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It is well attestecthat we perceve speechthroughthe filter of our native language:a classicex-
ampleis that of Japaneséistenerswho cannotdiscriminatebetweenthe American/l/ and/r/ and
identify both astheir own /r/ phonemeg(Goto, H., 1971. Neuropsychologia 9, 317-323.). Studies
in the laboratoryhave shavn, however, that perceptiorof non-natve speechsoundscanbe learned
throughtraining(Lively, S.E.,Pisoni,D.B., YamadaR.A., Tohkura,Y.l., YamadafT., 1994.Journal
of the Acoustical Society of America 96 (4), 2076-2087).This is consistentith neurophysiologi-
cal evidenceshawing considerablexperience-dependeptasticity in the brain at the first levels of
sensonyprocessindEdeline,J.-M., Weinbeger, N.M., 1993. Behavioral Neuroscience 107,82103;
MerzenichM.M., Sameshimak., 1993.Current Opinion in Neurobiology 3, 187-196;Weinbeper,
N.M., 1993.Current Opinion in Neurobiology 3,577-579,Kraus,N., McGee,T., Carrel,T.D., King,
C., Tremblay K., Nicol, T., 1995. Journal of Cognitive Neuroscience 7 (1), 25-32). Outsideof the
laboratory however, the situationseemgo differ: we herereporta studyinvolving Spanish-Catalan
bilingual subjectsvho have hadthe bestopportunitiego learna nen contrastout did notdoit. Our
studydemonstratea striking lack of behaioral plasticity: earlyandextensve exposureto a second

languages not suficientto attainthe ultimatephonologicacompetencef native speakrs.

Introduction

Languagediffer in the soundsthey useto make up
wordsandthereis ampleevidencethatthesealifferencefhiave
consequence®r perceptualprocessinge.g., Goto, 1971;
WerkerandTees,1984).More generallyresearcthasshavn
thatlistenersareattunedo thepropertieof thespeectsignal
whicharemostrelevantfor theirlanguagde.g.,Otake etal.,
1993,1996;Dupouxetal., 1997). Dataexist thatshav that
thistuningactuallytakesplacevery early, in thefirst yearof
life (seeKuhl, 1994; Werker, 1994for reviews). An impor-
tantissuearisesfor listenerswho grew up in surroundings
wheretwo (or more) languagesare spolen: canthey per
fectly mastethetwo soundsystemsandswitchfrom oneto
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theother?Or do they useonly onespeecHdecoder’to pro-
cessutterancegrom both languages?(Cutler et al., 1989,
1992;Mack, 1989).

Whenbilinguals’ performancés assesseith production,
it is clearthatthelaterthestartof exposureo thesecondan-
guage the morenoticeableis the ‘foreign’ accent(Oyama,
1976).For example,a40-yearold immigrantwho hasspent
the last 20 yearsin the US is morelikely to speakwith a
strongaccenthanis an8 yearold child who haslivedin the
US for 2 years. More precisely most studieshave shovn
that a non-natve accentcan be detectedwhen the age of
acquisitionwasabove 6 years(for a comprehensie review,
seelong, 1990).In arecentstudy theforeignaccentof 240
Italiansimmigrantswasratedby native Englishlistenersthe
meanratingsdecreasedraduallywith theageof arrival, and
the mostdiscerninglistenercould alreadydetectan accent
in thesubgroupf Italianswho hadarrivedbefore4 yearsof
age(Flegeetal., 1995).

One possiblelocus for a non-natve accentin pronun-
ciation may be a loss of flexibility in learningnews motor
programs.If so, one may potentially expectmore flexibil-
ity in perception.However, an effect of ageof acquisition
is alsoevidentin perception:late learnersaretypically less
sensitve to language-specifiphoneticpropertiegshanearly
learnersalthoughlessis known aboutthe time scheduleof
the loss of plasticity in perceptionthanin production. In



particular it remainsdebatedvhethemproductionlosesflex-
ibility beforeperceptionGoto,1971;Yeni-Komshiaretal.,
1973; Sheldonand Strange,1982). The mostrecentdata
areconsistentvith the hypothesighatnon-natvesresemble
native spealersmorecloselyin perceving thanin producing
somesoundqFlege,1993).Moreover, to our knowledge no
previous publishedstudy hasassessethe perceptuahbili-
ties of subjectswho acquiredtheir secondanguagebefore
theageof 6 years.

In the presentstudy we have examinedbilingualswho
have beenraisedin a highly bilingual societyandwho have
startedearningtheir secondanguagebefore6 yearsof age.
Thishaspermittedusto avoid adifficulty inherentwith stud-
ieson secondanguagecquisitionthathave usedimmigrant
subjectsandlooked for a correlationbetweenperformance
andthe ageof arrival in the new country: comparingimmi-
grantandnative spealerscreatenotoriousproblemsif one
triesto equatethe two groupsof subjectdrom suchpopula-
tions. Late learnersfor example,may simply have hadless
time or motivationto studythe new languagejn particular
they certainlyhave spentiesstimein school.In contrastthe
native andnon-natve spealersthatwe have comparedn the
presenstudywereall educatedhroughthe sameschooling
system.

Our subjectsverefrom Cataloniaaregionin the north-
ern part of Spain. All were highly proficient spealers of
Spanishand Catalan;indeed,in Barcelonapoth languages
are widely usedin everydaylife. Until the mid-seventies
Spanishwas the only official languageand Catalanwas
mostly spolenin privatecircles, but sincethenCatalanhas
beenfosteredby a stronglinguistic policy: for example two
of thefour publicTV channelbroadcasexclusivelyin Cata-
lan; in kindemgarten,the use of Catalandominatesandin
public primary schoolschildrenfirst learnto write Catalan
beforelearningSpanish At the university, mostlecturesare
givenin Catalan. As a resultmostyoung peopleare very
good bilingualsand, in mostplaces,it is very commonto
hear peopleswitch from one languageto the otherin the
middleof corversation.

Catalanand Spanishare both Romancelanguagesand
have mary similarities, but their pronunciationdiffer sig-
nificantly. In particulay Catalanhastwo mid vowels with
differentheights,onehigh [e] andonelow [€], while Span-
ish hasonly one[e] phonemgwhich is moreopenthanthe
Catalan[e]). The[e]-[€] contrastis usedto distinguishbe-
tweencommonwordsin Catalan,e.qg., [te] (take) and [tg]
(tea), [pera] (Peter)and [peera] (pear). Our studyfocused
on this [e]-[€] contrastandassesseils perceptiorby forty
bilingualswith differentbackgrounds:alf of our subjects
had Spanish-speakingarents,and the other half Catalan-
speakingparents. Thus, the latter were exposedto Cata-
lan sincebirth, whereaghe former were exposedto Span-
ish first, with exposureto Catalanstartingin kindergartenor
in primary school(at the latestat 6 yearsof age). To take
partin theexperimentthe subjectswhowereall studentsat
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the university of Barcelonahadto be born and have spent
all theirlivesin Barcelonaor its immediatevicinity (to avoid
dialectaldifferences)morewer, only studentsvhohadbeen
exposedto Catalanintensiely sinceage6 or earlier(range
= 16; meanage= 4.35)wereconsideredor inclusionin the
experiment.

Stimuluspreparation

We synthesized seriesof seven vowel stimuli (s;-s7)
alonga continuumfrom [e] to [€] usingKlatt's synthesizer
(Klatt, 1980);they differedonly in thefrequeng of thefirst
formantthat increasedrom 404 Hz (s;1) to 584 Hz (s7) in
stepsof 30Hz. For all stimuli, F2wassetto 2084Hz, thedu-
rationto 200ms,anda slowly decliningpitchwasimposed.
Thesestimuli wereemployedin threetestsadministeredo
eachsubject:aclassificatiortask,anAX discriminationtask
andatypicality judgmenttask.

Experimentl: classification
alongthe/e/-k/ continuum

In the classificationtask, the forty subjectswere pre-
sentedwith a list in which eachstimulus(s;-s;) appeared
nine times, in a randomizedorder; the taskwasto decide,
after eachstimulus,whetherit soundedmore like the first
vowel in the Catalanwvord ‘Pere’ (Peter pronouncedperal),
or like thefirst vowel in the Catalanword ‘pera’ (pear pro-
nouncedperal); thetwo words,which arecommonin Cata-
lan, were presentedn written format in the instructions.
Stimuluspresentatiormndresponseecordingwasunderthe
controlof acomputer Fig.1displayghepercentagef ‘pera’
([pera]) responsegor Spanish-borrand Catalan-borrsub-
jects. In a2 x 7 ANOVA performedon thesescores the
factors‘Language’and ‘Stimulus’ interactedsignificantly
(F(6,228) = 9.3;p < 0.001). T-testscomparingthe two
‘Language’groupsfor eachstimulusrevealedsignificantdif-
ferenceonall but one(s4).
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Figure 1. Categorizationof the/e/f/ continuum
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Catalan-borrsubjectsverereadilyableto mapthe stim-
uli ontothetwo words‘Pere’ and‘pera’, while the groupof
Spanish-borrsubjectgproducedan essentiallyflat response
curve. Inspectionof individual datarevealedthattherewas
greatvariability in the Spanishgroup: somesubjectsper
formedin a randomfashion, othersperformedlike most
of the Catalansubjectsand otherssystematicallyinverted
the labeld. Onemay interpretthe databy suggestinghat
Spanish-borrsubjectssimply are uncertainaboutthe first
vowelsin thewords'Pere’and'pera’ (thoughthesearequite
commonwords). Their perceptionof vowel soundswould
thennotnecessarilgiffer fromthenative Catalanslf suchis
thecasewewould expectthetwo groupsto behae similarly
in the discriminationtaskto be usedin thenext experiment.

Experiment: AX
discriminationexperiment

In the discriminationtask, subjectswere presentedvith
pairsof stimuli drawvn from the s;-s; continuum. The ran-
domizedlist containedseven ‘same’ pairs, repeatedfour
times each,and five ‘dif ferent’ pairs, repeateceight times
each. After eachpair, subjectshad to indicate by press-
ing a button whetherthe stimuli soundedphysically iden-
tical or different. Fig.2 displaysthe ratesof ‘different’ re-
sponsedor the pairs that were actually different. A 2 x
5 ANOVA revealeda significantinteractionbetweenLan-
guageand Pair (F(4,152) = 4.9;p < 0.001), and planned
comparisonsf the two groupsrestrictedto eachpair re-
vealedthatCatalarandSpanistgroupsdifferedsignificantly
onthe‘sz—s;’ pair(F(1,38) = 5; p < 0.05)andonthe‘ss-s;’
pair (F(1,38) = 7.7;p < 0.01). Only the Catalan-borrsub-
jectsshawv apeakin their discriminationperformancéor the
S-S5 pair; this effect suggestshatthey partitionthe contin-
uuminto two phonemiccateyoriesseparatedby a boundary
falling betweers; andss. Indeed heightenedensitvity ata
phonemeboundaryis the hallmarkof phonemiccateyoriza-
tion (Repp,1984Y. Moreover, the Catalangroup’s perfor
mancedropson the last pair. One potentialexplanationis
thatthesestimuli arein the neighborhooaf the Catalan/e/
phonemeprototype asit is known thatvowel discrimination

lndividual data are available on the Internet from the
homepageof the first author ChristophePallier (currently at
http://ww. ehess. fr/centres/| scp/ persons/
pallier/articles.htm.

2|t is commonlyheldthatconsonantontinuabut notvowel con-
tinuaareperceved categyorically. Yet, accordingto (Repp,1984p.
260): "In the earliestdiscriminationstudy (Fry etal., 1962)found
no discriminationpeakat cateyory boundarybut thiswasprobably
dueto a ceiling effect, coupledwith the useof imperfectly con-
trolled stimuli. Most later studies(e.g., Fujisakiand Kawashima,
1969; FujisakiandKawashima1970;Pisoni,1971; Stevensetal.,
1969)have found clearpeakson vowel continua,so thereis good
reasorto believe thatthereis a phoneticcomponentn vowel dis-
crimination”.
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Figure 2. Discriminationof vowel pairsalongthe /e/-f/ contin-
uum

is typically moredifficult in thevicinity of aprototype(Kuhl,

1994).Thisremainsatentatve explanatiorbecausenemay
wonderwhy the sameeffect is notobsenedat the otherend
of the continuum aroundthe/e/ prototype.This experiment
revealsthat the perceptionof the vowel continuumdiffers
betweerthe Catalanandthe Spanishgroups:it suggestshat
only thosespealerswho have beenexposedo Catalarsince
birth possesswo phonemiacategyoriesalongthe continuum.
In the last experiment,we tried to gathermoreinformation
abouttheinternalrepresentatioof the vowel cateyoriesfor

thetwo populations.

Experiment3: typicality
judgments

Not all tokensof a phonemesoundlik e equallygoodex-
emplarsto native spealers. It is possibleto obtainmorein-
formationaboutsubjects’representationf a phonemecat-
egory just by askingthemto rate the typicality of eachto-
ken (Miller, 1994). In this task,subjectswereasledto rate
the ‘category-goodnessof eachof the seven stimuli, rela-
tiveto a SpanisHe], a Catalane] or a Catalane]. For each
trial, one of threewords exemplifying a Spanish/e/ (mesa,
‘table’ in Spanish),a Catalan/e/ (Pere,'Peter’ in Catalan)
or a Catalan/e/ (pera,‘pear’ in Catalan)was presentecn
the computers screenfor 1 s; subjectswereaskedto form
a ‘mentalimage’ of thefirst vowel in the word. Then,after
the written word had beencleared,one of the seven vowel
stimuli wasplayed;subjectghenhadto give a scoreassess-
ing thefit of thestimuluswith the ‘imagined’ vowel (from 0
='‘verybad’'to 5 = ‘very good’). Theresultsaredisplayed
onFig.3. Datawereanalyzedseparatelyor eachword,in 2
x 7 ANOVAs with thefactorsLanguageandStimulus.The
interactionbetween_anguageand Stimuluswassignificant
for the Spanishe] (mesaF (6,228) = 4.9; p < 0.001),and
the Catalan[e] (Pere,F (6,628 = 4.9;p < 0.001) but not
for theCatalare] (pera,F (6,228) = 1.2; p= 0.3). Catalan-
bornsubjectproducedhe ‘expected’responsefor thetwo
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Figure3. Typicality judgments

Catalanvowels:they preferredhestimuliin lowestF1range
for [pera]andthelargerF1 rangefor [pera]. Their behaior

on [mesalis interesting:their responseurve is shiftedto-

wardsthe low F1 relative to the one of the Spanishgroup,
andoverlapsvery muchthe[pera]curve. This suggestshat
native Catalanspealersconflatethe Spanishandthe Catalan
[e] into onecategory. Thebehaior of the Spanish-borisub-
jectsis alsointeresting:they do not exhibit the samebehar-

ior on the threevowels. Their responseareflat for [pera],
andshav atrendtowardthe large F1 for [pera]. Thesedata
shav that Spanish-borsubjectsarenottotally ‘unaware’ of

the existenceof differentvowelsin Catalan.However, they

arealongway from performinglik e the groupwith Catalan
asafirstlanguage.

Conclusion

Ourresultsclearlydocumenthat Spanish-Catalahilin-
gualswho have learnedCatalanfrom a very early agedo
not masterthe contrastbetweenthe Catalan[e] and [€]
phonemesThis extendspreviousstudiesof secondanguage
acquisitionwhich have shavn a lossof plasticity with age:
the later a languagds learnt, the lessproficientpeopleare
(Oyama,1976; Flege et al., 1995): it now seemghat even
early exposure(duringthe mostsensitve period)is not suf-
ficient. After exposureto Spanisheadsto the formationof
one|[e] catagyory, it appeargo be difficult for the brain to
learntwo new phoneticcateyorieswhich overlapwith this
one(seealsoBestetal., 1988).Similarly, Catalan-borrsub-
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jectswho have first learnedthe two categoriesof their lan-
guageapparenthdid notlearnathird cateyorywhenexposed
to Spanish.

A caveat may be in order here: our results concern
groupsof subjects.lt is not the casethat two cateyoriesof
subjectzouldbeneatlydistinguished posterioriin thedata.
In other words, therewas an overlap betweenthe perfor
mancef the Spanish-borrandthe Catalan-borrsubjects.
In partthisis inevitablebecausef thenoisein theresponses
we obtained but this may alsoreflecta Catalan-lile perfor
manceof someof the subjectsin the Spanishgroup. Our
datadoesnotlicensethe conclusiorthatnoneof the Spanish
subjectdearnedthe Catalanvowels. Spanishpeopleliving
in Barcelonadisplay a continuumof performancdan Cata-
lan andthe bestof themare not distinguishedrom natives
with our methods.Neverthelessit remainsremarkablahat
mary peopleexposedvery earlyto asecondanguagedo not
performlike native spealers.

It is clearly not the casethat the bilinguals we tested
possessetivo independenphoneticspacedetweenwhich
they mighthave easilyswitched.Moreover, our dataprovide
strongevidencethat the soundsystemthey learnedis very
biasedby the statisticsof the first languagethey acquired.
It would be interestingto investigateindividualswho have
beenadoptedvery early (around36 yearsof age)in a new
countryandwhoapparenthhave ‘for gotten’their native lan-
guage:hasthe secondanguageacquiredtotally erasedhe
tracesof thefirst? Thisis a questiorfor futureresearch.
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