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WORD RECOGNITION: DO WE NEED PHONOLOGICAL REPRESENTATIONS?

Christophe Pallier
Laboratoirede SciencesCognitiveset Psycholinguistique
EHESS-CNRS54 bd Raspail Paris, France

ABSTRACT

Under what format(s) are spoken words memaorizedby
the brain? Are word forms storedas abstractphonolog-
ical representations?Or rather are they storedas de-
tailed acoustic-phoneticepresentations@or exampleas
a setof acousticexemplarsassociatedvith eachword).
We presenta seriesof experimentsvhoseresultspoint to
theexistenceof prelexical phonologicaprocessem word
recognitionand suggesthat spolen words are accessed
usinga phonologicakode.

1. INTRODUCTION

Linguisticsmakesa strongcasefor the psychologicake-
ality of phonologicakepresentationst is importantto as-
sesshow andwhenphonologicakepresentationareused
by the brain. Somehave arguedthat phonologicalrep-
resentationgnay be usedin speechproductionbut not
in speechperception[1, 2, 3]. They propose,instead,
that word recognitioninvolves a “direct” mappingfrom
an acousticrepresentationf the input to the lexical rep-
resentationsThe seriesof experimentspresentedn this
paperaddresswhetherphonologicalrepresentationsan
be sparedn speeclperception.

2. LANGUAGE-SPECIFIC REPETITION
PRIMING

Thefirst experimentwasdesignedo testwhethethemet-
rics of comparisorbetweentwo word forms are univer-
sal or language-specifip4]. Indeed,theoriespostulating
phonologicalprelexical processesaturally predict that
an incoming spoken word is representedn a language-
specific manner However, one may argue that strong
formsof the“direct acousticaccess’hypothesigositthat
word formsarerepresentedndcomparedisinga univer
salacoustidformat.

We testedtwo groupsof peoplewho spole two di-
alectsof the samelanguagethatis they sharedthe same
vocahulary, yetthey haddifferentphonemicsystemsAc-
tually, thefirst groupof subjectsonsistef native speak-
ersof Catalanwhile the secondyroupconsistedf Span-
ish spealerswho were highly fluentin Catalan,asa re-
sult of a long andintensve exposureto Catalanstarting
around5 yearsof age. In previouswork [5], we demon-
stratedthat, roughly speaking,thosetwo groupsdo not
have the samephonemicsystemsasassesselly phonetic
categgorizationanddiscriminationtasks.

The presentexperimentis basedon the repetitionef-
fect, thatis the fact that the processingof a stimulusis
facilitatedwhenit is repeatedParticipantshadto perform
an auditorylexical decisiontask,with lists of wordsthat
containedsomewordsrepeatedserbatim,andalsosome
wordsrepeatedvith one phoneticfeaturechanged.Cru-
cially, the phoneticfeaturealternationwas phonemicfor
one populationbut not for the other The questionwas
whetherthe repetition effect would be dependon each
subjects phonemicsystemor not.

The resultswere unambiguougseefig 1): the repe-
tition effectis modulatedby the phonemicsystemof the
listener

Figurel: Averagereactiontimesfor the first andsecond
occurrencesf words,asafunctionof therelationshipbe-
tweenthefirst andthe secondmemberof the pair (‘'same
token’ or ‘featurechange’). Therepetitioneffectis mea-
suredby thedifferencein RT betweerthe 2Nd andthe 15t
occurrence.
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The factthatword recognitionis language-specifits
not necessarilyproblematicfor directaccessnodels:the



acousticrecordsobviously dependon the history of the
listenersand, therefore,on the language. If the Span-
ish have heardmary “distorted” Catalanwords, then it
is not surprisingthat they have differentrepresentations
for thesewords. It would be importantto know whether
or not they have hearda lot of “broken” Catalan. This
seems/ery unlikely accordingto our Catalaninformants.
If oneacceptshatthetwo populationgSpanishandnative
Catalan)have beenexposedto roughly similar samples
of Catalanspeechthis resultthen clearly posesa threat
for direct acousticaccesanodelswith universalmetrics
of comparison.

3. ON-LINE ELABORATION OF THE SYLLABIC
STRUCTURE

Phonologicalrepresentationsas postulatedby linguists,
usually possessa hierarchicalstructure: a word is not
justa simpleconcatenatiomf phonemesthesephoneme
appearwithin a syllabic frame. For example, the word
“caprice” canberepresenteds“[ka] [pris]’ andtheword
“capture” as[kap] [ture]”. In bothcases]p] is the third
phonemebut it belongsto thefirst or to the secondsylla-
ble, respectiely.

The next experimentwas designedo assessvhether
the perceptuabystemis sensitve to the syllabic position
of phonemeqd6]. Subjectshad to perform a phoneme
monitoringtaskin lists of words. In theselists, we had
biasedthe probabilitiesthat the target phonemeappeared
eitherin thefirst or in the secondsyllable. The outcome,
displayedin figure 2, revealedthat the subjectshad (im-
plicitly) become*attuned” to the most probablesyllabic
position(seealso(7, 8]).

Figure2: Averagephonemeletectiortimes,asafunction
of the target’s position, of two groupsof Ssinducedto
attendto codaandonsetsyllabicpositions respectiely
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Interestingly other experimentshave revealed that
participantshave becomeattuned not to the whole sylla-
ble,but to aprecisephonemeslotinsidethesyllabicstruc-

ture[9, 10]. We alsoshavedthatit is not possibleto train
peopleto attendto phonemeposition definedpurely se-
guentially (e.g. to the third phonemeof utterances)11].
Thesedatasuggesthatthe brainelaborates syllabically
structuredrepresentationf the stimuli, evenin ataskthat
doesnot requireexplicit manipulationof the syllable?!

TheseresultsandthepreviousonesJeadto thenotion
thatthe perceptuabystembuilds a language-specifiep-
resentatiorthat specifiesthe syllabic structure. We pro-
posedthat the syllabic structureplays the role of a cor
rector code: by imposingsyllabic well-formednesson-
straints,the perceptuakystemmay solve ambiguousor
incompletephoneticanalysesThis ideawastestedin the
next experiment.

4. PHONOLOGICALLY INDUCED
PERCEPTUAL CORRECTION

Japanesés a languagewhose phonology placesstrong
constraintson admissiblesequencesf phonemes:most
syllablesareof CV type andthe numberof possibleclus-
tersof consonantss quite limited. If a Japanesspealer
listensto anillegal sequenc®f consonantshis maytrig-
geran“error signal”in his speectdecodingsystemwhich
maythentry to “correct” the stimulusto make it conform
to the phonologyof the language. Indeed,when asked
to repeata stimuluscontaininganillegal consonantlus-
ter, Japanesspealerswill typically insertavowel “u” be-
tweentheconsonantroducinganutterancehatrespects
the phonologyof theirlanguage.

Thetaskof repeatinga stimulusinvolvesbothpercep-
tual andproductionprocessedDoesthe“correction” take
placeattheproductionstagesoris it performedattheper
ceptualstagesMVe examinedthis questionby presenting
Japaneséstenerswith illegal stimuli of theform VCCYV,
wherethe CC clusterswere not admissiblein Japanese
[12]. More precisely we built seriesof stimuli ranging
from VCCV to VCuCV by increasinghe durationof the
middle vowel. The participantdistenedto the stimuli and
had to report whetherthey hearda “u” in betweenthe
consonantsr not. Their performancesireplottedon fig-
ure 3, alongwith theresultsfrom a controlgroupof native
Frenchspealers.

ThesedatasuggesthatJapanesthear” thevowel “u”,
evenwhenthereis noacousticcorrelateof it in thesignal.
This conclusionwas strengthenedy other experiments
which usedthe ABX task:they shavedthatJapanesés-
tenershadsignificantdifficultiesdiscriminating’vCCV”
from "VCuCV” stimuli.

Theseresultsare compatiblewith the notion thatthe
perceptuakystenitriesto elaboratea phonologicalrepre-
sentatiorof incomingspeech.

It is notimmediatelyclearhow directaccessnodels
couldpredicttheseesults.Yet,onemaytry andarguethat
theseeffectsresultfrom the acousticsimilarity between

1. Oneproblemto note,however, with phonemedetectionex-
perimentsjs thatis it not clearto whatextendthey tapsprelexi-
calprocesses



Figure3: Percentagef detectiorof avowel“u” asafunc-
tion of the durationof the “u” within VCuCV stimuli;
comparisonbetweennative Japanesand native French
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the stimuli and items storedin the mentallexicon: If a
stimuluslike “ebzo” is presenteédndtherearewordslik e,
for example,“ebuza”, “ibuzo”... in the mentallexicon of
the Japanesésteners thesewordsmay conspireto yield
a“u” response.

This hypothesisvastested andrefuted by Dupouxet
al. [13]. We will give hereonly a simplified description
of their experiment.They createdoseudonvordsfrom real
Japaneswordsby deletingthe middlevowel which could
be“u” ora“a”; e.g.sokudo -> sokdo andmni kado
-> m kdo. Themainfindingis that,in alexical decision
task, Japaneséistenersmademary falsealarmson “u”-
type pseudo-wrdsbut noton “a’-type ones;thatis, they
answeredword” to itemslike sokdo, but not to items
likem kdo. If theacoustiddistancebetweerthestimulus
andthe itemsin the lexicon wasall that mattered there
shouldhave beenno differencebetweerthe two typesof
pseudo-werds. Theseresults however, areexpectedf the
perceptuakysteminsertsa “u” betweentwo consonants
ataprelexical stage.

5. CONCLUSION

Theoriespostulatingthat the brain elaborategphonolog-
ical representationsf spoken stimuli straightforvardly
predictthe outcomef the experimentgpresentedn this
paper(seealso[14]). It maybe possibleto tweakacous-
tic modelsto yield the sameresults(in particular they
aregenerallyvagueenoughaboutthe metricsof compari-
sonbetweenacousticexemplars).We would certainlynot
claim thatthe debatebetweenthe two classef theories
is settled.For example awealthof dataexiststhatsuggest
thatsub-phonetiénformationcanpercolateupto thelexi-
con(e.g.[15]). To explainthis, phonologicamodelshave
to introducethe notion of gradedphonologicalrepresen-
tations,andthen,onemustadmit, the distinctionbetween
acousticandphonologicaimodelsstartsto blur...
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