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Abstract

In the present paper, we address the issue of the emergence in infancy of speech segmentation procedures that were

found to be specific to rhythmic classes of languages in adulthood. These metrical procedures, which segment fluent

speech into its constitutive word sequence, are crucial for the acquisition by infants of the words of their native lan-

guage. We first present a prosodic bootstrapping proposal according to which the acquisition of these metrical seg-

mentation procedures would be based on an early sensitivity to rhythm (and rhythmic classes). We then review several

series of experiments that have studied infants� ability to discriminate languages between birth and 5 months, in an

attempt to specify their sensitivity to rhythm and the implication of rhythm perception in the acquisition of these

segmentation procedures. The results presented here establish infants� sensitivity to rhythmic classes (from birth on-

wards). They further show an evolution of infants� language discriminations between birth and 5 months which, though
not inconsistent with our proposal, nevertheless call for more studies on the possible implication of rhythm in the

acquisition of the metrical segmentation procedures.

� 2002 Elsevier Science B.V. All rights reserved.

1. Introduction

The focus of the present paper is on the issue of

the segmentation of fluent speech into words, and

more particularly on the development of speech

segmentation procedures during infancy. For

adults, speech segmentation involves language-

specific phonological procedures (see below, and

Cutler, McQueen and Norris, this volume) that

allow for the retrieval of the acoustic sound pat-
terns of words from fluent speech, and the con-

necting of these sound patterns to the lexical

representations stored in the lexicon. Hence for
adults, this task could be facilitated by the lexicon

itself, making it a problem of word recognition as

well as (or rather than) a problem of word seg-

mentation. However, the segmentation task has to

be different for the infant who, starting with no

lexicon and no language-specific phonological

knowledge, has to discover, rather than recognize,

the words in the input and learn the speech seg-
mentation procedure appropriate to the language

to be learnt. In the following, we present several

studies that have recently investigated the issue of

word segmentation in early infancy. These studies

have first established that speech segmentation

emerges between 6 and 7.5 months of age in En-

glish-learning American infants, hence months
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before the onset of lexical comprehension and

production (Jusczyk and Aslin, 1995). They have

then set out to specify the kind of information that

infants rely on to postulate word boundaries in
fluent speech.

Some of these studies have established that

young American infants are sensitive to different

kinds of potential word-boundary markers that are

language-specific: allophonic information (the fact

that the distribution of allophones within words is

position-dependent), phonotactic information (the

fact that some but not all phonemic sequences are
legal at the lexical level), and prosodic/metrical

information (the fact that lexical stress is predom-

inantly word initial in English). A sensitivity to

allophonic differences was found in infants as

young as 2 months of age (Hohne and Jusczyk,

1994), as attested by their ability to discriminate

between pairs such as ‘‘nitrate’’ and ‘‘night rate’’.

Infants have also been found to become sensitive to
phonotactic properties of their native language

between 6 and 9 months of age (Friederici and

Wessels, 1993; Jusczyk et al., 1993b, 1994; Mattys

et al., 2001). This is shown by the emergence of a

preference for legal or frequent sequences of pho-

nemes in their native language with respect to ille-

gal or infrequent ones (e.g., the frequent and

infrequent non-word sequences ‘‘chun’’ and
‘‘yush’’). Last but not least, a preference for words

with the predominant English strong–weak stress

pattern (e.g., ‘‘porter’’) over less frequent weak–

strong words (e.g., ‘‘report’’) also emerges between

these two ages (Jusczyk et al., 1993a; Turk et al.,

1995), revealing the emergence of a sensitivity to

native word stress patterns.

Other studies have investigated whether, once
they are sensitive to these language-specific

markers, infants actually use them to infer word-

like units. First, some studies showed that al-

though 9-month-old infants only use allophonic

cues to locate familiar words in fluent speech when

they are guided by distributional cues, 10.5-

month-old can rely on these sole allophonic cues

(Jusczyk et al., 1999a). Moreover, a recent study
has shown that the fact of providing infants with

word-boundary phonotactic information helps

them extract familiarized words from fluent speech

(Mattys and Jusczyk, 2001).

Finally, it was shown that 9- to 10.5-month-old

American infants rely on the typical stress pattern

of English to group syllables into word-like units

(Morgan and Saffran, 1995) and to remember fa-
miliar sequences of syllables (Echols et al., 1997).

The ability to retrieve familiar words from fluent

speech was also found to depend on their stress

pattern. Indeed, Jusczyk et al. (1999b) found that

infants begin segmenting strong–weak nouns (e.g.,

‘‘doctor’’ and ‘‘candle’’) from fluent speech at 7.5

months, but begin segmenting weak–strong nouns

(e.g., ‘‘guitar’’ and ‘‘beret’’) only at 10.5 months.
These authors suggested that this processing ad-

vantage of strong–weak words might result from

the specification of the predominant stress pattern

of English, and the emergence by 7.5 months of a

segmentation procedure, appropriate for English,

and based on its metrical properties. Following

this procedure, infants would place a word

boundary before the occurrence of every strong
syllable in the speech stream, allowing for the de-

tection of strong–weak but not weak–strong

words. Note that this procedure is language spe-

cific, as it would not be appropriate for the ac-

quisition of French in which the metrical structure

is different. 1 Later, that is between 7.5 and 10.5

months, infants would become sensitive to the

(language-general) distributional properties of
syllables in the speech stream, which would then

allow them to segment weak–strong words by

grouping these two syllables together. Note that

further support that infants can use statistical

regularities in the order of syllables forming a

continuous sequence to build cohesive word-like

units comes from a study by Saffran et al. (1996)

on 8-month-old infants.
Hence, the studies above provide good evidence

that the very onset of word learning/segmentation

is under the influence of language-specific seg-

mentation procedures, particularly a procedure

based on the prosodic/metrical properties of the

1 Unfortunately, it is not possible to specify the kind of

segmentation procedures developed by infants growing up in a

French-speaking environment, given that at this point all the

studies on the emergence of speech segmentation were done

with infants learning (American) English, with the exception of

one study with Dutch-learning infants (Kuijpers et al., 1998).
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native language (the strong–weak segmentation

procedure for English). At this point, and in spite

of its importance, this finding is problematic unless

we explain how infants come to specify these
phonological properties of their native language.

Indeed, if we are trying to explain how infants

come to start segmenting fluent speech, we cannot

say that they use some �knowledge� of the fact that
words are stressed initially in their language unless

we can explain how they discovered that fact in-

dependently of segmentation: a classical boot-

strapping problem. In this paper, we propose the
existence of such an independent mechanism for

the acquisition of the metrical segmentation pro-

cedure. This proposal was initially inspired by data

from the adult speech segmentation literature and

the phonetic literature, which we review in the

following. Then, we propose a prosodic boot-

strapping account of the acquisition of the metri-

cal segmentation procedures, and then turn to
recent data that we have started to gather in sup-

port of this proposal.

Several studies have looked at the way adults

segment fluent speech. These studies indicated that

speech segmentation is influenced by the metrical

system of the native language, such that adults

speaking French, English and Japanese use different

metrical segmentation procedures. It further ap-
peared that each procedure is based on the metrical

unit characteristic of a particular language. Hence,

the syllable appeared to be the unit of segmentation

used by French-speaking (Mehler et al., 1981),

Spanish- and Catalan-speaking (Sebasti�aan-Gall�ees
et al., 1992), and Portuguese-speaking (Morais

et al., 1989) adults. However, the segmentation

procedures used in English (Cutler et al., 1986;
Cutler and Norris, 1988) and Dutch (Vroomen

et al., 1996) are apparently guided by information

about typical word stress patterns, which involve an

alternation of strong and weak syllables. A third

pattern was found for Japanese adults, who ap-

peared to rely on the mora (Otake et al., 1993). 2

Finally, adults� segmentation procedures appear to

be deeply embedded in their language-specific

competence, and acquired at a very young age. This

is attested by the fact that the metrical procedure
they use is determined by their native language ra-

ther than by the language they are listening to: once

they have mastered a particular language, adults

rely on procedures appropriate to that language

even when listening to a foreign language (Cutler

et al., 1986; Otake et al., 1993). Moreover, it has

also been shown that even very proficient bilinguals

are dominant in one of their languages, and have
developed specialized metrical segmentation pro-

cedures in only one of their languages (Cutler et al.,

1992).

It has been suggested that each of the different

types of metrical segmentation procedures is op-

timally adapted to the processing of a particular

rhythmic class of languages (Cutler and Mehler,

1993; Otake et al., 1993; see also Sebasti�aan-Gall�ees
et al., 1992; Vroomen et al., 1996), even if minor

processing differences can be found within a

class. 3 This proposal is based on a three-way

classification of languages according to their pre-

dominant rhythmic structure (Abercrombie, 1967;

Pike, 1945). By this classification, most Germanic

languages (e.g., English, Dutch, German) have a

rhythm based on the stress unit (i.e., the foot),
most Romance languages (e.g., French, Italian,

Spanish) have a rhythm based on the syllable,

while languages such as Japanese have a mora-

based rhythm. Note that these rhythmic units are

hierarchically related at the phonological level, as

feet are made up of syllables that are made up of

morae.

The view that the rhythmic properties of a
language shape adults� processing procedures has

influenced views of how infants develop efficient

procedures for segmenting native language utter-

ances. Mehler et al. (1996) have proposed that the

emergence of metrical segmentation procedures

2 The mora is a metrical unit that can either be syllabic (V or

CV) or subsyllabic (second half of a long vowel, post-vocalic

nasal consonant, or post-vocal portion of a geminate conso-

nant).

3 We draw here a distinction between rhythm at the lexical

level (which we call metrical information, or stress pattern) and

rhythm at the sentence level (for which we reserve the term

rhythm, and rhythmic classes). However, as we point out below,

these two levels are not entirely dissociated.
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rests on an early sensitivity to prosody, and more

precisely here, linguistic rhythm specified at a non-

segmented level. Note that this proposal meets

other recent proposals regarding infants� early
sensitivity to prosodic information, and the im-

portance of prosody in early language acquisition

(Fernald and Kuhl, 1987; Jusczyk, 1997; Jusczyk

et al., 1993a,b; Jusczyk and Thompson, 1978;

Karzon and Nicholas, 1989; Kuhl and Miller,

1982; Morse, 1972; Nazzi et al., 1998a,b; Spring

and Dale, 1977).

More specifically, our proposal is that infants�
sensitivity to rhythm at the utterance/supra-

segmental level will allow them to specify the type

of rhythm of their native language, and develop

the procedure appropriate to its segmentation.

Hence, the emergence of the metrical segmentation

procedures is not based on infants learning that

words in their native language have a specific stress

pattern (which requires knowledge of at least some
words), but on infants specifying the type of

rhythm of their native language. This acquisition

scenario works because there is a relation between

rhythm at the sentence level and meter at the lex-

ical level, so that the metrical units segmented by

the infants will more or less correspond to words.

We further hypothesize that infants will discover

the correspondence between metrical units and
lexical units at some point between the ages of 7.5

months (onset of speech segmentation) and 10 to

12 months (acquisition of the first words).

To validate the above (prosodic bootstrapping)

proposal, three points need to be validated. First,

we need to demonstrate that there are acoustic

correlates to the rhythmic classes. Such evidence

has been reported in several recent investigations
(Arvaniti, 1994; Den Os, 1988; Fant et al., 1991;

Nazzi, 1997; Shafer et al., 1999; Ramus et al.,

1999). Second, we need to determine that infants

are sensitive to rhythmic class information, and,

third, that this sensitivity plays a role in the ac-

quisition of the segmentation procedures. The rest

of this paper is a review of the research bearing on

infants� sensitivity to and acquisition of rhythmic
class information, which has studied infants� abil-
ity to discriminate between languages to explore

how they perceive linguistic rhythm and acquire

the rhythmic properties of their native language.

2. Language discrimination at birth

Studies exploring newborns� ability to discrim-

inate between languages first contrasted their to-
be-native language to a foreign language. Some of

the experiments in Mehler et al. (1988) explored

the ability of French newborns to discriminate

utterances drawn from languages of different

rhythmic classes. Those infants discriminated ut-

terances in French from others in Russian, but did

not seem to discriminate English from Italian. This

led to the conclusion that early language discrim-
ination was based on the recognition of the native

language (see also Moon et al., 1993), rather than

on rhythmic class discrimination. However, the

latter conclusion was undermined by a subsequent

reanalysis of these data by Mehler and Christophe

(1995), in which the data for the different sub-

groups were merged. This new analysis showed

that the newborns did discriminate English and
Italian, thus raising the prospect that newborns

might be able to discriminate between two foreign

languages. Moreover, because the languages pre-

sented in these experiments always belonged to

different rhythmic classes (a stress-based language

contrasted with a syllable-based one), these data

are consistent with the hypothesis that infants are

relying on rhythmic differences when discriminat-
ing languages.

In the following, we present the results of two

complementary studies that investigated more

precisely the basis of the language discriminations

observed at birth. The first study used a crosslin-

guistic approach in which different sets of lan-

guages were presented, allowing for the systematic

variation of their rhythmic distance (in terms of
rhythmic class membership). The second study

used an acoustic approach, which consisted in

varying systematically the acoustic and linguistic

cues present in the stimuli.

2.1. The role of rhythm––a crosslinguistic approach

To clarify the issue of whether young infants

discriminate because they recognize their native

language or because they extract the rhythmic

characteristics of utterances and use these char-
acteristics to sort utterances (languages) into a
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limited number of rhythmic classes, Nazzi et al.

(1998a) conducted a new study with newborns

from French-speaking families with sets of sen-

tences in different foreign languages. Four different
speakers of each language recorded 10 different

sentences each (hence a total of 40 different sen-

tences per language). Moreover, because this study

was about the role of rhythmic/prosodic informa-

tion in discrimination, the stimuli were low-pass

filtered with a cutoff frequency of 400 Hz, a trans-

formation of the signal that removes most seg-

mental/lexical information while preserving most
prosodic information.

In this study, the rhythmic distance between the

languages presented was systematically varied, in

that the languages belonged either to two different

rhythmic classes (stress-based British English and

mora-based Japanese) or to the same class (stress-

based British English and Dutch). If infants� dis-
criminations are based on a recognition of the
native language, they should fail to discriminate in

both experiments as all the languages presented

are foreign languages. If infants discriminate lan-

guages based on their rhythmic types, then they

should discriminate English and Japanese, but fail

to discriminate English and Dutch. Nazzi et al.

(1998a) also conducted a language �categorization�
experiment, in which infants were familiarized
with utterances from two languages, and then

tested on whether they could discriminate them

from utterances from two other languages. The

rationale of this experiment was to show that one

could determine whether or not infants would

perceive a language change by using the same four

languages but varying the way they were paired

(i.e., according or orthogonally to the rhythmic
classification).

Nazzi et al. (1998a) results supported the hy-

pothesis that language discrimination is based on

rhythm and rhythmic classes. French newborns

discriminated the two foreign languages from dif-

ferent rhythmic classes (English and Japanese), but

did not discriminate the two languages from the

stress-based class (English and Dutch). These re-
sults are consistent with Mehler and Christophe�s
(1995) reanalysis of the Mehler et al. (1988) ex-

periment on English/Italian discrimination by

French newborns. In the third experiment, dis-

crimination was found when the languages were

paired according to the rhythmic classes (i.e.

stress-based British English and Dutch vs. syllable-

based Italian and Spanish), but not when the
pairing was made across the rhythmic classes (i.e.

British English and Italian vs. Dutch and Spanish).

Hence, newborns discriminated the languages only

when there was a rhythmic basis for doing so.

Moreover, it appeared that newborns were not

sensitive to the prosodic differences existing be-

tween languages from the same rhythmic class or

at least that the intra-class differences were less
important than the intra-class similarities.

2.2. The role of rhythm––an acoustic approach

The more parsimonious interpretation of the

above studies is that infants discriminated between

different types of rhythm. However, there are

many acoustic differences between languages, and

one needs to be sure that infants did not attend to

some other non-rhythmic speech cue which would

define a partition of the languages used in the
previous studies equivalent to the rhythmic classes.

The way the above studies minimized this risk was

by presenting infants with stimuli low-pass filtered

at a cutoff frequency of 400 Hz. Hence, Mehler

et al. (1988) found that newborns could discrimi-

nate between French and Russian utterances both

when the stimuli were natural, and when they were

low-pass filtered (but not when they were pre-
sented backward, a transformation that destroys

the temporal organization of speech). Moreover,

all the experiments in Nazzi et al. (1998a) used low-

pass filtered stimuli. It is therefore unlikely, for

instance, that phonetic or phonotactic differences

might have provided the basis for the observed

discriminations. Yet, because the lowest 400 Hz of

speech contain at least one cue other than rhythm,
that is intonation (i.e. the melodic contour carried

by the fundamental frequency or F0), it would be

useful to confirm the above findings with studies

using stimuli in which the acoustic cues are even

more stringently controlled for.

This led Ramus and Mehler (1999) to look for

alternative ways to control speech cues. Their

strategy was to resynthesize speech from real
utterances, which allowed them to control the
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parameters of the synthesized speech stimuli. They

used a diphone synthesizer, MBROLA (Dutoit

et al., 1996), whose input consists of a string of

phonemes together with their respective durations
and corresponding F0 contours. A number of ma-

nipulations of those parameters were devised. 4

The saltanaj manipulation consisted in replacing

each phoneme by just one exemplar of the same

manner of articulation, without modifying its du-

ration: /s/ for fricatives, /a/ for vowels, /l/ for liq-

uids, /t/ for plosives, /n/ for nasals and /j/ for glides.

When applied to two languages using the same
diphone database, this effectively removes all

phonetic differences and first-order phonotactic

differences, while still preserving the overall pros-

ody. A more radical manipulation, sasasa, replaced

all consonants by /s/ and all vowels by /a/, thereby

only preserving the alternation of consonants and

vowels, rhythm and intonation. In parallel, it was

also possible to degrade the F0 contour, by making
it constant or replacing it by another contour.

Using this methodology, Ramus et al. (2000)

showed that French newborns were able to dis-

criminate between stress-based Dutch and mora-

based Japanese when the utterances had been

resynthesized using the saltanaj manipulation.

Given that both rhythm and intonation were

available in these stimuli, this result paralleled the
discrimination of low-pass filtered English and

Japanese (Nazzi et al., 1998a). In another experi-

ment, the original F0 contours of the sentences

were replaced with the same artificial contours for

both languages, thereby eliminating any differences

in intonation. The results again showed evidence of

a discrimination by the newborns, although the

effect was much weaker (Ramus, in press). This
suggests that, for the two languages considered,

intonational differences cannot by themselves ex-

plain newborns ability to discriminate between

them, hence supporting a discrimination based on

rhythm. However, this does not imply that into-

nation plays no role at all. Indeed, rhythm and

intonation are not entirely independent as, for ex-

ample, phrase-final lengthening is also often

marked by a decrease in pitch. It is therefore con-

ceivable that this co-variation between rhythm and

intonation enhances discrimination abilities.

2.3. Summary

The above studies provide converging evidence

that newborns discriminate languages based on

their rhythmic properties at the utterance level.

Indeed, it was found that newborns can discrimi-

nate foreign languages if and only if they belong to

different rhythmic classes, and even when the

confounding factor of intonation is eliminated.

This supports the proposal that infants are, very
early on, sensitive to rhythm, and that their sen-

sitivity allows them to separate languages into

classes of languages sharing similar global rhyth-

mic properties. These studies then suggest that

sensitivity to rhythm, rather than recognition of

the native language, supports language discrimi-

nation at birth. Hence, this suggests that the

preference for the native language found in some
studies (Mehler et al., 1988; Moon et al., 1993)

would be better qualified as a preference for the

native language rhythmic class.

Finally, the above studies were motivated by

our proposal that infants� acquisition of the met-

rical segmentation procedure appropriate to the

processing of (the rhythmic class of) their native

language might rely on an early sensitivity to
rhythm. Our findings that young infants are sen-

sitive to the same rhythmic properties that define

the different language classes that emerged from

adult research provides an element of validation/

feasibility to that proposal. In the following, we

present further research on older infants� discrim-
ination of languages, in which we sought to de-

termine whether there is a link between the
evolution of language discrimination and the ac-

quisition of the metrical unit and segmentation

procedure of the native language.

3. Acquisition of the rhythmic properties of the

native language

Following the pattern of language discrimina-
tion found in their newborn study, Nazzi et al.

4 Samples of the stimuli can be heard on http://www.ehess.fr/

lscp/persons/ramus/resynth/ecoute.htm.
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(1998a) proposed a more precise prosodic boot-

strapping account of the acquisition of the metrical

procedures found to be used by adults. According

to their proposal, called the rhythmic class acqui-
sition hypothesis, infants� initial sensitivity to

rhythmic classes would allow them to specify the

common rhythmic properties of their native rhyth-

mic class, from which they would develop its asso-

ciated metrical segmentation procedure. It would

also enable them to perform more detailed analyses

of the rhythmic properties of languages within the

native class, leading to improvements in discrimi-
nating languages within that class. Accordingly, by

a few months of age, infants should discriminate

any two languages from the native rhythmic class,

but should not discriminate languages belonging to

the same foreign rhythmic class.

Nazzi et al. (2000) later suggested two other

possible acquisition patterns. One of these acqui-

sition patterns, called the native language acqui-
sition hypothesis, is that newborns� sensitivity to

rhythmic classes might lead to the acquisition of

the rhythmic properties of their native language

(whether or not they are shared with other lan-

guages of its class) rather than the common

properties of the native language class as a whole.

This pattern of acquisition is more similar to the

one observed for the acquisition of the phonetic
and phonotactic properties of the native language

(Jusczyk et al., 1993b; Werker and Tees, 1984).

This hypothesis predicts that the ability to dis-

criminate languages evolves during the first

months with the emergence of the ability to dis-

criminate the native language from foreign lan-

guages belonging to the native rhythmic class.

However, infants should not discriminate two
foreign languages belonging to the same rhythmic

class, be they native or foreign.

Finally, Nazzi et al. (2000) suggested that in-

fants may undergo a general maturation process

between birth and 4 months that allows them to

make more subtle language discriminations. This

maturation hypothesis holds that, at some point in

development, infants should discriminate any two
languages, provided that they differ sufficiently at

the acoustic level. Furthermore, infants should

discriminate languages both within the native

language class and within foreign classes.

Some studies have tested infants� language dis-
criminations a few months after birth. A well-

established result is that 2- to 4-month-old infants

can discriminate their native language from a
foreign language (Bahrick and Pickens, 1988;

Dehaene-Lambertz and Houston, 1998; Mehler

et al., 1988). But the data are more difficult to

interpret when it comes to language pairs involv-

ing only foreign languages, or languages from the

same rhythmic class. Indeed, using a habituation/

dishabituation paradigm, Christophe and Morton

(1998) tested the ability of 2- to 3-month-olds
English infants to discriminate between three pairs

of languages. Two of the pairs involved foreign

languages belonging to different rhythmic classes:

syllable-based French vs. mora-based Japanese,

and stress-based Dutch vs. Japanese. The last pair

involved the native language, stress-based English,

and a foreign language from the same rhythmic

class, Dutch. The rationale for testing Dutch in
those two last experiments was to determine whe-

ther 2- to 3-month-olds considered it as their na-

tive language or not. The results for French and

Japanese showed no discrimination, a result not

predicted by any of the three acquisition hy-

potheses presented above (but see below for a

methodological account of that absence of discrim-

ination). The results for the other two experiments
showed close but non-significant discrimination,

which suggests that these infants might be at a

transitional age, some of them starting to distin-

guish their native language (e.g., English) from

other languages of the same rhythmic class (e.g.,

Dutch). But even if this interpretation is correct, it

still does not allow us to select between the ac-

quisition hypotheses we presented, given that
crucial language pairs, involving foreign languages

from either the native rhythmic class or a foreign

class, were not tested.

Nazzi et al. (2000) set out to explore this issue

beyond 2 to 3 months of age, by studying the

discrimination abilities of English-learning Amer-

ican 5-month-olds. Because testing 5-month-olds

required adapting the headturn preference proce-
dure to provide a discrimination measure, infants

were first tested on language contrasts involving

languages from different rhythmic classes (for

which discrimination is expected according to all
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three considered developmental hypotheses). In

that paradigm, infants were first familiarized with

passages from one language, then tested with four

new passages of the familiarization language and
four passages of a new language, presented in

random order.

The between-class language pairs first tested

were: stress-based British English (hence a variant

of the infants� native language) vs. mora-based

Japanese, and two languages from different non-

native language rhythmic classes, syllable-based

Italian vs. mora-based Japanese (a rhythmic con-
trast not tested previously). Infants discriminated

both pairs, establishing that 5-month-olds can

discriminate languages from different rhythmic

classes, even when both languages are foreign, and

extending the evidence of between-class discrimi-

nation to the syllable- vs. mora-based contrast.

These results are consistent with the newborn data

(Nazzi et al., 1998a), but not with the absence of
discrimination between French and Japanese by

English 2- to 3-month-olds (Christophe and

Morton, 1998). However, a way to reconcile the 2-

to 3-month-old data is given by an experiment

reported in the discussion of Experiment 2 of

Nazzi et al. (2000), which used a habituation/

dishabituation paradigm similar to the one used in

the studies with the younger infants, and failed to
show the American 5-month-olds� ability to dis-

criminate British English and Japanese that

emerges with the other test paradigm. Hence,

Nazzi et al. (2000) suggested that the habituation/

dishabituation paradigm might be well adapted to

the testing of newborns but not that of 5-month-

olds, the 2-month-olds falling in between these two

extremes.
The four other experiments in Nazzi et al.

(2000) tested pairs of languages belonging to the

same class. Pairs were varied according to whether

or not they belonged to the native rhythmic class,

and whether or not the native language was pre-

sented. The results suggest a critical role of both

rhythmic class and native language. Indeed, when

the languages belonged to a rhythmic class differ-
ent from that of the native language (i.e., syllable-

based Italian and Spanish), 5-month-olds failed to

discriminate. But when the languages belonged to

the native language class, some discrimination

ability was found. However, the results appeared

to be predicted by whether or not the native lan-

guage was presented. Indeed, the infants discrim-

inated British English from Dutch, and their
native dialect (American English) from another

dialect (British English), but failed to discriminate

German from Dutch.

These results underline the evolution of lan-

guage discrimination abilities between birth and 5

months, and allow a specification of the acquisi-

tion mechanisms involved. Indeed, this evolution

cannot be the product of a general maturation of
processing abilities, given the fact that 5-month-

olds discriminated the subtle distinction between

two variants of their native language (American

and British English), while failing to discrimi-

nate more distinctive language pairs (Italian/

Spanish; Dutch/German). Moreover, the failure to

discriminate between Dutch and German is in-

compatible with the rhythmic class acquisition
hypothesis according to which infants should dis-

criminate between all languages from the native

rhythmic class, given that development consists of

the acquisition of the rhythmic properties shared

by the different languages of that class. The best

account of the present results is the native lan-

guage acquisition hypothesis which states that in-

fants learn the specific rhythmic features of their
native language, rather than those of the rhythmic

class as a whole. Accordingly, languages are dis-

criminated when one is more similar to the native

patterns than the other (for American infants:

American vs. British English; British English vs.

Dutch), but not when they are equally dissimilar

(for American infants: Dutch vs. German; Italian

vs. Spanish).
Finally, it emerges that language discrimination

at 5 months is based on prosodic information,

even when the languages presented share global

rhythmic properties. This is shown here by the fact

that infants discriminated the same sentences of

English spoken in two different variants (British

and American), which supports the hypothesis

that their discriminations were based on prosodic
rather than phonotactic (and to a lesser degree

phonetic) information. This is further supported

by the fact that within-class discrimination can be

obtained with low-pass filtered sentences (i.e.,
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stimuli with degraded phonetic/phonotactic infor-

mation, but preserved prosody) in 4-month-olds

(Bosch and Sebasti�aan-Gall�ees, 1997), or that

American infants cannot discriminate American
words from Dutch words (i.e., stimuli differing

phonetically and phonotactically, but lacking rich

prosodic information) before 9 months of age

(Jusczyk et al., 1993b).

3.1. Summary

So far, the developmental pattern across the

above studies illustrates an early evolution of in-

fants� processing abilities, resulting in selectively
finer language discrimination performance be-

tween birth and 5 months of age. A complete de-

scription of how language discrimination abilities

develop involves a combination of two compo-

nents. An innate sensitivity to rhythmic types, in-

dependent of any knowledge of the rhythmic

properties of the native language, explains abilities

to discriminate languages from different rhythmic
classes from birth onwards. However, infants�
growing knowledge of their native language

rhythmic properties seems to be the key to their

ability to discriminate languages from within the

native language rhythmic class by 5 months of age.

In the following, we evaluate the consequences of

these results on our proposal regarding the impli-

cation of rhythmic sensitivity in the acquisition of
the metric segmentation procedure appropriate to

the processing of the native language.

4. Conclusion and future directions

In this paper, we have presented a develop-

mental proposal for the acquisition of the metrical

speech segmentation procedures used in adult-
hood. Given the bootstrapping issue that these

procedures, which operate at the lexical level, need

to be learnt at a level independent of the word, we

have proposed that these procedures could de-

velop from an early sensitivity to and acquisition

of the rhythmic properties of speech at the utter-

ance/suprasegmental level. Based on data from the

adult and phonetic literature, we have proposed
that infants� sensitivity to differences in global

rhythms (rhythms that seem to separate the lan-

guages into rhythmic classes) could be the basis for

the later development of the metrical segmentation

procedure appropriate to their native language
(Mehler et al., 1996). More specifically, the pro-

posal is that, based on early sensitivity to rhythmic

classes, infants will specify the common rhythmic

properties of their native rhythmic class (and its

metrical unit), from which they will develop its

associated metrical segmentation procedure (Nazzi

et al., 1998a, 2000).

We have then presented studies testing this
proposal. These studies explored infants� sensiti-
vity to rhythmic classes, from birth to 5 months,

through the study of their ability to discriminate

utterances from different languages. Overall, there

is converging evidence that newborns are sensitive

to rhythm and to the way languages fall into

rhythmic classes (Nazzi et al., 1998a,b; Ramus

et al., 2000), a sensitivity which further appears to
be independent from any knowledge of the native

language. Studies with older infants (up to 5

months of age) suggested that infants rapidly learn

the prosodic properties of their native language,

rather than those of their native language class as a

whole. This is attested by the fact that, contrary to

younger infants, 5-month-olds were found to dis-

criminate between their native language and a
foreign language of the same rhythmic class, but

still could not discriminate two foreign languages

from their native class (Nazzi et al., 2000). At first

sight, these data go against our acquisition pro-

posal. However, it could be that the infants tested

by Nazzi et al. (2000) were too young, and had not

yet learnt the global properties of their native

language class. In order to test this hypothesis,
older infants are starting to be tested (Nazzi, Jus-

czyk, and Johnson, work in progress). This new

study tests infants around the age of 7.5 months,

which is the age at which English-learning Amer-

ican infants were found to show the first signs of

having learnt the predominant lexical stress pat-

tern/metric unit of their native language (Jusczyk

et al., 1993a), and of having developed its appro-
priate metrical segmentation procedure (Jusczyk

et al., 1999b). Data showing that, by that age, in-

fants have started discriminating foreign languages

from their native language class (while still failing
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at discriminating foreign languages from a non-

native class) would support our acquisition pro-

posal.
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