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Perceptionof linguistic rhythmby newborninfants

FranckRamus
LaboratoiredeSciencesCognitiveset Psycholinguistique(EHESS/CNRS),Paris,France

Previousstudieshaveshown thatnewborninfantsareableto discriminatebetweencertainlan-
guages,andit hasbeensuggestedthat they do soby categorizingvarietiesof speechrhythm.
However, in orderto con�rm thishypothesis,it is necessaryto show thatlanguagediscrimina-
tion is still performedby newbornswhenall speechcuesotherthanrhythmareremoved.Here,
weconductedaseriesof experimentsassessingdiscriminationbetweenDutchandJapaneseby
newborninfants,usingaspeechresynthesistechniqueto progressively degradenon-rhythmical
propertiesof thesentences.Whenthestimuli areresynthesizedusingidenticalphonemesand
arti�cial intonationcontoursfor the two languages,therebypreservingonly their rhythmic
structure,newbornsarestill ableto discriminatethe languages.We concludethatnew-borns
areableto classifylanguagesaccordingto their typeof rhythm,andthatthis ability mayhelp
thembootstrapotherphonologicalpropertiesof their native language.
Key-words: newborn speechperceptionlanguagediscriminationrhythm prosodybootstrap-
ping.

Humannewborns,asyoungasa few daysold, have in-
triguing speechperceptioncapacities. For instance,they
perceivephoneticcontrastscategorically (Eimas,Siqueland,
Jusczyk,& Vigorito, 1971),andthey perceive well-formed
syllables as units (Bertoncini & Mehler, 1981; Bijeljac-
Babic, Bertoncini, & Mehler, 1993; Bertoncini, Floccia,
Nazzi,& Mehler, 1995;vanOoyen,Bertoncini,Sansavini, &
Mehler, 1997). In addition,it hasbeenrepeatedlysuggested
that they processlinguistic rhythm,asrevealedby their ca-
pacity to discriminatebetweendifferent languages(Mehler
et al., 1988; Nazzi, Bertoncini, & Mehler, 1998; Ramus
et al., 2000). Linguistic rhythmmaybeviewedasa param-
eterthat shows variationacrossthe languagesof theworld.
Threetypesof linguistic rhythm have beenidenti�ed, lead-
ing to a classi�cationof languagesinto threeclasses(Pike,
1945; Abercrombie,1967; Ladefoged,1975): stress-timed
languages,including most Germaniclanguagesas well as
Russian,Arabic or Thai, syllable-timedlanguages,includ-
ing mostRomancelanguagesaswell asTurkishor Yoruba,
andmora-timedlanguages,including Japanese.It hasalso
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perceptualabilitiesof newbornswith thoseof monkeys.
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beenproposedthat an early settingof this parametermight
act asa bootstrapin the acquisitionof phonology(Mehler,
Dupoux,Nazzi, & Dehaene-Lambertz,1996; Ramus,Nes-
por, & Mehler, 1999).However, theevidencethatnewborns
aresensitiveto linguisticrhythmdoesnotseemto beentirely
conclusive.

Someresearchershave directly studiedrhythm percep-
tion by infants. Demany, McKenzie,and Vurpillot (1977)
showed that 2-3 month-old infants are able to discrimi-
natesequencesof tonesdiffering in temporalorganization.
Fowler, Smith, andTassinary(1986)moreover showed that
3-4 month-oldswhereableto discriminatesequencesof syl-
lableswhoseP-centers (Morton,Marcus,& Frankish,1976)
were isochronousor not. However, it is not clear at all
whetherthe notion of rhythm investigatedin thosestudies
has anything to do with that of linguistic rhythm, as de-
�ned above. Thereare neverthelesstwo lines of evidence
suggestingthat newborns may classify languagesaccord-
ing to their rhythm. The �rst one comesfrom the pattern
of successesand failuresaccumulatedacrossthe different
studies:newbornshavebeenshown to discriminatebetween
stress-timedand syllable-timedlanguages(French-Russian
and English-Italian: Mehler et al., 1988; English-Spanish:
Moon,Cooper, & Fifer, 1993)andbetweenstress-timedand
mora-timedlanguages(English-Japanese:Nazzietal.,1998;
Dutch-Japanese:Ramuset al., 2000). However, the only
attemptto assesswithin-classdiscriminationhasyielded a
negative result (English-Dutch:Nazzi et al., 1998). More-
over, newbornsalsodiscriminatedbetweena setof English
andDutch(stress-timed)sentencesanda setof Spanishand
Italian (syllable-timed)sentences,but failed when the two
sets(EnglishandItalian versusDutch andSpanish)did not
re�ect two typesof rhythm(Nazzi et al., 1998). Thus,they
seemto be able to discriminatebetweensetsof languages,
if andonly if thesesetsarecongruentwith differentrhythm
classes.As impressive asthis resultmaybe,thesmallnum-
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berof languagesstudieddoesnot guaranteethatthis pattern
would hold for otherunrelatedlanguages.Indeed,consider-
ing thegreatvarietyof cuespresentin speech,otherproper-
ties thanrhythmmayhave alloweddiscrimination,andmay
thereforebeconsideredasconfoundingfactors.Thisconcern
hasled researchersto look for a secondline of evidence,by
reducingthe speechcuesthat were available for discrimi-
nation. Thus, Mehler et al. (1988) successfullyreplicated
their experimentsafter low-pass�ltering their stimuli at 400
Hz. This process,which eliminatesthe higher frequencies
of speech,and thereforemostof the phoneticinformation,
is thoughtto preserve only its prosodicproperties(rhythm
and intonation). Similarly, the experimentsby Nazzi et al.
(1998) used�ltered speechexclusively, and Ramuset al.
(2000)usedsentencesthatwereresynthesizedin sucha way
asto preserve only prosodiccues(seebelow). Thus, there
is convergingevidencethatprosodyis all newbornsneedto
discriminatelanguages.

Nevertheless,prosodydoesnot reduceto rhythm. It re-
mainspossiblethat its other major component,intonation,
playsa role in the observed discriminations. Although we
do not know of typologicalstudiesof intonationthatwould
allow to make speci�c predictionsfor all the pairs of lan-
guagesconsidered,it is, for instance,predictablethatEnglish
andJapaneseshouldbediscriminableonthebasisof their in-
tonation. Indeed,Englishis a Head-Complementlanguage,
whereasJapaneseis Complement-Head1, and this syntac-
tic parameteris said to have a prosodiccorrelate,promi-
nence, which is signaledbothin termsof rhythmandintona-
tion (Nespor, Guasti,& Christophe,1996). Moreover, there
is empiricalevidencethatsomelanguagesarediscriminable
purely by their intonation, including English and Japanese
indeed(Ramus& Mehler, 1999),EnglishandFrench(Maid-
ment,1976,1983)andEnglishandDutch(dePijper, 1983).
In order to assesswhethernewbornsactually perceive lin-
guistic rhythm, it is thereforenecessaryto get rid of the in-
tonationconfound,that is to go beyondspeech�ltering and
removeintonationfrom thestimuli.

Ramus and Mehler (1999) have adapteda technique,
speechresynthesis,to selectively degradethedifferentcom-
ponentsof speech,including rhythm and intonation. This
techniquehas notably beenusedto resynthesizedifferent
versionsof EnglishandJapanesesentences,andassesswhich
componentsof speechweresuf�cient for discriminationof
thetwo languages.Thedifferentversionsincluded(a)broad
phonotactics+ prosody, (b) prosody, (c) rhythmonly, and(d)
intonationonly. Resultsshowed that pure rhythm was suf-
�cient for Frenchsubjectsto discriminatebetweenthe two
languages.Pureintonationwasalsosuf�cient, but the task
wasmoredif�cult andrequiredexplicit knowledgeof onethe
two target languages.In the presentseriesof experiments,
wewish to applythesamerationaleto thestudyof language
discriminationby newborns,i.e.,progressively eliminatethe
speechcuesavailable for discrimination,and �nally assess
whetherlinguistic rhythm is, as hypothesized,the critical
cue.

Experiment1: Naturalspeech

This�rst experimentaimsto testthediscriminationof two
languagesin the mostunconstrainedcondition,usingnatu-
ral, unsynthesizedsentences.The two languageswe have
selectedareDutchandJapanese.Thediscriminationof this
pairof languageswaspreviouslytestedin 2-3month-oldEn-
glish infants,and yielded only a marginally signi�cant re-
sult (Christophe& Morton, 1998). This wasinterpretedas
showing a growing focus on the native language,hencea
lossof interestin foreignones(consistentwith Mehleretal.,
1988).This pair of languageshasneverbeentestedon new-
borns,but it is expectedto be easyto discriminate,given
theEnglish-Japanesediscriminationby Frenchnewbornsob-
tainedby Nazzi et al. (1998),andthe fact that Englishand
Dutchareveryclosein many respects,includingrhythm.

MaterialsandMethod

All the experimentsincludedin this paperusethe same
methodologyunlessotherwisestated.Sincewe have made
specialefforts to improve uponpreviously usedprocedures,
ourmethodologyis describedbelow in greatdetail.

Stimuli

Dutch andJapanesesentencesweretaken from a corpus
constitutedby Nazzi (1997;Nazziet al., 1998),comprising
shortnews-like sentencesreadby four femalenative speak-
ersper language2. We selected5 sentencesperspeaker, i.e.,
20 sentencesper language,matchedin numberof syllables
(15 to 19, with an averageof 17) andin duration(3120ms

�

186for Dutch,3040ms
�

292for Japanese,F � 1 � 39��� 1 � 1,
p � 0 � 3). We werealsoconcernedaboutthepossibility that
speakers in one languagemight have a higher pitch than
speakers in the other language. Averagefundamentalfre-
quency3 is indeedsigni�cantly differentbetweenthetwo lan-
guages:216 Hz

�

19 for Dutch, 235 Hz
�

15 for Japanese,
F � 1 � 39��� 11� 8, p � 0 � 001.This is compensatedfor through
resynthesisin Experiment2, andwewill seethatthis hadno
in�uence on discrimination.Sentencesin subsequentexper-
imentswereresynthesizedfrom these40 sourcesentences,
anddiffer only with respectto thetypeof synthesisthatwas
used4.

Experimentalprotocol

As is customarywhentestingnewborns,weusedthenon-
nutritivesuckingtechniquein ahabituationparadigm(Eimas
etal.,1971).Comparedwith previousstudies(seeFernald&

1 For example, relative phrasescome after the corresponding
verbin English,but beforeit in Japanese.

2 This corpusconsistsexclusively of adult-directedspeech.
3 Fundamentalfrequency wasextractedatintervalsof 5 msusing

theBliss software. We calculatedanaverageF0 for eachsentence,
astheaverageof all its non-zeroF0 values.

4 Samples of the different types of stimuli
used in the present experiments can be heard on:
http://www.ehess.fr/centres/lscp/persons/ramus/resynth/ecoute.htm.
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McRoberts,1996for a critique),we have takenextracareto
blind the experimenterwith respectto the conditionandto
reducedirectinterventionsduringthetestto aminimum.For
this purpose,theexperimenthasbeenprogrammedon a PC
in sucha wayasto bemaximallyautomatized.

Experimentalconditions. Babiesare randomlyassigned
to the control or to the experimentalgroup. In the habitua-
tion phase,they areexposedto 10 sentencesutteredby two
speakersof onelanguage.In thetestphase,babiesfrom the
controlgrouphear10new sentencesutteredby theothertwo
speakersin thesamelanguage,whereasbabiesfrom theex-
perimentalgrouphear10 new sentencesutteredby two new
speakers in the other language.The languagepresentedin
thehabituationphaseis counterbalancedacrosssubjects,re-
sulting in four experimentalconditions. Assignmentof the
subjectsto the differentconditionsis managedby the pro-
gramandwithheldfrom theexperimenter.

Procedure. The test takes place in a sound-attenuated
booth,with only theexperimenterandthebabyinside. The
experimentersits outsideof the infant's �eld of vision and
wearsa sound-proofheadsetplaying maskingnoise. This
noiseconsistsof four superimposedstreamsof all theexperi-
mentalsentencesplayingcontinuously, in orderto optimally
maskthe stimuli. The baby is seatedin a reclining chair,
andis presentedwith a paci�er �x edon a �e xible arm. The
air pressurein the paci�er is measuredby a pressuretrans-
ducer, ampli�ed andtransmittedto thecomputervia anana-
log/digital board.Thecomputerdetectssucksandcomputes
their relativeamplitude.

During the �rst two minutes,the baby sucksin silence
andthe computercalculatesa high-amplitude(HA) thresh-
old, such that 75% of the suckshave an amplitudeabove
thethreshold.Subsequently, only HA sucksareconsidered5.
Thehabituationphasethenstarts.EachHA suckmayelicit
onesentence,subjectto theconditionthatonly onesentence
is playedat once,andobservinganinter stimulusinterval of
at least500ms. Sentencesareplayedin a randomorder, di-
rectly from theharddiskof thecomputer, by two loudspeak-
ersplacedin front of thebaby. The habituationphasegoes
on until thehabituationcriterionis met: it consistsin a min-
imum 25%decreasein thenumberof HA sucksperminute
for two consecutive minutes,comparedwith the maximum
numberof suckspreviously producedin 1 minute6. When
thecriterionis met,thecomputerswitchesto thetestphase,
which lastsfor 4 minutes. Testsentencesareplayedin the
sameconditionsasthehabituationsentences.

Delayand rejectionconditions. Otherfactorsmay inter-
ferewith thetestandmaymakeit necessaryto delaytheshift
to the testphaseor simply to discardthe baby's data. We
have tried asmuchaspossibleto have thesedecisionsmade
automaticallyby the computer, on the basisof the sucking
patternandof indicationsgivenby theexperimenter. When
thebabylosesthepaci�er, startscrying, or falls asleep,the
experimenterneedsto take appropriateaction. Whendoing
so he pressesa specialkey on the keyboard,indicating the
occurrenceof an event interferingwith the baby's sucking.

Themostcritical periodin the testconsistsof the two min-
utesbeforeandthetwo aftertheshift, whichareusedfor the
statisticalanalyses.It is importantto ensurethatduringthose
four minutes,(a) no interferencehasoccurred,(b) thebaby
was awake andsucking,and thus heardenoughsentences.
Thecomputerthusimplementsthefollowing conditions:

Delay:
� if someinterferencewassignaledduringthe2 min-
utesprecedingtheshift,

� OR if thebabydidn't hearany sentenceduringany
oneof those2 minutes,

thentheshift is delayedfor at leastoneminute,andthe
habituationphasegoeson.

Rejection:
� if someinterferencewassignaledduringthe2 min-
utesfollowing theshift,

� OR if thebabydidn't hearany sentenceduringany
oneof those2 minutes,

� ORif thehabituationphasehasalreadylastedfor 20
minutes,

then the test is discontinuedand the baby's dataare
discarded.

In addition,theexperimenterhimselfmaymakethedecision
to discontinuethetest,(a) if thebabyrefusesthepaci�er, (b)
if he/shedoesn't keepawake or suckenough,(c) if he/she
keepscryingor beingagitated.

Consideringthat (a) theexperimenteris not awareof the
baby's experimentalcondition,(b) he can't hearthestimuli
during the test,(c) decisionsconcerningtheshift to the test
phaseandtheacceptabilityof a baby'sdataareasautomatic
aspossible, we regardit asan unlikely possibility that the
experimenterhave a signi�cant in�uence (beit consciousor
unconscious)on the baby's behavior, leadingto biasedef-
fects.

Participants

Experimentstook place at the Maternité Port-Royal,
HôpitalCochinin Paris.Participationwassolicitedfrom the
mothersafterbirth, during their stayat thematernityhospi-
tal. Oneof theparents'informedconsentwasobtained,and
experimentswere run with the agreementof the CCPPRB
Paris-Cochin(thehospital's ethicscommittee).Babieswere
pre-selectedon thebasisof their medical�les, accordingto
thefollowing criteria:

� Agebetween2 and5 daysold;
� Gestationalagegreaterthanor equalto 38weeks;
� Birth weightgreaterthanor equalto 2800grams;

5 Eliminating theweaker 25%of thesuckshelpsincreasingthe
signal/noiseratio (Siqueland& DeLucia,1969).

6 The �rst minuteof thephaseis not taken into accountfor the
determinationof themaximum.Additional conditionsimposethat
this maximumis at least20 HA sucksperminute,andthat theha-
bituationphaselastsat least5 minutes.
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� No sufferingat birth (APGARscore� 10at 5 min);
� Normalmedicalassessmentsatbirth andat two days;
� No seroconversionto rubellaor toxoplasmosis;
� Mothernotaffectedby viruses,andnotaddictedto any

drugincludingalcoholor tobacco;
� Nofamilyhistoryof deafnessorneurologicalproblems;
� No Dutchor Japanesespokenat home.

Babieswere testedthree hours after feeding on average,
when they could be easily woken andkept in a quiet alert
state,andwhentheir suckingre�ex wasmaximal.

In the presentexperiment,32 babieswere successfully
tested,18malesand14 females,with a meanageof 67

�

22
hours,a meangestationalageof 40

�

1;1 weeksanda mean
birth weightof 3530

�

402g. Twenty-ninecamefrom mono-
lingualFrenchfamilies,2 from familieswhereoneor several
otherlanguagesthanFrencharespokenand1 from a family
whereno Frenchis spoken. Theresultsof 42 additionalba-
bieswererejectedfor thefollowing reasons:rejectionof the
paci�er (1), sleepingor insuf�cient suckingbeforetheshift
(12), crying or agitation(9), failure to meetthe habituation
criterion (9), sleepingor insuf�cient suckingafter the shift
(6), lossof thepaci�er aftertheshift (4) andcomputerfailure
(1).

Results

Figure1 showsthenumberof HA sucksperminutefor the
2 groupsof subjects.To ensurethatbabieswerein compara-
bleconditionsduringthehabituationphase,anANOVA was
performedon averagenumberof HA sucksover the5 min-
utesprecedingtheshift, andshowedno signi�cant effect of
group(controlor experimental)[F � 1 � 31� � 2 � 6, p � 0 � 12],
althoughthereis a trendfor babiesin the control groupto
suckmore,andno signi�cant effect of the languageheard
in habituation(Dutch or Japanese)[F � 1 � 31�

� 1]. In or-
der to assesswhetherthe experimentalgroupreactedmore
to thechangethanthecontrolgroup,we conductedananal-
ysis of covariance(ANCOVA), with the averagenumberof
HA sucksduringthe2 post-shiftminutesasdependentvari-
able,theaveragenumberof HA sucksduringthe2 pre-shift
minutesascovariate,andthegroupasindependentvariable7.
Here, there is no signi�cant group effect [F � 1 � 29�

� 1],
showing that the babiesin the experimentalgrouphave not
reactedto thelanguagechange.

Discussion

This experimentshows thatnewbornsfail to discriminate
betweenDutch and Japanesewhen the stimuli are not de-
gradedat all, consistingjust of naturalsentences.This may
seeminconsistentwith Nazzietal.'s (1998)�nding thatsim-
ilar FrenchnewbornscandiscriminatebetweenEnglishand
Japanese.Among the few differencesbetweenour experi-
mentandthatof Nazziet al., is the fact that their sentences
were low-pass�ltered, whereasours aren't. While it may
seemthat the more information, the easierthe discrimina-
tion, previous experimentson adultssuggestthat it is not
alwaysthecase:Irrelevant informationmayactuallyimpair
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Figure 1. Exp. 1: Dutch-Japanesediscrimination – Natural
speech. Minutes are numberedfrom the shift, indicatedby the
vertical line. Error barsrepresent( 1 standarderror of the mean.
Adaptedwith permissionfrom Ramusetal. (2000).Copyright 2000
AmericanAssociationfor theAdvancementof Science.

thediscrimination(Ramus& Mehler, 1999;Ramus,Dupoux,
Zangl,& Mehler, submitted).

Here,the fact thateachnewbornhears4 speakersduring
the experimentmay constitutesuchirrelevant information.
Indeed,it hasbeensuggestedthat theadaptationto speaker
variability is a costly processin youngerinfants,that may
interferewith otherspeechcategorizationabilities(Jusczyk,
Pisoni, & Mullenix, 1992). It is actually remarkablethat
all languagediscriminationexperimentsperformedon new-
bornsto this day have usedstimuli wherespeaker variabil-
ity wascompletelyabsent,throughtheuseof a singlebilin-
gual speaker (Mehleret al., 1988;Moon et al., 1993),or at
leaststronglyattenuatedthroughthe useof low-pass�lter -
ing (Mehleretal., 1988;Nazzietal., 1998).Experiment1 is
thusthe �rst languagediscriminationexperimentto expose
newbornsto 4 differentvoices.

Speechresynthesisis a convenient technique to test
whether newborns were disturbedby speaker variability:
whatever the original numberof speakers,all sentencesare
synthesizedusingonly onevoice, thatof thesynthesizer. If
our hypothesisis correct,we shouldthenpredict that new-
bornswill beableto discriminatethetwo languagesoncethe
sentencesareresynthesized.

7 This is thestandardanalysisof suckingratessinceChristophe,
Dupoux,Bertoncini,andMehler (1994)showedthat it is moreap-
propriatethan doing a simple ANOVA on a dishabituationindex
(e.g., the differencein suckingratesbetweenthe 2 minutesafter
andthe2 minutesbeforetheshift). Here,we alsorantheANOVAs
andfoundthat they alwaysled to thesameconclusionsastheAN-
COVAs. Wethusonly reporttheresultsof thelatter.
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Experiment2: Saltanaj
resynthesizedspeech

MaterialsandMethod

Stimuli

We usedthesamesentencesasfor Experiment1, but we
resynthesizedthemin thesaltanajmannerdescribedby Ra-
musandMehler (1999). For eachsentence,the fundamen-
tal frequency (F0) is measured,phonemesareidenti�ed and
their durationmeasured.Theseparameterscanbe manipu-
lated at will, and then usedas input to the speechsynthe-
sizer MBROLA8 (Dutoit, Pagel,Pierret,Bataille, & van der
Vrecken,1996). Thesaltanajmanipulationinvolvesreduc-
ing the phonemicinventory of the sentences,by mapping
eachphonemeto a single instanceof the samemannerof
articulation: fricativesaremappedto /s/, vowels to /a/, liq-
uids to /l/, plosivesto /t/, nasalsto /n/ andglidesto /j/. The
exact phonemedurationsas well the F0 curve are copied
from the original sentences.Thus, the overall rhythm and
intonationof thesentencesarefaithfully preserved,together
with broadphonotacticcharacteristics.However, phonetic
and�ne phonotacticdifferencesareeliminated. Obviously,
accessto syntax and meaningis blocked as well. Voice
differencesareeliminated,sincea singlesyntheticvoice is
used; however, prosodicdifferencesbetweenspeakers are
preserved. It thereforestill makessenseto have a speaker
changein the control condition,where"speakers" refersto
thosewhoproducedtheoriginal sentences.

Incidentally, resynthesisgivesfull control over the aver-
agefundamentalfrequency which,wehavenotedearlier, was
signi�cantly differentbetweenthe two languages.We have
thusdecidedto reducethis differenceby multiplying all F0
valuesby 1.04for Dutch,andby 0.96for Japanese.Notethat
althoughthis manipulationremovesa possibleconfound,it
is nota veryplausibleone.Indeed,in Experiment1, thefact
that Japanesespeakershave a higherpitch on averageisn't
suf�cient by itself to allow for a discrimination.

Procedure

Hesketh,Christophe,andDehaene-Lambertz(1997),test-
ing 2-3month-oldswith thenon-nutritivesuckingprocedure,
haveimprovedthehabituationparadigmbyhavingeachbaby
undergo2 shifts(oneof language,oneof speakers).Thanks
to the within-subjectdesign,they found that the statistical
powerincreased,andthusneededfewersubjectsto complete
anexperiment.

Herewe have tried to adaptthis 2-shift designto experi-
mentationon newborns. The �rst two phasesof theexperi-
mentwererun exactlyasin Exp. 1. After a babyhadunder-
gonethe �rst shift andthe four-minutetestphase,a second
shift wasmadepossible. It wassubjectto the samehabit-
uation criterion, delay and rejectionconditionsas the �rst
one. When met, it allowed the baby to undergo a second
four-minutetestphase.In thatcase,thesecondshift wasof
adifferentkind (languageor speaker) to the�rst one.Babies

whodidn't successfullypassthesecondshift wereneverthe-
lesskeptfor analysisof the�rst shift.

Thus,this attemptat improving theproceduredid not in-
terferewith thecollectionof thedataon the�rst shift, mak-
ing it possibleto independentlyanalyzetheresultsof thetwo
shifts. Indeed,for all babies,everythingwasasin Exp. 1 up
until the fourth testminute. Somebabieswerejust allowed
to go on further if they could. This experimentwasstopped
assoonas32babiessuccessfullypassedthe�rst shift.

Participants

Thirty-two babiesweresuccessfullytested,16 malesand
16 females,with a meanageof 80

�

25 hours,a meanges-
tationalageof 39

�

0;6 weeksanda meanbirth weight of
3508

�

477g. Twenty-� ve camefrom monolingualFrench
families, 3 from families where one or several other lan-
guagesthanFrencharespoken and4 from a family where
no Frenchis spoken. The resultsof 20 additionalbabies
wererejectedfor the following reasons:sleepingor insuf�-
cientsuckingbeforethe�rst shift (6), cryingor agitation(4),
failure to meetthehabituation�rst criterion(1), sleepingor
insuf�cient suckingafterthe�rst shift (3), lossof thepaci�er
afterthe�rst shift (6).

Results

Firstshift

Figure2 shows the numberof HA sucksper minute for
the two groupsof babies. Therewas no signi�cant group
effect on babies' sucking during the 5 pre-shift minutes
[F � 1 � 31�

� 1], neitherwas therean effect of the habitua-
tion language[F � 1 � 31� � 1 � 8, p � 0 � 19]. An ANCOVA
on the 2 post-shiftminutes,controlling for the 2 pre-shift
minutes,showed a signi�cant groupeffect [F � 1 � 29� � 6 � 3,
p � 0 � 018], indicatingthatbabiesin theexperimentalgroup
increasedtheir suckingsigni�cantly morethanthosein the
controlgroup.This leadsusto theconclusionthatthebabies
in theexperimentalgroupwereableto discriminatebetween
thetwo languages.

Secondshift

Out of 32 babiessuccessfullypassingthe �rst shift, only
11 passedthe secondone. The resultsof the remaining21
werediscardeddueto sleepingor insuf�cient suckingbefore
thesecondshift (7),cryingoragitation(2), failuretomeetthe
secondhabituationcriterionbeforethe20 minutetime limit
(6), sleepingor insuf�cient suckingafterthesecondshift (4),
lossof thepaci�er after thesecondshift (2). Thesmallpro-
portion of babiesable to undergo the secondshift already
shows that this procedure,asusedon 2-month-olds,is not
viablefor newborns:it would leadto discardtoo muchdata
(here,a totalof 41babiesoutof 52).

8 MBROLA is freely available from
http://tcts.fpms.ac.be/synthesis/mbrola.html.
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Figure 2. Exp. 2: Dutch-Japanesediscrimination– Saltanaj
speech,�rst shift. Minutesarenumberedfrom theshift, indicated
by the vertical line. Error barsrepresent( 1 standarderror of the
mean.Adaptedwith permissionfrom Ramuset al. (2000). Copy-
right 2000AmericanAssociationfor theAdvancementof Science.

Nevertheless,a discriminationindex I wascomputedac-
cordingto thefollowing formula(Heskethetal., 1997):

I � � post2expe &

pre2expe�

&

� post2cont &

pre2cont �

wherepost2 and pre2 refer to theaveragenumberof sucks
during the 2 post-shift(respectively pre-shift)minutes,and
wherethe cont and expe indicesrefer to the type of shift
(controlor experimental).Thus,a babyincreasinghersucks
moreto thelanguageshift thanto a speakershift will havea
strictly positive I . Figure3 givesthe valuesof I for the 11
babies. Table1 shows the dishabituationscoresdepending
on typeandorderof theshifts.

Table1
Dishabituationscores(post2

&

pre2) accordingto orderand
type of the shift. The numberof observationsper caseis
indicatedin parentheses.

First shift Secondshift
control/experimental(4) 0 +0.8
experimental/control(7) +6.6 +4.5

Thereis a veryslight trendin thepredicteddirection:ba-
biesincreasetheir suckingmoreduring experimentalshifts
thanduring the correspondingcontrol ones. However, this
is true of 6 babiesout of 11 only, andthe averagediscrim-
ination index is 1 � 9

�

14, not signi�cantly different from 0
[t � 10�

� 1].
Notethatduringthe�rst shift, these11 babiesarebehav-

ing consistentlywith the othersduring the �rst shift: they
increasedtheir suckingmore(+6.6) to the languagechange
thanto thespeakerchange(+0). Thus,whereasthe�rst shift
revealsmeaningfulinformationconcerningthe reactionsof
infants,thesecondshift merelyshowsa perseverationof the
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30
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' (
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Figure 3. Exp. 2: Valuesof index I for 11 babiespassingthetwo
shifts.

behavior producedduringthe�rst shift, which is little mod-
ulatedby the natureof the secondshift. In summary, this
attemptsuggeststhat thereis little to learn from a second
shift with newborns.However, thisoutcomedoesnotdimin-
ish theresultsobtainedon the�rst one,which areclearand
interpretable.

Discussion

The dataobtainedon the 32 newbornswho successfully
passedthe �rst shift show that (a) they areableto discrimi-
natebetweenDutch andJapanese,(b) they cando so when
sentencesareresynthesizedin thesaltanajmanner, i.e. when
lexical, syntactic,phoneticandmostphonotacticinformation
is removed..

Althoughthe interactionwith Exp. 1 is not quitesigni�-
cant[F � 1 � 59� � 2 � 6, p � 0 � 11]9, this is alsoconsistentwith
the hypothesisthat newbornshave dif�culties coping with
talker variability (Jusczyket al., 1992),which would be the
reasonwhy they failed to discriminatethe samesentences
whenthey werenot resynthesized.

The saltanaj resynthesisachievesa comparablelevel of
stimulusdegradationaslow-pass�ltering: Sinceall thedu-
rationsandthe fundamentalfrequency are faithfully repro-
duced,prosody, in a broadsense,is still preserved. It is

9 Note that interactionareseldomsigni�cant in experimentson
newbornsanyway, dueto their low statisticalpower. For instance,
in directly comparablestudies,no signi�cant interactionwereever
reported(Mehleret al., 1988;Nazziet al., 1998).
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thereforeinsuf�cient to disentanglethe role of rhythm and
intonation.Thisconcernis addressedin thenext two experi-
ments.

Experiment3: sasasawith
arti�cial intonation

MaterialsandMethod

Stimuli

In previous experimentstestinglanguagediscrimination
by adultson the basisof rhythm only (Ramus& Mehler,
1999; Ramuset al., submitted),sentenceswere resynthe-
sizedfollowing the�at sasasamanner:all consonantswere
mappedto /s/ andall vowelsto /a/, andin additiontheorig-
inal F0 contourof thesentencewasignoredandreplacedby
a constantF0. Thusall differencesconcerningintonationor
syllablestructurewereeliminated,preservingonly rhythmi-
cal differencesbetweenthetwo languages.

Whentestingbabies,anadditionalconcernis to keepthem
awake and active in the experiment. In this respect,�at
sasasastimuli are potentially problematic. Both their low
phoneticdiversityandtheir monotonousintonationaresus-
ceptible to provoke boredomor distressin infants,and/or
to inducethem to processthe stimuli as non-speech.We
thusfelt we hadto improvetheattractivenessof our stimuli,
while still adequatelytestingour hypotheses.Considering
that newbornsareknown to reactnormally to low-pass�l-
teredspeech(Mehleret al., 1988;Nazziet al., 1998),we as-
sumedthatphoneticdiversitywasnotanecessarycondition,
but we choseto preservesomevariability in theintonation.

Therefore,we decidedto resynthesizethe same40 sen-
tencesas beforeusing a sasasaphoneticmapping,i.e., to
map all consonantsto /s/ and all vowels as /a/. However,
insteadof applyinga �at intonationto eachsentence,weap-
plied arti�cial intonationcontours.Five intonationcontours
inspiredfrom Frenchsentencesweredesignedandeachwas
appliedto 4 of the Dutch and4 of the Japanesesentences.
All contoursincludedaregulardeclinationtowardstheirend,
in orderto be moreeasilyadaptedto sentencesof different
lengths;they areillustratedin Figure4. Thus,theresynthe-
sizedsentencesincorporatebothwithin-sentenceandwithin-
languageintonationalvariability, but no differencesin into-
nationbetweenthetwo languages.

A potentialcriticism of this methodis thattheremight be
aninteractionbetweenintonationandrhythmicstructure,so
that the � ve contoursselectedmight bemoreadaptedto the
rhythmic structure,say, of Dutch, thanto that of Japanese.
This would thenintroducea differencebetweenthetwo sets
of sentencesthatwouldnotbearhythmicdifference,strictly
speaking. In order to investigatethis possibility, we have
conductedthe following preliminary experimenton adult
subjects.

Judgementby adult subjectsof sentencesresynthesized
with an arti�cial intonation. Twelve participantswere re-
cruited and testedin a quiet room. They were 4 men and
8 women,with ameanageof 34years,andof variousnative
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Figure 4. Intonationcontoursusedin Exp. 3.
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languages(4 French,1 Rumanian,3 Spanish,1 German,2
English,1 Dutch).

Two blocksof stimuli weredesigned:onecomprisingthe
40 experimentalsentencesto be usedon thebabies(sasasa
with arti�cial intonation), and the other the saltanaj sen-
tenceswith original intonationusedin Exp. 2, to provide
a baseline.

Eachparticipantheardthesentencesoneby one,in a ran-
dom order within eachblock; the order of the blocks was
counterbalancedacrosssubjects.Thetaskwasto judgehow
natural the intonationof eachsentencewas (from 0: very
strangeto 5: perfectlynatural). If arti�cial intonationsare
equally adaptedto the rhythmic structureof the two lan-
guages,they shouldyield similaraveragejudgements.These
areshown in Figure5.

2

2.5

3

3.5

saltanaj ���������������	� 
�� 
�� ��� ���

intonation
��������������� ��� �����
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Dutch Japanese

Figure 5. Adult subjects'judgementsof the intonationpatternof
Dutch andJapanesesentences.Error barsrepresent( 1 standard
errorof themeanby subject.

It appearsthatthearti�cial intonationsof thesasasastim-
uli arejudgedto besigni�cantly lessnaturalin Dutchthanin
Japanesesentences[F � 1 � 11� � 12� 5, p � 0 � 005]. However,
thesameis trueof thesaltanajsentenceswith their original
intonation[F � 1 � 11� � 8 � 4, p � 0 � 02]. It thuscan't be inter-
pretedasaneffectof mismatchbetweenthearti�cial intona-
tion contoursandDutch rhythm. Rather, it seemsto re�ect
thein�uence of syllabicstructureon subjects'responses,al-
thoughthey were instructedto reportspeci�cally aboutin-
tonation. Fromtheir reports,it appearsthat thepresenceof
heavy consonantclustersin Dutch (alsore�ected by longer
/s/sin thesasasaversion)biasedthemin favor of Japanese.
Thus, thereis a main effect of language[F � 1 � 11� � 21� 8,
p � 0 � 001],andthereis alsoa maineffectof typeof synthe-
sis[F � 1 � 11� � 8 � 4, p � 0 � 02], revealingthatsasasasynthesis
soundedlessnaturalto the subjectsthansaltanaj. Despite
theseeffects that interferedwith the subjects'judgements,
it is most importantto note that thereis no interactionbe-
tweenlanguageandtypeof stimuli [F � 1 � 11�

� 1], indicating
thatthearti�ciality of thesasasastimuli's intonationdid not

interactwith the rhythmicstructureof the two languages10,
which wasthehypothesisundertest. We thereforeconsider
our stimuli asappropriateto testlanguagediscriminationon
thebasisof rhythmonly.

Procedure

Due to the unsuccessfulattemptto have the babiesun-
dergo2 shifts in Exp. 2, we abandonedthesecondshift and
revertedto theone-shiftprocedureusedin Exp. 1.

Participants

Forty babies11 weresuccessfullytested,19 malesand21
females,with a meanageof 66

�

23 hours,a meangesta-
tional ageof 40;1

�

1;1 weeksanda meanbirth weight of
3428

�

424 g. Twenty-sixcamefrom monolingualFrench
families, 11 from families whereone or several other lan-
guagesthanFrencharespokenand3 from familieswhereno
Frenchis spoken. The resultsof 20 additionalbabieswere
rejectedfor the following reasons:rejectionof the paci�er
(2), sleepingor insuf�cient suckingbeforetheshift (7), cry-
ing or agitation(3), failure to meetthehabituationcriterion
(1), sleepingor insuf�cient suckingaftertheshift (4), lossof
thepaci�er aftertheshift (3).

Results

Figure6 showsthenumberof HA sucksperminutefor the
two groupsof babies.Therewasno signi�cant groupeffect
onbabies'suckingduringthe5 pre-shiftminutes[F � 1 � 39� �

1 � 5, p � 0 � 23]. However, therewasasigni�cant effectof the
habituationlanguage[F � 1 � 39� � 12� 8, p � 0 � 001], babies
listeningto Dutchsuckingmore(35� 6

�

8 � 3sucksperminute
onaverage)thanthoselisteningto Japanese(25� 8

�

9 � 1sucks
perminute).To takethiseffect into account,we includedthe
habituationlanguagefactorin theusualANCOVA. Wefound
thatit hadnosigni�cant effectonsuckingpatternsduringthe
2 post-shiftminutes[F � 1 � 35�

� 1], and most importantly,
that it did not interactwith thegroupfactor[F � 1 � 35�

� 1].
Thus,this effect hadno consequenceon theoverall resultof
theexperiment;its interpretationwill beaddressedin a later
section. Finally, the ANCOVA on the 2 post-shiftminutes,
controllingfor the2 pre-shiftminutes,showedno groupef-
fect [F � 1 � 35�

� 1], indicatingthatthebabiesdidn't discrim-
inatebetweenthetwo languages.

Discussion

Thereareseveralpossibleinterpretationsof thefailureof
babiesto discriminatebetweenDutch and Japanesegiven
the sasasasentenceswith arti�cial intonation. One is that
babiesdon't processspeechrhythm,andthat languagedis-
criminationexperimentsshouldbe re-interpretedasreveal-
ing theprocessingof intonation.Anotheris thatrhythmand

10 Notealsothatno �oor nor ceilingeffect would have prevented
this interactionto appear.

11 Eight additionalbabiesweretestedafter analyseson the �rst
32babieswerefounda little ambiguous.
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Figure 6. Exp. 3: Dutch-Japanesediscrimination– Sasasaspeech
with arti�cial intonation.Minutesarenumberedfrom theshift, in-
dicatedby thevertical line. Error barsrepresent( 1 standarderror
of themean.

intonationareinseparable:babiesmaybesensitiveto speech
rhythm,but intonationis necessaryto fully processit. Yetan-
otherinterpretationwould bethatbabiescanprocessspeech
rhythm,but thestimuli usedwereinadequatefor themto ex-
hibit this ability.

For instance,Ramuset al. (2000)showed that newborns
don't discriminateDutch from Japaneseanymorewhenthe
samesentencesare playedbackwards. This suggeststhat
stimuli thatarenotenoughspeech-likearenotcorrectlypro-
cessedby babies,even though they contain enoughbasic
acousticinformationfor thediscriminationto be feasiblein
principle. In this respect,sasasamight not be speech-like
enough: thereis indeedno natural languagewith so little
phoneticdiversity. It couldalsobethat thesestimuli aretoo
boringor distressingfor thebabies,aswe hadhypothesized
regardinga �at intonation.Whatever theappropriateexpla-
nation,wewill now try to increasethechancesthatthebabies
correctlyprocessthestimuli.

Experiment4: saltanajwith
arti�cial intonation

MaterialsandMethod

Stimuli

Therearetwo differencesbetweenthestimuli usedin Ex-
periment2 andthoseof Experiment3: oneis the reduction
of thephoneticinventory(from saltanajto sasasa), andthe
otheris theuseof arti�cial intonationcontoursinsteadof the
original ones.At leastoneof themhascausedbabiesto fail
in thediscriminationtask.It is thereforenaturalto undoone
of thosechangesin order to know which wascritical. We
thusrevertedto thesaltanajstimuli of Exp. 2, but this time
we appliedthemthearti�cial intonationcontoursof Exp. 3.

Participants

Forty babiesweresuccessfullytested,21malesand19fe-
males,with ameanageof 68

�

21hours,a meangestational
ageof 40;1

�

1 weeksandameanbirth weightof 3512
�

341
g. Twenty-seven camefrom monolingualFrenchfamilies,
12 from familieswhereoneor severalotherlanguagesthan
Frencharespokenandonefrom afamily wherenoFrenchis
spoken.Theresultsof 44additionalbabieswererejectedfor
the following reasons:rejectionof thepaci�er (5), sleeping
or insuf�cient suckingbeforetheshift (22), crying or agita-
tion (8), failureto meetthehabituationcriterion(2), sleeping
or insuf�cient suckingafter theshift (4), lossof thepaci�er
aftertheshift (3).

Results

Figure7 shows the numberof HA sucksper minute for
the two groupsof babies. Therewas no signi�cant group
effect on babies' sucking during the 5 pre-shift minutes
[F � 1 � 39�

� 1], neitherwas therean effect of the habitua-
tion language[F � 1 � 39� � 2 � 1, p � 0 � 16]. An ANCOVA
on the 2 post-shiftminutes,controlling for the 2 pre-shift
minutes,showsno signi�cant groupeffect [F � 1 � 37� � 1 � 46,
p � 0 � 24]. However, examinationof Figure7 suggeststhat
thereis aneffect, which is con�ned to the �rst minuteafter
theshift. A new ANCOVA, takingasdependentvariablethe
numberof sucksduring the �rst post-shiftminute,andcon-
trolling for the2 pre-shiftminutes,yieldsasigni�cant group
effect indeed[F � 1 � 37� � 4 � 48, p � 0 � 04]. Thissuggeststhat
the newbornshave againdiscriminatedbetweenDutch and
Japanese.However, theeffect is weaker thanin Experiment
2, beingevident during only oneminutefollowing the lan-
guagechange.
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Figure 7. Exp. 4: Dutch-Japanesediscrimination– Saltanaj
speechwith arti�cial intonation. Minutesarenumberedfrom the
shift, indicatedby theverticalline. Errorbarsrepresent( 1 standard
errorof themean.

Discussion

We cannow comebackto the threedifferentinterpreta-
tions of Experiment3 we have proposed.Sinceno intona-
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tional differenceremainedbetweenthetwo languagesin the
presentsaltanajstimuli, intonationis not likely to bethecue
whoseprocessingis responsiblefor thelanguagediscrimina-
tion patternsobserved. For thesamereason,intonationcan-
not benecessaryfor rhythmprocessing.Themostplausible
interpretationis thereforethatnewbornscanprocessspeech
rhythm,but somethingin thesasasastimuli preventedthem
from correctlyprocessingit. For instance,their extremely
low phoneticdiversitymight leadbabiesto processthemas
non-speech.Alternatively, the constantfrication of sasasa
sentencesmay have beentoo distressingfor babiesto cor-
rectlyperformthetask;indeed,adultsubjectsalsoratedthese
stimuli lower than the saltanaj in Exp. 3, andcomplained
aboutthe harshsoundof the /s/s. Whatever the correctex-
planationmay be, the alternatives could be testedby run-
ning furtherdiscriminationexperimentswhile manipulating
thenatureandthevarietyof thephonemesusedin theresyn-
thesis.

While it is clearnow that intonationdoesnot play a cru-
cial role in newborns' ability to discriminatebetweenlan-
guages,thelast two experimentsarestill opento analterna-
tive interpretation:that newbornsdiscriminatethe saltanaj
stimuli on thebasisof basicphonotacticdifferencesbetween
Dutch and Japanese(e.g., the presence/absenceof conso-
nant clusters);sincethesedifferencesare not preserved in
the sasasaversion,this would explain both failure in Exp.
3 and successin Exp. 4. There are, however, good in-
dependentreasonsto doubt that newbornsare sensitive to
thesephonotacticdifferences. Indeed, this has been di-
rectly testedin experimentswhere newborns had to dis-
criminatebetweenlists of wordsof differentsyllabic struc-
ture. For instance,newbornswereunableto discriminatebi-
syllabic wordswith complex syllabic structure(e.g.,CVC-
CCV, CCVCCV, CVCCVC...) from bi-syllabic wordswith
simple syllabic structure(e.g., CVCV, VCCV, VCVC...),
althoughthey were able to discriminatesimple bi-syllabic
(CVCV) from tri-syllabicwords(CVCVCV) (Bijeljac-Babic
et al., 1993).Similarly, they wereunableto discriminatebe-
tweentri-moraic (CVCCV) andbi-moraic words (CVCV),
althoughthey were able to discriminateagain bi-syllabic
from tri-syllabicwords(Bertoncinietal.,1995).If newborns
wereableto extract phonotacticregularitiesfrom 3-second
longDutchandJapaneseutterances,they wouldbeexpected
to do so alsofrom bi-syllabic words. The fact that they do
not suggeststhatsensitivity to phonotacticdifferencesis not
availableat birth; this is consistentwith evidencethatfamil-
iarity with thenative language'sphonotacticpatternemerges
between6 and9 monthsof age(Jusczyk,Friederici,Wessels,
Svenkerud,& Jusczyk,1993; Friederici & Wessels,1993;
Jusczyk,Luce, & Charles-Luce,1994). In summary, the
mostplausibleinterpretationof newborn'sability to discrim-
inateDutch from Japanesein their saltanajversionwith ar-
ti�cial intonation,is that they have reactedto the rhythmic
differencesbetweenthetwo languages.

Post-hocanalysis:Preferencefor
Dutch

After �nding a signi�cant effect of languageduring the
habituationphaseof Exp. 3 (with babiessuckingmore to
Dutch thanto Japanese),we have lookedfor a similar trend
in theotherexperiments.As shown in Table2 andFigure8,
thesametrendwaspresentin all four experiments,suggest-
ing aconsistentphenomenon.

Table2
Averagenumberof HA sucksproducedduring the5 pre-shift
minutes,asa functionof Experimentandlanguage.

Exp. 1 Exp. 2 Exp. 3 Exp. 4
Dutch 33

�

11 32� 2
�

11� 2 35� 6
�

8 � 3 29� 4
�

9 � 6
Japanese 30� 9

�

11� 1 27
�

10� 4 25� 8
�

9 � 1 25� 3
�

8 � 3
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Figure 8. Averagenumberof HA sucksproducedduring the 5
pre-shiftminutes,asa function of language.Error barsrepresent

( 1 standarderrorof themean.

Overall, during the 5 minutesprecedingthe shift, babies
producedon average32� 5

�

10 HA sucksperminuteto lis-
ten to Dutch,and27� 1

�

9 � 7 to listen to Japanese.The dif-
ferenceis signi�cant: F � 1 � 142� � 11� 1, p � 0 � 001.Thefact
thatthiseffect is consistentacross4 experimentssuggestthat
this is not a randomsamplingeffect. It is remarkablethata
similar effect was also notedby Nazzi et al. (1998): they
found that Frenchnewbornssucked more to listen to En-
glish thanto listen to Japanese.In earlierstudies,suchpat-
ternshadbeeninterpretedasshowing babies'"preference"
for their native-language:Mehler et al. (1988) found that
Frenchnewbornssuckedmoreduring thehabituationphase
to listen to Frenchthanto Russian,andMoon et al. (1993),
usinga techniquedirectly assessingpreference,found that
newbornssuckedmoreto listento theirnative language(En-
glish or Spanish).Similar resultshave beenfound in older
babiesaswell (Dehaene-Lambertz& Houston,1998;Bosch
& Sebastián-Gallés,1997).

Here(andalsoin Nazziet al.'s study),whereneitherlan-
guagewas the babies' native language,one may want to
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look for an alternative explanation. For instance,follow-
ing adult subjects'judgementsin Exp. 3, onemight argue
that Dutch sentences,containingmore consonantclusters
and more frication, are lesspleasantto listen to, and thus
keepthebabiesmoreexcited. Suchaninterpretationwould,
however, assumethatstimuli thatarelesspreferredprovoke
more sucking, which would appearto be in contradiction
with the earlier studies' interpretations. In the absenceof
a goodmodelof whatprovokesa baby'ssucks,thequestion
remainsopen12.

It is yetpossibleto provideaninterpretationof thepresent
resultsin termsof genuinepreference.Indeed,Frenchcanbe
seenascloserto Dutch andEnglishthanto Japanesealong
a numberof dimensions.Regardingthe mostrelevantone,
rhythm, objective acoustic/phoneticmeasuresof rhythmic
propertiessuggestthatFrenchrhythmis muchcloserto that
of DutchandEnglishthanto thatof Japanese(Ramuset al.,
1999). Similar argumentscouldbe madefor syllablestruc-
ture, intonation,sizeof thephonemicrepertoire...It is thus
conceivablethat Dutch andEnglishsoundmorefamiliar to
theFrenchnewbornthanJapanese.Native-languageprefer-
encemight thereforebe re-interpretedaspreferencefor the
most familiar stimulus(alongthe dimensionsthat arerele-
vantto thebaby).

Conclusion

The literatureon infant speechperceptionhassuggested
for yearsthat newborns discriminatelanguages'rhythmic
patterns. The evidenceaccumulatedso far, althoughcom-
pelling, has always left open the possibility that the dis-
criminationsobservedmight be dueto a sensitivity to into-
nationaldifferences.Here,usingresynthesizedstimuli, we
have shown that intonation is not necessaryfor newborns
to discriminatebetweenDutchandJapanese.This doesnot
strictly imply that intonationwasnot usedby babiesto dis-
criminatelanguagesin previous experiments,but it makes
the"intonationhypothesis"moreunlikely thanever, thereby
strengtheningthe"rhythmhypothesis".

The point of the presentstudy is not, however, to deny
that intonation can be processedby newborns and play a
role in languageacquisition(seefor instanceGuasti,Nespor,
Christophe,& vanOoyen,in press),but to show thatrhythm
is suf�cient for babiesto discriminatelanguages,andthere-
fore that they genuinelyprocessrhythm. This in turn rein-
forcestheplausibility of languageacquisitionscenariosthat
rely on rhythm asa cueto otherpropertiesof languagethe
infant hasto learn. Noticing the correlationbetweena lan-
guage'srhythmtypeandthestructureof its syllables,Ramus
etal. (1999)proposedfor instanceadetailedscenarioof how
the early perceptionof rhythm might cuethe acquisitionof
syllablestructure.It hasalsobeenproposedthatprocedures
that listenersuseto normalizefor speechratearelanguage-
speci�c, andindeeddependon thetypeof rhythmof a given
language(Pallier, Sebastian-Galles,Dupoux,Christophe,&
Mehler, 1998;Sebastián-Gallés,Dupoux,& Costa,in press).
Sincespeechratevariability, like talker variability (seeExp.
1), is likely to be an obstacleto the extraction of relevant

linguisticunitsby theinfant,aninterestinghypothesiswould
be that the perceptionof speechrhythm allows for an early
selectionof theappropriatenormalizationstrategy. The"syl-
lable structure"andthe "normalization"hypothesesareob-
viously independentandnot exclusive. More generally, it is
conceivablethat speechrhythm may allow infantsto make
quitea largearrayof language-speci�cadjustmentson their
phonologicalrepresentations.

"Phonologicalbootstrapping"scenarios(Morgan& De-
muth,1996)likethoseproposedabovetypically requirethree
lines of evidence: (a) a correlationbetweena perceptible
acoustic/phonologicalcuesand a linguistic property to be
learnt, (b) evidencethat the acoustic/phonologicalcuesare
processedby infantssuf�ciently early, and(c) evidencethat
infantsactuallyusethosecuesin their acquisitionof thelin-
guistic property. The �rst line of evidencetypically comes
from linguisticandexperimentalstudieslike thoseof Ramus
et al. (1999),Pallier et al. (1998)andSebastián-Galléset al.
(in press). The secondline comesfrom perceptualstudies
conductedon infants like the presentone. Here, we have
shownthatspeechrhythmis indeedacuethatis processedby
newborns.Thethird line of evidencemaybemoredif�cult to
obtain,becausetheactualcausesof observeddevelopmental
changesarenevercertain.Theproposedscenariosyetpredict
that an impairmentin speechrhythm perceptionmay delay
or impair theinfant'sacquisitionof correctsyllablestructure
and/orspeechratenormalization.

Such predictionsmay eventually be testableif suitable
neuropsychologicalcasesare found. We speculatethat
dyslexic children might provide us with sucha case. Al-
thoughspeechrhythmperceptionhasneverbeenspeci�cally
testedin dyslexics,thereis someevidencethatthey mayhave
troublediscriminatingtherhythmicpatternsof sequencesof
tones(McGivern,Berka,Languis,& Chapman,1991;Kujala
et al., 2000). Similarly, neitherthe representationof sylla-
ble structurenor speechratenormalizationhave beeninves-
tigatedin dyslexics. However, informalobservationspointat
particulardif�culties with handlingcomplex consonantclus-
ters, hencesuggestinga possiblyimpoverishedrepresenta-
tion of syllables.Dyslexics, or alternatively otherlanguage-
impairedpopulations,might thusprovideacritical testof the
hypothesizedbootstrappingroleof rhythm.

References

Abercrombie,D. (1967). Elementsof general phonetics.Chicago:
Aldine.

Bertoncini,J., Floccia,C., Nazzi,T., & Mehler, J. (1995). Morae
and syllables: Rhythmical basisof speechrepresentationsin
neonates.Language andSpeech, 38, 311-329.

Bertoncini, J., & Mehler, J. (1981). Syllablesas units in infant
perception.InfantBehaviorandDevelopment, 4, 247-260.

12 Note that this problemis not particularto the suckingbehav-
ior. In studiesusing preferentiallistening techniques,preference
sometimesgoesfor the novel stimulus,andsometimesfor the fa-
miliar one.No generalizedaccountof infants'preferenceshasbeen
proposed.



12 FRANCK RAMUS

Bijeljac-Babic,R., Bertoncini,J., & Mehler, J. (1993). How do
four-day-oldinfantscategorizemultisyllabicutterances?Devel-
opmentalPsychology, 29, 711-721.

Bosch,L., & Sebastián-Gallés,N. (1997).Nativelanguagerecogni-
tion abilitiesin 4-month-oldinfantsfrom monolingualandbilin-
gualenvironments.Cognition, 65, 33-69.

Christophe,A., Dupoux,E., Bertoncini,J., & Mehler, J. (1994).
Do infantsperceivewordboundaries?An empiricalstudyof the
bootstrappingof lexical acquisition. Journal of the Acoustical
Societyof America, 95(3), 1570-1580.

Christophe,A., & Morton,J. (1998).Is DutchnativeEnglish?Lin-
guisticanalysisby 2-month-olds.DevelopmentalScience, 1(2),
215-219.

dePijper, J.R. (1983).ModellingBritish Englishintonation.Dor-
drecht- Holland:Foris.

Dehaene-Lambertz,G., & Houston,D. (1998). Fasterorientation
latenciestowardnative languagein two-monthold infants.Lan-
guage andSpeech, 41(1), 21-43.

Demany, L., McKenzie,B., & Vurpillot, E. (1977). Rhythmper-
ceptionin earlyinfancy. Nature, 266(5604),718-9.

Dutoit, T., Pagel,V., Pierret,N., Bataille,F., & vanderVrecken,O.
(1996). The MBROLA Project: Towardsa setof high-quality
speechsynthesizersfreeof usefor non-commercialpurposes.In
ICSLP'96.Philadelphia.

Eimas,P., Siqueland,E., Jusczyk,P., & Vigorito, J. (1971).Speech
perceptionin infants.Science, 171, 303-306.

Fernald,A., & McRoberts,G. (1996). Prosodicbootstrapping:A
critical analysisof theargumentandtheevidence.In J.L. Mor-
gan& K. Demuth(Eds.),Signalto Syntax:Bootstrappingfrom
Speech to Grammarin Early Acquisition(p.365-388).Mahwah,
NJ:LawrenceErlbaumAssociates.

Fowler, C. A., Smith,M. R., & Tassinary, L. G. (1986). Percep-
tion of syllable timing by prebabblinginfants. Journal of the
AcousticalSocietyof America, 79(3), 814-825.

Friederici,A. D., & Wessels,J. M. I. (1993). Phonotacticknowl-
edgeof wordboundariesandits usein infantspeechperception.
Perception& Psychophysics, 54(3), 287-295.

Guasti,M. T., Nespor, M., Christophe,A., & van Ooyen, B. (in
press). Pre-lexical settingof the head-complementparameter
throughprosody. In J. Weissenborn& B. Höhle (Eds.),How
to get into language: Approachesto bootstrappingin early lan-
guage development.Amsterdam:Benjamins.

Hesketh,S.,Christophe,A., & Dehaene-Lambertz,G. (1997).Non-
nutritive suckingandsentenceprocessing.Infant Behaviorand
Development, 20, 263-269.

Jusczyk,P., Luce, P., & Charles-Luce,J. (1994). Infants' sensi-
tivity to phonotacticpatternsin thenative language.Journal of
MemoryandLanguage, 33, 630-645.

Jusczyk, P. W., Friederici, A., Wessels,J., Svenkerud, V., &
Jusczyk,A. (1993). Infants' sensitivity to the soundpattern
of native languagewords. Journal of Memoryand Language,
32, 402-420.

Jusczyk,P. W., Pisoni,D. B., & Mullenix, J. (1992). Somecon-
sequencesof stimulusvariability on speechprocessingby 2-
month-oldinfants.Cognition, 43, 253-291.

Kujala,T., Myllyviita, K., Tervaniemi,M., Alho, K., Kallio, J., &
Näätänen,R. (2000). Basicauditorydysfunctionin dyslexia as
demonstratedby brain-activity measurements.Psychophysiol-
ogy, 37, 262-266.

Ladefoged,P. (1975). A coursein phonetics.New York: Harcourt
BraceJovanovich.

Maidment,J. A. (1976). Voice fundamentalfrequency character-
isticsaslanguagedifferentiators.Speech andhearing: Work in
progress,University College London, 74-93.

Maidment,J. A. (1983). Languagerecognitionandprosody:fur-
therevidence.Speech, hearingandlanguage: Work in progress,
University College London, 1, 133-141.

McGivern, R., Berka, C., Languis,M., & Chapman,S. (1991).
Detectionof de�cits in temporalpatterndiscriminationusing
theseashorerhythmtestin youngchildrenwith readingimpair-
ments.J. Learn.Disabil., 24(1), 58-62.

Mehler, J.,Dupoux,E.,Nazzi,T., & Dehaene-Lambertz,G. (1996).
Coping with linguistic diversity: The infant's viewpoint. In
J.L. Morgan& K. Demuth(Eds.),Signalto Syntax:Bootstrap-
pingfromSpeech to Grammarin Early Acquisition(p.101-116).
Mahwah,NJ:LawrenceErlbaumAssociates.

Mehler, J.,Jusczyk,P., Lambertz,G.,Halsted,N., Bertoncini,J.,&
Amiel-Tison,C. (1988).A precursorof languageacquisitionin
younginfants.Cognition, 29, 143-178.

Moon, C., Cooper, R. P., & Fifer, W. P. (1993). Two-day-olds
prefertheir native language.Infant BehaviorandDevelopment,
16, 495-500.

Morgan,J.,& Demuth,K. (1996). Signalto syntax:An overview.
In J.Morgan& K. Demuth(Eds.),Signalto Syntax:Bootstrap-
ping from speech to grammar in early acquisition (p. 1-22).
Mahwah,NJ:LawrenceErlbaumAssociates.

Morton, J.,Marcus,S.,& Frankish,C. (1976). Perceptualcenters
(P-centers).Psychological Review, 83(5), 405-408.

Nazzi,T. (1997). Du rythmedansl'acquisition et le traitementde
la parole. Unpublisheddoctoraldissertation,EcoledesHautes
EtudesenSciencesSociales.

Nazzi,T., Bertoncini,J., & Mehler, J. (1998). Languagediscrim-
ination by newborns: towardsan understandingof the role of
rhythm. Journal of ExperimentalPsychology: HumanPercep-
tion andPerformance, 24(3), 756-766.

Nespor, M., Guasti,M. T., & Christophe,A. (1996).Selectingword
order:Therhythmicactivationprinciple. In U. Kleinhenz(Ed.),
Interfacesin Phonology (p. 1-26). Berlin: AkademieVerlag.

Pallier, C., Sebastian-Galles,N., Dupoux, E., Christophe,A., &
Mehler, J. (1998). Perceptualadjustmentto time-compressed
speech:a cross-linguisticstudy. Memory& Cognition, 26, 844-
851.

Pike,K. L. (1945).Theintonationof AmericanEnglish.Ann Arbor,
Michigan:Universityof MichiganPress.

Ramus,F., Dupoux,E., Zangl, R., & Mehler, J. (submitted). An
empiricalstudyof theperceptionof languagerhythm.

Ramus,F., Hauser, M. D., Miller, C., Morris, D., & Mehler, J.
(2000). Languagediscriminationby humannewbornsandby
cotton-toptamarinmonkeys. Science, 288(5464),349-351.

Ramus,F., & Mehler, J. (1999). Languageidenti�cation with
suprasegmental cues: A study basedon speechresynthesis.
Journalof theAcousticalSocietyof America, 105(1), 512-521.

Ramus,F., Nespor, M., & Mehler, J. (1999).Correlatesof linguistic
rhythmin thespeechsignal.Cognition, 73(3), 265-292.

Sebastián-Gallés,N., Dupoux,E., & Costa,A. (in press). Adap-
tation to time-compressedspeech:Phonologicaldeterminants.
Perception& Psychophysics.

Siqueland,E.,& DeLucia,C. (1969).Visualreinforcementof non-
nutritive suckingin humaninfants.Science, 165(898),1144-6.



PERCEPTIONOF LINGUISTIC RHYTHM BY NEWBORNINFANTS 13

vanOoyen,B., Bertoncini,J.,Sansavini, A., & Mehler, J. (1997).
Do weaksyllablescountfor newborns?Journal of theAcousti-
cal Societyof America, 102(6), 3735-3741.


