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ABSTRACT

An ubiquitousphenomenoim psychologyis the ‘rep-
etition effect’: a repeatedstimulusis processedbetteron
the secondoccurrencehanon thefirst. Yet, whatcounts
asarepetition?Whenaspolenword is repeatedis it the
acousticshapeor the linguistic type that matters?In the
presentstudy we contrastedhe contribution of acoustic
andphonologicalfeaturesby usingparticipantswith dif-
ferentlinguistic backgroundsithey camefrom two pop-
ulationssharinga commonvocaklulary (Catalan)yet pos-
sessinglifferentphonemicsystemgl]. They performeda
lexical decisiontaskwith lists containingwordsthatwere
repeatedverbatim, as well as words that were repeated
with one phoneticfeaturechanged.The featurechanges
werephonemic,.e. linguistically relevant,for onepopu-
lation, but not for the other Theresultsrevealedthatthe
repetitioneffectwasmodulatedy linguistic, notacoustic,
similarity: it dependean the subjectslphonemicsystem.

1. INTRODUCTION

Are word forms memaorizedasabstraciphonologicalrep-
resentation®r, rather asdetailedacoustic-phoneticep-
resentationgfor example,asa setof acousticexemplars
associatedo eachword [2])? An empirical agument
cited in favor of the ‘acoustic’ hypothesisis the sensi-
tivity of repetitionpriming to changesn non-linguistic
features:for example,whenaword presentedn noiseis
repeatedwice with the samevoice, it is easierto iden-
tify thanwhenthe voice haschanged?2, 3]. The present
studyassessethe effect of linguistic knowledgeon repe-
tition priming: our rationaleis thatif wordsare storedin
memoryin anacoustidormat,therepetitioneffectshould
not be modulatedby the language-specifiphonological
knowledgeof theparticipants Ontheotherhand,if words
arestoredusinglanguage-specifiphonologicakepresen-
tationsthentherepetitioneffect shouldbeaffectedby the
subjectslinguistic background.

We testedpeoplefrom two populationswho shared
a commonvocahulary yet possessedifferentphonemic
systems. All were Spanish-Catalabilinguals, living in
BarcelongnorthernSpain);thefirst populationconsisted
of peopleraisedin Catalan-speakindgamilies, and the
secondpopulationconsistedf peopleraisedin Spanish-

speakingramilies. ThelatterlearnedCatalanasa second
languagequite early (around4-6 yearsof age),and be-
camefluent spealersof this languagehatthey areusing
everyday (they receved the samebilingual educationas
the Catalannatives). In a previous study[1], we estab-
lished that thesetwo populationsbehaed differently in
phonemecateyorization and discriminationexperiments
involving the Catalanvowels /e/ and/e/ (this contrastis
usedphonemicallyin Catalanbut notin Spanish).While
the Catalan-dominargubjectsyielded cateyorizationand
discriminationcurvesthatrevealedthatthey percevedthe
contrast,Spanish-dominargubjectaverenot sensitve to
this contrastt This researchshaved that even an early
andintensie experiencewith a phonemiccontrastis not
sufficientto masteiit.?

Oneaimof thispapelis to asseswhetherthedifficulty
that Spanish-dominargpealershave with the Catalane/
vs. /e/ contrast,in phonemecateyorizationanddiscrimi-
nationtasks,is alsoreflectedin their word identification
abilities. In otherwords, are Spanish-dominaritsteners
ableor notto distinguishbetweerCatalarnwordsdiffering
only in Catalan-specificontrasts?

A traditional view on speechperceptionand word
recognitionprovides a readyanswerto this question: it
assumeshatthe acousticspeectstreamis corvertedinto
phonemegor featurespor syllables...jn ary casealang-
uage-specifigghonologicalrepresentationpefore being
comparedvith thelexical representationsf onebelieves

'Henceforth,we will call “Catalan-dominant”the persons
whowereexposedo Catalarfrom birth and“Spanishdominant”
thosewho learnedCatalanasa secondanguage.

2Recallthatthe ‘Spanish-dominantare very goodspealers
of Catalanand have beenexposedintensiely to Catalansince
4-6 yearsof age. They receveda bilingual Catalan-Spaniskd-
ucation. Accordingto the official teachingregulations,Cata-
lan vowels and consonantsnustbe studiedduring eachyear of
obligatory education(6-16 years). Startingfrom 8 yearsold,
pupils studythe relationshipbetweensoundandgraphemecor
respondingo everyvocalicandconsonantisound(open/closed,
voiced/oiceless...)Until childrenarell yearsold, stresss put
on recognizingandclassifyingwordsaccordingto the auditory
discriminationof the degree of openesf a given vowel. As
pupils get older, the role of stressis emphasizedand the dia-
critic accentmarkis introduced.Soundscontinueto be studied
throughnew techniquessapplicationof rules,visualmemoriz-
ing of the mostcommonwords or identification, classification
andreplacemenof vowels.



that the results obtainedin the phonemeidentification
tasksreflect this prelexical representationpne expects,
then,that Spanish-dominarpieopleshouldnot be ableto
distinguishbetweenCatalanminimal pairsof wordssuch
as,say té (t e, ‘has’) andte (t €, ‘tea’).

However, aswe saidabove, a numberof researchers
have expressedioubtsabouttheuseof abstracphonolog-
ical representations word recognition[2, 3, 4]. They
have proposedijnstead thatword-formsarestoredin the
brain asone or several detailedacoustictraces,and that
word recognitioninvolvesa “direct” comparisorbetween
thesememorizedacoustigpatternsandthe oneelicited by
the currentacousticsignal. As no intermediatephono-
logical representatioris involved, it is said that lexical
accessis “direct”.® The direct accesshypothesiswas
first proposedto our knowledge,by D. Klatt [5, 4] who
listedaseriesof agumentsagainstheneedfor pre-lexical
phonologicatepresentationin anutshell,heclaimedthat
the costof the inevitable pre-lexical classificationerrors
would notbeworththereductionin compleity in thelex-
ical searchalgorithm. If detailedacoustic/phonetiafor-
mationsindeed“percolate”to the lexicon, then Spanish-
dominantlistenersmay have differentrepresentationfor
Catalarwordssuchasté andte.

Recentexperimentaldatahasbeenpresentedo sup-
port the direct accesshypothesis.Specifically theseex-
perimentshave shavn that non-contrastie, and indeed
non-linguistic,informationis keptin memorywhenwords
are processed. For example, it is well-establishedhat
subjectgresentedvith lists that containsrepeatedvords
improve their performanceat the secondoccurrenceof a
word, in aboutary task. Several studies,in the auditory
modality, found that this so-called“repetition effect” is
modulatedby the acousticsimilarity betweenthe origi-
nal and the target words. Thus, for example, a change
in spealer-voice decreasethe amplitudeof repetitionef-
fectin recognition[6] andin identificationtasks[2, 7].
Thisdemonstratesnequvocallythatwhenaspolenstim-
ulusis processedsomeof its non-linguisticcharacteristics
arekeptin memory which canhelpfurther processingf
similar items. This type of evidence,amongothers,led
Pisoni[3] to state,‘that indexical andlinguistic attributes
of speecharenot neatly partitionedinto two independent
channelf informationby the nernvoussysteni. Accord-
ing to him, theseresultssupportan episodic,exemplar
basedheoryof wordrecognition(seealso[2, 9]. Accord-
ing to “episodic” theory the brainrecordsdetailedtraces
of everyeventwhichimpingesuponthesenseandobjects
arerepresented memoryby groupsof suchperceptual
traces[10]. In the caseof words, eachwould be associ-
atedto mary acoustidokens,andwordrecognitiorwould
consistin finding the nearestmatchin this vastmemory*

3Themetricof comparisons, of coursecgritical. It mustem-
phasizdinguistically relevantcharacteristicef thesignal. Word
identificationsupposedlyccursusinga nearesheighborule in
themetricspaceof all-word forms.

4The main differencewith Klatt's original proposalis that
notonly onebut severalacoustidracesarestoredfor eachword.

If wordrecognitionis indeedbasedn detailedacous-
tic representationghenit may be the casethat Spanish-
dominantsubjectsdespiteheir difficultieswith the/e/-/e/
contrastin phonemeddentificationtasks,areableto iden-
tify correctlyCatalanwvordsthatform minimal pairsalong
this contrastse.g.té vs. te.

Thereare otherreasongo questionthe ideathat the
performancen word recognitionshouldbe immediately
predictableonthebasisof theresultsobtainedn phoneme
identificationand classificationtasks. It is doubtful that
thesetaskstap purely prelexical processesthey may ac-
tually be controlledby metalinguisticprocessesas stud-
ies on phonologicalawarenessuggesf14]. Also, it is
known thatthe speectprocessingystemcanbe sensitve
to cueswhich arenot availableto consciousnes$15] has
demonstratedhat Japaneséisteners,despitetheir noto-
rious difficulties to distinguishbetweenamerican/r/ and
/Il aresensitve to this contrastin adaptatiorexperiments
(seealso[16]). It is not a priori impossiblethat some
of this acoustic/phonetiéinformation can “percolate” to
the lexicon. Finally, in the neuropsychologicalitera-
ture, thereare reportsof patientswho performbadly in
phonemédentificationanddiscriminationtasksyet have
no trouble recognizingwords; and the reversepatternis
alsoattestedThereforejt is concevablethatthe Spanish-
dominantsubjectsdespitetheir lack of sensitvity to the
[el-/el distinctionin phonemaeadentificationanddiscrimi-
nationtasks mightstill be sensitve to it whenidentifying
words. The following experimentwasdesignedo assess
this possibility.

2. EXPERIMENT

The subjectshad to perform an auditory lexical deci-
siontaskon lists that containedminimal pairsof Catalan
words. Threecontrast&xistingin Catalarbut notin Span-
ish wereused:/e/-/e/,/ol-h/, and/s/-/z/. Thus,for exam-
ple, the stimulusseba wasfollowed, latter down thelist,
by the stimulusseba; thesetwo words differ only in a
contrasthatis hardfor the Spanish-dominargroup.The
predictionswerethe following: If the comparisorunder
lying the repetitioneffect is basedon language-specific
phonologicakepresentation§panish-dominargubjects,
but not Catalan-dominansubjects,shouldtreatseba as
arepetitionof seba. If, however, the comparisorusesa
representatiothat encodedine acousticdetails,thenthe
Spanish-dominardndthe Catalan-dominanparticipants
shouldbehaein the sameway.

2.1 Method
2.1.1 Material

All thestimuli usedin theexperimentwereCatalanwords
or pseudo-wrds. We consideredthree phonemiccon-

One appealof episodictheoriesis thatthey have beenable to
accountbetterthanothers,for the performancen severaltasks
[11, 12,13]. For example,tokenfrequeng andtraining effects
areelggantly explainedin sucha framework.



traststhat exist in Catalanbut not in Spanish: [g] vs.
[e], [2] vs. [0] and[s] vs. [z]. For eachof thesecon-
trastcateggories,we selectedsixteenwordsyielding eight
minimal pairs. In addition, we selectedeight additional
minimal pairs of word using various contraststhat ex-
ist in Spanishaswell asin Catalan(forming a “varied
contrasts”cateyory). Then, we createdsixty-four Cata-
lan pseudo-wrdsyielding thirty-two minimal pairs fol-
lowing the samepatternasfor thewords. Thewordsand
pseudo-wrdswere mostly bisyllabic thoughmono-and
tri-syllabic itemswerealsoincluded.Finally, we selected
152 words and pseudo-wrdsto be usedasfiller items.
We recordeda Catalanspealer readingthosestimuli ata
paceof oneword every two seconds.

We createdour counterbalancelists of 280stimuliin
thefollowing way: In eachlist, onememberof eachmin-
imal pair (e.g. casafrom (casa-caza'marry’-‘house’))
appeare@ndwasfollowed,8 to 20 itemsfurtherdown in
thelist, eitherby the othertokenin the minimal pair (e.qg.
cazg, or by itself (e.g. casg. The membersof a given
pair appearedn the samepositionsacrossthe four lists;
but in two lists it wasthe sametoken (thefirst or the sec-
ond memberof the pair) that wasrepeatedwhile in the
othertwo lists, both membersof the pair appeared.The
first 24 itemsof thelists werefillers.

2.1.2 Procedue

Participantswere assignedto eachof the four lists ac-
cording to their order of arrival and so that the number
of “Catalan-dominant’and“Spanish-dominant’subjects
werebalancedvithin andacrosghefour lists. They were
testedin individual booths,seatedn front of a computer
that controlledthe display of the instructions,playedthe
stimuli off the hard disk and recordedresponseg17].
Stimuli werepresentedhroughheadphonesvery 2.5sec-
onds;for eachstimulus,the participanthadto decideas
quickly andaccuratelyaspossiblaf it wasa Catalanword
or not, indicatinghis/herresponsdoy pressingoneof two
responseuttons. Responsewererecordeduntil 1.5 sec.
after the offset of the stimulus; Respons¢ime wasmea-
suredfrom the onsetof the stimulus.

2.1.3 Participants

Sixty-four undegraduatePsychologystudentsfrom the
University of Barcelonaparticipatedin the experiment
and received extra coursecredits. Half (32) were born
in Catalanspeakingfamilies,and half (32) werebornin

Spanishspeakingfamilies. The latter hadlearnedCata-
lan at mostat age6 yearandwere,lik e the former, fluent
bilingual spealersof SpanistandCatalan.

2.2 Results

Correctresponseaccountedor 91.5%of thedatasetand
wereretainedfor analysis. In the first batchof analysis,
we excludedthe “varied contrasts”pairs and considered
only thepairsinvolving the/e/,/o/ /s phonemesvhichwe

collapsedinto a single catgyory. Averagereaction-times
were computedfor eachsubjectandeachitem. Figurel
shaws, for eachpopulation the averagereactiontimeson
thefirst andsecondccurencesf words,asa function of
therelationshipbetweerthe first andthe secondmember
of the pair ('sametoken’ or ‘featurechange’).Therepeti-
tion effectis measuredy the differencebetweerthe ond
andthe 15t occurrence.

Figurel: Reactiontimeson first andsecondoccurrences
of words
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Subjects’and ltems’ meanreaction-timeswere sub-
mittedto analyse®f variancewith thefactorsLanguage-
dominance(Catalanvs. Spanish)Repetition(1stoccur
renceor 2nd occurrenceof a memberin a pair), Pair
type (sametokensor feature-change),.exicality (words
vs. non-words), and List of stimuli. The factor Lan-
guageproduceda significanteffect in the subjectanal-
ysis (F1(1,56)=13,p<.001), but not in the item analy-
sis (F2(1,56)=1.1). Lexicality yielded a 51 msecmain
effect (pseudo-werds being slower to respondto than
words),andproducedseveralsignificantinteractionswith
theotherfactorssothatwe decidedo split theanalyse®f
wordsandnon-words.Actually, therewerenotary signif-
icanteffectin theanalysisof pseudo-wrds,thusanalyses
for pseudowvordsstopshere.

In the analysegestrictedto words, therewasa triple
interactionbetweenLanguage Repetitionand Pair type
(F1(1,56)=4.2,p<.05; F2(1,21)=4.2,p=.05). Analysis
restrictedto eachlanguageshowved that the Repetition
by Pair type interactionwas significantfor the Catalans
(F1(1,28)=8p<.01;F2(1,21)=6 p<.05; cf. top panelof
figure 1), but not for the Spanish(both Fi1; cf. bottom



panelof figurel). Indeedtherepetitioneffect wassignifi-
cantin every caseexceptfor the Catalansin the ‘Feature-
change’condition.

We alsoconductedocusedanalysedor eachcontrast
(e-e, 0-0, s-z, m-n), separatelyfor the wordsandfor the
non-words.Eachanalysisvasananova declaredwith the
within-subjectdactorsRepetitionand Type of Pair (there
were 16 suchanovas). No significanteffect arosein the
anovas concerningpseudavords. Thereforewe turn to
words. First, for the Spanishgroup: the main effect of
Repetitionwassignificantin thethreeCatalancategories,
andit did not interactwith Type of pair; in the Common
catggory (m-n), it wasthe oppositepattern: therewasa
significantinteraction but no maineffect. Secondfor the
Catalargroup,thereweresignificantmaineffectsof Rep-
etitionin all cateyoriesexcept/s-z/,andthereweresignif-
icantinteractionsdueto Repetitionby Type of Pair in all
categoriesexcept/e€/.

3. CONCLUSION

Themainoutcomeof this studyis thatthefacilitatoryrep-
etition effectis basedn aphonologicamatchratherthan
on an acousticmatch. In otherwords, the repetitionef-
fect in auditorylexical decisionis basedon a language-
specificmetric of similarity: for example,“séba”is sim-
ilar to “séba” for Spanish-dominansubjectsbut not for
Catalan-dominargubjects.

This result demonstrateshat words are not memo-
rized only underacousticforms, but ratheruselanguage-
specificlinguisticrepresentationdt alsoextendsthefind-
ing of [1] with a paradigmthat tapswords’ representa-
tions: Spanish-Catalabilinguals who learnt Catalanat
anearlyagedo not have the samephonologicakepresen-
tationsasnative Catalanspealers.
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