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Abstract 

The present paper reviews recent studies on the early segmentation of word 
forms from fluent speech. After having exposed the importance of this issue 
from a developmental point of view, we summarize studies conducted on this 
issue with American English-learning infants. These studies show that 
segmentation abilities emerge around 8 months, develop during the following 
months, and rely on infants’ processing of various word boundary cues the 
relative weight of which changes across development. Given that these studies 
show that infants mostly use cues that are specific to the language they are 
acquiring, we underline that the development of these abilities should vary 
cross-linguistically, and raise the issue of the developmental origin of 
segmentation abilities. We then offer one solution to both the crosslinguistic 
differences (also observed in adulthood) and bootstrapping issues in the form 
of the early rhythmic segmentation hypothesis. This hypothesis states that 
infants rely on the underlying rhythmic unit of their native language at the 
onset of segmentation abilities: the trochaic unit for stress-based languages, 
the syllable for syllable-based languages. After the presentation of various 
elements on which this hypothesis relies, we present recent data on French 
infants offering a first validation of this proposal. 

 
 
 
 
What does it mean, from a developmental point of view, to learn a 

lexicon? A word corresponds to the specific pairing between the mental 
representation of a sound pattern (word form) and an abstract representation 
(concept) of an object or event in the world that constitutes the meaning 
associated to that word form. The building of a lexicon will then rely on the 
development of three sets of abilities: the ability to elaborate and store word 
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forms, the ability to build concepts for the objects and events in the world, 
finally the ability to appropriately link word forms and concepts. Note that the 
elaboration of word forms and of concepts starts before the onset of lexical 
acquisition per se around the ages of 10 to 12 months. It is thus likely that 
infants in their first year of life constitute a store of word forms and concepts 
that are later paired to make words. In the second year of life, all these 
acquisitions could happen simultaneously (see Nazzi & Bertoncini, 2003, for 
a discussion of possible changes in word acquisition around 18 months of 
age). 

The acquisition of the lexicon by infants and young children has been a 
research topic for decades. In what follows, we review studies focusing on a 
specific ability involved in word learning, namely the ability to extract the 
sound pattern of words from fluent speech (henceforward, word form 
segmentation). Word form segmentation constitutes a crucial step in speech 
processing, which allows infants as well as adults to determine the sequence 
of lexical units that constitute the utterances they hear. The ability to extract 
word forms from spoken speech might play a critical role for the acquisition 
of the lexicon. This hypothesis is supported by the finding of positive 
correlations between word segmentation performance and later vocabulary 
levels (Newman, Bernstein Ratner, Jusczyk, Jusczyk, & Dow, 2006), and by 
the demonstration that newly segmented words are easier to link to new 
objects at 17 months of age (Graf Estes, Evans, Alibali, & Saffran, 2007). It 
also appears that word form segmentation is a prerequisite for the acquisition 
of syntax, given that all theories of syntax acquisition presuppose that infants 
have access to the segmented sequence of words constituting the utterances 
they hear (Newman et al., 2006). 

Accessing word forms would not be an issue if word boundaries were 
clearly marked at the acoustic level, or if words were (often) presented in 
isolation. First, numerous studies show that word boundaries are not clearly 
marked in adult-directed speech (Cole & Jakimik, 1978, 1980; Klatt, 1979, 
1989). Second, two studies evaluated the presence of isolated words in the 
input to English-learning infants (Aslin, 1993; Brent & Siskind, 2001) and a 
Dutch/German bilingual infant (van de Weijer, 1998). Their results showed 
that infant-directed speech consists mostly of multi-word utterances, words 
pronounced in isolation making up less than 10% of all words present in the 
analyzed corpuses. It also appeared that words uttered in isolation might be 
easier to acquire. Indeed, infants’ production of a given word was better 
predicted by the frequency of isolated tokens of that word heard a few months 
earlier, than by the total frequency of that word at that same age (Brent & 
Siskind, 2001). However, this link could only be tested on a very small subset 
of infants’ early words (those that appeared both in early isolated and 
sentential parental input and in subsequent infant productions). Moreover, 
given that many words appearing in isolation correspond to fillers (yes, hmm, 
…), vocatives (“infant’s first name,” …) and social expressions (hi!, …), as 
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shown by van de Weijer (1998), segmentation procedures remain necessary 
for types of words that do not appear in isolation (especially grammatical 
words). Although there are few isolated words, and few pauses between 
consecutive words in the signal, there are, as discussed below, many more 
subtle linguistic cues that signal word boundaries or indicate that two sounds 
belong to the same lexical unit.  

Infants’ sensitivity to word boundary cues 

The first kind of word boundary information consists of prosodic cues that 
exist at different levels of the language structure. At the sentence level, 
intonational phrase boundaries are perceived by very young infants 
(Christophe, Dupoux, Bertoncini, & Mehler, 1994) and might help find word 
boundaries as they align with some of them (Nespor & Vogel, 1986). At the 
word level, prosody is related to the way stress and intonation are affected by 
position within the word. For example, a majority of words are stressed in 
initial position in English (Cassidy & Kelly, 1991; Cutler & Carter, 1987; 
Kelly & Bock, 1988), while in French, syllable lengthening is observed at the 
end of words in phrase final positions (Delattre, 1966; Fletcher, 1991). 
Existing studies show that infants are sensitive to the prosodic word boundary 
markers specific to their native language. For example, it has been found that 
French newborns distinguish between two versions of the same bisyllabic 
sequence according to whether the prosodic boundary of a phrase is present or 
not between the two syllables (Christophe, Dupoux, Bertoncini, & Mehler, 
1994). Moreover, a preference for English words with the predominant 
trochaic stress pattern (word-initial stress or strong-weak, such as PORter) 
over English words with the less frequent iambic stress pattern (word-final 
stress or weak-strong, such as rePORT) emerges between the ages of 6 and 9 
months in English-learning infants (Jusczyk, Cutler, & Redanz, 1993; Turk, 
Jusczyk, & Cutler, 1995). New evidence from German- and French-learning 
infants suggest that this preference might actually emerge earlier (between 4 
and 6 months) and results from exposure to the native language rather than 
from a general trochaic bias (Friederici, Friederich, & Christophe, 2007; 
Hohle, Bijeljac-Babic, Nazzi, Herold, & Weissenborn, 2009). Further support 
for language specific differences in stress perception comes from data 
showing that Spanish-learning 9-month-olds distinguish between trochaic and 
iambic pseudo-words, while French-learning infants of the same age show 
discrimination difficulties (Skoruppa, Pons, Christophe, Bosch, Dupoux, 
Sebastián-Gallés, Galluppa, & Pon, 2009). 

Allophonic cues constitute a second kind of cues to word boundaries as the 
acoustic realization of some phonemes depends on whether they are at the 
border or inside a word. For example, in English, the realization of the 
phonemes /t/ and /r/ differ in the word nitrate and in the sequence night rate 
(Hohne & Jusczyk, 1994). Sensitivity to allophonic differences has been 
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found in infants as young as 2 months of age, as attested by their ability to 
discriminate between pairs such as nitrate and night rate (Hohne & Jusczyk, 
1994).  

Phonotactic constraints, that is, constraints regarding the phonetic 
sequences allowed at the lexical level, provide a third kind of cues to word 
boundaries. For example, the sequence /zt/ for English, or the sequences /kf/ 
or /vg/ for French, cannot be found within words. Their presence in the speech 
stream would thus signal the presence of a word boundary. Infants become 
sensitive to the phonotactic properties of their native language between the 
ages of 6 and 9 months (Jusczyk, Friederici, Wessels, Svenkerud, & Jusczyk, 
1993; Jusczyk, Luce, & Charles-Luce, 1994; Mattys, Jusczyk, Luce, & 
Morgan, 1999; see also Friederici & Wessels, 1993, for Dutch; Sebastián—
Gallés, & Bosch, 2002, for Catalan; Nazzi, Bertoncini, & Bijeljac-Babic, 
2009, for French) showing a preference for legal (or frequent) sequences of 
phonemes over illegal ones (for example, in English, chun is a pseudoword 
with frequent phonotactics while yush is a pseudoword with rare phonotactics) 

Fourth, statistical/distributional information regarding the ordering of 
consecutive phonemes (or consecutive syllables) within words provide 
information on the likelihood that two sounds belong to the same word. 
Indeed, some phonetic sequences are more frequent within words than others 
(Hockema, 2006; Jusczyk, Luce, & Charles-Luce, 1994), and transitional 
probabilities between two syllables are higher within words than across 
lexical boundaries (Curtin, Mintz, & Christiansen, 2005). 

The existence of the above linguistic cues calls the following remarks. 
First, although none of these cues provide a systematic marking of word 
boundaries, their combination would provide sufficient information to allow 
the correct segmentation of the speech stream (Christiansen, Allen, & 
Seidenberg, 1998). Second, and more importantly, infants will have to learn 
how the above-mentioned cues mark word boundaries in the language spoken 
in their environment. This would be true for all cues except distributional 
information which might be domain- and species-general, as suggested for 
transitional probabilities by the fact that they were observed with non-
-linguistic auditory and visual stimuli (Saffran et al., 1999; Fiser et al., 2001), 
and found to be used by non-human mammals (Hauser et al., 2001; Toro et 
al., 2005). 

In the next sections, we review pioneering studies on early word form 
segmentation by English-learning infants, the language that provides the 
largest body of research on this issue up to now.  
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Emergence of word form segmentation abilities in English-learning 
infants 

Most of the studies on infants’ use of word boundary cues to segment fluent 
speech rely on an adaptation of the headturn preference paradigm (HPP, see 
Figure 1) by Jusczyk and Aslin (1995).  
 

(1) 

 
(2)  

 
Figure 1. The headturn preference procedure (HPP) is based on the comparison of 

orientation/listening times to different kinds of stimuli. For each trial, the center light first 
blinks to bring infant’s attention to the center of the display; when the infant looks at the 
center, (1) one of the side lights starts blinking, when the infant turns to that light, (2) the 

stimuli are presented from the loudspeaker on the same side and orientation/listening times are 
recorded. In segmentation studies, infants are first familiarized with two words, and then tested 

with passages containing or not those words (the reversed passage/word order is also used). 
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In the first experiment of that study, 7.5-month-old infants were familiarized 
with two monosyllabic words (cup and dog, or bike and feet) and then heard 
four passages, each passage being build around one of the four target words 
(each of these words was repeated 6 times in its corresponding passage). The 
results revealed a preference for the passages corresponding to the 
familiarized words, indicating that infants had recognized the target words, 
which in turn implied that they had segmented the words from the passages.1 
Failing to extend this result to 6-month-old infants, Jusczyk and Aslin (1995) 
concluded that word form segmentation abilities emerge between the ages of 6 
and 7.5 months. 

In further experiments, Jusczyk and Aslin (1995) established that the 
segmented word forms are phonetically specified: 7.5-month-olds do not 
show a segmentation effect when familiarized with the pseudoword zeet while 
the target word contained in the passages is the word feet. This result was later 
extended to the final consonant (feek, Tincoff & Jusczyk, 1996). The 
specificity of the vowel was not tested, and will have to be explored given 
recent results showing more specific use of consonantal over vocalic 
information by young word-learners (Nazzi, 2005; Nazzi & New, 2007; Havy 
& Nazzi, 2009). On a related issue, recognition of target words was also found 
to be affected, early in development, by acoustic distance such as that related 
to gender differences (Houston & Jusczyk, 2000, 2003) or speech affect 
(Singh, Morgan, & White, 2004; Thiessen, Hill, & Saffran, 2005).  

While the first experiments familiarized infants with words and then tested 
them with passages, Jusczyk and Aslin (1995) showed that similar 
segmentation effects can be obtained when the order of presentation of the 
stimuli is reversed, that is, when infants are first familiarized with two 
passages (each containing a target word). In this situation, 7.5-month-olds 
listen longer, at test, to the two words that were contained in the 
familiarization passages, compared to two control words. This last design, 
which is more akin to the situation that infants have to face outside the 
laboratory, reinforces the claim that young infants are already proficient at 
segmenting word forms from native fluent speech (see also Jusczyk and 
Hohne, 1997).  

To sum up, the importance of the study by Jusczyk and Aslin (1995) is 
two-fold. First, it established an experimental procedure adapted to the study 
of early speech segmentation. Second, it was the first study to reveal 
segmentation abilities at such an early age. Subsequent experiments explored 
the development of the use of the different segmentation cues. 

                                                           
  1 As will be discussed later, this interpretation of infants’ preference/recognition in 

terms of segmentation is confirmed by later studies, starting with Jusczyk et al. 
(1999) finding that infants of 7.5 months do not recognize the sole stressed syllable 
of a trochaic bisyllabic word (such as DOCtor) while they recognize that whole 
word. 
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Cues used for word form segmentation by English-learning infants 
during development 

From the studies on English-learning infants emerges the following 
developmental trajectory. Around 7 to 8 months of age, infants appear to use 
rhythmic information in order to segment speech into sequences of one or 
more syllables starting with a stressed syllable, that is, into trochaic units 
(Jusczyk, Houston & Newsome, 1999b; for further convergent data, see also 
Curtin, Mintz & Christiansen, 2005; Echols, Crowhurst, & Childers, 1997; 
Houston, Santelmann & Jusczyk, 2004; Johnson & Jusczyk, 2001; Morgan & 
Saffran, 1995; Nazzi, Dilley, Jusczyk, Shattuck-Hufnagel, & Jusczyk, 2005). 
Given that most English bisyllabic words have a trochaic stress pattern 
(Cassidy & Kelly, 1991; Cutler & Carter, 1987; Kelly & Bock, 1988), this 
rhythmic segmentation procedure (similar to the metrical segmentation 
procedure used by adults, see Cutler, Mehler, Norris, & Segui, 1986; Cutler & 
Norris, 1988; McQueen, Norris, & Cutler, 1994) would allow English-
-learning infants to appropriately segment, from a young age, most bisyllabic 
words. The research showing English-learning infants’ early use of rhythmic 
information for segmentation can be illustrated by Jusczyk et al. (1999b) 
study. Their results (see Figure 2) show that 7.5-month-olds segment trochaic 
(strong-weak) words such as DOCtor, whether words or passages are 
presented first. 
 

 
Figure 2: Mean orientation times (and standard error) to the test passages containing the 

familiar(ized) versus new items (for the word/passage order), or to the word-lists 
corresponding (familiar) or not (new) to the familiarized passages (for the passage/word 

order). Results are broken down by age (7- versus 10.5-month-olds) 
and item type (trochaic versus iambic word). 
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However, 7.5-month-olds, though not 10.5-month-olds, missegment iambic 
(weak-strong) words such as guiTAR, placing a word boundary between the 
initial/weak and final/strong syllables (e.g., gui / TAR). An advantage of 
trochaic words was also found for English verbs, even though most English 
bisyllabic verbs have an iambic stress pattern (Nazzi et al., 2005). This last 
finding suggests that although some acoustic and phonological properties 
distinguish nouns and verbs (Kelly, 1992), the trochaic bias is applied to all 
lexical categories in this language. 

At 7.5 months, infants also use distributional regularities on the order of 
syllables in the speech signal (from now on: syllabic distributional 
information). For example, 7.5-month-old infants tested with passages 
containing trochaic words such as DOCtor showed a segmentation effect if 
they had been familiarized with the whole words, but not if they had been 
familiarized solely with its initial syllable DOC (Jusczyk et al., 1999b). 
Moreover, with an artificial language paradigm in which infants are presented 
with a continuous sequence made-up of randomly ordered repetitions of 4 
trisyllabic pseudo-words, 8-month-olds were found to group syllables into 
cohesive word-like units on the basis of syllabic distributional information 
(Saffran, Aslin, & Newport, 1996; though see Perruchet & Vinter, 1998, for 
an alternative interpretation of these results, and Brent & Cartwright, 1996, 
Dahan & Brent, 1999, for an alternative model). Subsequent work has 
demonstrated infants’ use of distributional information in other domains such 
as music (Saffran, Johnson, Aslin & Newport, 1999), and by non-human 
primates (Hauser, Newport & Aslin, 2001). 

By 10.5 months of age, infants start to use other word boundary cues, such 
as allophonic (Jusczyk, Hohne, & Bauman, 1999a) and phonotactic (Mattys & 
Jusczyk, 2001a) information. English-learning infants have also been found to 
use other prosodic cues than the rhythmic cue discussed so far: sentence edges 
by 8 months (Seidl & Johnson, 2006), phrase boundaries by 10.5 months 
(Gout, Christophe & Morgan, 2004; Nazzi et al., 2005),2 pitch accent 
information between 10 and 13 months (Nazzi et al., 2005). Moreover, 
coarticulation information starts to play a role in segmentation by the age of 8 
months (Johnson & Jusczyk, 2001). Lastly, words starting with a consonant 
have been found to be easier to segment than words starting with a vowel for 
English-learning infants between the ages of 8 and 13 months (Mattys & 
Jusczyk, 2001b; Nazzi et al., 2005). Note that the delay in segmenting vowel-
-initial words is also reported for French-learning infants, usually in relation 
to the acquisition of “liaison,” which is a phenomenon that refers to the 
appearance of a consonant at the juncture of two words, when the second 
                                                           
  2 The use of these prosodic unit boundaries might allow infants to cut full utterances 

into smaller-size sequences, clauses or phrases, within which other segmentation 
procedures would apply (c.f. Hirsh-Pasek, Kemler Nelson, Jusczyk, Wright 
Cassidy, Druss, & Kennedy, 1987; Jusczyk, Hirsh-Pasek, Kemler Nelson, Kennedy, 
Woodward, & Piwoz, 1992; Nazzi, Kemler Nelson, Jusczyk, & Jusczyk, 2000; 
Soderstrom, Seidl, Kemler Nelson, & Jusczyk, 2003). 
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word begins with a vowel (Chevrot, Dugua, & Fayol, 2005; Wauquier-
-Gravelines, 2002). Difficulties for vowel-initial words probably stem from 
coarticulation and resyllabification processes that blur word onset boundaries. 

So far, the discussion has focused on infants’ use of bottom-up 
segmentation procedures relying on the presence of acoustic/phonetic cues. 
However, we have remarked earlier that infants do hear a few (though not 
many) words in isolation. It is conceivable that these isolated words are 
stored, and later used to perform another kind of segmentation: top-down 
segmentation. The Incdrop model (Brent & Cartwright, 1996) was proposed 
in that perspective. The model states that infants will memorize an incoming 
utterance as a whole unit (e.g., dopuneribo) unless it contains a sequence that 
has been previously memorized (e.g., ne). In this case, the memorized item is 
used to segment the new utterance, resulting in the memorization of the 
complementing units (e.g., dopu and ribo). Evidence for this model was 
obtained through computer simulation (Brent & Cartwright, 1996) and 
through studies looking at adults’ acquisition of artificial languages (Dahan & 
Brent, 1999). More recently, one study provided the first piece of evidence 
that known words can facilitate word form segmentation by infants. Indeed, 
English-learning infants were found to segment unfamiliar words by 6 months 
of age (as opposed to 7.5 months in Jusczyk and Aslin, 1995) if these words 
were preceded by very familiar words, such as the infants’ name, or the word 
mommy (Bortfeld, Morgan, Golinkoff, & Rathbun, 2005). If this type of 
segmentation necessarily plays a limited role at the onset of lexical acquisition 
when infants have only memorized a few words, its role is likely to grow in 
parallel with the increase in the size of infants’ vocabulary (see also data 
suggesting the onset of function words use for segmentation by 11-to-13 
months of age, Shi & Lepage, 2008; Shi, Werker, & Cutler, 2006). 

Relative weight of segmentation cues in English 

Recent research brings some information with respect to the relative weight of 
various segmentation cues at different points in development, in particular for 
the prosodic/rhythmic and syllabic distributional information cues, the two 
cues that appear to play crucial roles in early word form segmentation.  

Data obtained using the Jusczyk and Aslin (1995) paradigm suggest that 
English-learning infants first segment speech according to prosodic information, 
syllabic order information being then used within the rhythmically-defined units 
(Jusczyk et al., 1999b). Indeed, the prosodic boundary placed between the two 
syllables of an iambic word (e.g., guiTAR) appears to block 7.5-month-olds’ 
use of distributional information (i.e., the fact that gui and tar always 
appeared consecutively) resulting in the segmentation of the sole strong 
syllable. Similarly, if a weak-strong word is always followed by the same 
weak syllable (e.g., guiTAR_is), 7.5-month-olds place a word boundary 
between the first two syllables, and group together the last two syllables, 
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resulting in an incorrect segmentation (e.g., gui / TARis). These findings 
suggest that English-learning 7.5-month-olds use rhythmic information to 
perform a first-pass parsing of continuous speech into smaller units that 
constitute the basis of further analyses of the signal. They also show that 10.5-
-month-olds, contrary to 7.5-month-olds, segment iambic words correctly and 
no longer missegment trochaic units that span word boundaries. An 
interpretation is that by 10.5 months, infants use distributional information to 
detect the cohesiveness of two consecutive syllables even when they cross a 
rhythmically-placed boundary. This suggests that by this age, infants weight 
syllabic distributional information more heavily than rhythmic cues, and/or 
take benefit of the other segmentation cues mentioned earlier (e.g., allophonic 
variations, phonotactic constraints, …). 

The above conclusions of a precedence of prosodic information are further 
supported by data from Johnson & Jusczyk (2001) showing in an artificial 
language paradigm that when prosody and syllabic distributional information 
are pitted against one another, 8-month-olds give more weight to rhythmic 
information. However, this conclusion was later challenged by Thiessen & 
Saffran (2003). Indeed, while these authors did replicate Johnson and 
Jusczyk’s (2001) finding with 9-month-olds, they found the opposite pattern 
at 7 months, which led them to the conclusion that distributional information 
is used earlier than rhythm. However, even though Thiessen and Saffran’s 
(2003) results show that infants can track syllabic distributional information 
and use it after a few minutes of exposure to a very simplified language, it is 
unclear whether infants would benefit from syllabic order information at such 
a young age in the context of a natural language made up of thousands of 
words of varied syllabic length. But again, recent studies on this issue bring 
contradictory evidence, with some data suggesting that this may actually not 
be the case (Johnson & Tyler, 2010), and some others suggesting it may be 
possible (Pelucchi et al., 2009). 

In summary, the studies above reveal developmental changes in the use of 
syllabic distributional information and prosodic cues across development, 
while leaving still unclear the exact pattern of changes in their relative weight. 
Future studies will have to continue investigating this issue, in both infants 
and adults, using as a theoretical framework the hierarchical model of word 
segmentation proposed by Mattys, White and Melhorn (2005) to account for 
adults’ segmentation abilities (although this model does not yet discuss the 
use of distributional information). This hierarchical model postulates three 
tiers of segmentation cues. Tier 1 refers to sublexical suprasegmental cues 
such as prosody. Tier 2 refers to sublexical segmental cues such as 
phonotactics, allophony and coarticulation. Tier 3 refers to lexical cues (which 
broadly include semantic, syntactic and pragmatic information). In optimal 
listening conditions, adults were found to rely on the lexical level. However, 
they were found to rely on segmental information when the speech signal was 
degraded, and to rely on prosodic information when the speech signal was 
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severely degraded. The data on early word form segmentation presented 
earlier support the notion that word segmentation information from Tier 1 
(rhythmic information) becomes available before information from Tier 2 
(allophonic and phonotactic information). Information from Tier 3 (lexical 
level), which appears to be possible to use as early as 6 months of age for a 
very limited set of highly familiar words, would become more crucial for 
segmentation as the size of infants’ vocabulary increases. Recently, Mersad 
and Nazzi (submitted) have proposed that transitional probabilities are 
situated at the bottom of the hierarchical model of Mattys et al. (2005). This 
implies that transitional probabilities should have a crucial role in early 
infancy when no other cues are available, but also that they should be 
outranked in adulthood when pitted against other cues, a prediction supported 
by recent data (Shukla et al., 2007; Finn & Kam 2008). 

Explaining crosslinguistic differences: the early rhythmic segmentation 
hypothesis 

The developmental pattern described in the previous sections was established 
for English-learning infants. However, linguistic cues (prosody, phonotactic, 
allophonic cues, distributional information..) are instantiated differently across 
languages. In order to better understand the way segmentation procedures are 
put into place, it is crucial to evaluate how their emergence varies with 
different linguistic inputs. 

A crosslinguistic approach should allow us, in particular, to investigate 
how infants start using the different segmentation cues. Indeed, even though 
the studies on English have led to the identification of some of the cues used 
for early segmentation, they left open the issue of how infants can rely, to start 
segmenting word forms, on cues that are mostly (except distributional 
information) defined at the lexical level (stress pattern/trochaic unit; 
phonotactic constraints; allophonic variations)? In other terms, what are the 
roots of the word form segmentation procedures used by infants for the cues 
that are language-specific? 

One potential solution to this issue is the early rhythmic segmentation 
hypothesis (Nazzi et al., 1998a, 2000, 2006). This hypothesis is based on the 
findings that there are different rhythmic classes of languages, and that adults 
segment speech according to their native language rhythmic class. In addition, 
infants have been found to be sensitive from birth to the rhythmic properties 
of languages (see details in the following sections). The early rhythmic 
segmentation hypothesis states that infants could learn the rhythmic 
segmentation procedure appropriate to the rhythmic unit of their native 
language independently of the lexical level. This procedure will develop on 
the basis of newborns’ and young infants’ sensitivity to rhythm as attested by 
language discrimination abilities (Mehler, Dupoux, Nazzi & Dehaene-
-Lambertz, 1996; Nazzi, Bertoncini & Mehler, 1998a; Nazzi, Jusczyk & 
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Johnson, 2000).3 Importantly, these analyses at the prosodic level do not 
require prior phonological acquisitions, as sensitivity to prosodic information 
has been found to extend to stimuli in foreign languages, and to stimuli with 
reduced phonetic information such as lowpass filtered stimuli (Jusczyk et al., 
1993a; Nazzi, Bertoncini & Mehler, 1998a). Once acquired, the appropriate 
rhythmic segmentation procedure (maybe in conjunction with distributional 
information) would allow infants to start segmenting their first sound patterns 
(some being erroneous, as shown by Jusczyk et al., 1999b) and then 
progressively start specifying other language-specific word boundary cues 
(allophonic, phonotactic, …). This early rhythmic segmentation hypothesis 
thus offers a solution to the issue of the emergence of different segmentation 
abilities for different linguistic backgrounds. Crucially, it predicts different 
developmental trajectories of segmentation abilities for languages of different 
rhythmic types. Before presenting the studies on early word form 
segmentation in French that have started directly evaluating this hypothesis, 
we review in more details the data on linguistic rhythm and its influence on 
speech processing by adults and young infants, on which the early rhythmic 
segmentation hypothesis was initially based. 

Linguistic rhythm and its impact on speech processing 

Specifically, the early rhythmic segmentation hypothesis relies on a series of 
findings suggesting (a) the existence of rhythmic cues in the speech signal, (b) 
that appear to influence speech processing by adults and (c) that are perceived 
by infants from birth onwards. In the following, we review the evidence 
regarding these three points, and discuss how they converge towards the idea 
that language specific segmentation procedures might be a consequence of the 
processing of linguistic rhythm. As will become clear, the early rhythmic 
segmentation hypothesis proposes an integrated explanation for a range of 
linguistic and psychological phenomena that has the advantage of offering a 
parsimonious developmental account for the differences in segmentation 
abilities found in adulthood. 

Rhythmic classes 

The idea that there are different rhythmic classes of languages goes back 
many decades (Abercrombie, 1967; Pike, 1945). Three rhythmic classes have 
usually been considered in the literature: the stress-timed class (including 

                                                           
  3 Note that this proposal is in line with numerous other proposals about infants’ early 

sensitivity to prosodic information, and the importance of prosody in early lexical 
acquisition (Fernald & Kuhl, 1987; Jusczyk et al., 1993a, 1993b; Karzon & 
Nicholas, 1989; Kuhl & Miller, 1982; Nazzi et al., 1998a, 1998b; Spring & Dale, 
1977). 
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languages such as English, Dutch, German, …), the syllable-timed class 
(including French, Spanish, Korean …) and the mora-timed class (including 
Japanese, Telugu, …). An underlying rhythmic unit is associated to each of 
these language classes: the stress unit, the syllable and the mora4 respectively. 
Importantly, there is a hierarchical relationship between these three units: 
stress units are made up of syllables that are themselves made up of morae. 

The initial definition of these rhythmic classes stated that all tokens of the 
rhythmic unit underlying a given language were of (roughly) similar duration. 
For example, it was predicted that for stress-timed languages, all stress units 
should be of relatively identical duration (or at least, should show a tendency 
towards similar durations in milder version of this isochrony definition) 
independently of their number of syllables or their position within the 
sentence. If that definition proved to be incorrect, more recent studies have 
started specifying a more subtle acoustic signature of the different rhythmic 
classes that brings new support to this notion (Arvaniti, 1994; den Os, 1988; 
Fant, Kruckenberg & Nord, 1991; Ramus, Nespor, & Mehler, 1999; Shafer, 
Shucard, & Jaeger, 1999). For example, the analyses conducted by Ramus et 
al. (1999) on utterances produced in eight different languages have identified 
two acoustic measures (proportion of vocalic intervals duration and standard 
deviation of consonantal intervals duration) that define a bidimensional space 
in which these languages fall according to the three rhythmic classes: stress-
-based English, Dutch, and Polish; syllable-based French, Italian, Spanish and 
Catalan; mora-based Japanese. 

Rhythmic classes and crosslinguistic differences in adult speech 
processing 

The notion of rhythmic classes has proved useful to explain crosslinguistic 
differences in the way that adults segment speech and access the lexicon, by 
suggesting a link between the adults’ behavior and the global rhythmic 
properties of their native language. 

First, the syllable appeared as the segmentation unit for adults speaking 
several syllable-based languages: French (Mehler, Dommergues, 
Frauenfelder, & Segui, 1981, for Parisian French; Peretz, Lussier & Béland, 
1998, for Canadian French; but see Content, Meunier, Kearns, & 
Frauenfelder, 20015), Spanish and Catalan (Sebastián-Gallés, Dupoux, Segui, 

                                                           
  4 The mora is a rhythmic unit that can either be syllabic or subsyllabic. In English, a 

mora roughly corresponds to a CV syllable with a short vowel (e.g. “the” as 
opposed to “thee”, which has a long vowel). In Japanese, CV syllables with long 
vowels and syllables with final nasals (like the first syllable in “Honda”) or final 
geminate consonants (like the first syllable in “Nissan”) have two morae. 

  5 The study by Content et al. (2001) revealed that syllabic effects are not always 
obtained in French, such effects being particularly robust only when a liquid 
consonant is present in intervocalic position. However, in spite of these relative 
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& Mehler, 1992), and Korean (Kim, Davies, & Cutler, in press). Second, the 
segmentation procedure used in English (Cutler et al., 1986; Cutler & Norris, 
1988; McQueen et al., 1994) and Dutch (Vroomen, van Zon, & de Gelder, 
1996) appeared to rely on the trochaic stress unit (with most words in these 
languages following this stress pattern). A third pattern was found for 
Japanese and Telugu speakers, these adults relying on the mora (Otake et al., 
1993; Murty, Otake & Cutler, 2007). Given the existence of a hierarchical 
relation between these three rhythmic units, the acquisition of the native 
language procedure might proceed from the specification of the level of 
rhythmic unit most appropriate for the language in acquisition. 

There is also evidence that adult segmentation procedures are deeply 
embedded in their native language-specific abilities, and thus are likely to 
have been acquired at an early age. This claim is based on findings showing 
that the procedure used by adults is determined by the rhythm of their native 
language rather than by the rhythm of the language they are actually listening 
to. Thus, once the procedure appropriate to the native language has been 
acquired, adults use it when listening to stimuli in a foreign language (Cutler 
et al., 1986; Otake et al., 1993). It has even been shown that proficient 
bilinguals are dominant in one of their languages when it comes to speech 
segmentation, and that they have developed a specific rhythmic segmentation 
procedure in only one of their two languages (Cutler et al., 1992). 

The interpretation offered to these findings is that there are different kinds 
of rhythmic segmentation procedures, each being optimally adapted to the 
processing of one rhythmic class of languages (Cutler & Mehler, 1993; Otake 
et al., 1993; see also Sebastián-Gallés et al., 1992; Vroomen et al., 1996), 
even if more minor differences can be found for languages within a given 
rhythmic class. This finding that rhythmic properties impact adults’ speech 
processing procedures has influenced the way infants are thought to acquire 
the segmentation procedures appropriate for their native language. 
Accordingly, Mehler, Dupoux, Nazzi and Dehaene-Lambertz (1996) proposed 
that the emergence of rhythmic segmentation relies on infants’ early 
sensitivity to prosody, and more precisely, on linguistic rhythm defined at a 
non-lexical level (see also Nazzi & Ramus, 2003). In what follows, we present 
further experimental data relevant to this proposal. 

Rhythmic classes and the acquisition of rhythmic properties: studies on 
early language discrimination 

The hypothesis of an early sensitivity to rhythmic classes relies on a number 
of studies exploring young infants’ ability to discriminate between utterances 
                                                                                                                              

limitations of the syllabic effect in French, this study does not question the 
existence of crosslinguistic differences in these experimental tasks given that no 
syllabic effects were found for English, including when using intervocalic liquid 
consonants. 
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from different languages. The first studies on this issue concluded that 
newborns’ language discrimination abilities stemmed from their familiarity 
with their native language (Mehler, Jusczyk, Lambertz, Halsted, Bertoncini & 
Amiel-Tison, 1988; Moon, Panneton-Cooper & Fifer, 1993). However, later 
studies have explored whether early language discriminations are in fact based 
on newborns’ sensitivity to the rhythmic properties of utterances, inducing 
language categorization into a limited number of rhythmic classes. 

Accordingly, Nazzi, Bertoncini et Mehler (1998a) presented newborns 
with different combinations of languages unfamiliar to them. The stimuli were 
lowpass filtered such as to degrade phonetic information while preserving 
prosodic information. The rhythmic distance between the languages was 
systematically manipulated, the contrasted languages belonging either to two 
different rhythmic classes (stress-based English vs. mora-based Japanese) or 
to the same class (stress-based English and Dutch). Discrimination was found 
only for the languages from different classes. Nazzi et al. (1998a) further 
showed that if newborns are familiarized with utterances from two languages, 
and then tested with utterances from two other languages, discrimination is 
found if the languages are arranged in congruence with the rhythmic classes 
(stress-based English and Dutch vs. syllable-based Spanish and Italian), but 
not if they are arranged orthogonally to the rhythmic classes (for example: 
stress-based English and syllable-based Italian vs. stress-based Dutch and 
syllable-based Spanish). These results were later generalized to the 
Dutch/Japanese contrast, and stimuli that had been resynthesized to neutralize 
possible phonetic differences (Ramus, Hauser, Miller, Morris, & Mehler, 
2000). Ramus (2002) also showed that the F0 contour plays a marginal role in 
language discrimination, thus putting further emphasis on the role of rhythm. 

Further studies have investigated the changes in language discrimination 
ability across development. It was found that by 4 or 5 months of age, infants’ 
language discrimination abilities have improved for contrasts involving the 
native language. Indeed, these infants can, contrary to newborns, discriminate 
two languages from the same rhythmic classif (a variant of) the native 
language is presented (stress-based British-English vs. Dutch, and British- vs. 
US-English for US-English-learning infants, c.f. Nazzi, Jusczyk & Johnson, 
2000; syllable-based Spanish vs. Catalan for Spanish-learning infants, c.f. 
Bosch & Sebastián-Gallés, 1997). If the native language is not presented, then 
infants fail to discriminate two languages from the same class, whether or not 
they belong to the native language rhythmic class (stress-based Dutch vs. 
German, and syllable-based Italian vs. Spanish for English-learning infants, 
c.f. Nazzi et al., 2000). These changes in language discrimination ability are 
compatible with the hypothesis that infants progressively tune their rhythmic 
perceptual skills to the unit of their native language. Recent work in this 
domain further supports this hypothesis. A study by Hohle et al. (2009) 
showed for German-learning infants, a preference for trochaic over iambic 
words at 6 months but not at 4 months, suggesting that this bias emerges 
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between the two ages. However, the same study failed to find preference for 
either stress patterns by French-learning 6-month-old infants, albeit they could 
discriminate the two stress patterns. Although still unknown, the mechanisms 
that could allow infants to exploit rhythmic differences to specify the 
segmentation unit appropriate to their native language are currently under 
investigation (see research based on an adaptive dynamical model, McLennan, 
2005). 

Evaluation of the early rhythmic segmentation hypothesis 

We predict that early rhythmic segmentation will induce the extraction of 
multisyllabic sequences starting with a stressed syllable in stress-based 
languages such as English, and isolated syllables in syllable-based languages 
such as French. Accordingly, we predict that a French bisyllabic word (e.g., 
toucan) will initially be segmented as two independent syllabic units (as 
opposed to smaller moraic units or larger stress units). In the following, we 
first review what was known of early segmentation in languages other than 
English when we started our project, and then present work that we have been 
conducting on this issue in French, and some ideas for new experiments to be 
conducted in the future.  

Early word form segmentation in light of the early rhythmic segmentation 
hypothesis 

When we started working on this issue, data supporting the rhythmic 
hypothesis was mainly limited to evidence of early trochaic segmentation in 
English-learning infants (Jusczyk et al., 1999b). Studies investigating 
languages other than English had focused on the ages at which segmentation 
appears rather than on the mechanisms underlying segmentation, or the types 
of words segmented. 

With respect to other stress-based languages, Dutch-learning infants had 
been found to start segmenting trochaic words between 7.5 and 9 months of 
age (Houston & Jusczyk, 2000; Kooijman, Hagoort & Cutler, 2005; Kuijpers, 
Coolen, Houston & Cutler, 1998). However, we postulated, according to our 
hypothesis, that these infants should start segmenting iambic words, at a later 
age. The finding with German-learning infants of segmentation effect of 
monosyllabic words between 6 and 8 months of age (Höhle & Weissenborn, 
2003), did not seem to allow an evaluation of our hypothesis. Nevertheless, 
more recent research suggests the existence of a trochaic bias in German, 
similar to the one previously found for English: German learning infants have 
been found to segment trochaic words by 9 months, while they still fail to 
segment iambic words by 11 months (Höhle & Weissenborn, 2005).  

With respect to syllable-based languages, only two studies had been 
conducted investigating French: one with Parisian infants (Gout, 2001) and 
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one with Canadian-French infants (Polka & Sundara, 2003). Gout (2001) 
study had shown that Parisian infants segment monosyllabic words at 7.5 
months but could not establish that they segment bisyllabic words between 7.5 
and 11 months of age, bringing initial support for syllabic segmentation in 
syllable-based languages. In order to test more specifically this hypothesis, 
and in particular the prediction that bisyllabic words are first segmented as 
independent syllables and only later as whole units, Nazzi, Iakimova, 
Bertoncini, Frédonie and Alcantara (2006) conducted the following study. 

Syllables and early segmentation in French 

Nazzi et al. (2006) investigated how bisyllabic words, inserted in fluent 
passages, are segmented by infants during development (following the 
procedure used in previous studies on English and French). Remember that 
the prediction was that when segmentation abilities emerge, the rhythmic 
procedure should place boundaries between each two consecutive syllables, 
no other segmentation cue (e.g., distributional regularities of syllable order) 
being yet available to attach the consecutive syllables of bisyllabic words. 
Accordingly, Parisian French-learning infants were tested with four passages 
each containing a different target (each passage was made up of 6 sentences, 
each sentence containing one occurrence of the target word). The target words 
were putois, toucan, bandeau and guidon. Two of these passages 
corresponded to the items previously presented in the familiarization phase. 
The familiarization items differed across experiments. Infants were either 
familiarized with two bisyllabic words (e.g., putois and toucan), or with their 
final syllables (e.g., tois and can) or their initial syllables (e.g., pu and tou). 
Infants were tested at 8, 12 and 16 months of age in the first two conditions, 
and at 12 months of age in the initial syllable condition (see Figure 3). 

First of all, no segmentation effects were obtained at 8 months, whether 
infants had been familiarized with whole words or with their final syllables. 
These results suggested a possible delay in the emergence of segmentation 
abilities in French compared to English, a question further discussed below. 

However, the other results corroborate the hypothesis of early syllable-
-based rhythmic segmentation in French. At 12 months, no segmentation 
effect was found following whole word familiarization, while a segmentation 
effect was found following final syllable familiarization and, under certain 
conditions, initial syllable familiarization.6 Moreover, the opposite pattern was 

                                                           
  6 A segmentation effect for the initial syllable was found only when infants were 

familiarized with syllables spliced-out from the test passages, while there was only 
a non-significant trend when infants were familiarized with initial syllables 
recorded in isolation. This difference in results underlines one crucial element 
enabling the finding of segmentation results with the present paradigm: the need to 
match the acoustically different familiarization and test targets (see also Houston & 
Jusczyk, 2000). Such a match was probably made difficult in the isolated initial 
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observed at 16 months. A segmentation effect emerged after whole word 
familiarization but could not be found any longer after final syllable 
familiarization. Taken together, these results show that at 12 months, French-
-learning infants independently segment the two syllables of a bisyllabic 
word, in spite of the fact that these syllables always appear consecutively in 
the signal (see Figure 3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Mean orientation times (and standard error) to the test passages containing the 
familiar(ized) versus new items for 12-month-old French-learning infants, broken down 
according to the type of familiarization items: whole bisyllabic word (left panel); initial 

syllables (central panel); final syllables (right panel). 

 
Yet, by 16 months, this distributional information (and probably other 
segmentation cues, to be explored in future research) seems to be taken into 
account, when infants recognize the whole words but now fail to recognize 
separately their final syllables. This developmental change in segmentation 
pattern is similar to the one found between 7.5 and 10.5 months for iambic 
(though not trochaic) words in English (Jusczyk et al., 1999b), except that it 
extends to the independent segmentation of both syllables in French, rather 
than just the final stressed syllable in English. 

The study by Nazzi et al. (2006) brings the first direct piece of evidence 
supporting the hypothesis that infants learning French initially rely on the 
rhythmic unit of French (the syllable) to segment fluent speech, as infants 
learning English rely on the rhythmic unit of English (the trochaic unit). Note 

                                                                                                                              
syllable condition given large acoustic differences between the familiarization and 
test items (differences that were much larger than for the whole word and final 
syllable conditions). 
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that the observation of (1) a syllabic effect for monosyllables at 7.5 months, 
and (2) no syllablic effect for individual syllables of bisyllabic words at 8 
months, might be the result of increased coarticulation between the two 
syllables of the bisyllabic words. It is then possible that syllabic segmentation 
in French is not as delayed as suggested by Nazzi et al (2006) results. 

Regarding the studies with infants learning Canadian French, segmentation 
of bisyllabic words was evaluated at 8 months in two separate experiments, by 
presenting stimuli either in Canadian or Parisian French (Polka & Sundara, 
2003). Segmentation was tested by familiarizing infants with two bisyllabic 
words, and then presenting them two passages containing occurrences of the 
familiarized words, and two passages containing other bisyllabic words. Similar 
segmentation results were obtained with both dialects, as attested by the 
observation of a significant preference for the passages with the familiarized 
words. This study therefore suggested that Canadian French infants segment 
whole bisyllabic words as early as 8 months of age. These results appear at first 
sight in contradiction with those by Nazzi et al. (2006), given that the data on 
Canadian French infants established segmentation of bisyllabic words as early 
as 8 months when presented with stimuli recorded either by a Canadian or a 
Parisian French speaker. However, it is important to note that syllabic 
segmentation was not evaluated in Canadian French infants, leaving open the 
possibility for syllable segmentation at, or before, 8 months of age. 

The above possibility is actually supported by recent experiments in which 
Canadian infants were tested on the original stimuli by Nazzi et al. (2006). 
Results show that Canadian French infants actually perform similarly to the 
Parisian French infants: whole word segmentation is found to emerge between 
12 and 16 months, while 12-month-olds show evidence of segmenting the final 
syllables (Polka et al., 2008). A parallel investigation (Nazzi, Mersad, Iakimova, 
Sundara, Polka, 2008), in which Parisian infants were tested on the Canadian 
and Parisian French stimuli used by Polka & Sundara (2003), confirmed the 
failure to find whole word segmentation effects at 8 months when infants were 
familiarized with words and then tested with passages (word-passage order). 
However, when 8-month-olds were tested in the reversed passage-word order, 
whole word segmentation was found for the Parisian stimuli after 30 seconds of 
familiarization with the passages containing the bisyllabic words. Success in 
this condition might result from the fact that hearing the passages during the 
familiarization gave infants more time, after performing an initial syllable-based 
segmentation, to compute some distributional analysis of syllable order, 
allowing them to succeed in grouping together the syllables that co-occur in the 
signal. Note also that when 8-month-old infants were tested in the passage-word 
order on the Canadian French stimuli, a segmentation effect was found after 45 
seconds of familiarization, while no effect emerged after 30 seconds. This 
suggests a cost in adjusting to a different dialect of the native language. 

These new crossdialectal studies establish that the segmentation advantage 
of Canadian French infants over Parisian infants is less important than 
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suggested by Polka and Sundara (2003) and Nazzi et al. (2006) results. The 
advantage for Canadian French infants might result from more intonation 
variability in Canadian French (Ménard, Ouellon, & Dolbec, 1999) which 
could help locate word boundaries. This would be compatible with earlier data 
suggesting that pitch variations affect segmentation (Nazzi et al., 2005). 
Second, these new studies importantly confirm the role that the syllable plays 
in early speech segmentation, both for Canadian and Parisian French infant 
populations. Lastly, they also show that the HPP technique is highly sensitive 
to small methodological changes, such as the order of presentation of the 
stimuli (word-passage versus passage-word) or the duration of the 
familiarization phase. 

Conclusions and perspectives 

The studies reviewed so far demonstrate that infants learning French start 
segmenting speech by relying on the rhythmic unit of their native language, 
that is, the syllable. Similarly, infants learning English start segmenting by 
relying on the rhythmic unit of their native language, that is, the trochaic unit. 
This cross-linguistic pattern of early speech segmentation, underlines, in the one 
hand, the universality of segmentation procedures (use of rhythmic information) 
and, on the other hand, the fact that the rhythmic segmentation procedure is 
instantiated differently in different languages (use of different rhythmic units). 
We also presented evidence suggesting that the acquisition of the rhythmic unit 
takes place before the emergence of segmentation abilities, thus independently 
of the lexical level, and might be the element enabling the emergence of 
rhythmic segmentation procedures. So far, the available data support the early 
rhythmic segmentation hypothesis (Nazzi et al., 1998a, 2000, 2006). 

At this point, we would like to conclude by briefly discussing three 
pending issues regarding the emergence of segmentation abilities. First, 
research will need to conduct further crosslinguistic exploration of the 
emergence of segmentation abilities. While there is evidence of early trochaic 
segmentation from different stress-based languages, namely English, Dutch 
and German, there is only evidence of syllable-based segmentation from 
French-learning infants, and no data on mora-based segmentation. Evaluation 
of the rhythmic-based segmentation hypothesis (and potential modifications 
of this proposal) will require more data from a broader range of languages. 
European Portuguese would be an interesting case study. Indeed, while 
rhythmic cues point to both syllable-timing and stress-timing properties 
(Vigário et al., 2003), these authors have proposed, on the basis of adult 
discrimination data and analyses of syllabic structure, that European 
Portuguese clusters with the syllable-based languages. If correct, then syllabic 
segmentation effects should be obtained in that language. 

Moreover, the comparison of early segmentation abilities by Parisian and 
Canadian French infants revealed crossdialectal differences that would be 
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worth exploring in other languages. Preliminary evidence from British 
English infants suggest that these infants might show a different 
developmental pattern than American English infants. Indeed, 7.5-month-old 
British English infants tested with British English stimuli (from Nazzi, 
Paterson, & Karmiloff-Smith, 2003) failed to show evidence of segmenting 
strong-weak words, an effect found at the same age in American English-
-learning infants (Vihman, de Paolis & Nazzi, in preparation).  

The second issue is related to the fact that so far, the studies on French have 
focused on the sole use of rhythmic information. The studies on English have 
revealed that infants can use different cues (rhythm, syllabic distribution 
information, allophony, phonotactics, known words, …) for segmentation, and 
that the relative weight given to these cues changes with development. Given 
the likelihood that the developmental trajectory of use of these cues will vary 
across languages, it will be important to study their use by French-learning 
infants. This is even more important as we have argued that the changes 
observed by Nazzi et al. (2006) between 12 and 16 months of age are due to 
decreased weight given to rhythmic cues over this developmental period. Future 
studies will thus have to continue tracing the pattern of emergence of 
segmentation cues in French, testing in doing so the hypothesis by Mattys et al. 
(2005) according to which infants start using sublexical suprasegmental cues 
(prosody), followed by sublexical segmental cues (phonotactics, allophony, 
coarticulation) followed by lexical (semantic, syntactic, pragmatic) cues. 

The third issue is more methodological, but has theoretical implications. 
We presented evidence showing that HPP is a method sensitive to small 
methodological changes, and that this sensitivity might even vary according to 
the language tested: reversing the order of presentation of the isolated words 
and the passages did not affect performance in English (Jusczyk et al., 1999) 
but critically did so for Parisian French infants (Nazzi et al., 2008). Thus, it 
would be important to assess segmentation abilities using different methods, 
and ERPs have recently started to be used to explore this issue. A series of 
studies on Dutch-learning infants (Kooijman, 2007; Kooijman, Hagoor, & 
Cutler, 2005) established that both 7- and 10-month-old infants are able to 
segment bisyllabic strong-weak words, even though no segmentation evidence 
could be found using HPP in 7-month-olds. Moreover, ERPs further revealed 
that when hearing bisyllabic weak-strong words, Dutch-learning infants are 
reacting to the onset of the strong syllable, rather than to the onset of the 
word-initial weak syllable. These results are compatible with the use of the 
trochaic unit for word segmentation in this stress-based language. Similar 
studies conducted on French-learning infants at 12 months revealed a very 
different pattern: these infants were found to react to the onset of both the first 
and the second syllable of bisyllabic words, a pattern of data compatible with 
the use of the syllabic unit for word segmentation in this syllable-based 
language (Goyet, de Schonen & Nazzi, 2010). Interestingly, although the unit 
to which the infants responded in the two languages was different (the 
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trochaic versus the syllabic unit), the responses observed were similar, and 
involved a more negative deflection for the familiarized items around 350-500 
ms of stimulus onset. So to conclude, the ERP data (like the HPP data) so far 
support the predictions of the early rhythmic segmentation hypothesis. But, as 
mentioned earlier for HPP, future ERP research will have to be extended to 
the exploration of more languages from the different rhythmic classes. 
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