsare the result of a processof
constraintsatisfaction wherethe constraintscome from a variety of sources,and have varying
strengths (but for a critiqueeeFrazier,1995). Any particularinput string will activatecompeting
hypothesesn a numberof domains,andthe reader’staskis to arrive at an interpretationthat is
consistent with hypotheses across domains (much as is the tateeaativeActivation modelsof
word recognition). Take for example thgut string The workerslifted ..... The morphologyof
the verb lifted is ambiguousbetweenpasttenseand past participle. However, lifted is more
frequent in the past tense, and thus more strongly activated. In the ddrsgirtax,this fragment



Psycholinguistics 13

will activatetwo phrasestructurerepresentationgyne a main clauseand one a reducedrelative.
Presumablythe main clausestructureis the more frequently encounteredand hencethe most
strongly activated. There ateo possibleargumentstructuredor lifted, onein which the subject
is agent and one in which the subject is theme.aBsggnmenbf the subjectworkersto the agent
role is more plausible, and hence the most strongly activated. Jnstthsr InteractiveActivation
models hypotheses in different domains mutually support e, whilst hypothesesvithin the
samedomainarein competition.In the presentexample the mosthighly active hypothesest all
levels support each other, leadingateery strongpreferencdor the main clauseinterpretationIf
the sentence were to continliee workers lifted by ..only the activation of the syntacttructure
for the reducedrelative would be increasedalthoughthis might still be temporarilyoverridenby
the biases at other levels. However, given thagtied of the systemis to achievecompatibility at
all levels then the activation of optionsin the other domainswill eventually be brought into
alignment.Furthermoretheremay be other factors which supportthe reducedrelative, suchas
plausibility (as inThe bricks liftedlor discourse context (twgroupsof workerswhich needto be
distinguished), the frequency of the past participle form of the (eegb The workersexamined .
where examinedis more frequentas a past participle form). Trueswell (1996) has provided
evidence that indeed the frequency of the past participle versus past tense form of theritieab is
in determining the ease of processiegucedrelative structures Garnsey,PearlmutterMyers, &
Lotocky (1997) exploredthe effects of putting different information sourcesinto conflict, and
McRae, Spivey-Knowlton& Tanenhau$1998)obtaineda goodfit betweenhumanreadingdata
anda computerinstantiationof the constraint-base@pproach.in this latter study corporawere
used to establish frequenciekdifferent morphologicalforms and syntacticstructuresandrating
studies measured thematic preferences.

Other models of parsing have aimed®much more specificaboutthe way that syntactic
structuresare computed,and in doing so have made more of an appealto linguistic theory.
Pritchett (1992) developeda model of parsingbasedon Principlesand Parametergheory (see
GENERATIVE GRAMMAR) which assumeshatall of the principlesof UniversalGrammarare
satisfied at each moment during parsiimgparticularthe parserseeksto satisfy the theta-criterion
(i.e. assign each noun phrase a thematic role) at everyipgrdacessing Ambiguitiesarisewhen
alternative thematic roleare availablefor a noun phrase,andthe processoiselectsthe one which
entails the lowest processing cost. This model difiien® the Garden-Patimodelin its emphasis
on thematic processing. vadically different approachs takenby Pickering& Barry (1991)who
developa theory of parsingwhich doesnot dependon a phrase-structurgrammar,or on empty
categories (which are central to the Principles and Parameters tHdaygemploy an incremental
version of CategorialGrammar(seeJIM'S ENTRY) in which eachword containsinformation
about how it can beombinedwith otherwords, and parsingconsistsof determiningwhetherthe
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representationsf adjacentwords can be collapsedtogether. Since this model makes specific
claimsaboutthe natureof syntacticrepresentationghe evidencerelatingto it is dealtwith in the
following section. For a discussion of other parsing models, see Crocker (1999).

Representation

Rather littlepsycholinguistiovork hasaddressedhe issueof the psychologicalkeality of specific
theories ofsyntacticstructure.Most work hasbeencarriedout in relationto empty categoriesas
positedby Principlesand Parametersheory (see GENERATIVE GRAMMAR), and particularly
wh-trace.Even though wh-tracesare invisible surfacemarkersof movementoperations,t has
beenclaimedthat they have detectableeffects on sentenceprocessing.Frazier & Clifton (1989)
proposedhat the parserpositsa wh-traceat every structuralposition that is consistentwith the
grammar(which they dubbedthe "Filler-Driven" strategy). Compelling evidencefor this was
obtained by Stowe (1986) who found that garden-path effects occur vdoeendialtraceposition
IS not realised,as after bring in My brother wantedto know who Ruthwill bring us hometo at
Christmas(i.e. the readerinitially positsa traceafter bring which is coindexedwith who and is
forced to reanalyse whars is encountered)Stowe, Tanenhaus& Carlson,(1991) and Hickok,
Canseco-GonzaleZurif, & Grimshaw(1992) showedthat a potential gap is postulatedeven
whenthe resultinginterpretationwould be implausible.For example,in  Which bucketdid the
moviedirector from Hollywood persuadeBill to push?Hickok et al. (1992) found evidencefor
reactivationof the wh- filler bucketat the potential, but implausible,trace position immediately
afterpersuade

The aboveexperimentscould be interpretedas providing evidencefor the psychological
reality of wh-traces,andof the particularapproachto syntaxon which they depend(seeFodor,
1989, for an elaborationof this line of argument).On the other hand, Pickering and colleagues
(Pickering & Barry,1991; Pickering,1994; Traxler & Pickering,1996) arguethat an "immediate
association" betweeaverb anda wh- filler canbe accomplishedy a parsingmechanisnmwhich
doesnot appealto tracesat all (i.e. onebasedon CategorialGrammar).For example, Traxler &
Pickering (1996) showed that there are circumstances under which a thefeati@ssignedeven
before a so-called trace position has been encountered (as shawesaltionto the implausibility
of That's the garage with which tieartlesskiller shotthe haplessmanyesterdayafternooneven
at the verb sho?). However, Clahsen& Featherston1999) argue that since all of the above
experimentsaxaminedprocessingmmediatelyfollowing the verb, effectsof tracescan not be
distinguishedrom thoseof thematicanalysis.By performingexperimentsn Germanthey show
that reactivation of the wh-filler can occur at oteentenceositions,and arguethat their datacan
only be explained by assuming wh-traces, as proposed by Principles and Parameters theory.
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GENERAL COMPREHENSION

Accordingto the modularity hypothesisoncea syntacticstructureand thematicroles have been
assigned, the construction of a full interpretation of a sentence lies in the doroairtraf,domain
general, processes which have access to world knowledge. For this reason, pracesseatre
ceasedo be an issuewhen thesehigher-levelaspectsof comprehensiorare considered.Early
researchin this areawas concernedwith the kind of representationsvhich are formed as the
productsof the comprehensiomprocess.exploring people’'smemoryfor sentencesr short texts.
Theoriesof processingare less developedthan for lower-level aspectsof language,and as
Gernsbacher & Foertsch (1999) remark, are so similar in gpatithey are difficult to distinguish
empirically. Here we will focus on the issue of representation.

Researcherbaveattemptedo distinguishthree different types of memory representation
for text or discourse:surface memory, propositional memory, and situation/mentalmodels.
Jarvella(1971)found that people'smemoryfor the precisewording and syntacticform of what
they haveheard(i.e. surfacememory)is remarkablyshort-lived, and shows sharpdrop-offs at
major constituenboundariesThis could be becauses soonas deeperepresentationsavebeen
formed, surface information is purged franemory(seealso Anderson& Paulson,1977). More
recentwork hasalsoemphasizedhat short-termrecall of sentencess achievedmore througha
processof regenerationfrom a conceptualrepresentatiorthan through simply reading off a
verbatim record of what was read or he@irdmbardi& Potter,1992; Potter& Lombardi, 1990),
although how the accuracy and apparent verbatimness of short term redadl &ctomuntedor on
this view remainsan issue (Lee & Williams, 1997). Also it should be noted that Keenan,
MacWhinney, & Mayhew(1977)found thatlong term verbatimmemorycanoccurfor utterances
that are of, whatthey referto as, 'high interactionalcontent’;thatis, utteranceghat convey wit,
humour, sarcasmr personalcriticism. By and large, though, for utterancesof more neutral
content, there is very rapid loss of surface information.

What form do thesedeeperevelsof representatiotake?A commonproposalis thatthey
shouldbe describedn termsof propositionalstructures.Ratcliff & McKoon (1978) provide an
elegantdemonstrationof how even under conditions where accuraterecall of the content of
utteranceswvould be difficult, the underlying representatiorof their propositional structure can
implicitly influence a reaction time task. Kintsch, Kozminsky, Streby, McK&oiKeenan(1975)
exploredthe way in which readingtime and recall patternsare determinedby the propositional
structure of texts, showing for instancethat recall accuracyis affected by the degree of
interconnectedness afgumentsandthat the recall of certainaspectsf textsis affectedby their
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hierarchicalpositionin the propositionalstructure.lt must be noted, however, that this research
employedtexts that were generatedrom a prior propositionalanalysis,and so whetheranalyses
derived from naturally occurring texts would make the samepredictionsis not clear (see also
Brown & Yule, 1983, pp. 106-116 for criticisms of this approach).

Propositional representations do not exhaust the meaning that people are able fmderive
text. They capture thematic relations, and make clear the co-refeetatcensbetweenterms(e.g.
the relationshipbetweenan anaphoricexpressionand its antecedent)But they do not encode
reference or the inferencésat readeramakein orderto arrive at a full understandingTo capture
this kind of representationtesearchersiave referredto a 'situation model' (Kintsch, 1988) or
'mental model' (Johnson-Laird, 1983). The former term will be adopted here. Thislenesents
the contentof text or discourseas a stateof affairsin thereal, or a possible,world. Bransford,
Barclay, & Franks (1972) were amongthe first to highlight the importanceof this level of
representation as constituting what is commonly thought ofreerstanding'They testedpeople
on passages which were perfectly cohesivpropositionalterms,but which in the absencef an
appropriate titledid not produceany senseof understandingMuch of the work on this approach
has focussed on spatial descriptions. For example, Bransford et al., (1972) found thedadifigr
The frog sat on #0g. Thefish swamunderthe log (mixed in with a large numberof other mini-
texts) readers will later mistakenjiydge that they actually readthe sentencel he fish swamunder
the frog. Sincethe contentof this test sentencedoesnot correspondo a propositionthat was
presentedjt must have been inferred through the constructionof a more analogicalform of
representationin additionto languageof this type, Johnson-Laird1983) has applieda mental
models approach to logical inferendéis approachto comprehensiotays greatemphasin the
role of backgroundknowledgein supportingthe processof constructinga situation model. A
usefuldiscussiorof the relationshipbetweenthe situation model and backgroundknowledgeis
providedby Sanford& Garrod(1981) (seealso Garrod & Sanford, 1990) who distinguishthe
elements of the discourse that are represented by tok#ressituationmodel, which they refer to
asbeingin "explicit focus", and backgroundknowledgethatis in an active state,or as beingin
“implicit focus". One function of background knowledgédo providerolesfor entitiesmentioned
in the discourse.In termsof schematheory (Schank& Abelson,1977) theseare provided by
'slots' in active schemataFor example,Sanford& Garrod (1981) describeexperimentswvhich
show that, whilst thereare certainly caseswhere definite referenceto a previously unmentioned
entity isinfelicitous, if arole for that entity is availableas part of active backgroundnformation,
then comprehension is unproblematic (éhg.clothesn Mary dressed the baby. Tlotheswere
madeof pink wool). They also make the important point that when a token is introducedinto
explicit focus, it merely points to a slot or role in an active schema,but other information
associatedvith that role doesnot necessarilyoecomeincorporatedinto the situation model itself
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(hencethe infelicity of the materialin Mary dressedthe baby. The material was madeof pink
wool). This restrictionon the contentthat is representedn the situation modelis importantin
relation to inferencing, as will be discussed shortly.

More recently,a mental models approachhas been applied to the processof anaphor
resolution (see Garnham,1999; Garnhamé& Oakhill, 1992). For example, Oakhill, Garnham,
Gernsbacher, & Cain, (1992) demonstrated the lack oficasterpretingtexts suchas Last night
we wentto heara new jazzband. Theyplayedfor nearly 6 hours wherejazz bandis routinely
interpretedas the antecedenbf they despitea lack of number agreementPresumablythis is
becauseat the level of the situation model, jazz band is representedoy a number of discrete
elements (standing for the player§he easeof interpretationsuggestghat anaphoricexpressions
seekantecedentin the situation model, ratherthan the text itself. However, Williams (1993)
providedevidencethat for repeatechounanaphorsthe surfaceform of the text may still play a
mediatingrole in determininghow the situationmodelis accessedOn the other hand, pronouns
may access the situation model more directly (Cloitre & Bever, 1988).

The dominance of the situation modekimmprehensiomasbeenhighlightedby Barton &
Sanford(1993) (seealso Sanford, 1999; Sanford& Garrod, 1995) who exploredthe so-called
Moses lllusion: the tendency for people to answer the quéstienmany animals agachsort did
Mosesput on the ark? with "two". They suggesthatthis is becausavords that evenvaguely fit
supporting background knowledge only receive a shallow semantic analysis whiclsigfjosnt
to support construction of a situation model. Perrig & Kintsch (1985) showed that theaiahee
situation model that the reader construntsy be affectedby the natureof the text, and be subject
to individual differences.Schmalhofer& Glavanov(1986) also demonstratedhe effect of task
demands,and found greater evidencefor constructionof a situation model when the task
emphasizedunderstandingor learning, and more evidencefor constructionof propositional
representationsvhen participantswere merely told to summarizethe text. Thus, whereasthe
propositional level of representation may capturenti@mum that a personshouldhaveextracted
from a text in order to support further comprehension processasrtentof the situationmodel
IS more variable.

In an attempt to separate out automatic and voluntary aspects of leigh@omprehension
processesa good deal of researcthasfocussedon whetherthereare certainclassesof inference
that are made spontaneously and automatically, whereas other types of inferemme apgional.
McKoon & Ratcliff (1992) proposea "Minimalist Hypothesis"accordingto which "only two
classesof inference,those basedon easily available information and those required for local
coherenceare encodedduring reading,unlessa readeradoptsspecialgoalsor strategies'(ibid.,
p.441). In thefirst case,informationthatis strongly associatedo words in the text triggersan
elaborative inference. For example, McKoon & Ratcliff (1989) showed that when peagEhe
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housewifewas learning to be a seamstresand neededoractice so she got out the skirt shewas
making and threaded her needtey spontaneously activate the concept '¢éawimilar effectwas
alsoobtainedby O'Brien, Duffy, & Myers (1986)). This appeardo be an elaborativeinference,
but one that may be triggered through strong associations with the wahegext (in actualfact,
as in much of this type of work, the methodologies only show that a casaegive, and not that
a particular inference was actuattyade).More interestingare the secondtype of inference those
requiredfor local coherenceTheseinclude anaphoricinferencesand thematicrole assignments
(which herehavebeenassumedecessaryor constructionof a propositionalrepresentationand
what GraesserSinger,& Trabasso(1994)referto as "causalantecedentinferences.The latter
concernan effort to understandhe immediate causesof an event mentionedin the text. For
example,Potts, Keenan,& Golding (1988) found that after reading... the husbandthrew the
delicateporcelainvaseagainstthe wall. It costhim well over one hundreddollars to replacethe
vase there wasvidenceof activationof the conceptbroke' (implying thatthey hadinferred that
the vasebroke), whereasthis conceptwas not active after reading ... the husbandthrew the
delicate porcelainvaseagainstthe wall. He had beenfeelingangry for weeks,but had refusedto
seek helpOnly in the former case is it necessary to infer that the vase inrokderto understand
the restof the text. Similarly McKoon & Ratcliff (1989) showedthat the conceptdead’ was not
active after readinghe director and theameramarwere readyto shootclose-upsvhensuddenly
the actress fell from the 14th stoy@yesumably because there is nothing that reqgthiea®aderto
infer that the actressdied. McKoon & Ratcliff (1989) take this result as evidenceagainstthe
"constructivist" approach originally advocated Bsansfordet al. (1972) andtakenup laterin the
mental/situation model approach. They argue that "A mental model of a text shelactsessfell
from the 14th storghould include the inference that she died. It would noeasonabldrom the
mental model point of view to leave her suspended inamid However,as Glenberg Kruley, &
Langston(1994) point out, mentalmodelsdo not have to be completerepresentation®f real
situations;they can be highly schematic.This schematicapproachto mental models is also
consistentwith the line taken by Garrod & Sanford, (1990). Evidence against elaborative
inferences is not evidence against situation models.

The Minimalist Hypothesishascomeunderattackfor concentratinggoo much upon local
coherence.Graesseket al. (1994) arguethat inferenceghat are requiredfor global coherencere
spontaneously drawn as well. These concern the "superordwedteof a characterthe moral of
the passageandthe emotionalreactionsof character§seeGraesseket al., 1994, for a review of
the evidence).Other researchhas investigatedwhether readersspontaneouslyinfer a specific
exemplarof a superordinateategory for examplethat vehiclemay referto a car in the sentence
The reporter went to the vehicle to look for the pa@rkitney, 1986). Both Whitney (1986) and
O'Brien etal. (1986)found evidencethat suchinferencesare only madespontaneouslyhenthe
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superordinatderm is foregroundedfor examplein The vehicle containedthe papersthat the
reporter was looking for. This pointsto the importanceof discoursefactorsin determiningwhat
inferences are made spontaneously, making it difficult to maintain a strict minimalist position.

LANGUAGE PRODUCTION

Only a brief overview of work on languageproductionwill be provided here. The readeris
directed to Levelt (1989) for a comprehensive revidvall aspectof the productionprocessand
to Levelt, Roelofs, & Meyer (1999) for a more up-to-datereview of work on single word
production.

Representation

It is generallyagreedthat the processof producinga word canbe separatednto two stages.The
first, lexicalisation,stageconcernschoosingthe word which best matchesthe intendedmessage
(as represented at a conceptual level), and the second;eiimiewal stage,concernsaccessingnd
assembling the phonological information that is required to articulate the word. Ndtesthation
of lexicalisation,as usedabove,implies the existenceof abstractlexical representationsvhich
mediate between conce@redword forms. Theseintermediaterepresentationeavebeenreferred
to aslemmas,and are also assumedo contain syntacticinformation associatedvith the word.
Evidence suggestingthe existenceof lemmas comesfrom "tip-of-the-tongue” (TOT) states
(Brown, 1991), where it is possible for people to have the sensation that theyhenward for a
particular concept that they want to express (equivalent to having acedsseda)but are unable
to retrieveits form. Vigliocco, Antonini, & Garrett(1997) showedthatwhen speakerf Italian
are in TOT states they can report the gemmdéhe word evenwhenthey are unableto supply any
phonologicalinformation, providing supportfor the idea that syntacticinformation is associated
with the lemma. Levelt et al. (1999) provide further argumentsfor positing a lemma level of
representation. Howevethis assumptiorhasbeencontestedy Caramazza& Miozzo (1997)on
the basisof datafrom tip-of-the-tongueexperimentsand aphasicgbut seelevelt et al., 1999,
p.66, for a response).

There has also bealebateover whetherthe conceptuatepresentationg/hich areinput to
the productionprocessshouldbe specifiedin termsof setsof primitive featuresor in terms of
lexical concepts which bear a one-to-one relationship to lemmas. Levelt et al. (199¥)danan-
decompositionabpproachon both theoreticaland empirical grounds. They argue that "lexical
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concepts form the terminal vocabulary of 8peaker'snessageonstruction”(p. 8). This implies
that a good deal of language-specificonceptualprocessingneedsto be done to packagethe
intendedmessagén suchaway asit canbe fed to the productionprocess;what Slobin (1996)
referred to as "thinking for speaking”.

At the level ofform retrieval, thereis convincingevidencethat the phonologicalform of a
word is not simply retrieved aswhole unit, but ratherthatit is constructedpr "spelledout”, by
insertingsub-syllabicunits into syllabic frames(Levelt, 1989; Levelt et al., 1999). Speecherror
data have traditionally provided the strongest evidence for this assumption. Whenesalnaaige
between two words they invariably occupy the same posititime syllable structureof the word,
asin for examplein mell wade (exchangeof onsetsfrom well madg, bud beggs(exchangeof
syllable nuclei fronbed bugy god to seerfexchangeof codasin goneto seed. Althoughit may
seem inefficient to construct the form of words when those formalrsadylexically represented,
Levelt et al. (1999) point out that thisngcessaryo copewith the fact thatin continuousspeech,
syllabification does not always respect lexical boundaries; that is, the sgiialireof words in
citation form doesnot always correspondo their syllable structurein continuousspeech.As
regardsthe types of unit which fill the slots in syllabic frames, the fact that exchangesof
phonological features can also occur (as in the voicing exchange which urglediggue sky for
clear blue sky) suggestghat abstract,and possibly underspecifiedphonologicalrepresentations
are involved.

It is generallyassumedhat the formulation processesinderlyingsentenceroductioncan
be divided into two stages (Garrett, 1990). In the ftagethe intendedmessageas usedto select
relevant lemmas, and these are inserted into a representation of the fuacgananistructureof
the sentencdo form what Garrettrefersto asthe 'functionallevel representation'Speecherrors
such agrhis spring has a seat in(fior This seat has a spring ir) ivherethe exchangedvords are
of the same grammatical category can be interpreted as errors in the assignment of siaisis to
the functionallevel representationn the secondstage,syntacticencodingproceduresgyeneratea
syntacticplanning frame which containsslots for the contentwords specifiedin the functional
representationTheseslots are also carry diacritic markersfor tenseand number,andso on. The
phonological forms of theelevantlemmasare theninsertedinto the relevantslotsin the planning
frame. Thisexplainswhy whenwords exchangethey are appropriatelyinflectedfor the position
they occupy in the syntactic structure (agdrhear one if | knew itor I'd know onef | heardit).
Kempen & Hoenkamp (1987) present a model of sentence production ebpettdhesegeneral
distinctions, whilst stressing the incremental nature of sentence production.
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Processing and Architecture

The two main modelsof the productionof singlewords areDell's (1986) Interactive Activation
model, and Levelet al's (1999) WEAVER model. Therearetwo main differencesbetweenthese
models. First, Dell allows information to flow bidirectionabgtweenlevels (asin the McClelland
& Rumelhart, 1981, model of word recognition), whereas Levelt et al only allow activatitmw
from higher to lower levels in a feed-forward network. SecaritereasDell achieveghe binding
between phonemes and structural positions through control of timing, Leveltrabdésachieves
this through a checking operation. However, both models assume that there is coniyetitesn
lemmas in lexical selection, consistent watvidenceobtainedby Wheeldon& Monsell (1994), as
well as picture-wordinterferencestudiessuchasthosereportedby Schreifers,Meyer, & Levelt
(1990). The latter studiedthe effectsof auditorily presentedlistracterwords on picture naming
times, and found thatemanticallyrelateddistracterge.g. goatfor a picture of a sheep)produced
interference (slower picture naming times) if they occurredgust to presentatiorof the picture.
The distracter word can lieoughtof asincreasingthe activationof a lemmawhich competedor
selectionwith that correspondingdo the targetpicture. However, whereasthe Dell model allows
competing, but not selected, lemmas to also activate their phonological folrey#ieet al model
does not because they assume a more serial processivitgcture Peterson& Savoy(1998)and
Jeschenial& Schreifers(1997) havefound evidencefor phonologicalactivation of non-selected
lemmas, provided they are synonyofghe picture name(e.g. sodainterfereswith productionof
couch, aresultwhich supportsthe interactiveactivationmodel (althoughseeLevelt et al., 1999,
for discussion) Another featureof the interactiveactivation approachis that once a lemmahas
activatedphonologicalrepresentationghesecan then back-activatdemmasof similar-sounding
words. This assumptionpermits an elegantexplanationof the higher-than-chancéncidence of
speecherrors where the producedword is both semanticallyand phonologically related to the
intendedword (e.g. rat for cat). The phonological form of cat activatesthe lemmas for
phonologicallysimilar words suchasrat, bat, matandso on, but sincethe rat lemmais already
partially active becausaet is similar to the intendedmessageit hasa greaterprobability of being
producedthan the others. However, Levelt et al. (1999) argue that there may be alternative
explanationgor the prevalenceof mixed errors. For example,a self-monitoringmechanism(the
propertiesof which aredescribedoy Levelt, 1989) might be lesslikely to detect,and prevent,a
speech error that is broadly related to the context.

The debate over the appropriate processing architdctureord productioncontinues but
it is worth noting that this mirrors that betweeninteractive activation models of spokenword
recognition(McClelland & Elman,1986)andthe CohortModel (Marslen-Wilson,1989), in that
whilst the former permitsactivationfrom the lexical level to filter down to sub-lexicallevels of
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representatiom recognition,the latter only permitsan upwardflow of activationfrom lower to
higher levels At the sametime, both of thesemodelsof spokenword recognitionstressmultiple
activation and competition between representational elements. Bhgergerathemewhich aswe
have seen runs through work on visual word recognitiamngd reading,syntacticprocessingand
languageproduction,andreflectsthe dominantway of thinking aboutpsychologicalprocesse
modern psycholinguistics.

SUGGESTED READING

Garrod, S. & Pickering, M. (1999).anguage Processindgdove: Psychology Press.

Gernsbacher, M.A. (1994l andbook of PsycholinguisticSan Diego: Academic Press.

Harley, T.A. (2001)The Psychology of Language: Frddatato Theory.SecondEdition. Hove:
Psychology Press.

Levelt, P., W.J.M. (1989). Speaking:From Intention to Articulation. Cambridge,MASS: MIT
Press.

REFERENCES

Aitchison, J. (1987)Words in the MindOxford: Basil Blackwell.

Altmann, G. T. M., & SteedmanM. (1988). Interactionwith contextduring human sentence
processingCognition, 30 191-238.

Anderson,J. R., & Paulson,R. (1977). Representatiorand retention of verbal information.
Journal of Verbal Learning and Verbal Behavior, 289-451.

Armstrong, S. L., Gleitman,L. R., & Gleitman, H. (1983). What conceptsmight not be.
Cognition, 13 263-308.

Baddeley, A. (1990Human Memory: Theory and Practideawrence Erlbaum Associates.

Balota,D. A., Ferraro,F. R., & Connor,L. T. (1991). On the early influence of meaningon
word recognitionln P. J. Schwanenfluge(Ed.), The Psychologyof Word Meanings(pp.
187-222). Hillsdale, NJ: Lawrence Erlbaum Associates.

Balota, D.A., Pollatsek,A., & Rayner,K. (1985). The interactionof contextualconstraintsand
parafoveal visual information in readir@ognitive Psychology, 1364-390.

Balota, D. A., S.T., P., & Spieler,D. H. (1999). Attentional control of lexical processing
pathwaysduring word recognitionand reading.In S. Garrod & M. Pickering (Eds.),
Language Processingp. 15-57). Hove: Psychology Press.



Psycholinguistics 23

Bard, E. G., Shillcock, R. C., & Altmann, G. T. NIL988). The recognitionof words after their
acousticoffsets in spontaneousspeech:Effects of subsequenicontext. Perception and
Psychophysics, 44895-408.

Barsalou,L. W. (1982). Context-independerdéind context-dependeninformation in concepts.
Memory and Cognition, 1@2-93.

Barsalou, L. W. (1985). Ideals, central tendency, and frequency of instantiatieteaminantof
graded structure in categoridsurnal of ExperimentalPsychology:Learning, Memory,and
Cognition, 11 629-654.

Barsalou,L. W. (1987). The instability of graded structure: implications for the nature of
concepts.In U. Neisser (Ed.), Conceptsand conceptualdevelopment(pp. 101-140).
Cambridge: Cambridge University Press.

Barton, S., & Sanford,A. J. (1993). A case-studyof pragmaticanomaly-detectionRelevance-
driven cohesion patternslemory and Cognition, 2477-487.

Becker,C. A. (1979). Semanticcontextandword frequencyeffectsin visual word recognition.
Journal of Experimental Psychology: Human Perception and Performan282259.
Bransford, J. D., Barclay, J. R., & Franks, J. J. (1972). Sentence memooys&uctiveversus

interpretive approactCognitive Psychology,, 393-209.

Britt, A. M. (1994). The interactionf referentialambiguity and argumentstructurein the parsing
of prepositional phrasedournal of Memory and Language, 3351-283.

Britt, M. A., Perfetti,C. A., Garrod, S., & Rayner,K. (1992). Parsingin discourse:context
effects and their limitslournal of Memory and Language,, 203-314.

Brown, A. S.(1991). A review of the tip-of-the-tongueexperiencePsychologicaBulletin, 109,
204-223.

Brown, G., & Yule, G. (1983)Discourse AnalysisCambridge: Cambrisge University Press.

Caramazza, A., Laudanna, A., & Romani, C. (1988). Lexical aaesmflectional morphology.
Cognition, 283), 297-332.

Caramazza, A., & Miozzo, M. (1997). The relation between syntactic and phonokgiededge
in lexical accessevidencefrom the 'tip-of-the-tongue’phenomenonCognition, 64, 309-
343.

Chater, N., & Christiansen, M. H. (1999). Connectionism iaatdrallanguageprocessingin S.
Garrod& M. Pickering (Eds.), LanguageProcessing(pp. 233-279). Hove: Psychology
Press.

Clahsen, H. (1999). Lexical entries and the rules of language: A multidisciplinary stGeyro&n
inflection. Behavioral and Brain Sciences,,Z91-1060.

ClahsenH., & FeatherstonS. (1999). Antecedentpriming and trace positions: Evidencefrom
German scramblinglournal of Psycholinguistic Research, 285-437.



Psycholinguistics 24

Clark, H. H., & Clark, E. V. (1977). Psychology and Language: An Introduction to
PsycholinguisticsSan Diego: Harcourt Brace Jovanovich.

Cloitre, M., & Bever, T. G(1988). Linguistic anaphors]evelsof representatioranddiscourse.
Language and Cognitive Processes233-322.

Coltheart, M. (1978)Lexical accessn simplereadingtasks.In G. Underwood(Ed.), Strategies
of Information ProcessingLondon: Academic Press.

Coltheart, M., CurtisB., Atkins, P., & Haller, M. (1993). Models of readingaloud: Dual-route
and parallel-dsitributed processing approacRsgchological Review, 10889-608.

Coltheart,M., Materson,J., Byng, S., Prior, M., & Riddoch, J. (1983). Surfacedyslexia.
Quarterly Journal of Experimental Psychology, 3889-495.

Crocker,M. W. (1999). Mechanismdor sentenceprocessing.ln S. Garrod & M. Pickering
(Eds.),Language Processingp. 191-232). Hove: Taylor Francis.

Cutler, A. (1989). Auditory lexical accessWheredo we start? In W. Marslen-Wilson(Ed.),
Lexical Representation and Procé€pp. 342-356). Cambridge, MA: MIT Press.

Cutler, A., Mehler, J., Norris, D., & Sequi, J. (1992). The non-bilingual nature of speech
segmentation in bilingual€ognitive Psychology, 2881-410.

Dell, G. S. (1986). A spreading activation theory of retrieval in sentence production.
Psychological Review, 9283-321.

Ferreira,F., & Henderson,J. M. (1990). The use of verb information in syntactic parsing:
Evidence from eye movementsand word-by-word self-paced reading. Journal of
Experimental Psychology: Language, Memory, and Cognitior53%-568.

Fodor, J. A. (1983)The modularity of mindCambridge, MA: MIT Press.

Fodor, J. D. (1989). Empty categoriesin sentenceprocessing.Language and Cognitive
Processes, (8/4), 155-2009.

Forster,K. I. (1976). Accessingthe mentallexicon.In E. Walker & R. J. Wales(Eds.), New
approaches to language mechanigms. 257-287). Amsterdam: North-Holland.

Forster, K. I. (1979). Levels of processiagdthe structureof the languageprocessorin W. E.
Cooper & E. C. T. Walke(Eds.), Sentencé’rocessing:PsycholinguisticStudiesPresented
to Merril Garrett. Hillsdale, NJ: Lawrence Erlbaum.

Forster,K. 1. (1981). Priming andthe effects of sentenceand lexical contextson naming time:
Evidence for autonomous lexical processfQgarterly Journalof ExperimentalPsychology,
33A 465-495.

Frazier,L. (1987). SentencgrocessingA tutorial review. In M. Coltheart(Ed.), Attentionand
PerformanceXIl: The Psychologyof Reading(pp. 559-586). Hove: Lawrence Erlbaum
Associates.



Psycholinguistics 25

Frazier,L. (1995). Constraintsatisfactionas a theory of sentenceprocessing.Psycholinguistic
Research, 22), 437-468.

Frazier, L., & Clifton, C. (1989). Identifyingapsin English sentences_anguageand Cognitive
Processes, ,4993-126.

Funnell, E. (1983). Phonologicalprocessesn reading:New evidencefrom acquireddyslexia.
British Journal of Psychology, 7459-180.

Ganong, W. F. (1980). Phonetic categorizationin auditory word perception. Journal of
Experimental Psychology: Human Perception and Performandd,(6125.

Garnham, A. (1985Psycholinguistics: Central Topickondon & New York: Routledge.

GarnhamA. (1999). Referenceandanaphoraln S. Garrod & M. Pickering (Eds.), Language
Processingpp. 335-362). Hove: Psychology Press.

Garnham, A.& Oakhill, J. (1992). Discourseprocessingandtext representatiofrom a "mental
models" perspectivieanguage and Cognitive Processes] 93-204.

Garnsey, SM., PearimutterN. J., Myers, E., & Lotocky, M. A. (1997). The contributionsof
verb bias and plausibility to the comprehensioteafiporarilyambiguoussentencesJournal
of Memory and Language, 3%8-93.

Garrett,M. F. (1990). Sentencerocessingln D. H. D.H. Osherson& H. Lasnik (Eds.), An
invitation to cognitive science, Volume(fip. 133-175). Cambridge, MASS: MIT Press.

Garrod, S., & Sanford, A. (1990). Referentialprocessesn reading: Focusingon roles and
individuals.In D. A. Balota,G. B. Floresd'Arcais, & K. Rayner(Eds.), Comprehension
processes in readin@p. 465-485). Hillsdale, NJ: Lawrence Erlbaum.

Gathercole,S., & Baddeley,A. (1993). Working Memory and Language Hove: Lawrence
Erlbaum Associates.

Gernsbacher, M. A., & Foertsch, A. (1999). Threemodelsof discoursecomprehensionin S.
Garrod& M. Pickering (Eds.), LanguageProcessing(pp. 283-299). Hove: Psychology
Press.

Glenberg, A. M., Kruley, P., & Langston, W. M. (1994). Analogical processesin
comprehensionsimulationof a mentalmodel.In M. A. Gernsbache(Ed.), Handbookof
Psycholinguisticgpp. 609-640). San Diego: Academic Press.

Glushko, R. J. (1979). The organizationand activation of orthographicknowledgein reading
aloud. Journal of ExperimentalPsychology:Human Perceptionand Performance 5, 674-
691.

Graesser, A. C., Singer, M., & Trabasso, T. (1994). Constructing inferences damiatjvetext
comprehensiorPsychological Review, 10371-395.

Greenspan, S. L. (1986). Semantic flexibility and referential specificitpdretenouns. Journal
of Memory and Language, 2539-557.



Psycholinguistics 26

Hickok, G., Canseco-GonzaleEg., Zurif, E., & Grimshaw,J. (1992). Modularity in locating
gaps.Journal of Psycholinguistic Research, 385-561.

Hodgson, J. M. (1991). Informational constraints on pre-lexical prinhiagguageand Cognitive
Processe®), 169-205.

Jared, D. (1997). Spelling-sound consistency affects the naming of high-frequencyJeonas.
of Memory and Language, 3605-529.

Jared,D., McRae,K., & SeidenbergM. S. (1990). The basisof consistencyeffectsin word
naming.Journal of Memory and Language,, B887-715.

Jared, D., & Seidenberg, Ms. (1991). Doesword identification proceedfrom spellingto sound
to meaningdournal of Experimental Psychology: General, 1268-394.

Jarvella, R. J(1971). Syntacticprocessingf connectedspeech.Journal of Verbal Learningand
Verbal Behaviour, 10409-416.

Jescheniak, J. D., & Schreifers, H. (1997). Lexical accesparchproduction:Serialor cascade
processing®anguage and Cognitive Processes, 827-852.

JohnsonN. F., & Pugh,K. R. (1994). A cohortmodel of visual word recognition.Cognitive
Psychology, 26240-346.

Johnson-LairdP. (1987). The mental representatiorof the meaningof words. Cognition, 25,
189-211.

Johnson-Laird, P. N. (1983Ylental Models Cambridge: Cambridge University Press.

Keenan,J. M., MacWhinney,B., & Mayhew, D. (1977). Pragmaticin memory: A study of
natural conversatiodournal of Verbal Learning and Verbal Behaviour, 235-126.

Kempen, G., & Hoenkamp,E. (1987). An incremantal procedural grammar for sentence
formulation.Cognitive Science, 1201-258.

Kintsch, W. (1988). The role of knowledge in discourse comprehension:A construction-
integration modelPsychological Review, 9963-182.

Kintsch, W., Kozminsky, E., Streby, W. J., McKoon, G., & Keenan,J. M. (1975).
Comprehensiorand recall of text as a function of context variable. Journal of Verbal
Learning and Verbal Behaviour, 1258-169.

Lakoff, G. (1987). Cognitive modelsand prototypetheory. In U. Neisser(Ed.), Conceptsand
conceptual developme(gp. 63-100). Cambridge: Cambridge University Press.

Lee, M. W., & Williams, J. N. (1997). Why is short-term senteremall verbatim?An evaluation
of the role of lexical primingMemory and Cognition, 2956-172.

Levelt, W. J. M. (1989). Speaking:From Intention to Articulation. Cambridge,MASS: MIT
Press.

Levelt, W. J. M., Roelofs,A., & Meyer, A. S. (1999). A theory of lexical accessn speech
production.Behavioural and Brain Sciences,,2275.



Psycholinguistics 27

Lombardi, L., & Potter, M. C. (1992). The regeneratirsyntaxin shortterm memory.Journal
of Memory and Language, 3113-733.

Lukatela, G., & Turvey, M. T. (1994 )isual lexical accesss initially phonological:1. Evidence
from associativepriming by words, homophones,and pseudohomophoneslournal of
Experimental Psychology: General, 1287-128.

Lupker, S. (1984). Semanticpriming without associationsA secondlook. Journal of Verbal
Learning and Verbal Behaviour, 2309-733.

MacDonald,M. C., PearlmutterN. J., & SeidenbergM. S. (1994). Lexical natureof syntactic
ambiguity resolutionPsychological Review, 10676-703.

Marshall,J. C., & Newcombe . (1980). The ConceptualStatusof deepdyslexia:an historical
perspectiveln M. Coltheart,P. K., & J. C. Marshall (Eds.), DeepDyslexia. London:
Routledge and Kegan Paul.

Marslen-Wilson,W. (1987). FunctionalParallelismin spokenword recognition.Cognition, 25,
71-102.

Marslen-Wilson,W. (1989). Accessand integration: projecting sound onto meaning.In W.
Marslen-Wilson (Ed.)l.exical Representation and Processambridge, MA: MIT Press.

Marslen-Wilson,W. (1999). Abstractnessand Combination: The morphemic lexicon. In S.
Garrod& M. Pickering (Eds.), LanguageProcessing(pp. 101-119). Hove: Psychology
Press.

Marslen-Wilson, W., Tyler, L. K., Waksler, R., & Older, L. (1994). Morphology and meaning
the English mental lexico®sychological Review, 103-33.

Marslen-Wilson,W., & Warren,P. (1994). Levels of perceptualrepresentatiorand processin
lexical access: Words, phonemes, and feati®gchological Review, 10653-675.
Marslen-Wilson, W., & Welsh, A. (1978). Processing interactionslexidal accesgduring word

recognition in continuous speecd@ognitive Psychology, 1@9-63.

McClelland, J., & Rumelhart, D. (1981). An interactive activation model of corféedtsin letter
perception: Part 1. An account of the basic findiRgy.chological Review, 8875-407.

McClelland,J. L. (1987). The casefor interactionismin languageprocessingln M. Coltheart
(Ed.), The Psychology of Readifgp. 3-36). Hove: Lawrence Erlbaum Associates.

McClelland,J. L., & Elman,J. F. (1986). The TRACE model of speechperception.Cognitive
Psychology, 181-86.

McClelland, J. L., & Rumelhart, D. E. (198®arallel Distributed Processing: Exploratiors the
microstructure of cognition(Vol. 2). Cambridge, Massachusetts: MIT Press.

McKoon, G., & Ratcliff, R. (1989). Semanticassociationsgnd elaborativeinference.Journal of
Experimental Psychology: Learning, Memory and Cognition 326-338.



Psycholinguistics 28

McKoon, G., & Ratcliff, R. (1992). Inferenceduring reading.PsychologicalReview, 99, 440-
466.

McRae,K., Spivey-Knowlton,M. J., & TanenhausM. K. (1998). Modeling the influence of
thematicfit (andotherconstraints)n on-line sentencecomprehensionJournal of Memory
and Language, 3883-312.

Mehler, J., Dommergues,J., & Frauenfelder,U. (1981). The syllable's role in speech
segmentationJournal of Verbal Learning and Verbal Behavior, 208-305.

Mitchell, D. (1987). Lexical guidancein humanparsing:locus and processingcharacteristicsin
M. Coltheart(Ed.), Attentionand PerformanceXIl: The psychologyof reading (pp. 601-
618). Hove: Lawrence Erlbaum Associates.

Mitchell, D. (Ed.). (1994)Sentence Parsingdandbook of Psycholinguistics: San Diego.

Morton, J. (1969). The interaction of information in woetognition.PsychologicalReview, 76,
165-178.

Morton, J. (1979). Facilitationin word recognition: Experimentscausingchangein the logogen
model. In P. A. Kolers, M. E. Wrolstad, & H. Bouma (Eds.), Processingof visible
language(Vol. 1, pp. 259-268). New York: Plenum.

Moss, H. E., & Gaskell. (1999). Lexical semanticprocessingluring speechln S. Garrod&
M. Pickering (Eds.)l.anguage Processingp. 59-99). Hove: Psychology Press.

Neely, J. H. (1991). Semanticpriming effectsin visual word recognition: A selectivereview of
currentfindings and theories.In D. Besner& G. Humphreys(Eds.), Basic processesn
reading: Visual word recognition (pp. 264-336). Hillsdale, NJ: Lawrence Erlbaum
Associates.

Norris, D. (1993). Bottom-up connectionistmodels of “interaction'. In G. Altmann & R.
Shillcock (Eds.), Cognitive modelsof speechprocessing:The secondSperlogameeting.
(pp. 211-234). Hillsdale, NJ: Lawrence Erlbaum Associates.

O'Brien, E. J., Duffy, S. A., & Myers, J. L. (1986). Anaphoric inferedagng reading.Journal
of Experimental Psychology: Learning, Memory & Cognition,345-352.

Oakhill, J., GarnhamA., GernsbachenM. A., & Cain, K. (1992). How naturalare conceptual
anaphors®anguage and Cognitive Processes297-280.

Perfetti,C., & Zhang,S. (1995). Very early phonologicalactivationin Chinesereading.Journal
of Experimental Psychology: Learning, Memory, and Cognition22433.

Perrig, W., & Kintsch, W. (1985). Propositional and situational representations ofdawxtal of
Memory & Language, 24603-518.

Peterson,R. R., & Savoy, P. (1998). Lexical selectionand phonological encoding during
language production: Evidence for cascade procesiiugnal of ExperimentalPsychology:
Learning, Memory, and Cognition, 2839-557.



Psycholinguistics 29

Pickering, M., & Barry, G. (1991). Sentence processiuithout empty categoriesLanguageand
Cognitive Processes, 829-259.

Pickering, M. J. (1994). Processinglocal and unboundeddependenciesA unified account.
Journal of Psycholinguistic Research(23 323-352.

Pinker, S. (1994)The Language InstincHarmondsworth: Allen Lane.

Pitt, M. A., & McQueen,J. M. (1998). Is compensatiorfor coarticulation mediatedby the
lexicon?Journal of Memory and Language,,3417-370.

Plaut, D. C. (1997). Structure and function in kadcal system:Insightsfrom distributedmodels
of word reading and lexical decisidranguage and Cognitive Processes, 126-805.
Plaut,D. C., McClelland,J. L., SeidenbergM. S., & PattersonK. E. (1996). Understanding
normal and impaired word reading: Computationalprinciples in quasi-regulardomains.

Psychological Review, 1036-115.

Potter, M. C., & Lombardi, L. (1990). Regeneratiorthe short-termrecall of sentencesJournal
of Memory and Language, 2633-654.

Potts,G. R., Keenan,J. M., & Golding, J. M. (1988). Assessinghe occurrenceof elaborative
inferences: Lexical decision versus namihgurnal of Memory and Language,,Z99-415.

Pritchett, B. L. (1992). Parsing with grammar: Islands, heau$gardenpaths.In H. Goodluck
& M. Rochemon{Eds.), Island constraints:Theory, acquisition,and processingpp. 321-
349). Dordrecht: Kluwer Academic Publishers.

Ratcliff, R., & McKoon, G. (1978)Primingin item recognition.Journal of Verbal Learningand
Verbal Behaviour, 1,7403-417.

Rayner,K., Carlson,M., & Frazier,L. (1983). The interactionof syntaxand semanticsduring
sentenceprocessing:Eye movementsin the analysis of semantically biased sentences.
Journal of Verbal Learning and Verbal Behavior, 388-374.

Rayner,K., & Pacht,J. M. (1994). Effectsof prior encounteland global discoursebias on the
processingf lexically ambiguouswords: Evidencefrom eyefixations. Journal of Memory
and Language, 33%27-544.

Rayner, K., & Pollatsek, A. (1989)he psychology of readinflew Jersey: Prentice-Hall.

Rosch, E. (1975). Cognitive representation®f semanticcategories.Journal of Experimental
Psychology: General, 10492-233.

Samuel, A. G. (1997). Lexical activation produces potent phonemic percepts. Cognitive
Psychology, 3297-127.

Sanford, A. J. (1999). Word meaning and discourse processing: A tutorial review. In S. &arrod
M. Pickering (Eds.)l.anguage Processingp. 301-334). Hove: Psychology Press.

Sanford, A. J., & Garrod, S. C. (1981). Understandingwritten language: Explorations in
comprehension beyond the sentei@@chester: Wiley.



Psycholinguistics 30

Sanford,A. J., & Garrod, S. C. (1995). Selectiveprocessesn text understandingin M. A.
Gernsbache(Ed.), Handbookof Psycholingusiticgpp. 699-719). San Diego: Academic
Press.

Schank, R. C., &Abelson,R. (1977). Scripts,Plans, Goals, and UnderstandingHillsdale, NJ:
Lawrence Erlbaum.

SchmalhoferfF., & Glavanov,D. (1986). Three componentof understandinga programmer's
manual: Verbatim, propositional,and situationalrepresentationsJournal of Memory and
Language, 25279-294.

SchreifersH., Meyer,A. S., & Levelt, W. J. M. (1990). Exploring the time courseof lexical
accessin speechproduction: Picture-word interferencestudies. Journal of Memory and
Language, 2986-102.

SeidenbergM. S., & McClelland, J. L. (1989). A distributed,developmentamodel of word
recognition and namingpsychological Review, 9623-569.

SeidenbergM. S., TanenhausM. K., Leiman,J. M., & Bienkowski, M. (1982). Automatic
accessof the meaningsof ambiguouswords in context: Somelimitations on knowledge-
based processin@.ognitive Psychology, 14189-532.

Shelton, J. R., & Martin, R. G1992). How semantids automaticsemanticpriming? Journal of
Experimental Psychology: Learning, Memory, and Cognition,1181-1210.

Simpson, G. B. (1995). Context atitk processingpf ambiguouswords. In M. A. Gernsbacher
(Ed.),Handbook of Psycholinguisti¢pp. 359-374). San Diego: Academic Press.
Slobin, D. I. (1996) From "thoughtandlanguage'to "thinking for speaking”.In J. J. Gumperz
& S. C. Levinson (Eds.), Rethinking Linguistic Relativity . Cambridge: Cambridge

University Press.

Smith,E. E., & Medin, D. L. (1981). Categoriesand Concepts Harvard: Harvard University
Press.

Spivey-Knowlton,M. J., Trueswell,J. C., & TanenhausM. K. (1995). Context effects in
syntactic ambiguity resolution: Discourse and semantigencesin parsingreducedrelative
clauses.n J. M. HendersonM. Singer, & F. Ferreira(Eds.), Readingand Language
Processingpp. 148-181). Mahwah, NJ: Lawrence Erlbaum Associates.

Stanovich, K. E. (1990). Concepts in developmental theories of reading skill: Cogegeces,
automaticity, and modularitfpevelopmental Review, 102-100.

Stowe, L. (1986). Parsingwh-constructions: Evidencefor on-line gap location. Languageand
Cognitive Processes, 227-245.

Stowe, L. A., Tanenhaus, M. K., &arlson,G. (1991).Filling gapson-line: Use of lexical and
semantic information in sentence procesdigmguage and Speech, (3% 319-340.



Psycholinguistics 31

Swinney, D. A. (1979). Lexical accessduring sentencecomprehension(Re)consideratiorof
context effectsJournal of Verbal Learning and Verbal Behavior, 585-569.

Tabossi, P. (1988). Accessitexical ambiguityin differenttypesof sentenceontext.Journal of
Memory and Language, 2324-340.

Taft, M. (1994). Interactive-activationas a framework for understanding morphological
processingLanguage and Cognitive Processes2®1-294.

Taraban, R., & McClelland, L. (1988). Constituentattachmentnd thematicrole assignmenin
sentenceprocessing:Influences of content-basedexpectation.Journal of Memory and
Language, 2/597-632.

Thompson-Schill S. L., Kurtz, K. J., & Gabrieli,J. D. E. (1998). Effects of semanticand
associativaelatednessn automaticpriming. Journal of Memory and Language,38, 440-
458.

Traxler, M. J., & Pickering, M. J. (1996). Plausibility and the processingof unbounded
dependencies: An eye-tracking studigurnal of Memory and Language,,384-475.
Trueswell, J. C. (1996). The role of lexical frequency in syntactic ambiggstylution.Journal of

Memory and Language, 3566-585.

Trueswell, J. C., Tanenhaus, M., & Garnsey,S. M. (1994). Semantianfluenceson parsing:
Use of thematicrole informationin syntacticambiguity resolution.Journal of Memory and
Language, 33285-318.

Van Orden, G. C., & Goldinger, S. D. (1994). Interdependenderf and functionin cognitive
systems explains perceptionmintedwords. Journal of ExperimentalPsychology:Human
Perception and Performance, ,2I269-1291.

Van Orden,G. C., Johnston,J. C., & Halle, B. L. (1988). Word identification in reading
proceedsfrom spelling to meaning. Journal of Experimental Psychology: Learning,
Memory, and Cognition, 1871-385.

Vigliocco, G., Antonini, T., & GarrettM. F. (1997). Grammaticalgenderis on the tip of Italian
tonguesPsychological Science(4), 314-317.

Wheeldon,L. R., & Monsell, S. (1994). Inhibition of spokenword productionby priming a
semantic competitodournal of Memory and Language,, 382-356.

Whitney, P. (1986). Processing category terms in context: Instantiasom&rencesMemory &
Cognition, 14 39-48.

Whitney, P., McKay, T., Kellas, G., & Emerson,W. A. (1985). Semanticactivation of noun
conceptsin context. Journal of Experimental Psychology: Learning, Memory, and
Cognition, 11 126-135.

Williams, J. N. (1992). Processingpolysemouswords in context: Evidence for interrelated
meaningsJournal of Psycholinguistic Research, 293-218.



Psycholinguistics 32

Williams, J. N. (1993). Processingof anaphoricnounsin extendedtexts: The role of surface
information.Language and Speech,, 37 3-391.

Williams, J. N. (1996). Is automatic priming semantic? European Journal of Cognitive
Psychology, 8113-161.

Wydell, T. N., PattersonK. E., & Humphreys,G. W. (1993). Phonologicallymediatedaccess
to meaningfor Kanji: Is rows still a rose in Japanese&aniji? Journal of Experimental
Psychology: Learning, Memory, and Cognition(3)9491-514.

Zhou, X., & Marslen-Wilson,W. (1999). Phonology,orthography,and semanticactivation in
reading Chineselournal of Memory and Language,,&79-606.



