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Abstract

When presenied with stimuli that confain illegal consmart clusters, Jganese
listererstend to hea anillusory vowel tha makesthdr percepion conform to the
phonotcics of thdar language.ln a previouspape, we suggestedthat this effect
arisesfrom language-specitiprelexical proceses(Dupoux Kakehi,Hirose, Pdlier
& Mehler, 1999). The preent pape assesesthe alterndive hypottess that this
illuson is due to a "top-down" lexical effed. We manipdate the lexicd
neighborhod of non-wordsthat contain illegal con®nan clusters and show that
perepion of theillusay vowel is nat due to lexical influerces.This demonstates
tha phondactic knowledge mfluercesspeeh grocessng at anealy stage.
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Most modelsof spokenword recognition postulatethat the acousticsignalis trangormed
into a prelexial representationtypically a string of phoremes,andthat this repregntationis used
to accesghe lexicon. Suchmodelshawe to spell out how the acousticsignalis trandormedinto a
prelexial representatiorand whetherthis repregntationis enhaned by one'slexical knowledge.
Many studies have establishedthat the mapping between the signal and the prelexical
repreentationis not simple. In their famous"Percetion of the Speeh Code" pape, Liberman,
Cooper, Shankweilerand Studdert-kenne@ (1967) stressedhe complexiy of the relationships
betweenthe acousticsignal and the phonetic messge: neighbor phonesinteract so much that a
singleacousticstretchis often ambiguousandrequiresa larger contextto be interpretablgsee, for
example,Miller and Liberman, 1979; Mann and Repp 1981; Whalen, 1989 ). Their propo®d
solutionwasthat listenersusetheir knowledye of how speech soundsare prodwedto decodethe
speechsignal (for example,to compensatdor coarticulation).A secondsoure of informationis
lexical knowledge.Indeed,numerous studieshave demonstratedexical influences on phoneme
identification(eg. Ganorg, 1980; Samuel 1981a,1987; Frauerelder, Segui, Dijkstra, 1990. The
phenomenorof phonemicrestorationatteststhat lexical knowledye canyield the perception of a
phonemethat is not presentin the signal (even if aooustics play an important role in the
phenomenongf. Samuel1981b).A third sourceof informationthat can be usedby the speeh
perceptiomapparatusis phonotacticknowledye. There existssomeempiricalevidencethat listeners
tend to assimilateillegal seqencesof phonemedo legal ones (Massao & Cohen, 1983; Hallé,
Segui,Fravenfelde & Meunier,1998. Thus,Frenchlistenes tendto hea the seqence/dl/, which
is illegal in Feench,as /gl/, which is lgal (Hallé et al. 1998).

Among the three abo\e cited sourcesof information, the influence of phonotatics is the
lesswell establishedBoth the Massaro& Cohenandthe Hallé et al. studiesusedstimuli in only
one language. Therefore, it cannotbe excludedthat the observed effects were due to universal
effectsof compenationfor coarticulation:it couldbethat/dl/ is universaly harderto perceive than
/gll. A more convircing demonstrationof phonotacticeffects must involve a cross-linguistic
manipulation. A seconddifficulty is the potential confound betwesn phonotacticand lexical
informations.It canbe argued that nonwordscontainirg illegal seqencesof phonemesypically
have fewer lexical neighborsthan legal nonwords.As a matter of fact, McClelland and EIman
(1986) interpreted the phonotatic effects of Massaroand Cohen as the result of top-down
influencesfrom the lexicon (a "lexical conspirag" effect). They reportel on unpublisheddata
where an appaent phonota&tic effect (the preference for /dw/ over /bw/ in nonwordswith an
ambiguougnitial phoneme)wasreversedin the preserme of a strorg lexical candidate/?wacelet/,
yieldedthe perceptionof /bwacelet/ (from bracele) instead of /dwacelet/ (despite the illegality of
the /bw/ cluster). The authorsargued that the typical prefererce of /dw/ over /bw/ is dueto the
predominancefddw/ words in the lexicon. Thyesimulated theseata, as welasMassaro& Cohen
(1983)"phonotctic’ result,with a"lexical conspiray" effectin the TRACE model(but see Pitt &
McQueen, 1998r arguments aginst this interpretation).

In this paper, we wish to revisit the relative role of phonota&tics andlexical knowledye by
building on an effect which has been well docunented crosslinguistically: the perception of
illusory vowelsin JapaneseDupoux,Kakehi, Hirose, Pallier & Mehler (1999)hawe demonstratd
thatJapaneséstenersbut not Frenchlisteners perceive an/u/ vowel betweenconsonant$orming



Prelexical vovel epenthesis 3

illegal clustersin Japanesée g. between/b/ and/z/)*. Thesedatashowthatthe pereptualsystem
of Japaneséstenersinsertanillusory vowel between adjacentconsomantsin orderto conform to
the expectedpatternin this language. We calledthis phenomenorivowel epenthesis It suggests
that the role of phonotatics is so importantasto producethe illusion of a segnent which is not
actually preent in the signal.

Though Dupoux et al. (199@}tributed this effet to phonotactic knowleg, it is not
a priori excludedthat the illusion resultsfrom top-downlexical influences.One may imagine that
mary Japanes words contain sequenes /C,uC,/ in which C;C, representconsonantclusters
presentn the nonwordstimuli usedin the experiment. It couldthenbe arguedthatthe activations
of suchlexical itemsconspireto produe the perceptionof /u/. Thus,the potentialexistenceof real
Japanesevords, phoneticneighbas of the non-wad stimuli, may hawe inducedparticipantsto
reportavowel thatis not preseniin the signal. Somemay find excessiveahe proposl that lexical
effectscanbe asstrorg asto blindly insert a vowel thatis not presenin the signal. Howewer, aswe
notedabove,there are well documenteddemonstrationshatthe lexicon canfill in missingspesch
sounds,at leastwhen the underlying signal is degradedor ambguous (Warren, 1984; Samuel,
1981a).In the pesent ase, the ginal is clar, but it contains sequees of phoamesthatareillegal
for Japanese spkers. Tle influene of lexical knowlede in such a situation is an open question.

This paper aims at daimining the soice d the vowelepenthesisféect in Japanesale try
to determinewhethe the illusory vowel is insertedduring the first stage of speechprocessing,
underthe influence of phonotatic constaints, or whetherit comes from the participants lexical
knowledge. To this aim, we creatd non-wordscontainirg illegal consonantlustes in Japanese.
Theseitems produe only one lexical neighba whena vowel is insertedbetwesn the consomants.
Specifically, for someitems the lexicon biasesfor the insertionof the vowel /u/ (like in sokdo->
sokudospeed)In other items, the lexicon call for the @m8on of avowel otherthan/u/ to geneate
a word, (like mikdo -> mikado,empeor). How do Japanesdistenes perceive the illegal non-
words?If perceptualprocessesnseat thevowel /u/ within the /kd/ clusterirrespetive of thelexical
statusof the outcome thenthey shouldrepat heaing an/u/ insideboth/sokdo/and/mikdo/. If, in
contrasttheir perceptionis influenced by the nearestreal Japanesgord, we expectthemto report
an /u/ and an /al resptively.

Experiment 1

Stimuli with a CVCCV patternwere selectedso that there is only one possiblevowel that
can be inseed in the consonawtuster to produe a eal Japanessord. The stimuli wez thensplit
into two sets,accordig to the vowel that yields a Japaneseavord. In the u-Set,the vowel that
produceda word was/u/, like in sokdo->sokudoln the non-u-Setthe vowel was/al/, /el, /il or /ol,
like in mikdo->mikado Paticipantswere testedon two tasks,transcriptionandlexical decision.In
thetranscriptiontask, participantswere presntedwith stimuli andaskedto transcrite theminto the
Romanalphabetln the lexical decisiontask, participantsdeciced whethe the itemswere wordsin
Japaneseor not. If epenthesisis lexically driven, one expectsa strorg effect of lexical
neighbohoodon the pereptionof the itemscontainirg a consonantluste. In paticular, itemsin
the u-Set(eg. sokdg shouldbe perceivedwith an epenthetidu/, anditemsin the non-u-Set(eg.

! In japanese, theyBabic types are restricted to @/, V, and C§)VN. As a resilt, the ony legal coisonait clustes
are of the ngal plus casonats type.
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mikdg shouldbe perceivedwith a vowel othe than/u/ sincethat is the only way to obtain a
Japanese&vord. In othe words, itemsin both setsshouldbehavesimilarly in the lexical decision
experimentsinceall itemscanprodue Japanes&ords oncethe appropiate vowel is inserted.In
contrast,if vowel epenthesisarisesbefore lexical acaess, both sokdo and mikdo items should
producethe perception of an illusory /u/, and consegently, only sokdowill be processd as a
Japanesavord. Indeed, while sokdo becones sokudo(a word in Japaneseafter /u/ epenthesis,
mikdo becomeamikudo (a nonword in Japanese In order to assesshe performane on the test
items, we included control words lisekudoandmikadoand non-wads like sokadocandmikudoin
the lists.

Method

Materials: Two setsof 19 triplets were constructed. The first setwas calledthe u-Setand
containstriplets with the following structue: (illegal non-wad, word, legal non-word. The first
item wasa (C)VCCV disyllable containirg anillegal consonantlusterin Japaneséeg., sokdg.
The othertwo itemshadidentical segmentsasthefirst exceptfor the insertionof a vowel between
the middle consonantsThe second item of the triplet was a Japanesavord obtained by the
insertionof an/u/ (eg., sokud9. Thethird item wasa non-wordobtainedby the insertionof one of
the following three vowels: /a/, /el, /il or /ol (e.g.,sokad9. The second set (the non-u-Set)was
similar in all respectdo the u-Set, exceptthat the vowels that yielded a word and a non-woud,
respective}, were swappedaround.That is, the illegal non-wad mikdo yielded the word mikado
throughtheinsetion of an/a/ andyieldedthe non-wad mikudothrough the insertion of an/u/. In
all casesthere wasonly one possibleway to makea word in Japaneséhrough the insertionof a
vowelin the consonantlusterof thefirst elementof atriplet. The itemsarelistedin the Appendix.
An additionallist of 78 filler itemswasalsoconstructedconsistingof half words, half legal non-
words.

The stimuli wererecordedby afemalenativespeake of Japanesdrainedin phoneticswho
hadbeeninstrucedto producethe clusterstimuli without arny interveningvowel. All stimuli were
checledandwhena few glottal pulsesapparedbetwee the consonantshes pulseswere deleed
by digital editing.

Procedure:In the phonetic transcriptiontask, all the items from the 38 triplets were
presentedhrough headphones a differentpseudo-radomorder for each participant. Participants
were instruced to type the trangription of the items in the Roman alphabeton a computer
keyboard.In the lexical decisiontask,the sametems,with thefiller items,were presentedthrough
headphonesising the EXPE software on a PC computer(Pallier, Dupoux & Jeannin1997).Lists
werepresentedn a differentpseuderandomorder for each participant. Participantsvere instructed
to classily the stimuli into real Japanes&vords versusnon-existentwords asfast asthey could. If
no responsavas given within 4 secondsafter the presentatiorof an item, the next stimuluswas
presentedParticipantswere given a practice sessionof 10 trials with feedbad, followed by the
main experiment during which rieedlack wasgiven.

Participants:Fourteennative spe&ers of Japaese were testedon the lexical decision
experiment.Sevenof them also pefformed the phoretic transciption task (after completirg the
lexical decision task). Tlyewere all Japanese volures ecruited in Paris.

Results and Discussion




Prelexical vovel epenthesis 5

In this experimentfour tripletsin the u-Setandthreein the nonu-Sethadto be removed
becauseof more than 50% transription errars or more than 40% lexical decisionerrors on the
words or non-wads. Most of theseerrors fell on /h/-initial words, whose first segment was
misperceivedas/f/ or /r/, or deleed. This left 15 tripletsin the u-Setand 16 tripletsin the non-u-
Set. No participant was jeeted.

First, the phonetic trangription results for the consonantcluster items were analyzed
separatly for items in the u-Set and items in the non-u-Set. Seventy-nine percent of the
transcriptionsof the consomant cluster items in the u-Set containedan epenthetic/u/ inserted
betweernthe consonantsOnly 1% of the responescontaineda differentvowel (/i/ insteadof /u/ in
oneitem). Theremaining20% of the transcriptiongeproducedthe consonantluste. In the non-u-
Set, 75% of the transciptions containedan epenthetic/u/, 1% are casesof consonantdeletion
(/juSi/ instead of /jurSi/), and 24% reprodued the consonantcluster. The differene in /u/
transcription betwen the two items sets was notrsfigant (X*(1)=0.10, p>0.1p

Second the lexical decisiondatawas analzed in termsof percent ‘word responsesThe
dataare displayed in Table 1. As one can see,wordswere labeledaswords in 94% of the cases,
andnon-wordsin only 7% of the cases. Theresultsof the clusteritemsdependedon settype. 71%
of the clusteritemsin the u-Setare labeled aswords, a scoe significantly differentfrom charce
(p<.007).Plannedcontrastsshowedthat this scoe differed significantly from the scoe obtained
with control non-words (F1(1,13%222, p<.001; F2(1,14¥120, p<.001) and control words
(F1(1,13=23, p<0.001;F2(1,14¥8, p<0.03. In contrast, the clusteritemsin the non-u-Setwere
classifiedas words in only 8.0% of the trials, a soore significantly below charce (p<.001). This
scorewas significantly different from the score with the control words (F1(1,13=868, p<.001;
F2(1,15¥1329, p<.001), but did not déf from the sorewith the control non-wats (both Fs1).

Table 1: pezent"word" response to clusteand control items in Experiment 1.

Non-words Words Clusters
u-Set
Percent ‘word ” response 2.8% 91.0% 71.4%
Example sokado sokudo sokdo
non-u-Set
Percent ‘word ” response 10.3% 96.9% 8.0%
Example mikudo mikado mikdo

Third, we amalyzedthe RTsfor responssfalling into the “predicted catgory. For itemsin
the u-Setthe prediced category was “Word” for both the Japanes words and for illegal cluster
items. For the non-u-Set items thegicted ategory was “Nan-Word” for Japanesaon-wodsand
for illegal clusteritems. The reaction times are shownin Table 2. An ANOVA reveakd that the
control words yielded significantly fasterlaterciesthan control non-words(F1(1,13=28, p<.001,
F2(1,30¥49, p<.001).Clusteritemsin the u-Settencedto yield fasterRTs thancontrol non-words
(F1(1,13=3.3,.05<p<.1; F2(1,14)=4.5p=.053),but did not differ significantly from controlwords
(both Fs<1)In contrast, clusteritemsin the non-u-Setyielded slower RTs thanthe control words
(F1(1,13=23, p<.001;F2(1,15¥62, p<.00], but did not differ significantly from the control non-
words(F1(1,13)=2.9p>.1; F2(1,15)=3.3,.05<p<.1). Thus,the latencesto respondo clusteritems
depended on the items in the lexical gatg to which thg areassimilated.
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Table 2: Reactiontimes (ms), standad error, and percent error to clusterand control items in
Experiment 1.

Non-words Words Clusters
RT SE Err RT SE Err RT SE Err
u-Set 1223 33 2.8% 1046 33 9.0% 1093 77 28.6%

non-u-Set 1315 68 10.2% 933 31 3.1% 1234 61 8.0%

Theovenall patternof resultsfor this experimentvasstraghtforward. The transeiption task
yieldedsimilar ratesof /u/ insertionirrespectiveof the presenceor abseceof a neighborirg lexical
item with that particularvowel. We found no insation of a vowel othe than/u/ (exceptfor one
participantwho reportedan/i/ in “namdd producirg the Japanesword “namidd; this amountgo
1% of the responss). Thus, globally, the presene of biasing lexical neighborsdid not influence
transcriptions. The same conclusion aroe from the analsis of the lexical decision data.
Participants consistegttlassifed cluster items as if thdhad insertecn /u/ prior to lexical a&ss.

Thereporedresultscould be attributedto the fact thatthe stimuli wererecorded by a native
Japanesspeake Eventhough the speake wastrained in phoneticsat timesshecould not avoid
insertingshortvowels betwee the clusterconsonantsHer speeh wasdigitally editedto remowe
pitch pulsescorrespondingo an inter-consomntal vowel. However, it could be that traces of
coarticulationremainedin the adjacentconsomnt allowing Japaeseparticipantsto reconstrgt the
underying vowel. To controlfor this possibility, in the nextexperimentwe useda speake whose
maternal laguage allows consoant clusters.

Experiment 2

In order to removethe possibility that the effects obtainedin the previousexperimentare
dueto potentialtracesof /u/ producedby the Japanesspeaker,the stimuli were recordedanew,but
this time they were spokenby a native speakerof French.He wasinstructedto imitate wordsand
non-words produed by a Japanes spealer, and produced the cluster stimuli without ary
intervening vocalic element.If the effects obtainedin the previous experimentwere due to
coarticulationmuchlessvowel epenthesishouldobtainin the new experimentlf, in contrastthe
results were true phonolgically-driven phonera restoation, the sameesults should obtain.

Method
The method was idenatto the one empieed in Experiment 1.

Materials: The samesetsof u- andnonu-tripletsasin the previousexperimentsvere used.
Thestimuli wererecordedby a nativespeake of Frerch who imitateda nativespeake of Japanese
asfollows: The Japanesspekerfirst read a giventriplet, andthe Frenchspe&er repeated trying
to imitate the segmentabnd suprasgmental featuresof Japanes exceptin the clustercondition,
wherethe consonantluste waspronourtedassuch.Each triplet wasrecordedthree times,andthe
best tokenswere seleced by a Frend and Japanesdistener. The stimuli were then digitally
recorced (16kHz).
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ProcedureThe proceduredor the phoretic transciption taskandlexical decisiontaskwere
the same as in thegrious experiment.

Participants:Fifteen native spealers of Japanes, recruited in Paris, participated in the
lexical decision experiment. Seven of them also peréal the phoetic transdption task.

Results and Discussion

Overall, 5 triplets in the non-u-Setand5 triplets in the u-Setwere removedbecausethe
wordsor nonwordsyielded morethan40% ermors or areincorrectly transcried by morethanhalf
of theparticipantsThis leaved 14 tripletsin theu-Setand 14 tripletsin the non-u-Se{the itemsare
listedin the Appendix). Two participantsvho mademore than50% errors on the nonwords (both
for distractorsand test items) werremowed from subse@nt anaysis.

First, the phonetic trangription results for the consonantcluster items were analyzed
separatly for itemsin the u-Setanditemsin the non-u-Setln the u-Set,sixty-five percent of the
transcriptionsof the consomnt cluster items containedan epenthetic/u/ inserted between the
consonantsOnly 1% of the responsesontaineda different vowel (/o/ insteadof /u/ in oneitem),
andin 3% the secondconsonantvasdeleted.The remaining 30% of the trangriptionsreprodiced
the consonantcluster. In the non-u-Set,fifty-nine percent of the transeciptions containedan
epenthetic/u/, 9% a different vowel (the vowel /i/), and 31% reprodued the consonantcluster
responseThe /i/ responsearo in two items:rekSiandrikSi. It is interestingto note that the /i/
responseturnsthesetwo itemsinto real Japaneswords (rekiSiandrikiSi, respectivey). Note also
thatin theseitems, 21% of the responss were still /u/ insertions.The difference in /u/ insertion
rates betwen the u-Seand the non-u-Set did notaeh sgnificance(X?(1)=0.52, p>0.1]

Second the lexical decisiondatawere analzed in termsof percent'word' respons. The
dataare displayedin Table3. As onecansee ,wordswere labeledaswords (93% of the cases)and
non-wordswere not (8% of the cases).The resultsof the clusteritemsdepened on the type of set.
An avemlge 70% of the clusteritemsin the u-Setwere labeledas words, a score significantly
different from 50% (p<.007). Plannedcontrastsshowedthat this score was significantly different
from the scoe with the control non-wads F1(1,12¥%103, p<.001; FA,13)=108, g.001) andwith
the control words (F1(1,12¥12, p<0.003;F2(1,13)43, p<0.001).In contrast,the clusteritemsin
the non-u-Setwere classifed as words in only 18.7% on avelage (significantly below 50%,
p<.001). This scoe was significantly different from the scoe with the control words
(F1(1,19=341, p<.001; F2(1,13x109, p<.00]), and from the control non-wods althowgh the
difference wassignificant only for the participantsanalysis (F1(1,12)=11.7 p<.005;F2(1,13=1.7,
p>.1).

Table 3: perent"word" response to clusteand control items in Experiment 2.

Non-words Words Clusters
u-Set
Percent ‘word ” response 6.0% 91.8% 70.4%
Example sokado sokudo sokdo
non-u-Set
Percent ‘word ” response 10.4% 96.1% 18.7%

Example mikudo mikado mikdo
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Third, we analyzedthe RTsfor theresponses the dominantcategory, thatis, responsess
‘word' for clusteritemsin the u-Setandresponsegas'non-wad' for itemsin the non-u-Set.These
responsesre shownin Table 4, togetherwith the RTs for the control words and non-wods. An
Anovarevealedthatthe controlwordsyielded significantly faste latencieshan controlnon-woids
(F1(1,12=16, p<.002;F2(1,13¥91, p<.00)). Clusteritemsin the u-Setdid not differ significantly
from controlwords(both Fs<1),but yielded significantly faste RTsthanthe controlnon-wodsin
the participants' amalysis (F1(1,12¥4.7, p<.05; F2(1,13¥2.7, p>.1). In contrast, clusteritemsin
the non-u-Setyieldedslowe RTs thanthe control words (F1(1,12)=28.0,p<.001; F2(1,13)=56.5,
p<.001), but did not differ significantly from the control non-wads (F1(1,12¥1.9, p>.1;
F2(1,13¥3.0,p>.1).In otherwords, the laterciesto respondo clusteritemswere again similar to
the latencies fothe items in the lexical cagery to which tley are assimilated.

Table 4: Reactiontimes (ms), standad ermror, and percent error to clusterand control items in
Experiment 2.

Non-words Words Clusters
RT SE Err RT SE Err RT SE Err
u-Set 1231 78 6.0% 1055 40 8.2% 1084 37 29.6%

non-u-Set 1241 64 10.4% 949 34 3.8% 1323 86 18.7%

In the aboveanalysis of the trangription task, we found that the stimuli recordedby the
Frerch speakr prodeed10% morecluste responssthanin the previousexperimenia significant
difference, p<.001). This suggests that the /u/ epenthesiseffect can be enhanced when
coarticulationcues remainin the adjacentconsonantsYet, the overall /u/ responseate was still
very high (62%),aratequite similar to thatreportedn Dupouxetal. (1999).In addition,two items
in the non-u-Setyieldedanidentification of /i/ insteadof /u/ (namey, rekSiandrikSi). A post-hoc
analsis showed thatthe lexical decisionresponssfor these two itemswere 77% and54% "word'
responseggespective}, whereasall the otheritemsin the non-u-Setielded a majority of nonword
response<LCouldit bethatthesetwo itemsreflectalexical influence on the epenthesisffect?If so,
theinsertionof /i/ is dueto the presene of the JapaneswordsrekiSi andrikiSi. Howewer, noneof
the otheritemsin the non-u-Sebehavedsimilarly. Despitethe existenceof lexical itemswith non-
u vowelsbetween the medialconsorant, all the otheritems elicited the perceptionof an/u/ anda
non-word response An alternative interpretation for rekSi and rikSi is that there are casesin
Japanesef /i/ epenthesisShinohara1997) discussedomeof thesecases.andwhile sheargued
that/i/ epenthesisnay not be a productivephenomenonit is worthwhile notingthatthe majority of
the existing casesof loan words with /i/ insertionarisein the contextof voicelessstop-fricative
clusters(i.e. textile -> /tekisutairo/),herce the samecontextasin rikSi. Interestimgly, there were 5
itemsin the non-u-Setwherethe insertionof /i/ shouldhaveyieldeda word. None of theseitems
had a voicelessstop-fricative cluster,and noneof them gaverise to the perception of an/i/. This
suggeststhat the insertion of /i/ in rekSi and rikSi may also have a prelexical origin. Further
reseach shoulduncower whetherthesecass are bonafide prelexical epenthsis effectsor lexical
influences.

General Discussion

We createdJapaesenon-wads that containedllegal consonantlusters,and manipulated
their lexical neighboroodThe stimuli were eithe digitally editedutteranees produaed by a native
Japanesealker (Experimentl), or naturalutterances produed by a native speake of a language
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that allows consonant clusters (Experiment2poth casesnd irespectiveof the lexical statusof
the pereptualoutcome,Japanesdistenas repated heaing a vowel /u/ betweenthe consonants.
For example they transribe sokdoas "sokudo (a real Japanesevord), and mikdo as ‘mikudo (a
nonword),taking no accountof the existenceof a lexical neighborwith a diff erentvowel (mikado).
In a speeed lexical decisiontask, participantsclassifiedthe stimuli like sokdoasreal words,and
the stimuli like mikdoasnon-words. Moreower, lexical decisiontimeswith the stimuli containing
the illegal consoant cluster wreas fastas with the stimuli with an original vowel /ul/.

These results allow us to eef a puely lexical accountof vowel epenthesisandsupportthe
interpretatiorof epenthesisasa prelexicalprocess.lnterestingly enowgh, our datado not revealany
influenceof lexicalinformationat all. Lexicalinfluencesshouldhaveprodued moreepenthesisn
items from the u-Setthanin itemsfrom the non-u-Setbut this wasnot the case : the ratesof /u/
epenthesis we notgreater initemswith /u/ neighbas (sokdq thanin itemswith non-/u/neighbors
(mikdo.

This interpretation,howe\er, is mademore complexbecauseof high vowel devoicing in
Japaneseln seveal dialects,high vowels (i.e., /i/ and/u/) are often devoicedbetweenvoiceless
obstruentsor utterane finally after voicelessobstruents Seveal factors seemto influence the
likelyhood of devaiing: speechrate, pitchacentplacenent,consonantype (stopversusfricative),
aswell as sociolgical effects (see Kondo, 1997; Varden 1998). Similarily, the precise phonetic
implementationof devoicingseemsto be non-homa@ereous,ranging from somethingcloseto a
wisperedvowel (with formantstructure),to fricative noise (without formantstructue), going even
to pure deletion (Tsuchida 1997; Varden 1998). Abstracting away from thesedetails, Japanese
listenersmay encountewordslike sokudan phonetc formsthatare similar to /sokdo/.Couldit be
that this phenomenon accounts éar result®

Two argumentscan be offered to counterthis view. First, a post-h@ analysis revealedthat
the eightitemscontainingvoicelessobstruentlustersdid not yield moreepenthesisf /u/ thanthe
othersitems (Experimentl: 78% vs. 76%, respetively, p>0.10; Experiment2: 65% vs. 61%,
p>0.10).Secondthe vowel /i/ devoicesasreadily asthe vowel /u/. Nevetheless/i/ epenthesiss
quite infrequent, both in our experimentasults and in the pattern f@freign word borrowings (see
for instanceShinohaa, 1997).If high vowel devoicirng were the solebasisfor the vowel epenthesis
effect in pereption, we should ha/found eqal amounts of /u/ and /i/ epenthesis.

Neverthegss,let us assumecountefactually, that high vowel devoicirg appliesonly to /u/
andwithin all the consonantlustersusedin our material.One may thensupposehat itemsin the
u-set (like sokud9 have two possiblephoneticforms (eg. /sokdo/ and /sokudo/) storedin the
mentallexicon of Japanesdt is certainly not the case,however,that/mikdo/ is storedasa variant
mikado(beause/a/ doesnot devoicg. Therefore, a lexical feedbackhypothesiscannotexplainthe
resultsof the transciption taskwhereparticipantstransribed/mikdo/ asmikudoasreadily asthey
transcribedsokdo/assokudo In brief, the existenceof vowel devoicirg in Japanesedoesnot alter
our conclusionthatit is the phonologicalcontext,not the lexical context,that triggersthe illusory
perception of /u/.

It turns out that the transcriptiontask providesa critical piece of eviden® againstlexical
involvement. This task could be criticized as being rather off-line and metalinguistic; without
derying that,we notethatDupouxet al (1999)foundvery similar resultswith off-line transciption
and more on-line tasks such as speeded ABX discrimination. Furthermoe, DehaeneLambertz,
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Dupoux & Gout (2000), using evoked potentialsin an oddtall paradgm, found that Japanes
participantsshowedno mismatchnegativity responsg MMN) to a charge from ebod to ebuzg
wheras Frenchparticipantsshowan eary MMN reponseto the samechange (140-280mseaafter
the offset of /b/). This further supportsour hypothesisthat phonota&tic constraintsmodulatethe
brain responsat a vey ealy proessing stge, prior to lexical acess.

Overall, our results suggestthat models of speeh perception must take phonotatic
information into consideration. Questions still remain about whalkd the mectanismsbe.We can
foresee two alterative acounts.

Thefirst accountpostulatesa rule-bagd processthatinspectshe phoneticrepresentatiorof
utteranes(Church,1987;Frazier, 1987 andinsertsa vowel whereve there is anillegal sequene
of consonantgas in (1)). The rules would look like thosetypically propo®d in phonological
accounts of loaword adgtations.

()0 - u/C_C

A problemwith this accountis that thete is no independantvidencefor this rule in the
phonology of standard Japeselt is thusnot clearhow it would be acquiedby childrengiventhat
they are not m@sentedvith pairs of faeign words togetr with their Japneseadaptations.

The secondaccountpostulatesa patternmatchingprocessthat assimilategoreign soundso
the phonetically closest prototypes of the native language. It is similar to the Pereptual
AssimilationModel (Best,1994,seealso Takagi& Mann, 1994),with the importantmodification
that whole syllables rather than individual segmentsare used as prototypes.Phoneticpattern
matchingexplainswhy /u/ is usedasan epenthetiovowel, insteadof /i/ or /a/. Indeed,/u/ tendsto
be the shortestvowel (Beckman,1982 andthe onewith the mostformantvariability (Keatingand
Huffman, 1984). Henae, /ku/ is the closestsyllabic prototypethat matchtes the segment/k/ in
/mikdo/.

Of course, cross-linguisticresearch is neeakd to further work out andtestthesealternative
accountsand also to understanchow and when phonotctic constaints are acquied by young
infants.
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Appendix
Items in the u-Set
bakr o- bakur o- bakar o, har ka- har uka- har aka, hi r ma- hi ruma- hi r ong,
huksi - hukusi - huki si , hi kre- hi kune- hi ki ne, kaksa- kakusa- kakasa,
kokdo- kokudo- kokado, kokmu- kokunu- kokanu, kokso- kokuso- kokaso,
kokti - kokuti-kokiti, kongi - konugi - komi gi , magr o- magur o- negar o,
sansa- sanusa- sanpsa, sokdo- sokudo- soki do, soksi - sokusi - sokasi
t uksi -t ukusi - t ukesi , yakba- yakuba- yakaba, yakza-yakuza-yakaza,
yur si -yurusi-yuri Si
Items in the non-bet
arsi -arasi -arusi, hi kt u- hi ket u- hi kut u, huksa- hukasa- hukusa,

ki kme- ki ki me- ki kune, kor np-kor ono-korunmo, m kdo-m kado- m kudo,
nanda- nam da- nanuda, ni kbi -ni ki bi -ni kubi, onsa-onobsa-onusa,
reksi-rekisi-rekusi, riksi-rikisi-rikusi, sakba-sakaba-sakuba,
sekri-sekiri-sekuri, sikti-sikiti-sikuti, takra-takara-takura,
t aksa-t akasa-t akusa, tegru-tegaru-teguru, wakne-wakame-wakune,
waksa- wakasa- wakusa



