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Perceptiorof linguistic rhythm by newborninfants

FranckRamus
Laboratoirede Scienceognitiveset Psycholinguistiqu¢EHESS/CNRS)Paris, France

Previousstudieshave shavn thatnevborninfantsareableto discriminatebetweercertainlan-

guagesandit hasbeensuggestedhatthey do so by cateorizing varietiesof speectrhythm.

However, in orderto con rm this hypothesisit is necessaryo shav thatlanguagediscrimina-
tionis still performedby newbornswhenall speeckcuesotherthanrhythmareremoved. Here,
we conductedh serieof experimentsaassessindiscriminationbetweerDutchandJapanesby

newborninfants,usingaspeechresynthesisechniqueo progressiely degradenon-rhythmical
propertiesof the sentencesWhenthe stimuli areresynthesizedsingidenticalphonemesnd

arti cial intonationcontoursfor the two languagestherebypreservingonly their rhythmic

structure newbornsarestill ableto discriminatethe languagesWe concludethat nenv-borns
areableto classifylanguagesccordingto their type of rhythm, andthatthis ability may help

thembootstrapotherphonologicapropertiewf their native language.

Key-words: newborn speechperceptionanguagediscriminationrhythm prosodybootstrap-

ping.

Humannewborns,asyoungasa few daysold, have in-
triguing speechperceptioncapacities. For instance,they
perceve phoneticcontrastateyorically (Eimas,Siqueland,
Jusczyk,& Vigorito, 1971),andthey perceve well-formed
syllables as units (Bertoncini & Mehler, 1981; Bijeljac-
Babic, Bertoncini, & Mehler, 1993; Bertoncini, Floccia,
Nazzi,& Mehler, 1995;vanOoyen,Bertoncini,Sanssini, &
Mehler, 1997). In addition,it hasbeenrepeatedlysuggested
thatthey procesdinguistic rhythm, asrevealedby their ca-
pacity to discriminatebetweendifferentlanguagegMehler
et al., 1988; Nazzi, Bertoncini, & Mehler, 1998; Ramus
etal., 2000). Linguistic rhythm may be viewed asa param-
eterthat shows variationacrosshe language®f the world.
Threetypesof linguistic rhythm have beenidenti ed, lead-
ing to a classi cation of languagesnto threeclasseqPike,
1945; Abercrombie,1967; Ladefoged,1975): stress-timed
languagesijncluding most Germaniclanguagesas well as
Russian,Arabic or Thai, syllable-timedlanguagesinclud-
ing mostRomancdanguagesswell as Turkishor Yoruba,
and mora-timedlanguagesincluding Japaneselt hasalso
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beenproposedhatan early settingof this parametemight
actasa bootstrapin the acquisitionof phonology(Mehler,
Dupoux, Nazzi, & Dehaene-Lambert2,996; Ramus,Nes-
por, & Mehler, 1999). However, the evidencethatnevborns
aresensitveto linguisticrhythmdoesnot seemnto beentirely
conclusve.

Someresearcherhave directly studied rhythm percep-
tion by infants. Demary, McKenzie,and Vurpillot (1977)
shaved that 2-3 month-old infants are able to discrimi-
natesequencesf tonesdiffering in temporalorganization.
Fowler, Smith, and Tassinary(1986) moreorer shaved that
3-4month-oldswhereableto discriminatesequencesf syl-
lableswhoseP-centes (Morton, Marcus,& Frankish,1976)
were isochronousor not. However, it is not clear at all
whetherthe notion of rhythm investigatedn thosestudies
has anything to do with that of linguistic rhythm, as de-
ned above. Thereare neverthelesgwo lines of evidence
suggestingthat newborns may classify languagesaccord-
ing to their rhythm. The rst one comesfrom the pattern
of successesnd failures accumulatedacrossthe different
studies:newbornshave beenshownn to discriminatebetween
stress-timedand syllable-timedlanguagegFrench-Russian
and English-Italian: Mehler et al., 1988; English-Spanish:
Moon, Cooper & Fifer, 1993)andbetweerstress-timeénd
mora-timedanguage$English-Japanes&lazzietal., 1998;
Dutch-JapaneseRamuset al., 2000). However, the only
attemptto assessithin-classdiscriminationhasyielded a
negative result (English-Dutch: Nazzi et al., 1998). More-
over, newbornsalsodiscriminatedbetweena setof English
andDutch (stress-timed$entenceanda setof Spanishand
Italian (syllable-timed)sentencesbut failed when the two
sets(Englishandltalian versusDutch and Spanish)did not
re ect two typesof rhythm (Nazzietal., 1998). Thus,they
seemto be ableto discriminatebetweensetsof languages,
if andonly if thesesetsare congruentwith differentrhythm
classesAs impressve asthis resultmaybe, the smallnum-
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berof languagestudieddoesnot guarante¢hatthis pattern
would hold for otherunrelatedanguagesindeed,consider
ing the greatvariety of cuespresenin speechptherproper
tiesthanrhythm may have allowed discrimination,andmay
thereforebeconsideredsconfoundingactors.Thisconcern
hasled researcherto look for a secondine of evidence by
reducingthe speechcuesthat were available for discrimi-
nation. Thus, Mehler et al. (1988) successfullyreplicated
their experimentsafterlow-passltering their stimuli at 400
Hz. This processwhich eliminatesthe higherfrequencies
of speechandthereforemostof the phoneticinformation,
is thoughtto presere only its prosodicproperties(rhythm
andintonation). Similarly, the experimentsby Nazziet al.
(1998) used ltered speechexclusively, and Ramuset al.
(2000)usedsentencethatwereresynthesizeth suchaway
asto presere only prosodiccues(seebelow). Thus,there
is corverging evidencethat prosodyis all newbornsneedto
discriminatdlanguages.

Neverthelessprosodydoesnot reduceto rhythm. It re-
mains possiblethat its other major component,ntonation,
playsa role in the obsened discriminations. Although we
do not know of typologicalstudiesof intonationthatwould
allow to make speci c predictionsfor all the pairs of lan-
guagegonsideredi is, for instancepredictablehatEnglish
andJapanesshouldbediscriminableonthebasisof theirin-
tonation. Indeed,Englishis a Head-Complementnguage,
whereasJapanesés Complement-Heal and this syntac-
tic parametelis said to have a prosodiccorrelate,promi-
nencewhichis signaledbothin termsof rhythmandintona-
tion (Nespor Guasti,& Christophe1996). Moreover, there
is empiricalevidencethat somelanguagesrediscriminable
purely by their intonation, including English and Japanese
indeed(Ramus& Mehler, 1999),EnglishandFrench(Maid-
ment,1976,1983)andEnglishandDutch (de Pijper, 1983).
In orderto assessvhethernewbornsactually perceve lin-
guisticrhythm, it is thereforenecessaryo getrid of thein-
tonationconfound,thatis to go beyondspeechltering and
remove intonationfrom the stimuli.

Ramusand Mehler (1999) have adapteda technique,
speechresynthesisto selectvely degradethe differentcom-
ponentsof speech,ncluding rhythm and intonation. This
techniquehas notably beenusedto resynthesizalifferent
versionof EnglishandJapanessentencesgndasseswhich
component®f speechwere sufcient for discriminationof
thetwo languagesThedifferentversionsncluded(a) broad
phonotactics prosody (b) prosody(c) rhythmonly, and(d)
intonationonly. Resultsshaved that pure rhythm was suf-

cient for Frenchsubjectsto discriminatebetweenthe two
languages.Pureintonationwasalsosufcient, but thetask
wasmoredif cult andrequiredexplicit knowledgeof onethe
two targetlanguages.In the presentseriesof experiments,
we wish to applythe samerationaleto the studyof language
discriminationby newborns,i.e., progressiely eliminatethe
speechcuesavailable for discrimination,and nally assess
whetherlinguistic rhythm is, as hypothesizedthe critical
cue.

Experimentl: Naturalspeech

This rst experimentaimsto testthediscriminationof two
languagesn the mostunconstraineaondition, using natu-
ral, unsynthesizegentences.The two languagesve have
selectedare Dutch and JapaneseThe discriminationof this
pairof languagesvaspreviouslytestedn 2-3 month-oldEn-
glish infants,andyielded only a maminally signi cant re-
sult (Christophe& Morton, 1998). This wasinterpretedas
shawing a growing focus on the native language hencea
lossof interestin foreignones(consistentvith Mehleretal.,
1988). This pair of language$asnever beentestedon new-
borns, but it is expectedto be easyto discriminate,given
theEnglish-Japanegdiscriminationby Frenchnewbornsob-
tainedby Nazziet al. (1998),andthe factthat Englishand
Dutcharevery closein mary respectsincludingrhythm.

Materialsand Method

All the experimentsincludedin this paperusethe same
methodologyunlessotherwisestated. Sincewe have made
specialefforts to improve uponpreviously usedprocedures,
our methodologyis describedelaw in greatdetail.

Stimuli

Dutch and Japanessentencesvere taken from a corpus
constitutedoy Nazzi(1997; Nazziet al., 1998),comprising
shortnews-like sentenceseadby four femalenative speak-
ersperlanguagé. We selected sentenceperspeakr, i.e.,
20 sentenceper language matchedn numberof syllables
(15to 19, with anaverageof 17) andin duration(3120ms

186for Dutch,3040ms 292for Japanesd; 139 11,
p 03). Wewerealsoconcernedboutthe possibility that
spealers in one languagemight have a higher pitch than
spealersin the otherlanguage. Averagefundamentalffre-
queng? isindeedsigni cantly differentbetweerthetwo lan-
guages:216Hz 19 for Dutch,235Hz 15 for Japanese,
F 139 118,p 0001.Thisiscompensatetbrthrough
resynthesién Experiment2, andwe will seethatthishadno
in uence on discrimination.Sentence subsequergxper
imentswere resynthesizedrom these40 sourcesentences,
andgiffer only with respecto thetype of synthesighatwas
used.

Experimentaprotocol

As is customarywhentestingnewborns ,we usedthenon-
nutritive suckingtechniquen ahabituatiorparadigmEimas
etal.,1971). Comparedvith previousstudiegseeFernald&

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

2This corpusconsistsexclusively of adult-directedspeech.

¥ Fundamentarequeny wasextractedatintervalsof 5 msusing
the Bliss software. We calculatedan averagelr, for eachsentence,
astheaverageof all its non-zeroy values.

‘Samples of the different types of  stimuli
used in the present experiments can be heard on:

http://www.ehess.fr/centres/Iscp/persons/ramus/resynth/ecoute.htm.
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McRoberts, 1996for a critique), we have taken extra careto
blind the experimenterwith respecto the conditionandto
reducedirectinterventionsduringthetestto a minimum. For
this purposethe experimenthasbeenprogrammedn a PC
in suchaway asto be maximallyautomatized.

Experimentalconditions Babiesare randomlyassigned
to the control or to the experimentalgroup. In the habitua-
tion phasethey areexposedto 10 sentencesitteredby two
spealersof onelanguage.In thetestphase pabiesfrom the
controlgrouphearl0 new sentencestteredby theothertwo
spealersin the samelanguagewhereasabiesfrom the ex-
perimentalgrouphear10 new sentencestteredby two new
spealkersin the otherlanguage. The languagepresentedn
the habituationphasds counterbalancedcrosssubjectsye-
sulting in four experimentalconditions. Assignmentof the
subjectsto the differentconditionsis manageddy the pro-
gramandwithheldfrom the experimenter

Procedue. The test takes place in a sound-attenuated

booth,with only the experimenterandthe babyinside. The
experimentersits outsideof the infant's eld of vision and
wearsa sound-proofheadseplaying maskingnoise. This
noiseconsistof four superimposedtreamsf all theexperi-
mentalsentenceplaying continuouslyin orderto optimally
maskthe stimuli. The babyis seatedin a reclining chair,
andis presentedvith a paci er x edona e xible arm. The
air pressuren the paci er is measuredy a pressurdrans-
ducer ampli ed andtransmittedo the computewia anana-
log/digital board. The computerdetectssucksandcomputes
theirrelatve amplitude.

During the rst two minutes,the baby sucksin silence
andthe computercalculatesa high-amplitude(HA) thresh-
old, suchthat 75% of the suckshave an amplitudeabove
thethreshold Subsequentionly HA sucksareconsidereé.
The habituationphasethenstarts. EachHA suckmay elicit
onesentencesubjectto the conditionthatonly onesentence
is playedat once,andobservinganinter stimulusinterval of
atleast500ms. Sentenceareplayedin arandomorder, di-
rectly from theharddisk of thecomputerby two loudspeak-
ersplacedin front of the baby The habituationphasegoes
on until the habituationcriterionis met: it consistan a min-
imum 25% decreasén the numberof HA sucksper minute
for two consecutie minutes,comparedwith the maximum
numberof suckspreviously producedin 1 minuté®. When
the criterionis met, the computerswitchesto the testphase,
which lastsfor 4 minutes. Testsentencesire playedin the
sameconditionsasthe habituationsentences.

Delay and rejectionconditions Otherfactorsmay inter
ferewith thetestandmaymaleit necessaryo delaytheshift
to the testphaseor simply to discardthe baby's data. We
have tried asmuchaspossibleto have thesedecisionamade
automaticallyby the computer on the basisof the sucking
patternandof indicationsgiven by the experimenter When
the babylosesthe paci er, startscrying, or falls asleepthe
experimentemeedso take appropriateaction. Whendoing
so he presses specialkey on the keyboard,indicatingthe
occurrenceof an eventinterferingwith the baby's sucking.

The mostcritical periodin the testconsistsof the two min-
utesbeforeandthetwo afterthe shift, which areusedfor the
statisticalanalysesilt is importantto ensurghatduringthose
four minutes,(a) no interferencehasoccurred,(b) the baby
was awake and sucking,andthus heardenoughsentences.
The computetthusimplementghefollowing conditions:

Delay:

if someinterferencevassignaledduringthe 2 min-
utesprecedinghe shift,

ORif thebabydidn't hearary sentence&luringary
oneof those2 minutes,

thentheshiftis delayedor atleastoneminute,andthe
habituationphasegoeson.

Rejection:

if someinterferencevassignaledduringthe 2 min-
utesfollowing the shift,

ORif thebabydidn't hearary sentence&uringary
oneof those2 minutes,

ORif thehabituatiorphaséhasalreadylastedfor 20
minutes,

thenthe testis discontinuedand the baby's dataare
discarded.

In addition,theexperimentehimselfmaymake thedecision
to discontinugthetest,(a) if thebabyrefusegshepaci er, (b)
if he/shedoesnt keepawake or suckenough,(c) if he/she
keepscrying or beingagitated.

Consideringhat (a) the experimenteris not aware of the
baby's experimentalcondition, (b) he cant hearthe stimuli
during the test, (c) decisionsconcerningthe shift to the test
phaseandthe acceptabilityof a baby's dataareasautomatic
aspossible, we regardit asan unlikely possibility that the
experimentehave a signi cant in uence (beit consciousor
unconsciouspn the baby's behaior, leadingto biasedef-
fects.

Participants

Experimentstook place at the Maternité Port-Roal,
Hopital Cochinin Paris. Participationwassolicitedfrom the
mothersafter birth, during their stayat the maternityhospi-
tal. Oneof the parents'informedconsentwasobtained and
experimentswere run with the agreementf the CCPPRB
Paris-Cochin(the hospitals ethicscommittee).Babieswere
pre-selectean the basisof their medical les, accordingto
thefollowing criteria:

Age betweer? and5 daysold;
Gestationahgegreaterthanor equalto 38 weeks;
Birth weightgreatetthanor equalto 2800grams;

® Eliminating the wealer 25% of the suckshelpsincreasingthe
signal/noiseatio (Siqueland& Delucia,1969).

¢The rst minuteof the phaseis not taken into accountfor the
determinatiorof the maximum. Additional conditionsimposethat
this maximumis at least20 HA sucksper minute,andthatthe ha-
bituationphasdastsatleast5 minutes.
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No sufferingat birth (APGAR score 10at5 min);
Normalmedicalassessments birth andattwo days;
No serocorersionto rubellaor toxoplasmosis;
Mothernotaffectedby viruses,andnotaddictedto any
drugincludingalcoholor tobacco;
No family historyof deafnessr neurologicaproblems;
No Dutchor Japanesspolenathome.
Babieswere testedthree hours after feeding on average,
whenthey could be easily woken andkeptin a quiet alert
state, andwhentheir suckingre ex wasmaximal.

In the presentexperiment, 32 babieswere successfully
tested, 18 malesand14 femaleswith ameanageof 67 22
hours,a meangestationahgeof 40 1;1weeksandamean
birth weightof 3530 402g. Twenty-ninecamefrom mono-
lingual Frenchfamilies,2 from familieswhereoneor several
otherlanguageshanFrencharespolenandl from afamily
whereno Frenchis spolen. Theresultsof 42 additionalba-
bieswererejectedfor thefollowing reasonsrejectionof the
paci er (1), sleepingor insufcient suckingbeforethe shift
(12), crying or agitation(9), failure to meetthe habituation
criterion (9), sleepingor insufcient suckingafter the shift
(6), lossof thepaci er aftertheshift (4) andcomputeffailure

(2).
Results

Figurel shavsthenumberof HA sucksperminutefor the
2 groupsof subjects.To ensurehatbabiesverein compara-
ble conditionsduringthe habituationphasean ANOVA was
performedon averagenumberof HA sucksover the 5 min-
utesprecedinghe shift, andshaved no signi cant effect of
group(controlor experimental)[F 1 31 26,p 012],
althoughthereis a trendfor babiesin the control groupto
suck more, and no signi cant effect of the languageheard
in habituation(Dutch or Japanese)F 131  1]. In or
der to assessvhetherthe experimentalgroup reactedmore
to the changethanthe control group,we conductedan anal-
ysis of covariance(ANCOVA), with the averagenumberof
HA sucksduringthe 2 post-shiftminutesasdependentari-
able,theaveragenumberof HA sucksduringthe 2 pre-shift
minutesascovariate andthegroupasindependentariable’.
Here, thereis no signi cant group effect [F 1 29 1],
shaving thatthe babiesin the experimentalgroup have not
reactedo thelanguagehange.

Discussion

This experimentshavs that newbornsfail to discriminate
betweenDutch and Japanesevhen the stimuli are not de-
gradedat all, consistingjust of naturalsentencesThis may
seeminconsistentvith Nazzietal.s (1998) nding thatsim-
ilar FrenchnewbornscandiscriminatebetweenEnglishand
Japanese Among the few differenceshetweenour experi-
mentandthatof Nazzietal., is the factthattheir sentences
were low-pass ltered, whereasoursarent. While it may
seemthat the more information, the easierthe discrimina-
tion, previous experimentson adults suggestthat it is not
alwaysthe case:Irrelevantinformationmay actuallyimpair
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Figure 1. Exp. 1: Dutch-Japaneséiscrimination— Natural

speech. Minutes are numberedfrom the shift, indicatedby the
vertical line. Error barsrepresent 1 standarderror of the mean.
Adaptedwith permissiorfrom Ramusetal. (2000).Copyright 2000
AmericanAssociationfor the Advancemenbf Science.

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

Here,the factthateachnewbornhears4 spealersduring
the experimentmay constitutesuchirrelevant information.
Indeed,it hasbeensuggestedhatthe adaptatiorto spealer
variability is a costly processin youngerinfants,that may
interferewith otherspeectcataorizationabilities (Jusczyk,
Pisoni, & Mullenix, 1992). It is actually remarkablethat
all languagdaliscriminationexperimentsperformedon new-
bornsto this day have usedstimuli wherespealer variabil-
ity wascompletelyabsentthroughthe useof a singlebilin-
gual spealer (Mehleretal., 1988;Moon et al., 1993),or at
leaststrongly attenuatedhroughthe useof low-pass lter -
ing (Mehleretal., 1988;Nazzietal., 1998).Experimentl is
thusthe rst languagediscriminationexperimentto expose
newbornsto 4 differentvoices.

Speechresynthesisis a corvenient techniqueto test
whether newvborns were disturbedby spealer variability:
whatever the original numberof spealers,all sentencesre
synthesizedisingonly onevoice, that of the synthesizerlIf
our hypothesidgs correct,we shouldthen predictthat new-
bornswill beableto discriminatehetwo languagesncethe
sentenceareresynthesized.

"Thisis the standardanalysisof suckingratessinceChristophe,
Dupoux,Bertoncini,andMehler (1994)shaved thatit is moreap-
propriatethan doing a simple ANOVA on a dishabituationindex
(e.g., the differencein suckingratesbetweenthe 2 minutesafter
andthe 2 minutesbeforethe shift). Here,we alsoranthe ANOVAs
andfoundthatthey alwaysled to the sameconclusionsasthe AN-
COVAs. We thusonly reporttheresultsof the latter.
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Experiment: Saltanaj
resynthesizedpeech

Materialsand Method
Stimuli

We usedthe samesentencesasfor Experimentl, but we
resynthesizethemin the saltanajmannerdescribedy Ra-
musandMehler (1999). For eachsentencethe fundamen-
tal frequeny (Fo) is measuredphonemesreidenti ed and
their durationmeasured.Theseparameterganbe manipu-
lated at will, andthenusedasinput to the speechsynthe-
sizerMmBROLA® (Dutoit, Pagel, Pierret, Bataille, & vander
Vrecken, 1996). The saltanajmanipulationinvolvesreduc-
ing the phonemicinventory of the sentencesby mapping
eachphonemeto a single instanceof the samemannerof
articulation: fricativesare mappedto /s/, vowelsto /al/, lig-
uidsto /I/, plosivesto /t/, nasaldo /n/ andglidesto /j/. The
exact phonemedurationsas well the Fy curve are copied
from the original sentences.Thus, the overall rhythm and
intonationof the sentencearefaithfully presered,together
with broad phonotacticcharacteristics.However, phonetic
and ne phonotactiadifferencesare eliminated. Obviously,
accessto syntaxand meaningis blocked as well. Voice
differencesare eliminated,sincea single syntheticvoice is
used; however, prosodicdifferencesbetweenspealers are
presered. It thereforestill makes senseto have a spealer
changein the control condition, where"spealers" refersto
thosewho producedhe original sentences.

Incidentally resynthesigyivesfull control over the aver-
agefundamentafrequeng which,we have notedearlier was
signi cantly differentbetweerthe two languages We have
thusdecidedto reducethis differenceby multiplying all Fo
valuesby 1.04for Dutch,andby 0.96for JapaneseNotethat
althoughthis manipulationremovesa possibleconfound,it
is notavery plausibleone.Indeed,in Experimentl, thefact
that Japanesspealers have a higherpitch on averageisn't
sufcient by itself to allow for a discrimination.

Procedue

Hesleth,ChristopheandDehaene-Lamber{d997) test-
ing 2-3month-oldswith thenon-nutritve suckingprocedure,
haveimprovedthehabituatiorparadignby having eachbaby
undepo 2 shifts (oneof languagepneof spealers). Thanks
to the within-subjectdesign,they found that the statistical
powerincreasedandthusneededewer subjectso complete
anexperiment.

Herewe have tried to adaptthis 2-shift designto experi-
mentationon newborns. The rst two phasef the experi-
mentwererun exactly asin Exp. 1. After ababyhadunder
gonethe rst shift andthe four-minutetestphasea second
shift was madepossible. It was subjectto the samehabit-
uation criterion, delay and rejection conditionsas the rst
one. Whenmet, it allowed the babyto undego a second
four-minutetestphase.ln thatcase the secondshift wasof
adifferentkind (languageor spealer)to the rst one.Babies

S MBROLA is

who didn't successfullypasshe secondshift wereneverthe-
lesskeptfor analysisof the rst shift.

Thus,this attemptat improving the proceduredid not in-
terferewith the collectionof the dataonthe rst shift, mak-
ing it possibleto independentianalyzetheresultsof thetwo
shifts. Indeed for all babiesgverythingwasasin Exp. 1 up
until the fourth testminute. Somebabieswerejust allowed
to go on furtherif they could. This experimentwasstopped
assoonas32 babiessuccessfullypassedhe rst shift.

Participants

Thirty-two babiesweresuccessfullyested,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-
guageghan Frenchare spolen and 4 from a family where
no Frenchis spolen. The resultsof 20 additional babies
wererejectedfor the following reasonssleepingor insuf-
cientsuckingbeforethe rst shift (6), crying or agitation(4),
failureto meetthe habituationrst criterion (1), sleepingor
insufcient suckingafterthe rst shift(3), lossof thepaci er
afterthe rst shift (6).

Results

Fir stshift

Figure 2 shavs 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 131 1], neitherwastherean effect of the habitua-
tion language[F 131 18, p 019]. An ANCOVA
on the 2 post-shiftminutes, controlling for the 2 pre-shift
minutes,shaved a signi cant groupeffect[F 1 29 63,
p 0018],indicatingthatbabiesin the experimentalgroup
increasedheir suckingsigni cantly morethanthosein the
controlgroup. Thisleadsusto theconclusiorthatthebabies
in the experimentalgroupwereableto discriminatebetween
thetwo languages.

Secondshift

Out of 32 babiessuccessfullypassinghe rst shift, only
11 passedhe secondone. The resultsof the remaining21
werediscardediueto sleepingor insufcient suckingbefore
thesecondshift (7), cryingor agitation(2), failureto meetthe
secondhabituationcriterion beforethe 20 minutetime limit
(6), sleepingor insuf cient suckingafterthesecondshift (4),
lossof the paci er afterthe secondshift (2). The smallpro-
portion of babiesable to undego the secondshift already
shaws that this procedure as usedon 2-month-olds,is not
viablefor newborns:it would leadto discardtoo muchdata
(here,atotal of 41 babiesout of 52).
freely available from
http://tcts.fpms.ac.be/synthesis/mbrola.html.
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Figure 2. Exp. 2: Dutch-Japanesdiscrimination— Saltanaj
speech,rst shift. Minutesarenumberedrom the shift, indicated
by the verticalline. Error barsrepresent 1 standarderror of the
mean.Adaptedwith permissionfrom Ramuset al. (2000). Copy-
right 2000AmericanAssociationfor the Advancemenbf Science.

Neverthelessa discriminationindex | wascomputedac-
cordingto thefollowing formula(Heslethetal., 1997):

pod2cort  PreZeornt

I PO 2epe  PreZexpe
wherepog2 and pre2 referto the averagenumberof sucks
during the 2 post-shift(respectiely pre-shift) minutes,and
wherethe cort and expe indicesrefer to the type of shift
(controlor experimental).Thus,a babyincreasinghersucks
moreto thelanguageshift thanto a spealer shift will have a
strictly positive |. Figure 3 givesthe valuesof | for the 11
babies. Table 1 shaws the dishabituationscoresdepending
ontypeandorderof theshifts.

Tablel

Dishabituationscoes(pog2 pre2) accodingto orderand
type of the shift. The numberof observationsper caseis
indicatedin parentheses.

Firstshift Secondshift
control/experimental4) 0 +0.8
experimental/contro(7) +6.6 +4.5

Thereis avery slighttrendin the predicteddirection: ba-
biesincreaseheir suckingmore during experimentalshifts
than during the correspondingontrol ones. However, this
is true of 6 babiesout of 11 only, andthe averagediscrim-
inationindex is 19 14, not signi cantly differentfrom 0
[t 10 1]

Notethatduringthe rst shift, thesell babiesarebehar-
ing consistentlywith the othersduring the rst shift: they
increasedheir suckingmore (+6.6) to the languagechange
thanto the spealer changg(+0). Thus,whereaghe rst shift
revealsmeaningfulinformation concerningthe reactionsof
infants,the secondshift merelyshows a perseerationof the
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Figure 3. Exp. 2: Valuesof index | for 11 babiespassinghetwo
shifts.

behaior producedduringthe rst shift, which s little mod-
ulatedby the natureof the secondshift. In summary this
attemptsuggestghat thereis little to learnfrom a second
shift with newborns.However, this outcomedoesnot dimin-
ish theresultsobtainedon the rst one,which areclearand
interpretable.

Discussion

The dataobtainedon the 32 newbornswho successfully
passedhe rst shift shav that (a) they areableto discrimi-
natebetweenDutch and Japanesgp) they cando sowhen
sentenceareresynthesizeth thesaltanajmanneri.e. when
lexical, syntactic phoneticandmostphonotactiénformation
isremoved..

Althoughtheinteractionwith Exp. 1 is not quite signi -
cant[F 159 26,p 011]° thisis alsoconsistentvith
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 saltanajresynthesisachievesa comparabldevel of
stimulusdegradationaslow-pass ltering: Sinceall the du-
rationsandthe fundamentafrequeng are faithfully repro-
duced,prosody in a broadsense,is still presered. It is

° Note thatinteractionare seldomsigni cant in experimentson
newvbornsaryway, dueto their low statisticalpowver. For instance,
in directly comparablestudiesno signi cant interactionwereever
reportedMehleretal., 1988;Nazzietal., 1998).
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thereforeinsufcient to disentanglehe role of rhythm and
intonation.This concernis addresseth thenext two experi-
ments.

Experiment3: sasasawith
arti cial intonation

Materialsand Method

Stimuli

In previous experimentstesting languagediscrimination
by adultson the basisof rhythm only (Ramus& Mehler,
1999; Ramuset al., submitted),sentencesvere resynthe-
sizedfollowing the at sasasamanner:all consonantsvere
mappedo /s/ andall vowelsto /a/, andin additionthe orig-
inal Fp contourof the sentencavasignoredandreplacedby
a constant. Thusall differencesoncerningntonationor
syllablestructurewereeliminated preservingonly rhythmi-
cal differencedetweernthetwo languages.

Whentestingbabiesanadditionalconcerris to keepthem
awake and active in the experiment. In this respect, at
sasasastimuli are potentially problematic. Both their low
phoneticdiversity andtheir monotonousntonationare sus-
ceptibleto provoke boredomor distressin infants, and/or
to inducethemto processthe stimuli as non-speech.We
thusfelt we hadto improve the attractvenessf our stimuli,
while still adequatelytestingour hypotheses.Considering
that newbornsare known to reactnormally to low-pass I-
teredspeech(Mehleretal., 1988;Nazziet al., 1998),we as-
sumedhatphoneticdiversitywasnot a necessargondition,
but we choseto presere somevariability in theintonation.

Therefore,we decidedto resynthesizéhe same40 sen-
tencesas before using a sasasaphoneticmapping,i.e., to
map all consonantdo /s/ and all vowels as/a/. However,
insteadof applyinga at intonationto eachsentencewe ap-
plied arti cial intonationcontours.Five intonationcontours
inspiredfrom Frenchsentencesreredesignecandeachwas

appliedto 4 of the Dutch and4 of the Japanessentences.

All contourdncludedaregulardeclinationtowardstheirend,
in orderto be more easilyadaptedo sentencesf different
lengths;they areillustratedin Figure4. Thus,theresynthe-
sizedsentencemcorporatebothwithin-sentencandwithin-
languagdntonationalvariability, but no differencesn into-
nationbetweerthetwo languages.

A potentialcriticism of this methodis thattheremight be
aninteractionbetweerintonationandrhythmicstructure so
thatthe ve contoursselectednight be moreadaptedo the

rhythmic structure,say of Dutch, thanto that of Japanese.

This would thenintroducea differencebetweerthe two sets
of sentencethatwould not bearhythmicdifferencestrictly
speaking. In orderto investigatethis possibility, we have
conductedthe following preliminary experimenton adult
subjects.

Judgementby adult subjectsof sentencesesynthesized

with an arti cial intonation Twelve participantswere re-
cruited and testedin a quiet room. They were 4 menand
8 women,with ameanageof 34 years,andof variousnative
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Figure 4.

Intonationcontoursusedin Exp. 3.
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languageg4 French,1 Rumanian3 Spanish,1 German,2
English,1 Dutch).

Two blocksof stimuli weredesignedonecomprisingthe
40 experimentalsentence$o be usedon the babies(sasasa
with arti cial intonation), and the other the saltanaj sen-
tenceswith original intonationusedin Exp. 2, to provide
abaseline.

Eachparticipantheardthe sentencesneby one,in aran-
dom order within eachblock; the order of the blocks was
counterbalancedcrosssubjects.Thetaskwasto judgehow
naturalthe intonationof eachsentencewas (from 0: very
strangeto 5: perfectly natural). If arti cial intonationsare
equally adaptedto the rhythmic structureof the two lan-
guagesthey shouldyield similar averaggudgementsThese
areshawn in Figure5.

Dutch ------. Japanese

3.5

2.5 4

saltanaj
intonation

Figure 5. Adult subjects'judgement®of the intonationpatternof
Dutch and Japanessentences.Error barsrepresent 1 standard
errorof themeanby subject.

It appearshatthearti cial intonationsof thesasasastim-
uli arejudgedto besigni cantly lessnaturalin Dutchthanin
JapaneseentencefF 1 11  125,p 0 005]. However,
the sameis true of the saltanajsentencesvith their original
intonation[F 111 84,p 002]. It thuscant beinter
pretedasan effect of mismatchbetweerthearti cial intona-
tion contoursand Dutchrhythm. Rather it seemdo re ect
thein uence of syllabicstructureon subjects'responsesl-
thoughthey wereinstructedto reportspeci cally aboutin-
tonation. Fromtheir reports,it appearghatthe presencef
heary consonantlustersin Dutch (alsore ected by longer

/slsin the sasasaversion)biasedthemin favor of Japanese.

Thus, thereis a main effect of languagelF 1 11 218,
p 0 001],andthereis alsoa maineffect of type of synthe-
sisfF 111 84,p 002],revealingthatsasasaynthesis
soundedessnaturalto the subjectsthan saltanaj Despite
theseeffects that interferedwith the subjects'judgements,
it is mostimportantto notethat thereis no interactionbe-
tweenlanguagendtypeof stimuli[F 1 11 1], indicating
thatthearti ciality of thesasasastimuli's intonationdid not

interactwith the rhythmic structureof the two language¥,

which wasthe hypothesiaindertest. We thereforeconsider
our stimuli asappropriateo testlanguagediscriminationon

thebasisof rhythmonly.

Procedue

Due to the unsuccessfuattemptto have the babiesun-
dergo 2 shiftsin Exp. 2, we abandonedhe secondshift and
revertedto the one-shiftprocedureausedin Exp. 1.

Participants

Forty babied! 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 where one or several other lan-
guageghanFrencharespolenand3 from familieswhereno
Frenchis spolen. The resultsof 20 additionalbabieswere
rejectedfor the following reasons:rejectionof the paci er
(2), sleepingor insufcient suckingbeforethe shift (7), cry-
ing or agitation(3), failure to meetthe habituationcriterion
(1), sleepingor insufcient suckingaftertheshift (4), lossof
thepaci er aftertheshift (3).

Results

Figure6 shovsthenumberof HA sucksperminutefor the
two groupsof babies.Therewasno signi cant groupeffect
onbabies'suckingduringthe5 pre-shiftminutegF 1 39
15,p 023]. However, therewasasigni cant effectof the
habituationlanguagelF 139 128, p 0001], babies
listeningto Dutchsuckingmore(356 8 3sucksperminute
onaverage}hanthosdisteningto Japanesg258 9 1sucks
perminute). To take this effectinto accountwe includedthe
habituatiorlanguagédactorin theusualANCOVA. Wefound
thatit hadnosigni cant effectonsuckingpatternsiuringthe
2 post-shiftminutes[F 1 35 1], and mostimportantly,
thatit did not interactwith the groupfactor[F 135  1].
Thus,this effect hadno consequencen the overall resultof
the experiment;its interpretatiorwill be addresseth a later
section. Finally, the ANCOVA on the 2 post-shiftminutes,
controllingfor the 2 pre-shiftminutes,shaved no groupef-
fect[F 1 35 1], indicatingthatthe babiesdidn't discrim-
inatebetweernthetwo languages.

Discussion

Thereareseveral possibleinterpretation®f thefailure of
babiesto discriminatebetweenDutch and Japanese@iven
the sasasasentencesvith arti cial intonation. Oneis that
babiesdon't processspeechrhythm, andthat languagedis-
crimination experimentsshouldbe re-interpretedas reveal-
ing the processingf intonation. Anotheris thatrhythmand

©Notealsothatno oor nor ceiling effect would have prevented
this interactionto appear

" Eight additionalbabieswere testedafter analysesn the rst
32 babieswerefoundallittle ambiguous.
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Figure 6. Exp. 3: Dutch-Japanesdiscrimination— Sasasapeech
with arti cial intonation. Minutesarenumberedrom the shift, in-

dicatedby the verticalline. Error barsrepresent 1 standarderror
of themean.

intonationareinseparablebabiesmaybe sensitve to speech
rhythm,butintonationis necessario fully processt. Yetan-
otherinterpretationwould be thatbabiescanprocesspeech
rhythm, but the stimuli usedwereinadequatdor themto ex-
hibit this ability.

For instance Ramuset al. (2000) shaved that nevborns
don't discriminateDutch from Japanesarymorewhenthe
samesentencesre playedbackwards. This suggestghat
stimuli thatarenot enoughspeech-lile arenot correctlypro-
cessedby babies,even thoughthey containenoughbasic
acousticinformationfor the discriminationto be feasiblein
principle. In this respect,sasasamight not be speech-lile
enough: thereis indeedno naturallanguagewith so little
phoneticdiversity It couldalsobe thatthesestimuli aretoo
boring or distressingor the babies,aswe hadhypothesized
regardinga at intonation. Whatever the appropriatesxpla-
nation,wewill now try to increasehechanceshatthebabies
correctlyprocesghe stimuli.

Experiment: saltanajwith
arti cial intonation

Materialsand Method

Stimuli

Therearetwo differencedetweerthe stimuli usedin Ex-
periment2 andthoseof Experiment3: oneis the reduction
of the phoneticinventory(from saltanajto sasas$ andthe
otheris theuseof arti cial intonationcontoursnsteadof the
original ones.At leastoneof themhascausedabiesto fail
in thediscriminationtask. It is thereforenaturalto undoone
of thosechangesn orderto know which was critical. We
thusrevertedto the saltanajstimuli of Exp. 2, but this time
we appliedthemthearti cial intonationcontoursof Exp. 3.

Participants

Forty babiesweresuccessfullyested21 malesand19 fe-
males,with ameanageof 68 21hours,ameangestational
ageof40;1 1weeksandameanbirthweightof 3512 341
g. Twenty-seen camefrom monolingualFrenchfamilies,
12 from familieswhereoneor sereral otherlanguageshan
Frencharespolenandonefrom afamily whereno Frenchis
spolen. Theresultsof 44 additionalbabieswererejectedor
thefollowing reasonsrejectionof the paci er (5), sleeping
or insufcient suckingbeforethe shift (22), crying or agita-
tion (8), failureto meetthehabituatiorcriterion(2), sleeping
or insufcient suckingafterthe shift (4), lossof the paci er
aftertheshift (3).

Results

Figure 7 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 139 1], neitherwastherean effect of the habitua-
tion language[F 139 21, p 016]. An ANCOVA
on the 2 post-shiftminutes,controlling for the 2 pre-shift
minutes,shavs no signi cant groupeffect[F 1 37 146,
p 0 24]. However, examinationof Figure 7 suggestshat
thereis an effect, which is con ned to the rst minuteafter
theshift. A nev ANCOVA, takingasdependentariablethe
numberof sucksduringthe rst post-shiftminute,andcon-
trolling for the 2 pre-shiftminutes yieldsasigni cant group
effectindeedF 1 37 448,p 0 04]. Thissuggestshat
the newbornshave againdiscriminatedoetweenDutch and
JapaneseHowever, the effect is wealer thanin Experiment
2, beingevident during only one minutefollowing the lan-
guagechange.
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Figure 7. Exp. 4: Dutch-Japanesdiscrimination— Saltanaj
speechwith arti cial intonation. Minutes are numberedrrom 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 differenceremainedbetweerthe two languagesn the
presensaltanajstimuli, intonationis notlikely to bethecue
whoseprocessings responsibldor thelanguageliscrimina-
tion patternsobsened. For the samereasonjntonationcan-
not be necessaryor rhythm processing.The mostplausible
interpretationis thereforethat nevbornscanprocesspeech
rhythm, but somethingn the sasasastimuli preventedthem
from correctly processingt. For instance their extremely
low phoneticdiversity might leadbabiesto procesgshemas
non-speech.Alternatively, the constantfrication of sasasa
sentencesnay have beentoo distressingfor babiesto cor
rectlyperformthetask;indeedadultsubjectsalsoratedthese
stimuli lower thanthe saltanajin Exp. 3, and complained
aboutthe harshsoundof the /s/s. Whatever the correctex-
planationmay be, the alternatives could be testedby run-
ning further discriminationexperimentswhile manipulating
thenatureandthevarietyof the phonemesisedin theresyn-
thesis.

While it is clearnow thatintonationdoesnot play a cru-
cial role in newborns' ability to discriminatebetweenlan-
guagesthelasttwo experimentsarestill opento analterna-
tive interpretation:that newbornsdiscriminatethe saltanaj
stimuli onthebasisof basicphonotactidifferencebetween
Dutch and Japanesde.g., the presence/absenad conso-
nant clusters);since thesedifferencesare not presered in
the sasasaversion, this would explain both failure in Exp.
3 and successn Exp. 4. There are, however, good in-
dependenteasongo doubtthat newbornsare sensitve to
these phonotacticdifferences. Indeed, this has been di-
rectly testedin experimentswhere newvborns had to dis-
criminatebetweenlists of wordsof differentsyllabic struc-
ture. For instancenewbornswereunableto discriminatebi-
syllabic wordswith complex syllabic structure(e.g., CVC-
CCV, CCVCey, cveeve...) from bi-syllabic wordswith
simple syllabic structure (e.g., CVCV, VCCV, VCVC..),
althoughthey were able to discriminatesimple bi-syllabic
(CVCV) fromtri-syllabicwords(CVCVCYV) (Bijeljac-Babic
etal., 1993). Similarly, they wereunableto discriminatebe-
tweentri-moraic (CVCCV) and bi-moraic words (CVCV),
althoughthey were able to discriminateagain bi-syllabic
from tri-syllabicwords(Bertoncinietal., 1995).If newborns
were ableto extract phonotacticregularitiesfrom 3-second
long DutchandJapanesatterancesthey would be expected
to do so alsofrom bi-syllabic words. The factthatthey do
not suggestshatsensitvity to phonotactidifferencess not
availableatbirth; thisis consistentvith evidencethatfamil-
iarity with the native languages phonotactigatternemepes
betweert and9 monthsof age(JusczykFriederici,Wessels,
Swenlkerud, & Jusczyk,1993; Friederici & Wessels,1993;
Jusczyk,Luce, & Charles-Luce,1994). In summary the
mostplausibleinterpretatiorof newborn'sability to discrim-
inate Dutch from Japanesén their saltanajversionwith ar-
ti cial intonation,is thatthey have reactedto the rhythmic
differencedetweerthetwo languages.

Post-hoanalysis:Preferencdor
Dutch

After nding a signi cant effect of languageduring the
habituationphaseof Exp. 3 (with babiessuckingmoreto
Dutchthanto Japanese)yve have lookedfor a similar trend
in the otherexperiments As shavn in Table2 andFigure8,
the sametrendwaspresenin all four experimentssuggest-
ing a consistenphenomenon.

Table2
Average numberof HA suksproducedduring the 5 pre-shift
minutesasa functionof Experimentaindlanguage.

Exp.1 Exp. 2 Exp. 3 Exp. 4
Dutch 33 11 322 112 356 83 294 96
Japanese 309 111 27 104 258 91 253 83
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Figure 8. Averagenumberof HA sucksproducedduring the 5
pre-shiftminutes,asa function of language.Error barsrepresent
1 standarcerrorof themean.

Overall, during the 5 minutesprecedinghe shift, babies
producedon average325 10HA sucksperminuteto lis-
tento Dutch,and271 97 to listento JapaneseThe dif-
ferencessignicant: F 1 142 111,p 0001.Thefact
thatthis effectis consistenacros# experimentsuggesthat
thisis not arandomsamplingeffect. It is remarkablehata
similar effect was also noted by Nazzi et al. (1998): they
found that Frenchnewborns sucked more to listen to En-
glish thanto listento Japaneseln earlierstudies suchpat-
ternshad beeninterpretedas shaving babies'"preference”
for their native-language:Mehler et al. (1988) found that
Frenchnewbornssucled moreduring the habituationphase
to listento Frenchthanto RussianandMoon et al. (1993),
using a techniquedirectly assessingreferencefound that
newbornssucledmoreto listento their native languaggEn-
glish or Spanish). Similar resultshave beenfound in older
babiesaswell (Dehaene-Lambert& Houston,1998;Bosch
& Sebastian-Gallé4997).

Here(andalsoin Nazzietal's study),whereneitherlan-
guagewas the babies' native language,one may want to
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look for an alternatve explanation. For instance,follow-

ing adult subjects'judgementsn Exp. 3, one might argue
that Dutch sentencesgontainingmore consonantclusters
and more frication, are lesspleasantto listen to, and thus
keepthe babiesmoreexcited. Suchaninterpretationvould,

however, assumehat stimuli thatarelesspreferredprovoke
more sucking, which would appearto be in contradiction
with the earlier studies'interpretations. In the absenceof

agoodmodelof what provokesa baby's sucks the question
remainsopent?.

It is yetpossibleto provide aninterpretatiorof thepresent
resultsin termsof genuinepreferencelndeed Frenchcanbe
seenascloserto Dutch and Englishthanto Japanesalong
a numberof dimensions.Regardingthe mostrelevantone,
rhythm, objective acoustic/phonetieneasuresof rhythmic
propertiessuggesthat Frenchrhythmis muchcloserto that
of DutchandEnglishthanto thatof JapaneséRamusetal.,
1999). Similar agumentscould be madefor syllable struc-
ture, intonation,size of the phonemicrepertoire...It is thus
concevablethat Dutch and English soundmore familiar to
the FrenchnewvbornthanJapaneseNative-languagerefer
encemight thereforebe re-interpretedas preferencdor the
mostfamiliar stimulus (alongthe dimensionghat arerele-
vantto the baby).

Conclusion

The literatureon infant speechperceptionhassuggested
for yearsthat newborns discriminatelanguages'rhythmic
patterns. The evidenceaccumulatedso far, althoughcom-
pelling, has always left openthe possibility that the dis-
criminationsobsened might be dueto a sensitvity to into-
nationaldifferences.Here, usingresynthesizedtimuli, we
have showvn that intonationis not necessaryfor newborns
to discriminatebetweerDutch andJapaneseThis doesnot
strictly imply thatintonationwasnot usedby babiesto dis-
criminatelanguagesn previous experiments,but it makes
the"intonationhypothesis’'moreunlikely thanever, thereby
strengtheninghe "rhythm hypothesis”.

The point of the presentstudy is not, however, to dery
that intonation can be processedy newbornsand play a
rolein languageacquisition(seefor instanceGuasti,Nespor
Christophe& vanOoyen,in press)but to shav thatrhythm
is sufcient for babiesto discriminatelanguagesandthere-
fore that they genuinelyprocesshythm. This in turn rein-
forcesthe plausibility of languageacquisitionscenarioghat
rely on rhythmasa cueto other propertiesof languagethe
infant hasto learn. Noticing the correlationbetweena lan-
guagesrhythmtypeandthestructureof its syllablesRamus
etal. (1999)proposedor instancea detailedscenarimf how
the early perceptionof rhythm might cuethe acquisitionof
syllablestructure.lt hasalsobeenproposedhatprocedures
thatlistenersuseto normalizefor speechratearelanguage-
speci ¢, andindeeddependn thetype of rhythmof a given
languaggPallier, Sebastian-Galle®upoux, Christophe &
Mehler, 1998;Sebastian-Gallé§upoux,& Costa,n press).
Sincespeeclratevariability, lik e talker variability (seeExp.
1), is likely to be an obstacleto the extraction of relevant

linguistic unitsby theinfant,aninterestinghypothesisvould
be thatthe perceptionof speectrhythm allows for an early
selectiorof theappropriatenormalizatiorstrateyy. The"syl-
lable structure"andthe "normalization"hypothesesre ob-
viously independenandnot exclusive. More generally it is
concevablethat speechrhythm may allow infantsto make
quite a large arrayof language-speci @adjustment®n their
phonologicafepresentations.

"Phonologicalbootstrapping“scenariofMorgan & De-
muth,1996)lik ethoseproposedboretypically requirethree
lines of evidence: (a) a correlationbetweena perceptible
acoustic/phonologicatuesand a linguistic propertyto be
learnt, (b) evidencethat the acoustic/phonologicatuesare
processedby infantssufciently early, and(c) evidencethat
infantsactuallyusethosecuesin their acquisitionof thelin-
guistic property The rst line of evidencetypically comes
from linguistic andexperimentaktudiedik e thoseof Ramus
etal. (1999),Pallier etal. (1998)and Sebastian-Gallést al.
(in press). The secondine comesfrom perceptuaktudies
conductedon infantslike the presentone. Here, we have
shavnthatspeechrthythmisindeedacuethatis processetly
newborns.Thethird line of evidencemaybemoredif cult to
obtain,because¢heactualcause®f obsereddevelopmental
changesrenevercertain. Theproposedcenarioyetpredict
thatanimpairmentin speectrhythm perceptionmay delay
or impairtheinfant's acquisitionof correctsyllablestructure
and/orspeectratenormalization.

Such predictionsmay eventually be testableif suitable
neuropsychologicatasesare found. We speculatethat
dysleic children might provide us with sucha case. Al-
thoughspeechrhythmperceptiorhasneverbeenspeci cally
testedn dyslexics, thereis someevidencethatthey mayhave
troublediscriminatingthe rhythmic patternsof sequencesef
tones(McGivern,Berka,Languis,& Chapman1991;Kujala
etal., 2000). Similarly, neitherthe representatiomnf sylla-
ble structurenor speectrate normalizationhave beeninves-
tigatedin dyslexics. However, informal obsenationspoint at
particulardif culties with handlingcomple< consonantlus-
ters, hencesuggestinga possiblyimpoverishedrepresenta-
tion of syllables.Dyslexics, or alternatvely otherlanguage-
impairedpopulationsmightthusprovide a critical testof the
hypothesizedbootstrappingole of rhythm.
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