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In four cross-linguisticexperimentscomparingFrenchand Japaneséearerswe found that the
phonotactigpropertiesof Japanesévery reducedsetof syllabletypes)induceJapaneséstenersto
perceve “illusory” vowelsinsideconsonantlustersin VCCV stimuli. In Experimentsl and2, we
useda continuumof stimuli rangingfrom novowel (e.g.ebzo)to afull vowel betweertheconsonants
(e.g. ehuzo). Japaneseyut not Frenchparticipants reportedthe presenceof a vowel [u] between
consonantsevenin stimuli with no vowel. A speededABX discriminationparadigmwas usedin
Experiments3 and 4, andrevealedthat Japanes@articipantshad trouble discriminatingbetween
VCCV andVCuCV stimuli. Frenchparticipantsjn contrasthadproblemsdiscriminatingitemsthat
differ in vowel length (eluzovs. eluuzo),a distinctive contrastin Japaneséut notin French. We
concludethat modelsof speectperceptiorhave to be revisedto accountfor phonotactically-based

assimilations.

Humanlanguagediffer in the soundcontrastsusedto
distinguishwords. A contrastbetweentwo phones(e.g. a
bilabial voicedstopanda bilabial unvoicedstop)maysignal
a differencein meaningin onelanguagebut not in another
It hasbeenknown for alongtime thatthis hasaninfluence
on the perceptionof speechsounds: spealers of a given
languageoften have trouble distinguishingnon-distinctve
phones(e.g. Sapir 1921). For example,Japanesésteners
mapthe American[l] and[r] phonesontotheir own, single,
[R] categyory, and,asa result,have lots of troublediscrimi-
natingthem.However, notall foreigncontrastsaredifficult:
in fact,they varyin thedegreeof perceptuadlifficulty (Polka,
1991;Best,McRoberts& Sithole,1988).1t is only recently
thattheperceptiorof non-natvespeectsoundasbeersys-
tematicallyexploredandthattheoriesto accountfor it have

WethankDianneBradley, Susandranck,TakaoFushimi,Pe-
ter Golato, TakashiOtake and SharonPeperkamgdor usefulcom-
mentson the paperand discussion. We thank StankaFitneva,
Olivier Crouzetand Laurent Somekfor experimentpreparation
andrunning. We are especiallygratefulto Hideko Yamashkifor
her invaluablehelp in recruiting Japanes@articipantsand Alain
Grumbachfor providing accesgo Frenchparticipants. We also
thank FranckRamusand Evelyn Haussleinfor additionalhelp in
recruiting participants. This work was supportedby grantsfrom
the Fyssenfondation,the HumanFrontiersScienceProgram,the
Human Capital and Mobility Programgrant, and the Direction
de la Rechercheet desTechniques.Mailing address:Emmanuel
Dupoux,54 Bd Raspail,75006Paris,France.

beenadwvanced.For instancejn Bests Perceptualssimila-
tion Model (Best,1994),a foreign soundcanbe processed
in one of two ways. If the phoneticcharacteristic®f that
soundarecloseto thoseof anexisting phonemecategory in
the maternalanguagethe soundwill be assimilatedo that
catgyory. In this case,listenerswill only be ableto judge
whetherit is a goodor a badexamplarof thatcategory, but
will not have accesdo its detailedphoneticcharacteristics.
(In particular two equally bad examplarsbut phonetically
distinctof a category will be very difficult to discriminate.)
In contrast,if the foreign soundis too distantfrom ary of
the available catayories,it will not be assimilatedat all and
listenerawill have consciousaccesgo its fine phoneticchar
acteristics.

The PerceptualssimilationModel is only meantto ac-
countfor the effectsof the phonemicrepertoire. However,
humanlanguageslso differ in the rulesthat govern what
sequence®f phonemesre allowed in an utterance. For
instance,somelanguagege.g., Frenchor English) allow
rather comple clustersof consonantswhile others(e.g.,
Japaneseflisallov them. One may expectthat language-
specificconstraintgplay arole in speeclperceptiorandthat
language-specifimfluencesmay be demonstratedhat go
beyond phonemiccateyorization. For instance,in Span-
ish, /s/+consonantlustersare always precededy a vowel
andwe have informally heardreportsby Spanishspealers
who maintainthatthey hearthe vowel [e] precedingznglish
words that begin with an /sC/ cluster Accordingly, mary



Spanistspealersof Englishsometimeproduceespeciain-

steadof special estimulugnsteadbf stimulus esportnstead
of sport etc. This hasnothingto do with the phonemiccat-
egoriesof [s] and[e] in SpanishversusEnglishbut rather
seemdo dependn a Spanish-specifiphonotactiqroperty
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theinfluenceof phonotacticonstraintson phonemepercep-
tion. They usedthefactthat/sri/ and/[li/ arenotallowedin

Englishwhile /sli/ and/[ri/ areallowed. They synthesized
seriesof stimuli rangingfrom [s] to [[] andpresentedhem
to participantdn the/_li/ and/_ri/ contet. Therewasa sig-

In this paper we will focuson a similar phenomenon nificantshift in theidentificationfunctionsbetweerthe two

in JapaneseAs we indicatedearlier the Japanestanguage

contets, demonstratinghat participantstend to hearseg-

disallavs complex consonantlusters Thisis aconsequence mentsthatrespecthe phonotacticf theirlanguagé .

of thelanguages simplesyllablestructure:iindeed the com-
pletesyllableinventoryof Japaneseonsistsof V, VV, CV,
CVV, CVN andCVQ (whereQ is thefirst half of ageminate
consonant).This canbe illustratedby loan words, that is,
wordsof foreignorigin thatwerechangedo conformto the
Japanespattern(seel; Itd & Mester 1995):
(1) fight' — faito

'festival’ — fesutibaru

'sphinx’ — sufiNkusu

'Zeitgeist’ — tsaitogaisuto

As we cansee [u] or [0] is insertedafterevery syllable-
final consonan{with the exceptionof nasalconsonants)
Why do the Japanes@sertvowelsin loan words? A first
possibilityis thatthis phenomenon(called“v owel epenthe-
sis”) arisedn speectproduction.Perhapslapanesspealers
have,to someextent,lost or fail to developtheability to ar
ticulateconsonantlustersandthereforetendto insertvow-
elsto triggerthemorepracticedCV motorprogramsA sec-
ond possibility is orthography:Kanji orthographiccharac-
ters,by andlarge,arepronouncedseither[n], V (vowel) or
CV (consonant-awel). Hence thereis no Japaneseharac-
teror combinatiorof charactergin thekanji system}hatcan

Notice,however, thatthe MassarcandCohenstudyonly
demonstrateaneffectonambiguoustimuli. It wouldbede-
sirableto demonstrat¢he influenceof phonotactic®n end-
point (unambiguous§timuli. Secondtheir studywascon-
ductedwith a singlelanguagejeaving openthe possibility
that someof the effects might be found in all spealersre-
gardles®f theirnative languageHallé, Segui, Frauenfelder
andMeunier(1998),usingnaturalstimuli andvarioustasks,
shavedthatillegal Frenchsyllablessuchas/dla/tendto be
assimilatedo legalonessuchas/gla/. Again, this studywas
conductedvithin a singlelanguageleaving openthe possi-
bility thatpartof the obsenedeffect might have beendueto
universalpropertief phoneticperception.

Here,we furtherexploretherole of phonotacticon per
ceptionby usinga methodologythatinvolvesnon-deraded
speechstimuli and a cross-linguisticdesign. We investi-
gate the perceptualreality of epenthesisising an off-line
phonemedetectiontask (Experimentl and 2), and two
speeded\BX tasks(Experiments and4). We testthesame
stimuli ontwo populationsnative Japanesspealersandna-
tive Frenchspealers.Frenchhascomplec syllabicstructures
andhenceshouldnot trigger epenthetieffects. Comparing

spellanitem like /sfinks/or ary otheritemwith aconsonant theperformancesf FrenchandJapanesparticipantson ex-

clusterthatdoesnot includenasals.In contrast,/sufinkusu/

actly the samematerialsallows to assesfiow languageex-

caneasilybe spelledin JapaneseCouldit be thatJapanese Periencéanfluenceshe perceptiorof thesestimuli.

spealersmodify foreignwordsby insertingepenthetic/ow-
els so that they can be spelledin their language?In this
paper we will explore a third possibleaccount,according
to which vowel epenthesisanoccurat the perceptuallevel.
Assessinghe perceptualeality of epenthesiss important
becauseét bearson the role of phonotacticin speechper
ception.

What evidenceexists that phonotacticconstraintsplay
a role in perception? Adults have rather clear intu-
itions about permissible sequences. For example, En-
glish spealers know that “mba” is not a possibleEnglish
word. Jusczyk Friederici,WesselsSvenkerud,andJusczyk
(1993),Jusczyk] uce,andCharles-Luc&1994)have shavn
that nine monthold infantsare sensitve to the phonotactic

Experimentl

Theaim of thisexperimentvasto assestheextentof the
epenthesisffect. We createchonword stimuli thatformeda
continuumrangingfrom trisyllabic tokenslike ebuzoto di-
syllabictokenslik e ebzoby progressiely removing acoustic
correlate®f thevowel from theoriginal stimuli. We selected
our materialsn suchaway thattheword internalconsonant
clusterswould always yield an epenthetidu] in Japanese
(thatis, thefirst consonanbf the clusterwasnot a nasalnor
a dentalstop). Frenchand Japanesearticipantsverethen
asledto decidewhetheror not the vowel [u] waspresenin
the stimuli. No overt productionof the stimuli wasneeded.

patternsof thewordsin theirlanguageandsomeresearchers If the epenthesigffect hasa perceptuabasis,Japanespar

have arguedthatsuchregularitiescould be usefulin helping
the child to discorer words(Hayes& Clark, 1970;Brent&
Cartwright,1996). Massaroand Cohen(1983)investigated

ITheinsertedvowel is mostoften[u], exceptaftera dentalstop,
in whichcaset is an[o] (seeShinohara(1997)for amorecomplete
discussion).

ticipantsshouldreportthe presencef [u] more oftenthan
Frenchlisteners.

2McClellandandElman (1986),claim that sucheffectsarenot
dueto phonotacticperse,but ratherto top dowvn word to phoneme
activationduring perception.SeeMassarcandCohen(1991)for a

reply.
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Method

Participants TenJapanesandtenFrenchnative speak-
ersvolunteeredo participaten Experimentl. All thepartic-
ipantswere college students.The Frenchparticipantsvere
recruitedin Paris and the Japanesat Nagoya university.
None of the Japanesg@articipantshad studiedFrench,and
noneof the FrenchparticipantshadstudiedJapanese.

Materials Ten sequencesof VCiuCyV (V: four
Japanese&owels excluding [u], Ci1: voiced and voiceless
stops,C,: nasalsandvoiced obstruentsutteredby a male
Japanesspealer were usedas stimulusitems (seethe Ap-
pendix). Noneof the stimulusitemsconstituteda meaning-
ful wordin Frenchor in Japanese.

Thestimuli weredigitizedonaPCCompatiblecomputer
usingan OROS AU22 A/D board. Five differentfiles were
then createdfrom eachoriginal item by splicing out pitch
periodsof the medialvowel [u] at zerocrossings.Stimulus
1 containedittle or no vowel [u] (mostof thetransitionsin
andout of the vowel werealsoremoved). Stimulus2 con-
tainedthe two mostextremepitch periodsof the vowel (i.e.,
one from the transitionof the first consonanto the vowel
[u], and anotherfrom the end part of [u] into the follow-
ing consonant)Stimulus3 containedhe four mostextreme
pitch periods(two on eachside),andsimilarly, Stimulus4
six pitch periods,andStimulus5 eightpitch periods.Stimu-
lus 6 wasthe original stimulusin which the numberof pitch
periodsvariedfrom 10 to 13 acrossitems (10.7 periodsin
average.)Theaverageoverall durationof onepitch periodin
the[u] vowelsin eachitemwas9.06 ms. Therewereatotal
of 60 stimuli in onesession.

Procedue. Participantswere instructedto listen to the
stimuli throughheadsetandmake ajudgmentasto whether
therewasa [u] vowel in the middle of eachstimulusword.
The stimuli were playedon a SONY DAT player The par
ticipantswere provided with an answersheetand asked to
draw a circle for “Yes” and a crossfor “No”. We empha-
sizedthatthe experimentwasnot aimedat measuringheir
linguistic skills, andthatthe numberof YesandNo answers
neednot be balanced.Japanesearticipantsvere addition-
ally told thatthe[u] targetin the experimentwasnot meant
to be equivalentto the kanacharacter " which repre-
sentshewholesyllable“u”, but ratherto the soundfu] asit
appearsnsidesyllableslike “bu”, “pu” or “mu”. Eachpar
ticipant heardthe list threetimeswith all the stimulussets
differentlyrandomizedeachtime.

The Frenchparticipantswere given a similar setupand
instructions exceptthat stimuluspresentatiorandresponse
recordingwasperformedon a PC Compatiblewith a Proau-
dio Spectruml6 D/A Board. Participantswererequiredto
pressthe [O] key for yes('oui’) responseandthe [N] key
for no('non’) responses.

Results

The meanpercentagesf vowel responseasa function
of languageindvowel lengthareshavnin Figurel. We per
formedtwo analyse®f varianceon percentagesf vowel re-
sponsespnewith participantsandonewith itemsasrandom
variables. Language(Japaneser French)was a between-
participanfactorandVowel Lengthawithin-participantac-
tor (with 6 levels). In the following, andin all subsequent
analyseswe reportthe MinF’ statisticswhenthey are sig-
nificant(p<.05),andthe F1 andF2 statisticsotherwise.

Overall, there was a significant Language effect
(MinF’(1,25)=25.10, p<.001), with the Japaneseartici-
pantsproviding moreVowel responsethanthe Frenchpar
ticipants. Therewas also a significant Vowel Length ef-
fect (MinF’(5,100)=56.18 p<.001),which hada significant
linear component(MinF’(1,20)=152.32 p<.001}, in that
longer vowels yielded more Vowel responseshan shorter
vowels. TherewasaninteractionbetweerLanguageandthe
linear componentof Vowel Length (MinF’(1,26)=128.62
p<.001), correspondingo the fact that the Frenchpartic-
ipants were much more influencedby vowel length than
the Japanese. However, even in the Japanesepartici-
pants the linear componenbf vowel lengthwassignificant
(MinF’(1,18)=11.03p<.005).

We ranpairwisecomparisonbetweerthetwo languages
for eachvowel length. For thefirst threevowel lengthg(0 ms,
18 ms,36 ms),Japanesparticipantggave significantlymore
Vowel responsethanFrenchparticipantgall MinF’ Bonfer
roni correctep<.006). For thefourth vowel length(54 ms),
therewasonly atrendin thesamedirection(F1(1,18)=5.40,
p<.04; F2(1,9)=3.67p=.088). A significantdifferencebe-
tweenthe two populationsdid not appearfor the last two
vowel lengths(72 msandfull vowel).

Discussion

In this experiment, Japaneseand French participants
judgedthe presenceor absencef the vowel [u] in stimuli
containingvarying extentsof the acousticcorrelatesof the
vowel. Frenchparticipantsvereableto judgethatthe vowel
wasabsenin the ebzocaseandpresenin the ebuzocase,
with a monotonicfunction for the intermediatecases.The
cutoff point for the Frenchparticipantsthatis, the point at
which they judgedthe vowel to be presentin 50% of the
casescanbeestimatedtjustover4 pitchperiods(38 ms)of
thevowel. In contrastJapanesearticipantgpredominantly
judgedthat the vowel was presentat all levels of vowel
length. Like the French,Japanes&owel responseshov a
steadydecreasasa function of decreasingyowel length—
whichshawvsthatthey aresensitve to manipulatiorin vowel
length—but theslopeis muchlesssharp.Evenattheextreme

3Thelinearcomponents definedasa zerosumlinearsetof co-
efficientsappliedacrosshe six levels of vowel length,seeWiner,
Brown andMichels(1991),pp 198-210,and148.
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Figure 1. Percentu] vowel judgmentsin stimuli like eluzoin Frenchand Japanes@articipantsas a function of vowel duration
(Experimentl).

of the continuumwherethe vowel hadbeenremoved, they
still reportedhatthevowel waspresentn morethan70%of
thecases.

At thispoint,wewouldlik e to raisethefollowing caveat.
Eventhoughwe digitally removedthevocalic[u] portionsof
VCuCV stimuli, it is unlikely thatit wascompletelydeleted.
Indeed,coarticulatoryinformationfor the roundedvowel is
likely to be presentthroughoutthe portion of acousticsig-
nal for the surroundingconsonants.lt may be that unlike
FrenchJapaneskearerhave developedaveryfine capacity
for perceving veryshortvowels. Onereasormightbethatin
Japaneseahe[u] vowel getsoccasionnalylevoiced(Keating
& Hoffman,1984;Beckman1982). Anotheroneis thatthe
spealerthatwe usedin Experimentl wasJapanese&ndso,
he might have introducedcoarticulationcuesin the adjacent
consonantthatareespeciallysalientto Japaneskearers.

So, eventhoughwe have identified a perceptualiffer-
encebetweenmembersof two languagecommunities the
differencemay not be dueto phonotacticsThe next experi-
mentis designedo addresshisissue.

Experiment2

Experiment2 useda paradigmsimilar to Experiment
1 with the following modifications: we recordeda French
spealer and digitally generatedsimilar continuato those
in the previous experiment(eluzo-ebzo). In addition, we
recordedwo extra conditions:oneconditionwith no vowel,
thatis, a naturally producedconsonantluster(ebzo),and

oneconditionwith a vowel differentfrom [u] (ebizo). This
last condition was introducedto measurebaselineperfor
mance.

If theresultsof Experimentl weredueto coarticulation
informationaboutthevowel ontheadjacentonsonantghen
weshouldexpectthatJapanespi] responsesnthenaturally
producedebzoshoulddropto baselindevel. If, in contrast,
the obtainedeffectsaregenuinelydueto phonotacticsthen
naturally producedclusters(ebzo),shouldproduceat least
asmary [u] responseastheartificially producectlusters.

Method

Participants TenJapanesand10 Frenchnative speak-
ersvolunteeredo participaten Experimen®. All thepartic-
ipantswere college students.The Frenchparticipantswere
recruitedin Parisandthe Japanesatthe Nagoya university.
None of the Japanesgarticipantshad studiedFrench,and
noneof the FrenchparticipantshadstudiedJapanese.

Materials We used the same ten sequencesof
V1CuCyV, stimuli asin Experimentl. To thesestimuli,
we added10 correponding/1C1CoV, andV1CiVaCoVa stim-
uli (with V3 vowels differentfrom [u] andfrom V1 andVs,).
The stimuli wereutteredby a maleFrenchspealer. Noneof
the stimulusitems constituteda meaningfulword in French
orin Japanese.

The stimuli were digitized on a PC Compatiblecom-
puterusinganOROSAU22 A/D board.As in Experimentl,
wedigitally generatedive extra stimuli from theV,C,uCy Vo
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stimuli by splicingout pitch periodsof the medialvowel [u]
atzerocrossingsStimulusl containedittle or novowel [u]
(mostof the transitionsin and out of the vowel were also
removed). Stimulus2 containedhe two mostextremepitch
periodsof thevowel (i.e.,onefrom thetransitionof thefirst
consonanto the vowel [u], andanotherfrom the end part
of [u] into the following consonant).Stimulus3 contained
the four mostextremepitch periods(two on eachside),and
similarly, Stimulus4, six pitch periodsandStimulusb, eight
pitch periods.Stimulus6 wastheoriginal production.

Procedue. Participantswere instructedto listen to the
stimuli throughheadsetandmake ajudgmentasto whether
a[u] vowel waspresentn themiddle of eachstimulusword.
The whole stimuli setwas playedthreetimes, eachtime
in a different pseudo-randonorder from a PC compatible
computemwith a ProaudioSpectruml6 D/A Boardusingthe
EXPEprogram(Pallier, Dupoux,& Jeannin1997).Thepar
ticipantshadto pressonekey if the [u] vowel waspresent,
andanotheiif it wasabsent.Otherwisethe sameprocedure
asin Experimentl wasused.

Results

The meanpercentagesf vowel responsegsa function
of languageand vowel lengthare shavn in Figure2. We
performedtwo setsof analyses. The first setis identical
to thatusedin Experimentl andanalyzeghe effect of the
six levels of vowel lengththatwereproducedrom digitally
editing the V,C1uC,V, stimuli. The secondsetof analyses
testsmoredirectly the effect of coarticulationrandcompares
the naturalV,C1Co Vs, the digital V1C1CoV, andthe baseline
V1C1C3C, Vs stimuli with oneanother

Effect of Vowel Length. We performedtwo analysef
varianceon percentagesf vowel responsespne with par
ticipantsandonewith itemsasrandomvariables.Language
(Japaneser French)was a between-participanfactor and
Vowel Lengthawithin-participantfactor(with 6 levels).

Overall, there was a significant Language effect
(MinF’(1,47)=10.25, p<.004), with the Japaneseartici-
pantsproviding more Vowel responsethanthe Frenchpar
ticipants. Therewasalsoa significantVowel Lengtheffect
(MinF’(5,127)=36.50,p<.0001), which had a significant
linear component(MinF’(1,26)=74.99, p<.0001), in that
longer vowels yielded more Vowel responseshan shorter
vowels. Therewas an interactionbetweenLanguageand
thelinearcomponenbdf Vowel Length(MinF’(1,25)=15.48,
p<.001), correspondingo the fact that the Frenchpartic-
ipants were much more influencedby vowel length than
the Japanese. However, even in the Japaneseartici-
pants,the linearcomponenbf vowel lengthwassignificant
(MinF’(1,12)=10.19p<.008).

Weranpairwisecomparisonbetweerthetwo languages
for eachvowel length. For thefirst threevowel lengthg(0 ms,
15 ms,and29 ms), Japanesearticipantsggave significantly
more Vowel responseshan Frenchparticipants(all MinF’

Bonferronicorrectedp<.02). For the fourth vowel length
(44 ms),therewasonly a trendin the samedirection(Bon-
ferroni correctedp=.10). A significantdifferencebetween
the two populationsdid not appearfor the last two vowel
lengths(58 msandfull vowel).

Effectof Coarticulation. We performedtwo analyse®f
varianceon percentagesf vowel responsespnewith par
ticipantsandonewith itemsasrandomvariables.Language
(Japaneser French)was a between-participarfiactor and
StimulusTypeawithin-participantfactor(with 3 levels: nat-
ural cluster digital cluster anddifferentvowel).

We found an overall effect of Language
(MinF’(1,25)=19.77, p<.001), Stimulus  Type
(MinF’(2,53)=17.99, p<.001) and an interaction be-
tween thesetwo variables(MinF'(2,54)=13.34, p<.001).
Individual post-hoccontrastsrevealedthat this interaction
wasdueto the factthatin Frenchparticipantsthe “natural
cluster’condition was not different from the baseline
condition (Fs<1), whereasthe “digital cluster” condition
elicited slightly but significantly more [u] responseghan
either baselineor natural clusters(ps<.03). In contrast,
in Japanesestimuli in both natural and digital clusters
condition elicited considerablyand significantly more [u]
responseghan baselinestimuli (ps<.0001), and the two
kindsof clustergdid not differ from eachother(Fs<1).

Discussion

In this experiment,we replicatedthe patternfound in
Experimentl. Moreover, we found that this patternof re-
sults cannotbe attributedto coarticulatorycuesleft in the
original Japanesé¢okens. We usedtokensproducedby a
Frenchspealer, and compareddigitally producedclusters
(thatmighthaveresiduakoarticulatiorinformation)andnat-
urally producedclusters(that have no coarticulatoryinfor-
mationfor avowel). We foundthatJapanesparticipantgdid
not perceve more[u] vowelsin digital thanin naturalclus-
ters(in fact,therewasa nonsignificantrendin the otherdi-
rection). Hence we obsenre thata majority of [u] responses
do arisein Japanesparticipantevenin thetotal absencef
[u] informationin thesignal.

Experimentsl and 2 establishthat, in a taskinvolving
no overt speechproduction, Japanes@articipantsconsis-
tently reporta vowel betweentwo consonantsn CC clus-
ters. Theseexperimentsalone however, cannoffirmly estab-
lish the perceptualocusof the effect for two reasonskFirst,
the task requiresparticipantsto make an explicit metalin-
guistic judgment: participantshave to know what a vowel
is in orderto do thetask. It is known thatlearningto read
influencesthe way in which individual phonemicsegments
canbe manipulatedn a metalinguistictask (seethe collec-
tion of articlesin Bertelson,1986). Given thatthe writing
systemsof Japanesand Frenchdiffer, it is possiblethat
they differentially affect vowel judgmentsin Japanesand
Frenchparticipants.Secondthetaskdid not usea speeded
or on-linejudgment. Thereforejt cannotidentify which of
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Figure 2.  Percentu] vowel judgmentsin stimuli like eluzoin Frenchand Japanes@articipantsas a function of vowel duration
(Experiment).

the differentsourcef information(the orthographiccode,
covert production,explicit stratgjies)influencedthe partic-

in etuza For this reason,in this experimentwe choseto
have differenttalkers producethe X stimuli and the other

ipants’ responseskor instance|t is possiblethat Japanese two stimuli (A and B), therebyforcing participantsto rely

participantswerereluctantto give a vowel-absentesponse
simply becausehey knew that suchstimuli do not occurin
Japanese.

In the next two experimentswe usean ABX paradigm
thatonly requiresidentity judgmentsthusinvolving no ex-
plicit orimplicit mentionof vowels. We alsohadparticipants
performaspeededesponsetherebyreducingthelik elihood
of themusingcomplicatedresponsetratayies.

Experiment3

ThisexperimentusesaspeededBX paradigmin which
participantshearthreestimuli in a row and have to decide
whetherthethird stimulusis the sameasthefirst or the sec-
ond. If the findings of Experimentsl and 2 have no per
ceptualbasisbut areinsteada by-productof metalinguistic
limitations in sggmentmanipulation,Japanesarticipants
shouldmale few errorswhendiscriminatingbetweerebuzo
andebzo In fact,their performanceshouldbeindistinguish-
able from that of Frenchpatrticipants. If, in contrast,the
perceptuakysteminsertsan epentheticvowel to breakup
consonantlusters,Japanesgarticipantsshouldhave trou-
ble distinguishingstimuli suchas etuzo from stimuli such
as ebzq becausethey will in fact “hear” the samething
twice. However, ebzomaybe “heard” ascontaininga vowel
with differentacoustic/phoneticharacteristicérom the [u]

on a more abstract/phonologicakpresentatiomatherthan
on anacoustic/phonetione. Experiment4 will specifically
testthe effect of talker change.

Note, however, that comparingthe meanperformances
of differentgroupsof participants(that is, testingwhether
Japanesearticipantsare significantly betteror worsethan
Frenchparticipantson a giventask)raisesa methodological
problem: it is difficult to matchpopulationsof participants
in all possiblerespectotherthannative language.This is
why we introduceda completecrosseer designin which
we make the oppositepredictionsacrossthe two language
groups.

This designwas achiered by consideringanotherprop-
erty of the phonologyof Japaneséan Japanese/owel length
is contrastve, for instance tokei (watch)vs. tookei (statis-
tics). Thelong vowel is, in fact, perceved astwo adjacent
vowels. Therefore,Japanesarticipantsshould have no
problemin performingthe ABX task on an etuzo-eluuzo
contrastIn our stimuli, the ebuuzo-ebizocontrasthada dif-
ferencein acousticduration(95 ms) within the samerange
asthe etuzo-ebzaontras{89 ms).

By contrast,in French,vowel lengthis not contrastie.
Thatis, no pairsof Frenchwordscanbedistinguishegurely
onthebasisof thelengthof onevowel. Thehypothesisinder
examinationis thatlistenersimposethe phonologyof their
native languageon unfamiliar linguistic stimuli, regardless
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of whetherthe stimuli arenative or foreign. Hence we pre-
dict that Frenchparticipantsmight have troublein making
the etuzo-eluzocontraswvhereashe Japanesshouldhave
no problematall.

Method

Participants Ten Japanesandten Frenchparticipants
participatedn the experiment. All wererecruitedin Paris.
The ageof the Japanesgarticipantsvaried from 20 to 48
yearsof age(median36). Two hadno knowledgeof French
andknew someEnglish. All hadbegunthe studyof foreign
languagesafter 12 yearsof age. Therewere4 menand 6
womenin thegroup. Theageof the Frenchparticipants/ar
ied from 20 to 50 yearsof age (median24). None spole
Japanesehut they all had studiedEnglishat school. Like
the Japanesparticipantsthe Frenchparticipanthadstarted
studyinga foreignlanguageafterthe ageof 12. Therewere
9 menandl womanin the Frenchgroup. The Japanesand
Frenchparticipantswereall right handedthey volunteered
for theexperimentandno onewaspaidfor hisor herpartic-
ipation.

Materials Sixteentriplets of the form (ebzo, etuzo,
etuuzg were constructed (see the Appendix).  All
triplets conformedto the modelV,C1CoVo — VICIUCVo —
ViCiUUGC,V,. The first consonantsvere from the set[b,
k, g, 1, the initial and final vowels were from the set|e,
i, a, 0], andthe secondconsonantsverefrom the set[z, d,
g, n, m, [, t]. All stimuli werenon-wordsin both French
andJapaneseAll stimuli consistedf phonologicallyvalid
Frenchsyllablesand,with the exceptionof thefirst member
of the triplets, of valid Japanessyllables. Four additional
triplets with the samephonemerangeconstraintsasfor Vi,
C1, G2, andV, wereusedin thetrainingset.

The materials consisting of the twenty triplets were
recordedwice: onceby a male Japanesspealer andonce
by afemaleJapanesepealer. Therecordingsveremadein
a soundattenuatedoom, anddigitized at 16kHz/16bits on
an OROS AU22 D/A board. Eachstimuluswasstoredin a
separatdile usinga waveform editor. It appearedhat al-
thoughourtwo Japanesspealerswerefluentin Frenchand
hadsometrainingin phoneticsthey could not be prevented
from insertinga very shortvowel [u] within the consonant
clustersn someof the ebzostimuli. Theseebzostimuliwere
thereforeeditedwith awaveformeditor, andthevocalicpart
wasprogressiely removed,until aFrenchlistenerfoundthat
he/shecouldno longerhearthe [u] vowel. Thethreeclasses
of stimuli hada meandurationof 409 msfor ebzq 498 ms
for eluzoand593msfor ekuuzq respectiely.

Onehundredandtwenty eight experimentaltrials were
constructedusingthe 16 experimentattriplets. Eachexper
imentaltrial consistedf threestimuli: A, B, andX, where
thefirst two werespolenin a femalevoice,andthelastone
in amalevoice. A andB weretakenfrom the sametriplet
but differedin the intermediatevowel duration. Therewas

an Epenthesicontrast(ebzo-ebzg, and a Vowel Length
contrast(etuzo-etuzg. Eachcontrastcould appearin 2
differentpossibleordersresultingin 4 A-B combinationgor
eachtriplet. The X stimuluswasidenticalto eitherA or B.
Theoveralldesignwas:2 x 2 x 2: Contrastx Orderx X-
identity. By partialcounterbalancingdl,6 trainingtrials using
thefour trainingtripletswereobtained.Thesecontainedhe
sameconditionsasin the experimentatrials.

The 128 experimentaltrials were split into two blocks,
with eachcondition and item equally representedn each
block.

Procedue. Eachexperimentaltrial consistedf thepre-
sentationof the threestimuli (A, B and X), with an inter-
stimuli interval of 500 ms. Participantsweretold that the
stimuli werewordsfrom aforeignlanguageandthatthe pur-
poseof the experimentwasto testtheir intuitions aboutthe
soundsof thesewords. They weretold thatthe third word
(X) wasthe sameasoneof thefirst two (A or B). Theirtask
wasto pressabuttonontheirleft or right to indicatewhether
X wasthe sameasA or B.. Participantsweregiven4 sec-
ondsto respond.Thetrial endedimmediatlyafter response
or afterthe four secondshadelasped;The next trial started
onesecondater.

In tentrainingtrials, participantgecevedfeedbaclkasto
whethertheir responsevas corrector not. Feedbackcon-
sistedof the word “Correct” or “Incorrect”, or the string
“The responsas A" (or B) when participantsfailed to re-
spondbeforethe deadline.Feedbackvasdisplayedfor one
second,and was then erasedfrom the screen. For incor-
rectresponseghe sametrial was presentecigainimmedi-
atelyuntil theresponsevascorrect.In thetwo experimental
blocksof 64 trials, no feedbackwaspresented.The blocks
wererandomizedseparatelyor eachindividual participant.
A shortpausewasintroducedbetweerthetwo experimental
blocks. Responsesvererecordedand reactiontimes mea-
suredrom theonsetf theX stimuliwith theEXPEsoftware
packagdPallier etal., 1997).

Results

Four ANOVAs were performedon the results: two on
RT databy participantand by item andtwo on error data,
againby participantand by item (reactiontimeswere ana-
lyzedonly for correctresponses)The ANOVAs hada 2x2
design:Languag€Frenchor Japanese} Contras{epenthe-
sisor vowel lengthcontrast).The meansstandarderrorand
errorratesaredisplayedor eachconditionin Tablel.

The analysis of the RT data shoved a highly
significant interaction between Language and Contrast
(MinF’(1,29)=14.16,p<.001). This interactionwas due
to the fact that for the French participants, the vowel
length contrast yielded longer RTs than the epenthe-
sis contrast(RT difference: 171 ms, MinF’(1,19)=12.01,
p<.002),whereasfor the Japanesgarticipantstherewas
a trend in the other direction (RT difference: -105 ms,
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Language RT SE Ermr RT SE Ermr
Vowel LengthContrast Epenthesi€ontrast
ebuzo-eluzo etuzo-ebzo
Japanese 1082 45 7.5% 1187 75 32%
French 1173 73 21% 1002 54 5.8%

Tablel

Meanreactiontime (ms), standad error, and error ratein ABXjudgmentson an epenthesisontrastand a vowellength

contrastin Frenc and Japaneseparticipants(ExperimenB).

F1(1,9)=4.52p=.06;F2(1,15)=7.84p<.02). Therewasno
maineffectof LanguagdF1(1,18k1,p>.1;F2(1,15)=3.41,
.05<p<.1), and no main effect of Contrast(F1(1,18k1,
p>.1;F2(1,15)=3.53,05<p<.1).

The analysisof the error data shaved the same pat-
tern of results. There was a highly significant interac-
tion betweenLanguageand Contrast(MinF’(1,26)=56.27,
p<.001).Thisinteractionwasdueto thefactthatfor French
participants,the vowel length contrastwas more difficult
thanthe epenthesigontrast(MinF’(1,16)=18.11,p<.001),
whereasthe length contrastwas easierfor the Japanese
(MinF’(1,13)=35.48,p<.001). Overall, Japaneseartici-
pantstendedto make more errorsthanthe Frenchpartici-
pants,althoughthis wasonly significantin theitemsanaly-
sis (F1(1,18)=3.71p=.07;F2(1,15)=20.17p<.001). Sim-
ilarly, the epenthesisontrasttendedto provoke more er
rorsthanthe vowel lengthcontrast but againthis wasonly
significantin the items analysis(F1(1,18)=4.10,p=.058;
F2(1,15)=13.18p<.002).

Discussion

In this experimentFrenchandJapanesparticipantdhad
to performan ABX discriminationtask on two contrasts:
anepenthesisontrast ebzo-ebizg andavowel lengthcon-
trast(etuzo-eluzg. We founda cross-@erinteraction:the
Japanesepatrticipantshadrelatively moredifficulty with the
epenthesisontrastwhereaghe Frenchhad moredifficulty
with the vowel lengthcontrast.

Theseresultsdemonstrat¢hatthe phonotacticof alan-
guageinfluencespeectperceptiongvenwith naturallypro-
ducedspeeclstimuli. Thatis, not only do Japanesgartic-
ipantstendto report morevowelsthanarereally presenin
thesignal(Experimentd and?2), but their ability to discrim-
inatetwo stimuli, onethathasa vowel andonethatdoesnot
have one,is alsostronglyaffected.

Notethatin this experiment,we introduceda changen
talker betweenstimulusX andthe two precedingA andB
stimuli. This wasdoneto induceparticipantsto disregard
low level acousticcharacteristicandrely onamoreabstract
phonologicalrepresentationHowever, moststudieson the
perceptiorof nonnatve contrastshave useda morecornven-
tional ABX paradigmwith no suchchangen talker. Would

our resultsstill hold without a talker change thatis, in a
situationin which participantscanusepurelyacoustianfor-
mation?Thenext, andfinal, experimentaddressethisissue.

Experiment

The presenexperimentwasdesignedo evaluatethe ef-
fect of achangen talker on therobustnes®f the language-
specificpatternof previously obtainedresults.In this exper
iment,wereplicatetheconditionsof ExperimenB andadda
new setof conditionswith no changen talker. In thiscondi-
tion, oneof thetwo stimuli, A or B, is acousticallyidentical
totheX stimulus.Thisshouldstronglyinduceparticipantso
usearatherlow level of representatiorsincein principleit
is possibleto accomplistthistaskonapurelyacoustidasis.
If theepenthesisffectis still presentn thesame-talkrcon-
dition, thiswill consolidatehe claimthat,ata certainlevel,
Japanesgatrticipantsare “deaf’ to the differencebetween
ehuzoandebzao

In thisexperimentwe will alsolook morecloselyattwo
factorsthat may affect the size of the epenthesigffect: (1)
practicewith thestimuli (2) influenceof experiencewith for-
eignlanguage®y the participants.

The first variablewe examineis the potential effect of
practice. Experiment3 was rathershort (15 minutes). It
could be that the obsened effectswere dueto participants
not beingvery familiar with the stimuli andthe task. Does
the effect disappeanr diminish with more extensive expo-
sureto the contrasts?The presenexperimentcontains256
trials, twice asmary asExperiment3. Furthermorethelists
arerandomizedndtheblocksarecounterbalanceith sucha
way thatpotentialsequentiakffectscanbe evaluated.If the
epenthesisffectis labile, we shouldfind a negative correla-
tion betweereffect sizeandsequentiaposition.In addition,
JapanesandFrenchparticipantshouldhave similar results
in thefinal partof theexperiment.

The secondvariable is experiencewith foreign lan-
guages. We had participantsfill out a detailedbiographi-
cal questionnaire€oncerningheir languageexperience We
were particularlyinterestedn the degreeof flueng/ of our
Japanesearticipantsn a languagehatincludesconsonant
clusters(suchas Englishor French). It could be that with
exposureto suchlanguagesspealers of Japaneséearnto
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overcomethe epenthesieffect. If so, we shouldfind that
the moreproficientbilingualsshaw lesseffect (or no effect)
comparedo lessproficientbilingualsor monolinguals.

Method

Participants Twenty Japaneseparticipantswere re-
cruited (10 in Paris, 8 in New York and 2 in Nagoya) and
testedndividually in aquietroom. Noneof themhadpartic-
ipatedin the previous experiments.Their agesrangedfrom
2210 40 (median29). Therewere 14 womenand6 menin
thegroup.

TwentyFrenchparticipantsecruitedin Parisweretested
onthesamematerials.Noneof themhadparticipatedn the
previousexperimentsTheiragesangedrom 19to 50 (me-
dian21.5). Therewere4 womenand16 menin thegroup.

Participantsfilled out a detailedbiographicalquestion-
naire abouttheir experiencewith foreign languages.They
alsoratedtheir own flueng/ andpronunciationin theselan-
guageson a 10 point scale. The questionnairefor the
Japanesgatrticipantswasin English. Moreover, their flu-
eng in eitherFrenchor English (or both) was subjectiely
assesselly a native spealer of Frenchor English, respec-
tively. Four Japanesearticipantsdid not fill out the ques-
tionnaire.

Materials

The samematerialsasin Experiment3 wereused. We
usedthesamel28ABX experimentalrials of Experiment3
(A andB stimuli spolenby thefemaletalker, and X stimuli
by the maletalker) and createdanother128 trials with the
stimuli A, B and X all spolen by the samemaletalker. In
theselasttrials, X wasacousticallyidenticalto eitherA or
B. Theoveralldesignwas:2x 2 x 2 x 2 : Contrasix Orderx
X-identity x Talker.

The 256 experimentaltrials were split into four blocks
of 64 trials, with eachconditionandeachitem equallyrep-
resentedn eachblock.

Procedue.
Thesameprocedureasin Experiment3 wasused.

Results

Themeansstandarerroranderrorratesaredisplayedn
Table2 for eachcondition. As in Experiment3, we ranfour
ANOVAs, two by participantsandtwo by items,onreaction
times and error rates,respectiely, with Language,Talker,
andContrastasexperimentaFactors.

The analysisof the RT datashaved that therewas a
highly significantinteractionbetweenLanguageand Con-
trast(MinF’(1,53)=14.81p<.001). Thisinteractionwasdue
to the fact that for Frenchparticipants,the vowel length
contrastyieldedsignificantlyslower reactiontimesthanthe
epenthesigontrast(117 ms, MinF’(1,34)=14.33,p<.001),
whereador Japanesparticipantstherewasanonsignificant
trendin the otherdirection (-27 ms, all ps>.1). No other

interactionwas significant, exceptthe interactionbetween
LanguagendTalker, whichwasonly significantin theitems
analysisF1<1;F2(1,15)=16.10p<.001).

There was a main effect of Talker, with the same
talker yielding fasterRTs thanthe differenttalker (85 ms,
MinF’(1,52)=12.00,p<.001). Therewas also a main ef-
fect of Contrast,with the vowel length contraston average
yielding slower RTs than the epenthesicontrast(45 ms,
F1(1,38)=7.83,p<.01; F2(1,15)=5.20,p<.04). Finally,
Japanestalkerstendedo have longerRTs thanFrenchpar
ticipants,but this wasonly significantin the itemsanalysis
(55ms,F1<1; F2(1,15)=18.19<.001).

The analysisof the error data shaved similar results.
Therewasahighly significantinteractionbetweerLanguage
and Contrast(MinF’(1,40)=34.11,p<.001). This interac-
tion was dueto the fact that for Japanes@articipantsthe
epenthesicontrastyielded significantly more errors than
the vowel length contrast(MinF’(1,31)=22.05, p<.001),
whereador Frenchparticipantstherewas a significantef-
fectin the otherdirection(MinF’(1,33)=8.62,p<.006). No
otherinteractionreachedsignificance.

There was a main effect of Talker, with the different
talker condition yielding more errorsthan the sametalker
condition (MinF’(1,36)=6.50, p<.02). There was also a
main effect of Contrast,with the epenthesiscontraston
averageyielding more errors than the vowel length con-
trast, (MinF’(1,35)=4.80,p<.04). Finally, Japaneséalkers
tendedo make moreerrorsthanFrenchparticipantsbut this
was only significantin the items analysis(F1(1,38)=3.41,
.05<p<.1,F2(1,15)=9.51p<.01).

Influenceof practice

We beganour investigationof the effect of practiceby
using a correlationanalysis. For eachparticipant,the se-
guenceof reactiontimes on experimentaltrials was par
titioned into 16 successie bins of 16 datapoints. We
found a significantnegative correlationbetweensequential
position and meanreactiontime (R?=.67, F(1,14)=28.10,
p<.001). We also found a significant negative correla-
tion betweensequentialposition and error rate (R?=.67,
F(1,14)=28.02p<«<.001). Theseeffects shav that practice
doeshave an impact, and that participantsimprove their
performancewith time. We then computedthe numeri-
cal size of the interactionbetweenlanguageand contrast
(i.e. eperthesisin_Japaneset vowellengh.in_Frenc —
eperthesisin_Frend— vowellengh_in_Japanesgfor each
sequentiaposition. Therewasno significantcorrelationbe-
tweensequentiaposition and interactionsize eitherin the
reactiontime (R?=.16, F(1,14)=2.60,>.1) or in the error
analysigR?=.17,F(1,14)=2.91p>.1).

In a secondstep, we ran ANOVAs similar to the ones
reportedabove, but restrictedthe analysisto thefinal block
of 64 trials (after202trials). In this analysistheinteraction
betweerLanguageandContrastvasstill significantbothfor
thereactiontimes(MinF’(1,51)=4.65,p<.04) andthe error
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Participants Contrast
Vowel Length Epenthesis
etuzo-eluuzo etuzo-ebzo
Japanese RT SE Ermr RT SE Ermr
SameTalker 1008 41 3.1% 1032 48 13.7%
DifferentTalker 1058 45 5.6% 1089 46 19.1%
Mean 1033 30 4.4% 1060 33 16.4%
French
SameTalker 1095 76 8.9% 991 55 4.1%
DifferentTalker 1225 72 10.8% 1095 58 5.4%
Mean 1160 53 9.8% 1043 40 4.7%

Table2

Meanreactiontime, standad error, anderror ratein ABXjudgmentnan epenthesisontrastanda vowellengthcontrast
in Japaneseparticipantsand Frend Participants(Experiment).

data(MinF’(1,36)=17.40p<.001Y.

Influenceof language background

Inspection of our questionnairerevealed that the
Japaneseparticipantamostly hadexperiencewith Frenchor
English(onereportedhaving studiedsomeltalian, andone
someRussian). They hadall begunto studytheseforeign
languagesn school after the age of 12. We divided the
participantsn two groups,onelabeled’low proficieng’ (7
participants)the otherlabeled’high proficieng’ (9 partici-
pants)basedon the meansof both their self-evaluationand
our evaluationof flueng/ and pronunciation. 'High profi-
cieng/’ participantscould all understandgpolen Englishor
Frenchand sustaina corversationin theselanguageswith
goodfluengy anda moderateoreignaccentasassesselly
the experimenters/Low proficieng’ participantshadtrou-
ble both understandingndbeingunderstoodn Englishor
French;someof themcouldnotexpresghemselesin either
of thesdanguages.

We found that the Proficieny factorintroducedno sig-
nificant effect nor ary interactionin the analysisof errors
(p>.1). In fact, the 'high proficieng’ group displayed
roughly the samepatternof errorsasthe’low proficieng’
group (both shoved 16% of errorsin the epenthesicon-
trast).

In afurtheranalysiswe selectedhe four Japanespar
ticipantswith the greatesproficieng in Englishor French
(bothself-ratedandasevaluatedby anexternaljudge). The
selectedparticipantshad all lived in Franceor the US for
morethan4 years(oneis an Englishteacheranothera stu-
dentof phoneticsandtwo othersare university studentsn

4The effects on the last block were very similar in the same
talker and different talker conditionsboth for the reactiontimes
andthe errors,althoughtherewas a nonsignificantrendtoward a
smallermagnitudeof theeffectfor thesametalker condition(10ms
in thereactiontimes,andonepercenbntheerrordata).

the US), and were very fluent in Frenchor English. For
theseparticipants the percenterror on the epenthesigon-
trastwasin the samerangeas that of the other Japanese
listeners(15.9%on averagevs. 4.7%for the vowel length
contrast).

We alsoanalyzedhelinguistic backgrounaf theFrench
participants.They all knew English(all hadlearnedit after
the ageof 6). Somealso knew German,ltalian, Spanish,
or Arabic. Note that none of theselanguageause vowel
length contrastvely. However, English, Spanish,and Ital-
ian usestresscontrastvely, and vowel lengthis usedasa
cuefor stressWe thententatively divided theseparticipants
into two groups(highandlow proficieng) accordingo their
evaluationof their proficieng in theselanguageswe found
no effectof flueng/ onthe errordataor onthereactiontimes
(p>.1).

More generallyevery Japanesparticipanthatwetested
in this experimentshovedthe epenthesigffect, thatis, each
participantshaved more errorson the epenthesicontrast
than on the vowel length contrast. Suchregularity is also
true of the Japanesearticipantgestedin Experiment3. In
contrast,18 out of 20 Frenchparticipants(9 out of 10 in
Experiment3) shaved eitherno difference or the opposite
patternof behaior. In otherwords,the obsenedcross-aer
interactiorof languagendcontrasin theerrordatais highly
robust and reproduciblefrom participantto participant,at
leastin the samplewe tested.

Discussion

In this experiment, we studiedthe effect of a talker
changeon the size of the language-specifieffectsreported
in Experiment3. We foundthateventhoughthe sametalker
condition elicited significantly shorterreactiontimes and
fewer errorsthanthe differenttalker condition, this variable
had a very small effect on the previously reportedinterac-
tion betweeranguageandcontrastWe foundthatJapanese
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participantshadmoredifficulty with the epenthesisontrast
than with the vowel length contrast,and the Frenchvice-
versa,regardlesof whetherthe ABX taskinvolved tokens
producedby the sametalker or not. Thisis all the morere-
markablebecausen the sametalker condition,a judgment
of acoustiddentity alonewassuficientto performthetask.
In addition,we foundthatafter morethan200trials the
cross-linguisticeffectsstill obtained.Although practicehas
avery powerful effecton bothreactiontime anderrorrate, it
doesnotsignificantlymodulatethe sizeof the effects.
Finally, a post-hocanalysisin termsof linguistic back-
groundrevealedno clear effect of flueng/ in languagesl-
lowing consonantlusters,suchasEnglishor French. That
is, both fluent and nonfluentJapanesspealers shaved an
epenthesisffectof aboutthe samesize.Of coursealthough
we usedJapanesegarticipantsin Franceor the US (in Ex-
perimentsl, 3 and4), we did not useextremelyfluentbilin-
guals. Evenour “high proficiengy” participantshadlearned

Englishor Frenchafteragel2 andhadanoticeableJapanese

accentin thesdanguageslt remainsanopenquestionasto
whetherextremelyproficientbilingualsor moreearly bilin-
gualsmight have areducedepenthesigffect.

Finally, we have to addressa minor caveat. Whenwe
compareTables1 and 2, the percentageof errorsfor the
epenthesisontrasin Japanesparticipantds smallerin Ex-
periment4 thanin ExperimenB (16%insteadof 32%,a sig-
nificantdifference p<.05). Giventhat,individually, neither
practicenor natureof talker significantlyreduceheepenthe-
siseffect, why shouldsucha differenceobtain?

Thisapparentliscrepang maybedueto thefactthattwo
weakvariablescannonethelessonjointly have a significant
effect. Indeed,if we look at the first experimentalblock in
the presentexperiment,we find thatthe epenthesigontrast
yielded28% errorsfor the differenttalker condition,which
is notsignificantlydifferentfrom the34%scoreof theequiv-
alentfirst block in Experiment3. At the very onsetof both
experimentscomparableffect sizeswerethusfoundfor the
differenttalker conditions.In the next trials, however, diver
gencesppearasthescorestaysat31%in block 2 of Exper
iment3, but dropsto avaluecenterecaround16%in Exper
iment4. Suchadropis not found for the sametalker con-
dition whichyieldsaninitial scoreof 12%andstaysaround
this valuethroughoutExperiment.

In other words, thereis an initial differencebetween
sameand differenttalker conditions(p<.05), but after the
first block, the differenttalker conditiondropsto the same
value as the sametalker condition. This suggestghat it
is only practicein a sametalker conditionthat reduceshe
sizeof theepenthesigffectin the differenttalker condition.
Onemightthink thatthe sametalker conditionshouldallow
the participantto focushis/herattentionon theright acous-

11

Generaldiscussion

The present series of experiments has shavn that
Japaneskstenersjn contrasto Frenchlistenergendto per
ceive illusory epenthetiqu] vowels within consonantlus-
ters. Indeed,Japanesegarticipantshave difficulty discrim-
inating betweena stimulusthat doesnot include a vowel
(ebzg, andonethatdoes(etuzg. However, Japanesear
ticipants,unlike the French,easilydiscriminatestimuli that
containoneversustwo successie [u] vowels. The epenthe-
sis effect we have establisheds robust. It was presentin
eachof the Japanesgolunteerghatwe testedandwasstill
significantevenwhenthe experimentakettingwasdesigned
to help participantdiscriminate(Experiment4). Moreover,
we found very little evidencethat proficieng in Englishor
Frenchchangeshe patternof data. Needlesdo say noten-
deng toward epenthesisvas presentin our Frenchvolun-
teers.

Theseresultsbuttressthe hypothesighatspeectpercep-
tion is heavily influencedby phonotacticknowledge. This
complementsnd extendsthe work by Massaroand Cohen
(1983). Indeed,not only doesphonotacticknowledgein-
fluencethe classificatiorof individual phonemeshbut it can
alsoinducethe perceptiorof “illusory” phonemeshathave
no acousticcorrelates Moreover, it doessoin nondgraded
stimuli. This shaws that the way in which the continuous
speechstreamis segmentedinto discretephonemess not
universal,but dependson what the typical patternof alter
nationbetweernconsonantandvowelsis in thelanguagen
guestion.In brief, whenwe perceve nonnatve soundsnot
only dowe assimilatehemto our native cateyories,but also
we may inventor distort sgmentsso asto conformto the
typical phonotacticoof our language. How could suchef-
fectsbeaccountedor? We foresegwo possibilities.

The first possibility would be to amendthe Bests Per
ceptualAssimilationModel by stipulatingthat native cate-
goriesare not (or not only) cateyoriesof single phonemes
but rathercateyoriesthat spanlarger chunksof signal. For
example,Mehler, Dupouxand Segui (1990) have proposed
SARAH, a model basedon an array of syllable detectors.
In this model, speechsoundsare cateyorizedinto syllable-
sizedunits. The repertoireof syllablesincludesthe total-
ity of the syllablesusedin the language.Similar proposals
have beenmadefor triphonegWicklegren,1969),diphones
(Klatt, 1979) and semi-syllableqFujimira, 1976; Dupoux,
1993). In sucha view, an accountof the epenthesi®f-
fect is quite straightforvard. For the sale of illustration,
let us endorsesyllable-sizedcateyories. Facedwith a for-
eignlanguagepur perceptuakystemtries to parsethe sig-
nal usingthe available native syllabic cateyories. However,
in Japanesehereareno syllablecategoriescontainingcon-

tic/phoneticcues,a stratgyy thatcanbe usedon subsequent sonantclustersor codaconsonants A stimuluslike /ebzo/

trials. But we have not demonstratethat, with moreexten-
sive training, even better performancecannotbe achiesed.
So,moreresearctwould be neededo explorethis point.

thereforeactivatescateyoriesfor “e” and“zo”. It alsoacti-
vatesto alesserdegreeall syllablesthatstartwith /b/: “bu”,
“ba”, “be”, “bi” and“bo”. Why is the “bu” interpretation
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favored? One possibility is thatin Japanesethe [u] vowel
is frequentlyshortenedr devoicedandshaws considerable
allophonicvariation (seeKeating& Hoffman, 1984; Beck-
man, 1982). Hencethe prototypefor “bu” is rathercom-
pliant andis likely to emege asthe bestmatch. Note that
sucha model could help to accountfor the preferenceor
[0] epenthesigfter a dentalstop ("batman”— "batoman”).
In Japanesejentalstopsbecomeaffricatesin front of high
vowels. Hence,thereis no available”du” or "tu” syllable,
only”"dsu” or "tsu” syllables.In thatcase pnemightthenex-
pectthatthe bestmatchwill beratherasyllablelike "do” or
"to” for whichthefirst consonants not affricatedandhence
closerto thesignal.Of coursethisinterpretatiorwould have
to bebacledup by furtherexperiments.

A secondandquitedifferentpossibilitywould beto keep
phonemessthe basiclevel in the PerceptualAssimilation
Model, but to addanextralayerof processinghatis allowed
to modify theoutputof thephonemeletectorsFor instance,
Church (1987) has proposeda parserthat yields a syllab-
ified representatiotrasedon language-specificonstraints.
Indeed,in a study by Pallier, Sebastian-Gals, Felguera,
ChristopheandMehler(1993),evidencewasfoundthatlis-
tenersbuild sucha syllabified representatioron-line (see
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(e.g.[gip] yields[giipu]), whereadax vowelsyield the per
ceptionof a geminateconsonante.g. [glp] yields[gippu]).
Hence,the mappingbetweenthe phoneticand the phono-
logical level involves morethana setof phonetic(or even
syllabic) detectorshut alsoreliesuponrhythmic properties
of adjacenphonemes®ver aratherlargetime window.

Onabroademperspectie,ourresearclis consistentvith
other studiesshawving thatit will be difficult to build a re-
alistic model of speechperceptionthat only relies on lin-
earstringsof phonemes.For instance as Dupoux, Pallier,
Sebastianand Mehler (1997) alreadyshaved, the way in
which suprasgmentalinformationis perceved dependon
theaccentuategularitiesin thelanguagef thehearer Span-
ishlistenershave no difficulty in swiftly respondingo a dif-
ferencein accentuapattern(vasumavs. vasimg, whereas
Frenchlistenersare slowv and error prone. Suchan effect
ariseswe believe,becaus&panishusesaccentcontrastely
(bekevs. bébg, wheread-renchdoesnot. More researchs
neededo understandhow modelscan be modifiedto take
into accountsuchhigherorderpropertiesof signals.
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Appendix
Materialsusedin Experimentl and?2

abge—abge, abno—alino, agmi—agumi,akmo—-akumo,
ebza—ebza, egdo—eudo, ibdo-ibudo, igna—iguna, obni—
obuni, ogza—oguza.

Materialsusedin Experiment$ and4

abge—abge—albiuge, agmi-agumi—aguumi, akmo-
akumo—akuumo, af'mi—afumi—-afuumi, ebza—ebza-
ehuuza, egdo—gudo—guudo, ekfi—ekufi—ekuufi, e/mo—
ef'umo—g'uumo, ibdo—-ibudo—ituudo, igna—iguna—iguuna,
ikma—ikuma—ikuuma, iJto—ifuto—ifuuto, obni—oluni—
obuuni, ogza—oguza—oguuzakna—okuna—okua, ofta—
of uta—gfuuta.



